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P R E F A C E

The International Conferences on Controlled Atmosphere and Fumigation in Stored Products
(CAF) are the major international forums for reporting advances in research and development
of gaseous treatments for the preservation of stored commodities.
The conferences, which are held every four years, encompass the treatment of broad
range of durable and other commodities held in storage utilizing controlled atmosphere or
chemical fumigation for the control of pests. Treatment of the products such as cereal grains,
legumes, root crops, dried fruits, nuts and vegetables, and other agricultural products including
bulbs and flowers are covered by these conferences. However, the CAF conferences do not
cover controlled atmosphere treatments for the quality preservation of fresh agricultural
products; such research can be displayed in poster session as has been done during the 10th
CAF Conference in New Delhi.
The establishment of the International Steering Committee was followed the first
Symposium held in Rome in May 1980 organized by Assoreni and the first Co-operative
Bulk Handling Limited and the Australian Grain Institute Incorporated. Then the CAF
International Permanent Committee emerged from the International Steering Committee in
1983 in Perth, West Australia.
After the first Conference which was an international symposium on controlled atmosphere
grain storage, held in Rome, Italy in 1980, the second one, which included fumigation,
was held in Perth, Western Australia in 1983. This second symposium was given the title
“International Symposium on Controlled Atmospheres and Fumigation” (CAF). Only in
CAF 1996 in Cyprus the title of “International Conference on Controlled Atmospheres and
Fumigation in Stored Products” was adopted.
The Conferences after CAF Perth, Australia (1983) were in Singapore (1989); Winnipeg,
Canada (1992); Nicosia, Cyprus (1996); Fresno, USA (2000); Gold Coast, Australia (2004);
Chengdu, China (2008); and Antalya, Turkey (2012).
Over the years the conference objectives have been refined to report on advances in
research and development and the current status of controlled atmosphere and fumigation
for insect pests, microflora and quality control in stored products.
In the background of the CAF 2016 conference are: a) the phase out of methyl bromide,
with the associated continuing requirement for alternatives to replace it; b) the sustainable
availability of novel MA technologies; and c) the need to ensure the continued use of
phosphine against the pressures of increasing resistance to this valuable fumigant.
This Conference is 10th in the series of the International Conferences on Controlled
Atmosphere and Fumigation in Stored Products (CAF). The CAF 2016 is being held in New
Delhi, India, from November 6 to 11, 2016. The Conference was jointly organized by the
Agricultural Engineering Division of the Indian Council of Agricultural Research and its
associated institutions, the Entomological Society of India and Indian Society of Agricultural
Engineers in collaboration with members of the CAF International Permanent Committee
under the leadership of Dr K. Alagusundaram. The CAF Conference Local Organizing
Committees and the Scientific Committees have done a great job in organizing the conference
and producing high quality refereed proceedings. The services extended by Dr D. Dhingra
and Dr V.V. Ramamurthy in the arrangements of the conference and the technical support
provided by Dr Priyanka in preparing the proceedings are highly appreciated.
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P R E F A C E

The organization of the 10th CAF Conference in India coincides with the increased
emphasis by Indian government to transition from mainly bag storage system to bulk storage
system. Food Corporation of India, Central Warehousing Corporation, State Warehousing
Corporations and many private companies are considering large scale implementation for
storing grains in bulk and using latest technologies for grain handling, fumigation, aeration
and quality monitoring.
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Session 1
Biological responses of organisms to
controlled atmosphere and fumigants

Session Chairs
Mevlut EMEKCI, Turkey
and
V.V. RAMAMURTHY, India

X E, B LI, Subramanyam BH (2016) Efficacy of ozone gas against laboratory and field strains of four storedproduct insect species. Pp. 03–07. In: Navarro S, Jayas DS, Alagusundaram K, (Eds.) Proceedings of the
10th International Conference on Controlled Atmosphere and Fumigation in Stored Products (CAF2016),
CAF Permanent Committee Secretariat, Winninpeg, Canada.

Efficacy of ozone gas against laboratory and field strains of four
stored-product insect species
X E*, B LI, B H SUBRAMANYAM
Department of Grain Science and Industry, Kansas State University, Manhattan, KS 66506, USA
ABSTRACT
The efficacy of ozone, as an alternative fumigant to phosphine, was tested against four economically
important stored-product insect species at 27.2°C and 20.4% r.h. Adults of phosphine susceptible laboratory
strains and phosphine resistant field strains of the red flour beetle, Tribolium castaneum (Herbst);
sawtoothed grain beetle, Oryzaephilus surinamensis (L.); maize weevil, Sitophilus zeamais Motschulsky;
and rice weevil, Sitophilus oryzae (L.), were exposed to an ozone concentration of 0.42 g/m3 (200 ppm)
for 1, 2, 3, 5, 6, 8 and 10 h in the presence (10 g) or absence (0 g) of wheat (Triticum sp.). Mortality after
the ozone exposure was assessed 5 days later. Complete mortality of Sitophilus spp. required a 3 to 4 h
exposure to ozone, whereas that of O. surinamensis required 6 to 10 h. Adults of T. castaneum were the
least susceptible to ozone, and after a 10 h exposure, the highest mortality recorded was 82 to 95%. The
LT50 and LT99 values were estimated by probit analysis based on 5 d corrected mortality data. The LT99
values for Sitophilus spp., O. surinamensis, and T. castaneum were 2.00 to 5.56, 4.33 to 11.18, and 14.35
to 29.89 h respectively.

Key words: Efficacy assessment, Fumigation, Ozone, Phosphine resistant strains, Storedproduct insects
Ozone is a highly reactive gas, and has been used
as a disinfectant in water treatment as well as in the
food-processing industry (Khadre et al., 2001, Tiwari
et al., 2010). The decomposition of ozone leads to
formation of free radicals including superoxide radical
ion (O2-) which can oxidize sulfhydryl groups found
in enzymes, double bonds of polyunsaturated fatty
acids, including DNA (Khadre et al., 2001; Tiwari
et al., 2010). Ozone have been reported to not only
successfully deactivate microflora and its related
mycotoxins but also effectively kill coleopterous and
lepidopterous stored-product insect pests (Sousa et al.,
2008, Isikber and Oztekin, 2009; Tiwari et al., 2010;
McDonough et al., 2011; White et al., 2013; Isikber
and Athanassiou, 2015). Due to its highly reactive
nature, the rate of ozone penetration through the grain
is related to the surface characteristic of grain kernels
(Tiwari et al., 2010; Isikber and Athanassiou, 2015).
The ozonation process has been categorized into phase
I and phase II. During phase I, ozone reacts with the
active sites on the kernel surface, and once all sites
*Corresponding

author e-mail: abby2007@k-state.edu

are saturated, ozone concentration gradually increases
(phase II) to levels lethal for target insect pests (Kells
et al., 2001; Campabadal et al., 2013). The length of
these two phases are affected by the amount of grain,
ozone flow rate, initial concentration of ozone, and as
well as temperature and grain moisture content. In this
study, both phosphine susceptible laboratory strains and
phosphine resistant field strains of four stored-product
insect species were exposed to ozone to investigate
its effectiveness against insect pests.
MATERIALS AND METHODS
Insect cultures
Cultures of the red flour beetle, Tribolium
castaneum (Herbst),were reared on organic wheat
(Triticum sp.) flour (Heartland Mills, Marienthal,
Kansas, USA) fortified with 5% (by wt) brewer’s
yeast. The rice weevil, Sitophilus oryzae (L.), was
reared on organic hard red winter wheat (Heartland
Mills, Marienthal, Kansas, USA). The maize weevil,
Sitophilus zeamais Motschulsky, was reared on
organic yellow corn (Zea sp.) (Heartland Mills,
Marienthal, Kansas, USA). The sawtoothed grain
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Table 1
Species
Tribolium castaneum

Sites and years of collection of field strains of fourstored-product insect species
County, state

Commodity

Strain

Collection year

Survival (%)

Russell, Kansas

Wheat

PD

2011

45.0

Washington, Kanas

Wheat

CF

2011

15.0

Oryzaephilus surinamensis

Abilene, Kansas

Wheat

AB2

2011

1.3

Sitophilus zeamais

Texasa

Corn

TX

2011

6.7

Sitophilus oryzae

Texasa

Corn

TX

2011

9.3

aCounty

unknown.

beetle, Oryzaephilus surinamensis (L.), was reared
on organic rolled oats (Avena sp.) (Heartland Mills,
Marienthal, Kansas, USA) plus 5% by wt brewer’s
yeast diet. All cultures were held at 28°C and 65% r.h.
in environmental growth chambers. Unsexed adults of
mixed ages were collected directly from culture jars
after sifting the cultures through an 841-µm opening
square-holed sieve.
Phosphine resistant strains of T. castaneum and O.
surinamensis were collected from farm-stored grain in
Kansas, USA, whereas phosphine resistant strains of S.
zeamais and S. oryzae were collected from farm-stored
grain in Texas, USA. Laboratory strains of the four
species served as the phosphine susceptible strains,
and phosphine resistance of all species and strains
(three replications and total 150 individuals for each
strain) was verified following a discriminating dose
test (Champ and Dyte, 1976). Phosphine concentrations
used during the test for Sitophilus spp., T. castaneum,
and O. surinamensis were 0.042, 0.042, and 0.052 g/
m3(30, 30, and 37.5 ppm) respectively. Fumigation
lasted for 20 h, and mortality was assessed 14 d after
the fumigation (Table 1).

Table 2 Time required for 100% mortality of adults of four
stored-product insect species exposed to 0.42 g/m3
of ozone in vials with and without wheat. Mortality
was assessed 5 d after exposure
Species

Strain

With wheat
(hour)

Without
Wheat
(hour)

Tribolium
castaneum

Laba

8

8

CFb

8

10

PDc

10

10

Oryzaephilus
surinamensis

Lab

6

8

AB2

10

8

Sitophilus zeamais

Lab

4

4

TX

3

4

Lab

4

3

TX

3

3

Sitophilus oryzae

aThe mortality of T. castaneum Lab strain with and without
wheat after 8 h of exposure was 96.0 ± 2.4 and 98.0 ± 2.0%,
respectively, bthe mortality of T. castaneum CF strain with
and without wheat after 10 h of exposure was 97.0 ± 2.0 and
99.1 ± 0.9%, respectively, cthe mortality of T. castaneum PD
strain with and without wheat after 10 h of exposure was 95.1
± 1.5 and 83.0 ± 4.6% respectively

Bioassays
Bioassays were carried out in snap cap vials (23
mm in diameter and 55 mm in height) that had mesh
bottoms (250 µm opening) and mesh caps with similar
size openings to ensure diffusion of ozone through the
vials, and also to prevent insect escape. The ozone
treatment was conducted in an air-tight polymethyl
methacrylate (PMMA) chamber (0.50 m × 0.35 m ×
0.35 m). Ozone was generated by a custom-built corona
discharge ozone generator (O3Co, Idaho Falls, Idaho,
USA) with a capacity of 2.5 g/h, and monitored by
a gas analyzer (IN2000-L2-LC, IN USA, Norwood,
Massachusetts, USA). The ozone concentration in
the testing chamber was recorded every minute and
acquired by a program written in LABVIEW (National
Instruments, Austin, Texas, USA). The ozone generator
was housed inside a trailer that was parked outdoors
on the premises of Department of Grain Science and

Industry, North Campus, Kansas State University,
Manhattan, Kansas, USA. The temperature and relative
humidity of the chamber were monitored by HOBO©
data loggers (Model: U10-003, Onset Computer Corp,
Massachusetts, USA). The mean ± SE temperature
during tests was 27.2 ± 0.08°C with the minimum
and maximum temperatures being 22.9 and 32.5°C.
The mean ± SE relative humidity for the test was 20.4
± 0.9%, and during tests the humidity levels ranged
from 15.0 to 30.6%. Each vial held 20 adults of a
specific species and strain with no wheat (0 g) or 10
g of wheat. The feeding air flow rate was 0.02 m3/
minute. Samples were exposed to 0.42 g/m3 (200 ppm)
of ozone for 1, 2, 3, 4, 5, 6, 8, and 10 h. After the
intended exposure to ozone, vials were brought back
to the laboratory, and kept in environmental growth
4
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Table 3 Probit regression estimates for adults of four stored-product insect species exposed to 0.42 g/m3 of ozone in the presence
of wheat
Species

Strain

Na

Lab

Sitophilus zeamais
Sitophilus oryzae

Lethal time (h, 95% CL)

Slope

700

–3.56 ± 1.22

5.18 ± 1.66

4.86 (3.17-6.98) 13.64 (8.64-92.79) 4189.55 (33)

CF

700

–1.42 ± 0.20

3.11 ± 0.33

2.85 (2.42-3.29) 15.91 (11.79-24.91)

PD

700

–2.28 ± 0.40

3.26 ± 0.55

4.99 (4.05-6.23) 25.81 (16.19-64.99) 1019.84 (33)

Lab

180

–0.19 ± 0.16

2.97 ± 0.58

1.16 (0.83-1.43)

7.07 (4.24-25.46)

72.79 (9)

AB2

760

–1.21 ± 0.14

3.37 ± 0.25

2.28 (2.03-2.51)

11.18 (9.33-14.16)

195.84 (36)

Lab

600

–1.42 ± 0.20

5.03 ± 0.49

1.92 (1.72-2.11)

5.56 (4.65-7.20)

250.33 (28)

TX

560

–1.68 ± 0.22

6.91 ± 0.65

1.75 (1.61-1.88)

3.80 (3.37-4.50)

135.55 (26)

Lab

580

–1.34 ± 0.20

7.45 ± 0.69

1.51 (1.39-1.63)

3.11 (2.76-3.65)

149.12 (27)

TX

580

–1.55 ± 0.10 12.85 ± 0.64 1.32 (1.28-1.36)

2.00 (1.90-2.13)

29.78 (27)

aN=

LT50

χ2 (df)b

Intercept

Tribolium castaneum
Oryzaephilus
surinamensis

Mean ± SE

Total number of insects used in generating the probit regression estimates;
data were significant (P < 0.0001), indicating poor fit of model to data

ball χ2

LT99

447.45 (33)

values for goodness-of-fit of model to

mortality (Abbott, 1925). The 5 d corrected mortality
data were subjected to probit analysis (SAS Institute,
2008) to determine the exposure times resulting in 50%
(LT50) and 99% (LT99) mortality of insects.

chambers at 28°C and 65% r.h. Prior to incubation in
the growth chamber, vials without wheat received 10
g of wheat as food for insects. Mortality was assessed
5 d after ozone exposure. Control vials were kept in
the trailer where the ozone treatment was conducted,
and were handled similarly as vials that were exposed
to ozone. Treatment and controls had five replicates.

RESULTS AND DISCUSSION
Exposure to ozone for 3 to 10 h resulted in 100%
mortality of O. surinamensis, S. zeamais, and S. oryzae
adults, whereas mortality of T. castaneum strains were
82 to 100% (Table 2). Sitophilus spp. generally were
more susceptible to ozone than O. surinamensis and
T. castaneum. Adults of T. castaneum were the least

Data analysis
Mortality was expressed as a percentage based
on number of dead insects out of the total exposed.
Mortality of exposed insects was corrected for control

Table 4 Probit regression estimates for adults of four stored-product insect species exposed to 0.42 g/m3 of ozone in the absence
of wheat
Species

Tribolium
castaneum
Oryzaephilus
surinamensis
Sitophilus zeamais

Sitophilus oryzae

Strain

Na

Lab

Mean ± SE

Lethal time (h, 95% CL)

χ2 (df)b

Intercept

Slope

LT50

LT99

480

–4.54 ± 1.15

6.69 ± 1.52

4.78 (3.77-5.59)

10.65 (8.31-19.90)

868.37 (22)

CF

620

–2.30 ± 0.29

4.00 ± 0.42

3.76 (3.31-4.21)

14.35 (11.37-20.30)

341.71 (29)

PD

660

–1.94 ± 0.20

2.89 ± 0.28

4.70 (4.18-5.27)

29.89 (21.74-47.59)

250.42 (31)

Lab

800

0.03 ± 0.13

3.61 ± 0.41

0.98 (0.80-1.14)

4.33 (3.49-5.98)

233.45 (38)

AB2

800

–1.18 ± 0.13

3.67 ± 0.25

2.10 (1.90-2.30)

9.05 (7.64-11.25)

208.33 (38)

Lab

600

–0.55 ± 0.13

4.62 ± 0.42

1.32 (1.18-1.44)

4.20 (3.56-5.29)

147.16 (28)

TX

600

0.38 ± 0.14

3.92 ± 0.57

0.80 (0.61-0.95)

3.14 (2.52-4.59)

162.42 (28)

Lab

600

–0.29 ± 0.12

7.14 ± 0.78

1.10 (1.02-1.17)

2.32 (2.02-2.87)

116.64 (28)

TX

160

0.16 ± 0.13

4.67 ± 0.99

0.92 (0.68-1.07)

2.91 (2.07-8.17)

32.13 (6)

aN= Total number of insects used in generating the probit regression estimates, ball χ2 values for goodness-of-fit of model to
data were significant (P < 0.0001), indicating poor fit of model to data
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susceptible to ozone compared to the other species,
because complete mortality was not observed after
a 8 or 10 h exposure. Other studies also reported
that Sitophilus spp. to be more susceptible to ozone
fumigation than T. castaneum. Kells et al. (2001)
exposed adults of T. castaneum and S. zeamais to an
ozone concentration of 0.10 g/m3 (50 ppm) for 3 d,
and mortality of these two species was 92.2 and 100%
respectively. Hansen et al. (2012) exposed adults of T.
castaneum, O. surinamensis, S. oryzae, and S. zeamais
at low concentrations of ozone for several days, and
complete mortality was observed at different dosages
based on the insect species. A dosage of 0.074 g/m3
(35 ppm) for 6 d resulted in complete mortality of
T. castaneum adults, whereas for O. surinamensis,
S. oryzae, and S. zeamais the dosages for complete
mortality were 0.042 g/m3 (20 ppm) for 5 d, 0.044
g/m3 (21 ppm) for 5 d, and 0.164 g/m3 (78 ppm) for
5 d respectively. Adults of S. zeamais were the least
susceptible to ozone, followed by T. castaneum, O.
surinamensis, and S. oryzae (Hansen et al., 2012).
McDonough et al. (2011) applied 3.78 g/m3 (1 800
ppm) of ozone to corn infested with adults of T.
castaneum, S. oryzae, and S. zeamais, and complete
mortality was obtained after 120, 60, and 120 h
respectively.
The probit estimates for lethal times (LT50 and
LT99) are shown in Tables 3 and 4. The Chi-square
(χ2) values for goodness-of-fit test were significant for
all probit regressions, indicating poor fit of model to
data. Heterogeneity can be the major contributor to
the poor fit (Mahroof et al., 2003; Subramanyam et
al., 2014). Insects used in tests were unsexed adults
of mixed ages, and differences in sex and age may
have contributed to the heterogeneity in responses
observed. In addition, ozone concentrations and contact
durations in vials located at different spots in the testing
chamber may vary and contribute to the heterogeneity
observed, as does the effect of insects exposed with and
without wheat. In insecticide bioassays, heterogeneous
responses in insects are not uncommon (Mahroof et
al., 2003; Subramanyam et al., 2014). Based on 5 d
mortality, in the presence of 10 g wheat, LT50 values
for T. castaneum, O. surinamensis, S. zeamais, and S.
oryzae were 2.85 to 4.99, 1.16 to 2.28, 1.75 to 1.92,
and 1.32 to 1.51 h respectively; corresponding LT99
values were13.64 to 25.81, 7.07 to 11.18, 3.80 to 5.56,
and 2.00 to 3.11 h respectively (Table 3). Sitophilus
spp. was more susceptible to ozone, because the
lethal times were less than those of O. surinamensis
and T. castaneum by at least 2- to 5-fold. Bonjour
et al. (2011) exposed adults of T. castaneum and S.
oryzae to 0.10 g/m3 (50 ppm) of ozone for 1 d inside

a steel grain bin which contained 13.6 MT of hard red
winter wheat. Adults of each species were confined
in a cotton muslin tea bag with 50 g of wheat. The
survival ratio of T. castaneum and S. oryzae was 100
and 35%, respectively, indicating more tolerance
of T. castaneum to ozone than S. oryzae, which is
comparable to current findings.
When insects were exposed to ozone without
wheat, LT50 values for T. castaneum, O. surinamensis,
S. zeamais, and S. oryzae were 3.76 to 4.78, 0.98 to
2.10, 0.80 to 1.32, and 0.92 to 1.10 h respectively.The
corresponding LT99 values were 10.65 to 29.89, 4.33
to 9.05, 3.14 to 4.20, and 2.32 to 2.91 h respectively.
As expected Sitophilus spp. more susceptible to ozone
than the other species. Sousa et al. (2008) exposed 20
unsexed adults of T. castaneum and O. surinamensis
collected from 23 locations in Brazil with 0.32g/m3
(150 ppm) of ozone in the absence of food, and LT99
values (h) based on day 8 mortality were 22.17 to
37.90 h, and 11.03 to 18.72 h, respectively, which
are comparable to our results.The LT values of O.
surinamensis, S. zeamais, and S. oryzae strains in the
vials with wheat were higher than in vials without
wheat, which indicated that wheat kernels may protect
these three species by adsorbing or chemically reacting
with ozone (Kells et al., 2001). However, LT values
of T. castaneum did not show this trend.
In conclusion, ozone at a concentration of 0.42 g/
m3 (200 ppm) can effectively kill adults of phosphine
susceptible and resistant strains of T. castanesum, O.
surinamensis, S. oryzae, and S. zeamais. In addition,
no significant cross-resistance between ozone and
phosphine was observed among the tested species and
strains.T. castaneum was less susceptible to ozone than
the other three species.
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Fumigant toxicity and joint action of garlic essential oil and its main
compound, allyl disulphide with certain modified atmospheres
against confused flour beetle, Tribolium confusum
ALI A IŞIKBER*, ÖZGÜR SAĞLAM2, M KUBILAY ER1, HASAN TUNAZ1,
SALMAN KERVANDA1
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ABSTRACT

In this study, fumigant toxicity of garlic, Allium sativum, essential oil and its main compound
(allyl disulphide) in combination with high concentration (92%) of carbon dioxide (CO2)
and nitrogen (N2) to all life stages of Tribolium confusum Jacquelin du Val was determined.
Preliminary bioassay tests indicated that 10 µl/L concentration of garlic essential oil and allyl
disulphide alone resulted in 100% mortality of only eggs and pupae of T. confusum without any
necessity of CO2 and N2 combinations. However, these treatments did not cause 100% mortality
of larvae and adults of T. confusum. According to preliminary bioassay tests, combinations of
garlic essential oil and allyl disulphide with 92% CO2 and N2 resulted in significant increase in
the mortalities larvae and adults of T. confusum. Moreover, there were differences in susceptibility
of life stages of T. confusum to combinations of garlic essential oil and allyl disulphide with CO2
and N2. While the egg was the most susceptible stage to the treatments, the larva and adult were
the most resistance stages. Lethal concentration tests indicated that garlic essential oil and allyl
disulphide in combination with 92% CO2 and N2 had 1.1- to 4.4-fold reduction in LC90 values
for all life stages of T. confusum. Generally the combinations of garlic essential oil and its main
compound (allyl disulphide) with 92% CO2 were more toxic to all life stages of T. confusum
than those in combinations with 92% N2 as evident by significant decrease in their LC50 and
LC90 values. It appears that high concentration of CO2 and N2 have a synergistic effect on all
life stages of T. confusum when exposed together with garlic essential oil and allyl disulphide.
Thus, that combinations of garlic essential oil and its main compound (allyl disulphide) with
modified atmosphere can be potential as an alternative application to the most commonly used
commercial fumigants.
Key words: Allyl disulphide, Fumigant, Garlic, Modified atmosphere, Tribolium confusum
Essential oils and their compounds are potential
sources of alternative compounds to currently used
fumigants. Various studies have demonstrated fumigant
activity of various essential oils and their compounds
against various stored-product insects (Shaaya
et al., 1997; Huang et al., 2000; Tunç et al., 2000).
A number of studies showed that garlic (Allium sativum
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L.) essential oil and its major components, (methyl
allyl disulphide and diallyl trisulphide), have high
toxicity against both Sitophilus zeamais (Motsch) and
Tribolium castaneum (Herbst) (Ho et al., 1996; Huang
et al., 2000), indicating their potential use in protecting
grain and other stored products. Gözek (2007) reported
that the adults and larvae of Tribolium confusum
du Val. were the most tolerant stages and the eggs and
pupae were the most susceptible stages to treatments
of garlic essential oil, their active compounds (allyl
sulphide, allyl disulphide and dipropyl disulphide)
and mixture. In the same study, garlic essential oils,
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their active compounds and mixture required less than
1 μl/L to kill 90% of the eggs whilst garlic essential
oil and its active compounds required the dosages
ranging from 6.4 to 23.3 μl/L to kill 90% of the larvae.
The use of CO2 together with conventional
fumigants has also been studied. Carbon dioxide,
a respiratory stimulant, is a known adjuvant for
fumigants including phosphine and methyl bromide.
The advantages of using CO2 in the mixture are to
increase the toxicity of the fumigant, improve the
distribution pattern, limit the levels of harmful residues
in the treated commodity, and also eliminate the
flammable hazard of some fumigants. Several general
studies on fumigant/CO2 mixtures have been made
in the past (Jones, 1938), and these were followed
by investigations which showed that the addition of
CO2 to methyl bromide (MB) resulted in an increase
in the susceptibilities of some stored-product insects
(Calderon and Leesch, 1983; Williams, 1985).
Laboratory tests with essential oils have shown a
similar joint action with CO2 atmospheres. Shaaya et
al. (1999) demonstrated enhanced toxicity of essential
oil, SEM76 (from a Lamiaceae plant), in the presence
CO2 to T. castaneum (larvae, pupae and adults), Plodia
interpunctella Hübner (larvae and pupae), Rhyzopertha
dominica (Fabricius), Sitophilus oryzae (L.) and
Oryzaephilus surinamensis (L.) (adults). However,
toxicity studies on mixture of essential oils with CO2
against stored-product insects to demonstrate additive,
synergistic or antagonistic effects are rare.
Several studies revealed that garlic essential
oil and its major components (allyl sulfide, allyl
disulphide and diallyl trisulfide) had high fumigant
toxicity against stored grain insects (Ho et al., 1996;
Huang et al., 2000; Karcı, 2006; Gözek, 2007; and
potential use for controlling stored grain insects. The
use of garlic essential oil and its compounds with high
concentrations of inert gases such as nitrogen (N2) and
carbon dioxide (CO2) may contribute to increase their
toxicity against stored product insects and penetration
power in bulk commodity. In this context, the present
study was conducted to determine fumigant toxicity
of garlic essential oil and its main compound (allyl
disulphide) in combination with high concentration
(92%) of CO2 and N2 to all life stages of T. confusum.

wheat (Triticum sp.) flour mixed with dry brewer’s
yeast (17:1, w:w). Eggs were daily separated from
oviposition jars by sieving (60 mesh, 250 μm sieve).
Eggs for exposure to treatments were transferred into
the glass vials (2.5 cm diameter and 5 cm long). The
10 ml glass tube (18 cm height × 18 cm width × 12
cm diameter), each containing 50 eggs of 1–2 days
old, was exposed to each treatment. Larvae 25–30
days after oviposition were removed from culture jars
and exposed to the treatments. Two-day-old pupae
were obtained by daily separation from culture jars
and held in wheat flour for 24 h before the exposure.
Newly emerged adults were held in pre-exposure jars
containing wheat flour, and were exposed to treatment
7–10 days after emergence.
Fumigation chambers
Fumigation chambers consisted of 3–l glass jars,
each capped with a ground-glass stopper equipped with
entry and exit tubing. Two pieces of rubber tubing, 5
cm long, 6.2 mm ID, were attached to the tubing and
sealed with pinch-clamps.
Garlic essential oil and its main compound
Essential oil from garlic and its main compound,
(diallyl disulphide) were tested against all life stages
of T. confusum. Garlic essential oil extracted by stem
distillation method was provided commercially from
ATL Canada Company. Diallyl disulphide (SigmaAldrich, 317691, 80%) was provided commercially
by Sigma-Aldrich. After purchase, garlic essential oil
and diallyl disulphide were collected in sealed glass
containers and refrigerated in the dark at 4 ºC until
their use.
Carbon dioxide and nitrogen gas
Carbon dioxide (CO2) and nitrogen (N2) gas in a
steel cylinder were supplied from Linde Gas (Ankara,
Turkey) and was >99.9 % pure.
Bioassay and experimental procedures
Garlic essential oil and its main compound,
allyl disulphide were introduced as a liquid into the
desiccators using 10 or 50 µl gas-tight syringes. Carbon
dioxide and N2 were transferred from the supply
cylinder through a pipe equipped with a regulator
valve. Concentrations of CO2 and N2 inside the glass
jars were checked by using hand-operated O2/CO2
analyzer (PBI Dansensor) and portable O2/N2 gas
analyzer (BROTIE, China) respectively. Relative
humidity during fumigations was also measured by
placing small digital hygrometers (XIKAR Puro
TempTM, USA) within the fumigation chamber. Prior

MATERIALS AND METHODS
Test insects
Biological tests were carried out on all life stages
(egg, larva, pupa and adult) of T. confusum. Tribolium
confusum were obtained from cultures reared in 1 L
glass jars at 25 ± 1°C and 65 ± 5% (r.h. on a diet of
9
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to each test, 20 larvae, pupae, adults and 50 eggs of
T. confusum were confined, separately, inside 2.5 cm
diameter by 5 cm long glass vials.
Bioassay tests on fumigation activity of garlic
essential oil and allyl disulphide alone or in
combination with either 92% CO2 or 92% N2 were
carried out, to determine the effective concentrations
of each treatment against all life stages of T. confusum.
For garlic essential oil and allyl disulphide alone
treatment, all life stages of T. confusum were exposed
to a concentration of 10 µl/L of garlic essential
oil and allyl disulphide for 24 h. Garlic essential
oil and allyl disulphide were applied on filter paper
(2 cm × 8 cm) attached to lower side of the lids of
fumigation chamber by using 0–50 µl syringe. After
all life stages of T. confusum kept in the glass vials
were transferred separately into fumigation chamber,
fumigation chambers were closed by screwed lids,
which were made air-tight. Each treatment and control
was replicated three times. For the treatments with
garlic essential oil and allyl disulphide in a CO2 and
N2 atmosphere, the insects were first placed in the
fumigation chambers. Then, prior to the introduction
of 10 µl/L of garlic essential oil and allyl disulphide
concentration, the fumigation chambers were briefly
evacuated to 60.8 mm Hg by using vacuum pump
(KNF, Germany) with digital vacuum gage (Series
DPG Digital pressure Gage, Dwyer Instruments,
USA) and followed by flushing with CO2 and N2 until
restoration of atmospheric pressure so as to obtain a
uniform concentration of 92 ± 2% CO2 and N2. The
24-h exposure was used throughout all the experiment.
Besides treatments, separate exposure to 92% CO2 and
N2 alone was made and untreated control insects were
exposed to atmospheric conditions. For all fumigations,
r.h. and temperature were maintained at 65±5% at
atmospheric pressure and 25±1°C respectively.
Additional bioassay tests were carried out to
determine LC50 and LC90 values of garlic essential
oil and allyl disulphide alone and in their combination
with 92% CO2 and N2 for all life stages of T. confusum.
Each stage of T. confusum was exposed to four to five
different concentrations of garlic essential oil and allyl
disulphide for 24 h. With garlic essential oil and allyl
disulphide alone a range of 5 concentration levels
from 0.25 to 40 µl/L and from 0.25 to 20 µl/L for all
life stages of T. confusum was used respectively. With
garlic essential oil and allyl disulphide in combination
with 92% CO2 ranges consisted of 5 concentrations
from 0.25 to 15 µl/L and from 0.25 to 10 µl/L for all
life stages of T. confusum, respectively. With garlic
essential oil and allyl disulphide in combination with
92% N2 ranges consisted of 5 concentrations from

0.25 to 35 µl/L and from 0.25 to 20 µl/L for all life
stages of T. confusum, respectively. Concentrations
were selected for all life stages of T. confusum on basis
of preliminary bioassay tests. Three replicates were
set up for each concentration and control. Fumigation
procedures were the same as in above mentioned
bioassay tests.
Data processing and analysis
After each treatment, larvae, pupae, and adults
were transferred to 200-ml jars containing food
medium and were held at 25 ± 1°C and 65 ± 5% r.h.
until examined for mortality. Mortality data were
subjected to arcsine transformation and then analyzed
using one-way analysis of variance (ANOVA). The
means were separated using the LSD (Least Significant
Difference) method at the 5% level (SAS Institute,
1985). Data obtained from each zero dose control
and concentration-mortality responses were subjected
to probit analysis by using maximum likelihood
programme software (POLO-PC) (LeOra Software,
1987) to determine LC50s (Lethal Concentration50),
LC90s (Lethal concentration90).
RESULTS AND DISCUSSION
Bioassay tests indicated that all treatments except
92% CO2 and N2 alone and control resulted in 100%
mortality for eggs and pupae of T. confusum. However,
only garlic oil in combination with 92% CO2 achieved
almost 100% mortality of adults and larvae of
T. confusum, which was significant higher mortality
than those of garlic essential oil alone, garlic oil + 92%
N2, 92% CO2 and N2 alone and control treatment (P <
0.0001; Table 1). Garlic essential oil alone and garlic,
oil + 92% N2 treatments resulted in low mortalities
of T. confusum adults and larvae ranging from 6.7 to
38.3%. Exposure to 92% CO2 and N2 alone caused
very low mortality of adults, pupae and larvae of
T. confusum, but they resulted in relatively high
mortality of T. confusum eggs (54 to 78%). Preliminary
bioassay tests indicated that only garlic oil in
combination with 92% CO2 resulted in significant
increase of mortality of T. confusum larvae and adults.
On the other hand, garlic oil in combination with
92% N2 resulted in very low increase of mortality of
T. confusum larvae and adults.
Preliminary bioassay tests indicated that allyl
disulphide in combination with 92% CO2 achieved
100% mortality of all life stages of T. confusum while
all treatments except 92% CO2 and N2 alone and the
control resulted in 100% mortality for eggs and pupae
of T. confusum (Table 2). Allyl disulphide alone and
allyl disulphide + 92% N2 treatments achieved high
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Table 1 Percentage mortalities (%) of all life stages of Tribolium confusum exposed to 10 µl/L concentration of garlic essential
oil alone, 10 µl/L of garlic essential oil in combination with 92% CO2 and N2, and 92% CO2 and N2 alone for 24 h
exposure time at 25oC and 65% r.h.
Treatments

Mortality (%)±S.E
Egg

Larva

Pupa

Adult

Garlic oil

100±0 A

8.33±1.67 C

100 ±0 A

6.67±4.41 D

Garlic oil +92% CO2

1000 A

96.67±2.67 A

100±0 A

96.67 ±1.67 A

1000 A

38.33±1.67 B

100±0 A

35 ±2.89 B

78±1.16 B

8.33±3.33 C

28.33 ±1.67 B

15±0 C

Garlic oil +92% N2
92% CO2
92% N2
Control

F and P value
LSD value

54±1.15 C

8.33±1.67 C

15 ±2.89 C

10±2.89 DC

10.67 ±0.67 D

1.67±1.67 D

8.33±3.33 D

0±0 E

F5,12=3548.9
P<0.0001

F5,12=74.6
P<0.0001

F5,12=462.3
P<0.0001

F5,12=66.9
P<0.0001

1.516

9.991

5.258

10.766

Means within a column with the same letter are not significantly different (LSD test at 5% level). One-way ANOVA was
applied for data
Table 2 Percentage mortalities of all life stages of Tribolium confusum exposed to 10 µl/L concentration of allyl disulphide
alone, 10 µl/L of allyl disulphide in combination with 92% CO2 and N2, and 92% CO2 and N2 alone for 24-h exposure
time at 25oC and 65% r.h.
Treatments

Mortality (%)±S.E
Egg

Larva

Pupa

Adult

Allyl disulphide

100±0 A

71.66±1.67 C

100 ±0 A

88.33±1.67B

Allyl disulphide +92% CO2

100 ±0 A

100±0 A

100±0 A

100±0 A

100 ±0 A

85±0 B

100±0 A

98.33±1.67 A

92% CO2

78±1.16 B

8.33±3.33 D

28.33 ±1.67 B

15±0 C

Allyl disulphide +92% N2
92% N2
Control

F and P value
LSD value

54±1.15 C

8.33±1.67 D

15 ±2.89 C

10±2.89 C

10.67 ±0.67 D

1.67±1.67 E

8.33±3.33 C

0±0 D

F5,12=1515.7
P<0.0001

F5,12=209.7
P<0.0001

F5,12=348.1
P<0.0001

F5,12=312.9
P<0.0001

2.221

7.323

5.449

6.751

Means within a column with the same letter are not significantly different (LSD test at 5% level). One-way ANOVA was
applied for data

mortalities of T. confusum adults and larvae ranging
from 71.6% to 98.3%, but these treatments did not
resulted in the complete mortality of T. confusum
adults and larvae. Exposure to 92% CO2 and N2 alone
produced very low mortality of adults, pupae and larvae
of T. confusum, but resulted in relatively high mortality
of T. confusum eggs (54 to 78%). Preliminary bioassay
tests indicated that both allyl disulphide in combination
with 92% CO2 and N2 resulted in significant increase
of mortality of T. confusum larvae and adults.
Probit analysis data of garlic essential oil alone
and garlic essential oil in combination with 92% CO2
and N2 for all life stages of T. confusum resulting
from 24-h laboratory fumigations are given in Table
3. Garlic essential oil in combination with 92% CO2
and N2 reduced LC50 and LC90 values of all life stages

of T. confusum. Garlic essential oil in combination
with 92% CO2 had 4.4, 3.8, 2.9 and 2.6-fold reduction
in LC90 values for eggs, larvae, pupae and adults of
T. confusum respectively compared with garlic essential
oil alone (Table 3). Garlic essential oil in combination
with 92% N2 had 3.3, 1.3, 1.4 and 1.2-fold reduction
in LC90 values for eggs, larvae, pupae and adults of
T. confusum respectively compared with garlic essential
oil alone. Generally the combinations of garlic essential
oil with 92% CO2 were more toxic to all life stages
of T. confusum than those in combinations with 92%
N2 as evidenced by significant decrements in their
LC90 values.
Toxicity data of allyl disulphide alone and allyl
disulphide in combination with 92% CO2 and N2
for all life stages of T. confusum resulting from
11
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Table 3 Probit analysis data of garlic essential oil alone and garlic essential oil in combination with 92% CO2 and N2 for all
life stages of Tribolium confusum resulting from 24-h laboratory fumigations at 25oC and 65% r.h.
Life
stage
Egg

Treatments
Garlic oil
Garlic oil +
92% CO2

Larva

Garlic oil +
92% N2
Garlic oil

Garlic oil +
92% CO2

Pupa

Garlic oil +
92% N2
Garlic oil

Garlic oil +
92% CO2

Adult

Garlic oil +
92% N2
Garlic oil

Garlic oil +
92% CO2
Garlic oil +
92% N2

Na

Slopeb ± S.E.

600

χ² d

LC50 (µl/L)
(Fiducial limit)c

LC90 (µl/L)
(Fiducial limit)c

2.67 ± 0.20

0.53
(0.46 – 0.59)

1.59
(1.38 – 1.89)

9.91

600

6.25 ± 0.99

0.22
(0.19 – 0.24)

0.36
(0.33 – 0.42)

2.14

900

3.36 ± 0.47

0.20
(0.16 – 0.23)

0.48
(0.42 – 0.58)

3.71

420

8.88 ± 1.08

19.44
(18.06 – 20.59)

27.11
(25.44 – 29.58)

4.74

480

2.76 ± 0.24

2.45
(2.09 – 2.83)

7.16
(6.03 – 8.91)

8.33

360

5.48 ± 0.94

11.82
(9.90 – 13.15)

20.26
(18.24 – 24.09)

6.18

420

5.35 ± 0.83

2.42
(2.07 – 2.69)

4.19
(2.69 – 3.69)

2.88

360

3.46 ± 0.39

0.61
(0.51 – 0.71)

1.44
(1.20 – 1.83)

12.75

360

5.62 ± 0.65

1.81
(1.62 – 1.99)

3.07
(2.75 – 3.57)

3.93

360

7.43 ± 0.78

15.36
(14.36 – 16.36)

22.84
(21.0 – 25.63)

10.73

420

3.21 ± 0.29

3.53
(3.04 – 4.03)

8.85
(7.59 – 10.76)

7.77

360

5.45 ± 0.52

10.96
(10.00 – 11.89)

18.83
(17.05 – 21.42)

9.71

a

Number treated, excluding controls, b slopes are non-parallel and unequal where noted, c value in parentheses refers to the
95% confidence range, d chi-square

24-h laboratory fumigations are given Table 4. Allyl
disulphide in combination with 92% CO2 and N2
reduced LC50 and LC90 values of all life stages of
T. confusum. Allyl disulphide in combination with 92%
CO2 showed 1.7-, 2.9-, 1.9- and 3.6-fold reduction
in LC90 values for eggs, larvae, pupae and adults of
T. confusum respectively compared with allyl disulphide
alone (Table 4). Allyl disulphide in combination with
92% N2 resulted in 1.1, 1.3, 1.2 and 1.4-fold reduction
in LC90 values for eggs, larvae, pupae and adults of
T. confusum, respectively, compared with allyl
disulphide alone. Generally, the combinations of allyl
disulphide with 92% CO2 were more toxic to all life
stages of T. confusum than those in combinations
with 92% N2 as evident from significant decrements
in their LC90 values.
Thus, the use of 92% CO2 and N2 with garlic
essential oil and allyl disulphide clearly resulted in
significant reductions of LC50 and LC90 values for
all life stages of T. confusum. This was particularly

effective for the most tolerant larval and adults
stage where combining garlic essential oil and allyl
disulphide with 92% CO2 decreased the LC90 value
from 27.1 to 7.2 µl/L and 22.8 to 8.9 µl/L; from 14.5
to 4.9 µl/L and 10.7 to 2.8 µl/L respectively. Similarly,
garlic essential oil and allyl disulphide with 92% N2
also decreased the LC90 value of larval and adults stage
from 27.1 to 20.6 µl/L and 22.8 to 18.8 µl/L; from
14.5 to 11.4 µl/L and 10.7 to 7.4 µl/L respectively.
It might be argued that low O2 concentrations could
influence the potentiating effect of CO2 and N2 for the
most tolerant larval and adults stage of T. confusum.
However, data without garlic essential oil and allyl
disulphide indicated that there was only limited
mortality of the larvae and adults on exposure to 92%
CO2 alone for 24 h. Therefore, the results indicate that
CO2 and N2 have a synergistic effect on the test insect
when exposed together with garlic essential oil and
allyl disulphide. The addition of CO2 has long been
known to enhance the toxic effects of fumigant gases
12
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Table 4 Probit analysis data of allyl disulphide alone and allyl disulphide in combination with 92% CO2 and N2 for all life
stages of Tribolium confusum resulting from 24-h laboratory fumigations at 25oC and 65% r.h.
Life
stage
Egg

Larva

Pupa

Adult

Na

Slopeb ± S.E.

LC50 (µl/L)
(Fiducial limit)c

LC90 (µl/L)
(Fiducial limit)c

χ² d

Allyl disulphide

750

4.36 ± 0.46

0.33
(0.29 – 0.36)

0.65
(0.58 – 0.76)

7.23

Allyl disulphide +92% CO2

750

4.94 ± 0.73

0.22
(0.18 – 0.24)

0.39
(0.36 – 0.45)

4.19

Allyl disulphide +92% N2

750

3.68 ± 0.46

0.26
(0.22 – 0.29)

0.57
(0.51 – 0.68)

4.44

Allyl disulphide

420

4.59 ± 0.53

7.61
(6.77 – 8.39)

14.48
(12.83 – 17.16)

5.15

Allyl disulphide +92% CO2

420

2.16 ± 0.22

1.24
(0.97 – 1.52)

4.86
(3.86 – 6.55)

6.44

Allyl disulphide +92% N2

420

4.43 ± 0.52

5.84
(5.07 – 6.53)

11.38
(10.01 – 13.40)

2.50

Allyl disulphide

360

3.12 ± 0.49

1.33
(0.97 – 1.64)

3.43
(2.83 – 4.53)

5.71

Allyl disulphide +92% CO2

420

2.86 ± 0.33

0.65
(0.53 – 0.78)

1.83
(1.52 – 2.35)

6.48

Allyl disulphide +92% N2

420

3.39 ± 0.39

1.18
(0.97 – 1.36)

2.82
(2.41 – 3.49)

4.89

Allyl disulphide

420

6.08 ± 0.56

6.19
(5.71 – 6.66)

10.07
(9.24 – 11.22)

13.26

Allyl disulphide +92% CO2

420

3.39 ± 0.31

1.16
(1.02 – 1.29)

2.77
(2.39 – 3.35)

4.76

Allyl disulphide +92% N2

420

5.36 ± 0.48

4.24
(3.91 – 5.57)

7.35
(6.65 – 8.38)

5.72

Treatments

a Number treated, excluding controls, b slopes are non-parallel and unequal where noted, c value in parentheses refers to the
95% confidence range, d chi-square

for some stored-product insects (Bond and Buckland,
1978; Navarro et al., 2004) and has been pursued as
a method of reducing the amount of methyl bromide
needed (Kawakami et al., 1996). Several modes of
action have been proposed for the toxic action of
elevated CO2 levels (Friedlander, 1983). These include
a reduction in various detoxification pathways from
the mixed function oxidizes to the regeneration of
acetyl-choline. The effects are through to occur CO2
levels greater than 10%. At CO2 levels as low as 1%,
the insect increase spiracle opening, allowing the
diffusion of fumigants into the tracheae to increase
(Wigglesworth, 1972). Spiracles remain open in the
CO2 concentration range of 2–5%, depending on
insect species (Wigglesworth, 1972), which facilities
the entrance of the toxic gases into the insect body. In
present study, CO2 has a synergistic effect on the test
insect when exposed together with garlic essential oil
and allyl disulphide, which can be explained by mode
of action of CO2 as described above.

Other studies have shown that the admixture of
CO2 could increase the toxicity of fumigants, mainly
MB and phosphine (Dumas et al., 1969; Calderon
and Leesch, 1983; Williams, 1985; Donahaye and
Navarro, 1989). In all these studies, the susceptibilities
of test insects to fumigants combined with CO2 were
found to increase by only a factor of one to three.
Laboratory tests with essential oils have shown a
similar joint action with CO2 atmospheres. The peel
oils of Citrus spp. and Eucalyptus citriodora Hook
at 10 and 20 μl/L doses were more toxic in presence
of two different controlled atmospheres (15% CO2+
1% O2 + 84% N2 and 12% CO2 + 5% O2 + 83% N2)
to the psocid, Liposcelis bostrychophila Badonnel
(Wing et al., 2001). However, the results obtained in
our studies reveal that reductions in LC50 and LC90
caused by garlic essential oil and allyl disulphide in
combination CO2 and N2 are much higher than those
reported by the above authors.
The combinations of garlic essential oil and allyl
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disulphide with 92% CO2 were more toxic to all life
stages of T. confusum than those in combinations with
92% N2, as evidenced by significant decrements in
their LC50 and LC90 values. Nitrogen is not directly
toxic gas to the insects, but is only lethal to the insects
by producing a progressive hypoxia or anoxia only
when used alone at a high purity level. However, a
higher CO2 concentration, accompanied by a reduction
of O2, leads to hypercarbia, which directly affects
the nervous, endocrine, respiratory and circulatory
systems, as well as general metabolism (Wong-Corral
et al., 2013). Insects are generally killed more rapidly
by CO2 than they are by lack of oxygen and therefore
CO2 is more effective method than use of N2 because
CO2 stimulates insect respiration by displacing O2
(Bell et al., 1980; Jayas and Jeyamkondan, 2002).
The higher toxicity of combination of garlic essential
oil and allyl disulphide with CO2 can be attributed to
these insecticidal properties of CO2 as described above.
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Economic Entomology 93: 537–543.
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82: 235–251.
Jones RM (1938) Toxicity of fumigant CO2 mixture to the
red flour beetle. Journal of Economic Entomology 31:
298–309.
Karcı A (2006) Fumigant toxicity of some plant derived
essential oils against all life stages of confused flour
beetle, Tribolium Confusum Duval (Col.: Tenebrionidae).
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CONCLUSION
The use of high concentration of CO2 and N2
appears to have a synergistic effect on all life stages of
T. confusum, as evidenced by significant decrements in
their LC50 and LC90 values. These results indicate that
combination of garlic essential oil and allyl disulphide
with CO2 and N2 can be potential as an alternative
application to the most commonly used commercial
fumigants, methyl bromide and phosphine.
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Ecofriendly approach for rice weevil (Sitophilus oryzae) (Coleoptera:
Curculionidae) management using fumigant oils
NAVEENKUMAR B PATIL*, TOTAN ADAK, G GURU PIRASANNA PANDI,
G BASANA GOWDA, MAYABINI JENA
Crop Protection Division, ICAR–National Rice Research Institute, Cuttack, Odisha 753  006, India
ABSTRACT
Laboratory studies were conducted to evaluate the contact and fumigant activities of some essential
oils, viz. orange oil (Citrus sinensis L.), eucalyptus oil (Eucalyptus oblique L’Her) and cinnamon oil
(Cinnamomum verum Presl) against rice weevil, Sitophilus oryzae (L.). In contact bioassay at 24 h after
treatment, the highest mortality (95.8%) was recorded at 0.75 µl/cm2 with eucalyptus oil, followed by
orange oil (93.40%) which was at par with eucalyptus oil (93.2%) at 0.50 µl/cm2. On the other hand,
cinnamon oil at all the tested concentrations (0.75, 0.50 and 0.25 µl/cm2) showed significantly less effect
on S. oryzae by registering 16.63, 13.33 and 6.67%, mortality, respectively, at 24 h after treatment. In
fumigation assay also, eucalyptus oil recorded the highest mortality of 26.1% ,followed by orange oil
(13.3%) and cinnamon oil (10.43%) after 24 h exposure at the highest concentration used in the study (2
µl/cm2). Fumigation toxicity trend remained same at different time intervals (48, 72, 96 and 120 h after
treatment) for all the treatments, wherein increasing trend of mortality was observed as the time lapsed. Even
120 h after treatment, only eucalyptus oil was able to kill more than 80% of adult beetles in comparison
to 65 and 50% mortality, respectively, for orange and cinnamon oil at the highest concentration tested (2
µl/cm2). Thus, eucalyptus oil has higher contact and fumigant toxicity potential, and it can be included
in the IPM programmes for effective stored grain pest management.

Key words: Essential oils, Fumigant action, Management, Rice weevil, Rice storage, Storage
pest, Toxicity
Storage insects alone cause post-harvest losses of
10% annually in developing countries (Nanda et al.,
2012). As a control measure, many synthetic chemical
insecticides and fumigants are being widely used
against various insect pests. However, due to their slow
biodegradable nature which results in environmental
pollution and also with concern to human health
hazards, many insecticides have been replaced by
modern ones (Daglish et al., 2013). Further, due to
the problem of resistance to insecticides, there is a
growing demand to develop newer eco-friendly and
safer control approach for stored pest management.
Natural products are an important source of novel
active compounds that can be used to control stored
grain insect pests (Rajendran and Sriranjini, 2008;
Rajashekar et al., 2013). Hence there is a need to
develop selective products of natural origin for the
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management of storage pests in rice.
The most widespread and destructive insect pest
of stored grains is rice weevil, Sitophilus oryzae (L.)
(Coleoptera: Curculionidae). Control of this pest
is primarily dependent on repeated application of
synthetic insecticides (Hasan and Reichmuth, 2004).
Methyl bromide and aluminium phosphide fumigants
have been used for decades to control stored pests
(Islam et al., 2009) and belong to the most effective
treatments to protect stored food, feedstuffs, and other
agricultural commodities. Growers are moving away
from using methyl bromide as post-harvest fumigant
because of its ozone-depleting nature. Repeated use
of phosphine leads to development of pest resistance
(Ignatowicz, 1999).
Plant essential oils, traditionally been used to kill
or repel insects (Isman, 2006) are being considered as
an alternative to stored-grain conventional pesticides
because of their low toxicity to warm-blooded
mammals and their high volatility (Shaaya et al., 1997;
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activity of eucalyptus, orange and cinnamon oils
against adults of S. oryzae L. was evaluated by direct
contact application assay. The experiment was carried
out in a completely randomized design with three
replications. All tests were conducted in petridishes
with a surface area of 63 cm2. One day before the
tests, bottom of the dishes were covered with the
CEM I 52.5 N material to create the concrete surface
(Kavallieratos et al., 2016). Each essential oil was
prepared in acetone (100 μl) at different concentrations
(0.25, 0.50 and 0.75 μg/cm2).The concrete surface
of individual petridishes was sprayed with different
concentration of oil solution as a fine mist using Atlas
hand atomizer, and 10 adults each of S. oryzae (7–10
days old) were placed in each petridish and covered
with a lid. Control was sprayed with 100 μl acetone
only. Adult mortality was recorded 24, 48, 72, 96 and
120 h after treatments.

Li and Zou, 2001). The toxicity of essential oils to
stored-product insects is influenced by the chemical
composition of the oil, which in turn depends on the
source, season and ecological conditions, method
of extraction, time of extraction and plant part used
(Don-Pedro, 1996; Lee et al., 2004). Among the
essential oil components, the monoterpenoids have
drawn the greatest attention for fumigant activity
against stored-product insects (Ahn et al., 1998;
Rajendran and Sriranjini, 2008). Several reports
indicate that monoterpenoids cause insect mortality
by inhibiting acetylcholine esterase enzyme (AChE)
activity (Houghton et al., 2006). The monocyclic
monoterpene 1, 8-Cineole (eucalyptol) is the major
component of different species of Eucalyptus having
fumigant action against Tribolium castaneum (Herbst)
(Rajendran and Sriranjini, 2008). In the present study,
insecticidal activity of three essential oils namely
eucalyptus, orange and cinnamon oil were assayed
against the major stored-product insect S. oryzae under
laboratory conditions.

Fumigant activity of the tested plant oils
The vapour toxicity of the eucalyptus, orange and
cinnamon oils were evaluated as per Kim et al. (2003)
and Usha Rani and Rajasekharreddy (2010). In brief,
small diet cups (3.6 cm diameter × 4 cm) were used
as fumigation chambers and groups of 10 adults were
placed in diet cups and covered with a nylon 60 mesh
cloth. Each filter paper (Whatman No. 1, cut into 10
cm2 pieces) treated with each test oils (2, 1, 0.50 and
0.25 μl/cm2) previously dissolved in acetone (100
μl), was placed at the bottom of a polyethylene cup
(5.0 cm diameter × 9 cm), and a diet cup containing
adult insects was put into the polyethylene cup. This
prevented direct contact of the test adults with the test
compound. Each polyethylene cup was then sealed
with a lid. Controls received only 100 μl acetone. All
the tests were carried out at 28 ± 2ºC and 65 ± 5% r.h.
Mortality was ensured by probing insect body with a
slender paintbrush. Dead insects were counted every
24 h for a total period of 120 h post-treatment. There
were three replicates per treatment.
Statistical analysis of the toxicity data was
performed in MSTAT-C. Mortality data were converted
into arcsine values to perform one-way ANOVA, to find
the significant differences (Gomez and Gomez, 1984).

MATERIALS AND METHODS
Insects
The insect species were collected from the NRRI
paddy godown and the insect culture was maintained
in the Grain Entomology Laboratory of the institute.
Throughout the study period, culture was maintained
at 28 ± 2°C and 65 ± 5% r.h. Initially, 50 pairs of
freshly emerged adults were placed in a jar containing
rice (Oryza sativa L.) grains (0.5 kg). The open end
of jars were covered with muslin cloth and remained
sealed for a maximum period of 7 days to allow mating
and oviposition. Then parental stocks were removed
and the remaining content of each jar (rice grains and
freshly laid eggs) was kept for further multiplication
and insects were collected and reused for sub-culturing.
The subsequent progenies of beetles were used for
conducting the experiment.
Test materials
Industrially extracted oils of eucalyptus
(Eucalyptus oblique L’Her), orange (Citrus sinensis
L.) and cinnamon oil (Cinnamomum verum Presl)
were obtained from market (NICE chemicals Private
Limited). Only 95% pure oils were used throughout
the experiment. The pure essential oils were diluted
with acetone to obtain the required doses for contact
and fumigant activity for the evaluation.

RESULTS
Fumigant toxicity of the tested plant oils
Mortality of S. oryzae adults due to fumigation at
different dosages of eucalyptus, orange and cinnamon
oil ranged from 3.27 to 82.97% (Table 1). At 24 h
after treatment, eucalyptus oil recorded significantly
highest mortality (26.10%), followed by orange oil

Bioassays
Contact toxicity of plant oils: The insecticidal
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Table 1

Fumigant toxicity of essential oils against Sitophilus oryzae adults at 28ºC

Treatments

Per cent mortality (hours after treatment)
48
72
96

24
Eucalyptus oil @ 2

µl/cm2

Eucalyptus oil @ 1

µl/cm2

26.10

(30.72a)

10.30

(18.72c)

33.23

(35.20a)

13.10

(21.22c)

43.77

(41.42a)

16.50

(23.97d)

120

56.37

(48.66a)

82.97 (65.62a)

20.03

(26.59c)

53.50 (47.01d)

Eucalyptus oil @ 0.5 µl/cm2

6.57 (14.85d)

12.93 (21.08c)

13.13 (21.25e)

13.43 (21.50e)

26.57 (31.03g)

Eucalyptus oil @ 0.25 µl/cm2

3.50 (10.78e)

3.37 (10.57e)

3.20 (10.30i)

6.53 (14.81g)

26.37 (30.90g)

(21.36b)

(24.02b)

(33.36b)

65.53 (54.05b)

Orange oil @ 2

µl/cm2

13.27

16.57

(30.94b)

26.43

30.23

Orange oil @ 1 µl/cm2

6.53 (14.81d)

13.60 (21.64c)

20.33 (26.80c)

19.87 (26.47c)

53.07 (46.76d)

Orange oil @ 0.5 µl/cm2

3.50 (10.78e)

3.50 (10.78e)

10.57 (18.97f)

10.20 (18.63f)

26.47 (30.96g)

(10.57e)

(10.63e)

(13.65h)

(14.77g)

20.20 (26.71i)

Orange oil @ 0.25

µl/cm2

3.37

3.40

5.57

6.50

Cinnamon oil @ 2 µl/cm2

10.43 (18.84c)

16.40 (23.89b)

16.60 (24.04d)

16.47 (23.94d)

56.47 (48.72c)

Cinnamon oil @ 1 µl/cm2

6.67 (14.96d)

13.53 (21.58c)

13.43 (21.50e)

13.33 (21.42e)

40.33 (39.43e)

(10.41e)

(14.65d)

(18.53f)

(18.53f)

33.43 (35.33f)

Cinnamon oil @ 0.5

µl/cm2

3.27

6.40

10.10

10.10

Cinnamon oil @ 0.25 µl/cm2

0.00 (0.00f)

3.23 (10.36e)

6.73 (15.04g)

6.57 (14.85g)

23.53 (29.02h)

Control
SEm±
CD (P=00.1)

0.00 (0.00f)
0.61
2.39

0.00 (0.00f)
0.58
2.29

0.00 (0.00 j)
0.59
2.34

0.00 (0.00h)
0.49
1.96

0.00 (0.00j)
0.49
1.94

Figures in parentheses are Arcsine transformed values
Table 2

Contact toxicity of essential oils against Sitophilus oryzae adults at 28ºC

Treatments
Eucalyptus oil @ 0.75

µl/cm2

Eucalyptus oil @ 0.5 µl/cm2
Eucalyptus oil @ 0.25

µl/cm2

95.77

24

Per cent mortality (hours after treatment)
48
72
96

(78.13a)

(78.56a)

96.07

100.00

(90.00a)

100.00

120

(90.00a)

100.00 (90.00a)

93.17 (74.85b)

95.13 (77.26b)

95.43 (77.66b)

96.13 (78.66b)

96.87 (79.80b)

(71.82c)

(75.23c)

(74.47c)

(75.90c)

96.43 (79.11c)

90.27

93.50

92.83

94.07

Orange oil @ 0.75 µl/cm2

93.40 (75.11b)

95.97 (78.41ab)

100.00 (90.00a)

100.00 (90.00a)

100.00 (90.00a)

Orange oil @ 0.5 µl/cm2

86.97 (68.84d)

90.30 (71.85d)

92.23 (73.82c)

94.30 (76.19c)

95.97 (78.41c)

(49.00e)

(60.18e)

(65.93d)

(67.75d)

87.33 (69.15d)

Orange oil @ 0.25

µl/cm2

56.97

75.27

83.37

85.67

Cinnamon oil @ 0.75 µl/cm2

16.63 (24.07f)

43.43 (41.23f)

53.27 (46.87e)

56.57 (48.77e)

58.83 (50.09e)

Cinnamon oil @ 0.5 µl/cm2

13.33 (21.42g)

36.60 (37.23g)

46.33 (42.90f)

49.67 (44.81f)

53.67 (47.10f)

(14.96h)

(29.02h)

(35.22g)

(36.61g)

37.00 (37.46g)

Cinnamon oil @ 0.25

Control
SEm±
CD (P=00.1)

µl/cm2

6.67

0.00 (0.00i)
0.61
2.46

23.53

0.00 (0.00i)
0.51
2.06

33.27

0.00 (0.00h)
0.57
2.30

35.57

0.00 (0.00h)
0.53
2.16

0.00 (0.00h)
0.62
2.49

Figures in parentheses are Arcsine transformed values

compared to orange and cinnamon oil against S. oryzae.

(13.27%) and cinnamon oil (10.43%) when fumigated
at 2 µl/cm2. Trend of fumigation toxicity remained the
same at different time intervals of 48, 72, 96 and 120
h after treatment. Control treatment showed the least
mortality. Increasing trend in mortality was observed
as the time lapsed. Significantly highest mortality was
registered under eucalyptus oil treatment at 2 µl/cm2
120 h after treatment which showed the potentiality as
fumigant. Decreasing trend in mortality was observed
with the decrease in concentration of essential oils. As
a fumigant, eucalyptus oil showed good results when

Contact toxicity of the tested plant oils
At 24 h after treatment mortality of adult S.
oryzae ranged from zero to 95.77% (Table 2) and
significantly highest mortality was recorded with
Eucalyptus oil (95.77%), followed by orange oil
(93.40%) when sprayed at 0.75 µl/cm2 which was
on par with eucalyptus oil (93.17 %) treated at 0.50
µl/cm2. However cinnamon oil at 0.75, 0.50 and 0.25
µl/cm2 showed very less effect on S. oryzae, causing
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NAVEENKUMAR B PATIL, TOTAN ADAK, G GURU PIRASANNA PANDI, G BASANA GOWDA, MAYABINI JENA

to that of the control which showed no mortality. The
efficacy in respect to contact and fumigation toxicity
at the lowest dose (50 μl) after one hour was 93%
and 91%, respectively. Similarly, Andrea et al. (2011)
reported in topical application assays, the essential oil
of Cymbopogon citrates (leaf) had greater toxicity
(LC50 –0.027 µl/ml) and shorter exposure time than
the oils of the Zingiber officinale (root) and Mentha sp.
(leaf). After 24 h and 48 h, 70% and 100% mortality
of S. oryzae was recorded respectively. In fumigation
assays, essential oil of Z. officinale had a lower LC50
(1.18 µl/cm2) and 70% mortality after 24 h exposure.
The toxicity of essential oils to stored product
insects is influenced by the chemical composition of
the oil and plant part to be used (Don-Pedro, 1996;
Lee et al., 2004). From the previous reports on the
insecticidal and repellent properties of monoterpenoids
and phenolic acids, it can be stated that common
chemicals found in oil of coriander as well as
eucalyptus such as monoterpenoids, 1,8-cineole,
alpha pinene, carvone, linalool, etc., and phenolic
acids, quercetin, caffeic acid, protocatechuic acid
are responsible for the insecticidal activity of the
essential oils. Tapondjou et al. (2005) demonstrated that
essential oils consisting of 1, 8-cineole, terpineol and
a-pinene as major constituents show toxic and repellent
properties. Lee et al. (2004) reported 1, 8-cineole
for its fumigant toxicity against major stored grain
insects. Obeng-Ofori et al. (1997) found 8-cineole to
be highly repellent and toxic to Sitophilus granarius
(L.) and S. zeamais Motschulsky. The results obtained
indicate good potential for the use of essential oils
as both fumigant and contact toxic agents against S.
oryzae adults.
Chaubey (2011) reported fumigation of S. oryzae
adults with sublethal concentration of Cuminum
cyminum (Apiaceae) and Piper nigrum (Piperaceae)
essential oils significantly inhibited AChE activity. The
insecticidal activity of many plant essential oils might
be attributed to monoterpenoids (Subramanyam et al.,
1994; Tripathi et al., 2003; Lee et al., 2004; Waliwitiya
et al., 2005; Tong and Coats, 2010). Due to the high
volatility, they have fumigant activity that might be
of importance for controlling stored product insects
(Koul, 2004). Monoterpenoids were reported earlier
as fumigants and contact toxicants on various insect
pests (Rice and Coats, 1994).
Several researchers reported the toxicity and
protectant potential of essential oils extracted from
different plants against major stored product insects
(Talukder et al., 2004; Islam and Talukder, 2005; Isman,
2006; Rajendran and Sriranjini, 2008; Usha Rani et
al., 2011). Further work would focus on its penetration

16.63, 13.33 and 6.67% mortality, respectively, at
24 h after treatment. Control treatment showed no
mortality. Eucalyptus oil and orange oils at 0.75 µl/
cm2 exhibited 100% mortality at 72, 96 and 120 h
after treatment, showing higher efficacy as contact
toxicants among the oils tested. Increasing trend in
mortality was observed at different temporal intervals
of 48, 72, 96 and 120 h after treatment.
DISCUSSION
Essential oils are far safer for mammals compared
to toxic fumigants like methyl bromide and phosphine
currently used across the globe, which pose problems
like adverse environmental disturbances, the possibility
of carcinogenicity and increasing development of
resistance in target pests. Therefore, there is an
urgent need for new strategies to focus on a search
for alternative fumigants for the control of storedproduct insects.
In the current study, the three essential oils, namely,
eucalyptus, orange and cinnamon demonstrated
fumigant and contact toxicity to S. oryzae. In contact
bioassay at 24 h after treatment, the highest mortality
(95.8%) was recorded at 0.75 µl/cm2 with eucalyptus
oil, followed by orange oil (93.40%) which was a par
with eucalyptus oil (93.2%) at 0.50 µl/cm2. On the other
hand, cinnamon oil at all the concentrations (0.75, 0.50
and 0.25 µl/cm2) showed significantly less effect on S.
oryzae, registering 16.63, 13.33 and 6.67% mortality,
respectively, at 24 h after treatment. Fumigation
toxicity trend remained the same at different time
intervals (48, 72, 96 and 120 h after treatment) for all
the treatments, wherein increasing trend of mortality
was observed as the time lapsed. Even 120 h after
treatment, only eucalyptus oil was able to kill more
than 80% of adult beetles in comparison to 65 and 50%
mortality, respectively, for orange and cinnamon oil
at the highest concentration (2 µl/cm2). The present
findings are in line with Ali et al. (2016), who reported
that the percent mortality of S. granarius L. reached
91.2, 95.0 and 91.2% when 1 week old adults were
exposed to higher concentration of Thuja, Eucalyptus
and peppermint oils, respectively, comparing to zero
per cent in the control after 24 h. After 72 h, the
mortality was 100% at the highest concentration of
100, 30 and 15 µl of respective volatile oils. Perera
and Karunaratne (2016) evaluated essential oil from
leaves of Ruta graveolens L. to evaluate its toxic
activities against the rice weevil, Sitophilus oryzae.
In contact and fumigation toxicity bioassays, highest
doses of the oil tested (150 and 200 μl) were extremely
effective in inducing 100% mortality of weevils within
an hour and over 90% within half an hour compared
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into insect cuticle and grain, metabolic target in the
insect body as well as its effects on mammals fed on
treated materials and the usefulness for commercial
application.
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Evaluation of carbon dioxide treatment on the management of
groundnut seed borer (Caryedon serratus)
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ABSTRACT

A study was conducted to evaluate the efficacy of carbon dioxide (CO2) treatment against
the groundnut seed borer [Caryedon serratus (Fabricius)]. Four concentrations of CO2, viz. 0
(untreated), 30, 40 and 50%, were evaluated against insect infestation as well as seed viability.
Ten pairs of C. serratus were released in one litre glass container containing 125 g groundnut
(Arachis hypogaea L.) pods. Carbon dioxide was injected into the container by flushing method.
Observations were recorded on per cent insect infestation, germination and moisture during
the third and sixth month after treatment. The insect infestation was 2.5 and 4.2% in untreated
seeds during third and sixth month, respectively. In 30 and 40% CO2 treatments, very minimum
infestation (<0.5 %) was observed, whereas infestation was nil in 50% CO2 treatment. The
germination of CO2 treated seeds was between 72.0 and 74.0% and m.c. was between 7.2 and
7.3%. Thus, CO2 can be a good alternative to use of chemical treatments including fumigants
for preventing C. serratus infestation in groundnut.
Key words: C. serratus, Groundnut, Insect infestation, Seed viability
Groundnut (Arachis hypogaea L.) is being stored
both as unshelled pods and as kernels. More than 100
species of insects are found associated with stored
groundnut, but only a few species cause economic
damage. Caryedon serratus (Fabricius) (Bruchidae:
Coleoptera) is the only major insect pest of groundnut
that damages unshelled nuts and it takes about
60 days to complete its life cycle under optimum
conditions (Ranga Rao et al., 2010). Usage of chemical
insecticides and fumigants to contain stored product
pests in food grain storage resulted in problems, i.e.
handling hazards, residues, selection of resistant insects
to chemicals, resurgence and environmental pollution
(Bailey and Banks, 1980; Annis, 1987). Further, in case
of chemical fumigants, immature stages of insect pests
are showing tolerance. Carbon dioxide (CO2) could be
a good alternative to chemicals in combating stored
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product pests, since it is effective, safe and environment
friendly (Shazali et al., 2004). Effectiveness of CO2
was tested against various stored product pests, viz.
Tribolium castaneum (Herbst), Tribolium confusum
du Val and Plodia interpunctella (Hubner) (Ali
Niaze and Lindgren, 1970; Lum and Flaherty, 1972);
Sitophilus oryzae (L.) (Annis and Morton, 1997);
Stegobium paniceum (L.) and Lasioderma serricorne
(Fabricius) (Gunasekaran and Rajendiran, 2005)
and Rhyzopertha dominica (Fabricius) and Corcyra
cephalonica (Stainton) (Bera et al., 2004). This study
was undertaken to evaluate the effectiveness of CO2
against groundnut borer, C. serratus.
MATERIALS AND METHODS
The study was conducted at the Seed Centre,
Tamil Nadu Agricultural University, Coimbatore from
August 2015 to February 2016. Unshelled groundnut
was used as the medium for culturing C. serratus.
Room temperature of 27±2°C and 70±5% r.h was
maintained at the culture room. For getting uniform
aged adults, 250 g of fresh unshelled groundnut pods
was exposed to 20 pairs of insects and allowed for
one to two days for oviposition. All the adult insects
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Table 1 Effect of carbon dioxide (CO2) treatment on C. serratus infestation and germination in groundnut
Treatment

Germination (%)

Moisture (%)

Insect infestation#

3rd month

6th month

3rd month

6th month

3rd month

6th month

T1, Normal air treatment

73.0*
(58.47)

72.0
(57.83)

8.7
(17.25)

7.2
(15.59)

2.53
(9.15)

4.2

T2, CO2 @ 30% of the volume

73.0
(58.90)

73.0
(58.47)

8.8
(17.25)

7.3
(15.70)

0.03
(1.03)

0.02

T3, CO2 @ 40% of the volume

74.0
(59.12)

73.0
(58.47)

8.8
(17.25)

7.3
(15.67)

0.01
(2.23)

0.02

T4, CO2 @ 50% of the volume

73.0
(58.47)

74.0
(59.12)

8.7
(17.11)

7.2
(15.59)

0.0
(2.86)

0.0

SEd

0.30

0.30

0.076

0.14

0.49

0.06

CD (P = 0.05)

0.70

0.69

0.17

0.34

1.14

0.14

*Mean of three replications; # percent weight loss Initial germination, 79%; initial m.c.: 9.0, values in the parentheses are
arc sine transformed

were removed after 2 days and uniform aged adults
were collected 55 days later on average.
Freshly harvested and untreated groundnut pods
(variety ‘TMV 3’) with 79.0% germination and 9.0%
m.c were used for the study. Groundnut pods (125
g) were taken in one litre glass container (fitted with
rubber septa for injecting CO2) and 10 pairs of freshly
emerged C. serratus were released. Twenty days after
insect release, 0 (untreated), 30, 40 and 50% volume
of the bottles were filled with CO2 by flushing method.
The volume as well as concentration of CO2 to be
injected into the containers was arrived based on White
et al. (1993) with modifications suggested by Sridhar
(2007) and Srithar (2008).
Each treatment was replicated thrice and
observations namely % insect infestation (weight
loss), germination and moisture were recorded
during third and sixth month. The count and weigh
method was used to estimate weight loss and m.c.
was determined by oven method. Volume of CO2
present inside the container was check verified at
frequent intervals by using CO2 analyser (Model:
Dansensor). The experiment was laid out by following
completely randomized block design and analysed
using TNAUSTAT (Manivannan, 2014).

exposed to four different CO2 concentrations, viz. 0
(untreated), 30, 40 and 50% for a period of three and
six months duration.
In untreated pods, 2.5 and 4.2% infestation was
recorded during third and sixth month respectively.
A minimum insect infestation (< 0.5%) was recorded
in 30 and 40% CO2 treatment, being nil in 50% CO2
treatment during above mentioned two storage periods
(Table 1). The result of this study is in contrary with
the findings of Radhika et al. (2014), who reported
no pod damage by C. serratus when groundnut was
stored at 20, 30 and 40% CO2 concentrations.
The results of this study are in line with the
findings of Gunasekaran and Rajendiran (2005), who
reported 65% CO2 concentration was lethal to S.
paniceum and L. serricorne. They also reported that
changing CO2 concentrations during storage of food
grains causes more insect mortality than the constant
CO2 concentration. Elevated CO2 levels may cause
opening of spiracles in the insect body and insects die
due to water loss (Mitcham et al., 2006). Mortality
of C. serratus at 50% CO2 treatment could be due
to desiccation. Also, in the present study groundnut
viability was not affected by the elevated CO2
concentrations (Table 1). Jayas and Jeyamkondan
(2002) reported that controlled atmospheric storage
preserved grain viability, prevented mould growth
and did not affect the chemical composition of stored
grains.

RESULTS AND DISCUSSION
In a controlled atmospheric storage, atmospheric
gas concentration is maintained at a level lethal to
insects throughout the storage period. Usually in
controlled atmospheric treatment, atmospheric gases
rich in CO2 and low in O2 or a combination of these
two gases are maintained in a storage structure. In
the present study, groundnut borer, C. serratus were

CONCLUSION
Groundnut seed borer, C. serratus infestation
during groundnut pod/kernel storage could be
minimised by treating the pods/kernels with CO2.
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Groundnut pods treated with 30 and 40 per cent CO2,
infestation was below 0.5 per cent, whereas in 50 per
cent treatment no infestation was observed. Hence,
instead of using chemical insecticides and fum, igants
during storage, groundnut seeds could be treated with
CO2 to prevent seed borer infestation.
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Development and damage assessment of the storage beetle,
Callosobruchus maculatus (Thanjavur and Coimbatore strain) under
normal and controlled conditions
DEVINA SERAM1*, S MOHAN2, J S KENNEDY1, N SENTHIL3
Tamil Nadu Agricultural University, Coimbatore 641 003, Tamil Nadu, India
ABSTRACT

The cowpea weevil (Callosobruchus maculatus Fabricius) is one of the most important storage
insect pests of grain legumes and comprises geographically distinct strains. The biological
parameters of South Indian C. maculatus strains originated from two different agro-ecological
areas of Tamil Nadu, India, were examined on commercially grown Indian variety of greengram
[Vigna radiata (L.) R. Wilczek] and blackgram [V. mungo (L.) Hepper] seeds under two distinct
laboratory conditions. The number of eggs oviposited by C. maculatus differed significantly with
strain, seed species and temperature. The oviposition per female by Thanjavur strain recorded
113.6 and 64.2 eggs/50 greengram seeds under controlled and normal conditions compared to
51.2 and 43.4 eggs/50 blackgram seeds. On the other hand, Coimbatore strain showed reduced
fecundity on both the seed species irrespective of the studied temperatures. Assessment of
damage was based on per cent seed damage with 1–9 score (one exit hole per seed for South
Indian strain) rather than the generally followed Howe’s Index of Suitability (IS). Based on
the comparative performance of two strains of bruchid populations, Thanjavur strain showed
superiority to Coimbatore strain in terms of all the developmental parameters and damage
potential with significant variations. The effect of host change on bruchid development was also
observed. The present study revealed that seed loss due to bruchid damage during grain storage
may differ with respect to seed crop, insect population source and prevailing climatic and (or)
storage conditions. Hence this research will give a brief idea on the choice of storage conditions
at different regions which will serve as one of the alternatives to reduce bruchid damage at least
to some extent.
Key words: Callosobruchus maculatus, Coimbatore strain, Index of suitability, Oviposition,
Seed damage, Thanjavur strain
The storage beetle, Callosobruchus maculatus
(Fabricius), which is one of the most serious stored
insect pests (Southgate, 1979), causes substantial
damage in different regions of the world and threatens
the safety of stored legumes (Credland, 1994). The
adults start laying eggs on the pods in field and
secondary infestation continues in the storehouse after
the seeds are harvested. Eggs are laid continuously

on the stored seed lot and several generations can be
completed during storage within a year (Southgate,
1979). Damage is done on the seeds causing weight
loss, decreased germination potential and reduction
in commercial value thus hindering consumption
(Caswell, 1976). Rapid build up of the insect
population occurs in storage and seed damage (seeds
with emergence holes) can rise up to 99% within 6
months (Seck et al., 1991). Bruchid larvae bore into
the seeds and feed on the cotyledons where they
pupate and emerges reproductively matured. Insect
feeding also reduces the quality and quantity of the
seeds. Sometimes, the seeds may be almost completely
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potential and development of C. maculatus populations
from Thanjavur and Coimbatore district of Tamil Nadu
on two important pulse crops of India, viz. mungbean
or greengram [Vigna radiata (L.) R. Wilczek] and
urdbean or blackgram [V. mungo (L.) Hepper] under
normal and controlled laboratory conditions.The study
also investigated the feasibility of using mungbean
as a more suitable host for rapid mass-culturing and
long-term maintenance of bruchid generations for any
behavioural, physiological, management and resistance
studies under laboratory conditions.

hollowed out by feeding activities of the larvae, and
characteristic emergence holes with round flap of the
seed coat are evident after the adult leave the seeds.
The family Bruchidae consists of several
genera of seed beetles. Of the seed feeding genus
Callosobruchus, C. maculatus is the most widespread
species (Southgate, 1979; Howe et al., 1964). Several
researchers have studied its biology, development on
various legume seeds and got different results due to
geographical and climatic differences. The development
of a sound pest management programme must be based
on a thorough understanding of the biology and ecology
of the pest and will require such population studies as
developmental rates, fecundity, per cent survivability
and survivorship as well as temperature regime during
storage period (Armitage et al., 1994). Understanding
the effect of host, temperature and relative humidity
on the reproduction and developmental biology of C.
maculatus is of paramount importance for determining
its geographical distribution, number of generations
per year both in field and storage conditions, and also
to make inferences on the possible effects of climate
change on its population growth (Soares et al., 2014).
Hence considering these above points, some biological
research were carried out on the life parameters of
C. maculatus, which is the most dominant species in
South India (Raina, 1970) including Tamil Nadu. Also,
the present study was carried out with the objective to
revise the information regarding realized reproductive

MATERIALS AND METHODS
The two insect populations used in the present
experiment differed in their geographical locations.
One population was initially procured from Indian
Institute of Crop Processing Technology (IICPT),
Thanjavur (T-strain), which was being reared on hybrid
greengram seeds and the other from Department of
Seed Science and Technology, Tamil Nadu Agricultural
University (TNAU), Coimbatore (C-strain), reared on
blackgram. Prior to the study, both the insect strains
were cultured on susceptible greengram cv. ‘Co 6’ for
one generation each (inside incubator at 30ºC and 70%
r.h.) following Strong et al. (1968), so as to eliminate
any short-term changes in behaviour associated with
the change of host variety from that used for culturing
to that being tested (Dobie, 1974). Pesticide-free
greengram and blackgram seeds (cv. ‘Co 6’ and ‘T 9’)

Table 1 Reproductive potential and development of two bruchid strains on Vigna radiata and V. mungo under two laboratory
conditions
%
damage

MDP
(days)

%
survival

Howe’s
index

40.2e

80.4e

26.96b

64.31b

0.067c

31.8c

63.6c

31.19e

73.33b

0.060b

93.39e

45.6f

91.2f

24.88a

40.34a

0.064c

79.80bcd

36.2d

72.4d

30.73d

70.77b

0.060b

34.6d

69.2d

30.74d

68.26b

0.059b

71.73a

26.2a

52.4a

35.38g

88.77c

0.055a

83.99d

39.2e

78.4e

28.88c

36.32a

0.054a

26.2a

74.44ab

29.4b

58.8b

32.96f

83.29c

0.058b

62.23 ± 2.58

51.6

80.39

35.4

70.8

30.22

65.7

0.059

4.53

3.25

3.28

1.17

2.34

0.19

4.66

0.001

Crop

Eggs laid/50
seeds

Eggs
hatched

%
hatching

GG

64.2± 5.60d

53.2d

82.87cd

BG

43.4±

0.75bc

33.2b

76.67abc

GG

113.6± 3.93e

106f

BG

51.2± 0.66c

40.8c

GG

52.2

±5.01c

41.4c

80.29bcd

BG

29.6 ± 0.68a

21.2a

GG

108.2 ±

2.65e

90.8e

BG

35.4 ± 1.33a

Mean
SEd

Hollowed
seed

Thanjavur strain
UC
CC

Coimbatore strain
UC
CC

CD
9.23
6.62
6.68
2.38
4.77
0.39
9.49
0.002
(P=0.05)
GG, Greengram; BG, blackgram; CC, controlled condition (incubator –30ºC, 70% r.h.); UCC, uncontrolled condition (lab.
- room temperature); MDP, mean developmental period; per cent survival = per cent adult emergence; Mean of 5 replications
(mean±SE); Means with different letters in the same column are significantly different at 5% level by LSD
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were used for the present study. One pair each of the
two insect strains were released per 50 seeds of both
the crops, laid out in a completely randomized design
(CRD), replicated five times. One set was kept inside
the incubator (controlled condition; 30ºC, 70%) and
the other was kept at room temperature (uncontrolled).
Data on the prevailing room temperature and relative
humidity during the study period were obtained from
the Department of Agricultural Meteorology, TNAU.
Observations on the number of eggs laid, eggs hatched
(successful larval entry indicated by the presence of
white frass and a small dot when eggs are scrapped
off), number of adults emerged or hollowed seeds (one
adult per seed for South Indian strain) were made to
calculate various life parameters like hatching per
cent, seed damage per cent, mean developmental
period (MDP in days), per cent survivability, index of
suitability (Howe’s index) and seed weight loss per
cent (%) according to Soumia et al. (2015). Scoring
(1–0%, completely resistant; 3–1 to 9%, resistant;
5–10 to 69%, moderately susceptible; 7–70 to 99%,
susceptible and 9–100%, completely susceptible) based
on seed damage per cent was done following the criteria
given by Weigand and Tahan (1997). The number of
adults emerged were recorded daily to determine the
duration of development from egg to adult. Newly
emerged adults were separated by gender and sex ratio
was determined as: RS = number of females/(number
of males + females).
Data pertaining to various parameters were
subjected to analysis of variance (ANOVA) to
determine any significant differences between the
means at 5% by LSD. Correlation study was performed
to describe the relationship between all the biological
Greengram UC

Blackgram UC

Greengram CC

Blackgram CC

113.6

120

Table 2 Adult emergence (number of males and females) and
sex ratio (RS)
Crop

Oviposition/50 seeds

60
40

40.2
0.58e

± 19.6d

20.6d

0.51ns

BG

31.8
0.58c

± 15.2a

16.2b

0.52ns

GG

45.6
0.93f

± 23.0e

22.4e

0.49ns

BG

36.2
0.73d

± 17.4c

18.8c

0.52ns

UC GG

34.6
1.47d

± 16.0c

18.6c

0.54ns

BG

26.2
0.73a

± 13.2a

13.0a

0.50ns

GG

39.2
0.49e

± 19.4d

19.8cd

0.50ns

BG

29.4
0.68b

± 14.6ab 14.8b

Mean

35.4 ± 0.77 17.3

18.03

0.51ns

SEd

1.17

0.88

0.86

0.02

CD
(P =0.05)

2.38

1.79

1.75

0.03

CC

0.50ns

# One adult emergence per seed for South Indian strain of C.
maculatus (Mitchell, 1991) unlike few holes for C. chinensis;
mean of 5 replications (mean ± SE); GG, greengram; BG,
blackgram; CC, controlled; UCC, uncontrolled; Different letters
in the same column are significantly different at 5% level by
LSD; ns, non-significant

parameters recorded and measured for C. maculatus
development using SPSS software.
RESULTS AND DISCUSSION
The reproductive activity of two C. maculatus
strains (Thanjavur, T-strain and Coimbatore, C-strain),
mean developmental period (in days) of their offsprings
and their damage potential on two important pulse
crops were studied (Table 1). The number of egg
oviposition significantly varied with seed species and
strain under two distinct conditions. Mookherjee and
Chawla (1964) reported that adult females produced an
average of 25–61 eggs throughout their life span, and
the highest number of eggs/day/female was achieved
at 30oC considering the oviposition period. However,
C. maculatus can lay up to 115 eggs/female in its life
span compared to 65 eggs by C. chinensis female
(CABI, 2014). In the present study, fecundity per
female was also recorded highest at 30oC (controlled)

52.2
29.6

35.4

20
0

Sex
ratio

Coimbatore strain

64.2
51.2

Females

UC GG

CC

108.2

43.4

Males

Thanjavur strain

100
80

Adults#/
50 seeds

Thanjavur

Coimbatore
Callosobruchus maculatus populations

Fig. 1. Variation in the number of eggs laid by two South
Indian populations of Callosobruchus maculatus
(UC, Uncontrolled; CC, Controlled condition)
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populations of C. macultaus are highly competitive and
it is rare for more than a single adult to emerge from
any seed (Mitchell, 1991). In the present experiment,
the mean emergence of females was slightly higher
than males (18.03♀ over 17.3♂), but was significantly
at par in all the experiments conducted which is also
supported by the non-significant results for sex ratio
(Table 2). Moreover, Fox et al. (2006) studied the
temperature and host species effects on the nuptial
gift size in C. maculatus and reported that although
the sex ratio of emerging adults are significantly
female biased, the effect of temperature on sex ratio
is very small which holds true for the current results.
This biased emergence trend may be explained with
the assumption that female sex determination might
have taken place during larval development inside
the seed, since females play a more important role
(egg laying/offspring production) for their continuous
perpetuation in store. Earlier studies reported different
results for other bruchid species such as C. chinensis
and C. analis (Yadav and Pant, 1974; Soumia et
al., 2015). Moreover, Howe (1971) showed that C.
maculatus populations showed fastest development
around 31oC, which approximates our findings for the
Thanjavur population of C. maculatus. On the other
hand, Deng et al. (2000) reported that extremely high
temperature of about 35oC caused a significant decrease
in development rate of combined immature stages in
C. chinensis. With regard to uncontrolled conditions
(< 30oC, room temperature), a lower developmental
threshold was observed for both T-strain and C-strain.
The genetic cause of this difference in the natural
populations from Thanjavur and Coimbatore is
unknown but may partly be attributed to adaptation
on a particular host, greengram in this case. The range
of room temperature and relative humidity during the
study period was 25.4–31.6oC and 83.20–100% r.h.
(Source: Department of Agricultural Meteorology,
TNAU during Oct. – Dec. 2014).
The cosmopolitan distribution of C. maculatus
and its successful establishment in different regions of
the world was facilitated by increased anthropogenic
domestication and diffusion of grain legumes (Oliveira
et al., 2013). Information regarding the developmental
biology and feeding behaviour of C. maculatus is
needed for the design of better control strategies
and predictive models of population dynamics.
Since bruchids possess a short generation time and
high reproductive potential in warm climates, it can
produce several generations per year under favourable
conditions (Soares et al., 2014). The controlled
condition (30oC and 70% r.h.) of the incubator in
this study might have served more favourable for

for T-strain with 113.6 ± 3.93 eggs/50 greengram
seeds, whereas lowest oviposition was observed for
C-strain 29.6 ± 0.68 eggs/50 blackgram seeds under
normal condition (Table 1 and Fig.1). These findings
are also in corroboration with the conclusion of
Giga and Smith (1983) suggesting similar pattern in
oviposition where these variations reflect differences
in insect geographical populations. C. maculatus can
be easily raised in laboratories and has been used as
a model organism in a number of ecological studies.
Nevertheless, its development is strongly influenced
by temperature and humidity (Xu et al., 1999), host
substrate and population source (strain or biotype;
Messina and Slade, 1999) which supported the
present findings. Moreover, the results of the current
experiment also correspond to an interesting extreme
case of the differences in biological parameters noted
among three C. maculatus populations studied by Dick
and Credland (1984).
The number of adults emerging from the two
host seeds were estimated for both the strains studied
(Table 2). Cumulative daily emergence of C. maculatus
adults was faster at the controlled temperature with
a maximum mean of 45.6 ± 0.93 exit holes from 50
seeds; one adult emergence hole per seed for South
Indian C. maculatus strain as described by Mitchell
(1991) and most adults emerging before day 25
from greengram seeds. The larvae of South Indian
Table 3 Percentage seed weight loss per cent (%) due to
bruchid larval development

UC
CC

Crop

Initial
Final
weight (g)
weight
50 seeds
50 seeds
Thanjavur strain

Weight loss
(%)

GG

4.06

2.37c

41.77 ± 1.08c

BG

4.43

2.71de

38.81 ± 0.11b

GG

4.04

1.96a

51.51 ± 1.08e

BG

4.34

2.61d

39.85 ±0.30 c

GG

4.08

2.46c

39.61 ± 1.45bc

BG

4.43

2.82e

36.30 ± 0.38a

GG

4.06

2.17b

46.58± 0.84d

BG

4.34

2.70d

37.82 ± 0.50ab

Mean

SEd

4.22
0.05

2.48
0.05

CD

0.10

0.11

41.53 ± 0.72
1.19
2.42

Coimbatore strain

UC
CC

Mean of 5 replications (mean ± SE); GG, greengram; BG,
blackgram; CC, controlled; UCC, uncontrolled; Different
letters in the same column are significantly different at 5%
level by LSD
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Table 4 Overall correlation between different developmental parameters of two C. maculatus strains on V. radiata and V. mungo
under controlled and uncontrolled conditions

Eggs
Hatched
Hatch %
Adults

Eggs

Eggs
hatched

Hatch %

Adults
emerged

Damage %

% Seed
wt. loss

MDP
(days)

%
survival

-

0.99**

0.66**

0.83**

0.83**

0.94**

-0.81**

-0.96**

0.11

-

0.74**

0.85**

0.85**

0.95**

-0.83**

-0.93**

0.18

-

0.75**

0.75**

0.69**

-0.76**

-0.56**

0.49**

-

1.00**

0.83**

-0.93**

-0.75*

0.57**

-

0.83**

-0.93**

-0.75**

0.57**

-

-0.82**

-0.88**

0.23

-

0.78**

-0.65**

-

-0.04

Damage %
% wt. loss
MDP
% Survival
Index

Howe’s
index

-

** Correlation is significant at 0.01 level of significance, Bold values indicate correlation comparisons of bruchid biological
parameters with damage per cent and Index of suitability (IS)

the bruchid developmental parameters than the room
temperature. Seed weight loss (%) [(initial weight-final
weight) × 100/initial weight] was also calculated for 50
seeds at the end of the experiment and greengram seeds
kept inside the incubator recorded a maximum of 51.51
± 1.08% weight loss (Table 3). Host quality is another
significant factor affecting bruchid development. Since
many seed beetles (including C. maculatus) do not
feed as adults, their body size, fecundity, and longevity
depend on resources obtained from the seed cotyledon
during the larval stages (Timms,1998). In this study,
the mean developmental period was extended to
a maximum of 35.38 days (C-strain) followed by
31.19 days (T-strain; Table 1) in blackgram under
uncontrolled condition. This may be due to change in
the host seed used for culturing (greengram variety)
to that being tested (blackgram). Moreover, the fact
that greengram is more nutritious than blackgram in
terms of vitamins and minerals content corroborated the
present results. The food influence in this study may
indicate an ancestral cause or fitness cost depending
on the species (Gbaye et al., 2011). Some reports
have indicated differences when adults being tested
on a particular variety, were previously conditioned
on that variety for successive generations prior to
the screening test (Swella and Mushobozy, 2009;
Yadav and Pant, 1974) which are in terms with the
current findings. Although the use of cowpea [Vigna
unguiculata (L.) Walp.] seeds has been suggested
as the most favourable host for rapid bruchid massculturing by Strong et al. (1968), Jackai and Asante
(2003), Swella and Mushobozy (2009), this study
demonstrated the feasibility of using mungbean seeds
as equally suitable bruchid rearing host taking into
account of the comparatively shorter developmental

period (24 days; Table 1). Hence both cowpea and
greengram can be used for rapid mass-culturing and
long-term maintenance of bruchid generations for any
behavioural, physiological, management and resistance
studies under laboratory conditions. Xu et al. (1999)
suggested that storage temperatures above 12oC can
reduce the germination percentage, nutritional quality
and protein availability in beans due to ageing with
possible negative effects on the development of
bruchid beetles. Hence lower temperature (e. g. cold
storage) with appropriate relative humidity may be
recommended during seed storage as far as bruchid
infestation is concerned.
Several workers conducted studies on the damage
potential of C. maculatus on different legume seeds
(Yadav and Pant, 1974; Swella and Mushobozy, 2009).
In general, parameters like number of eggs laid, per
cent survival rate, growth index (Howe’s Index) and
seed weight loss (%) are considered for determining
the damage potential and bruchid resistance or
susceptibility against various legumes (Howe, 1971;
Dobie, 1974; Nwanze et al., 1975; Jackai and Asante,
2003; Ponnusamy et al. 2014; Soumia et al., 2015;
Dasbak et al., 2009). Seed damage per cent is seldom
taken into account for the assessment of bruchid
infestation except for few workers like Tomooka et al.
(2000) and Sun Lei (2008) where bruchid resistance
evaluation was based on per cent damage score for QTL
mapping and identification of molecular markers linked
with bruchid resistance in greengram, adzuki bean,
etc. Both the crop species in the present investigation
were damaged by the bruchid but the damage potential
was higher on greengram with 91.2% seed damage
compared to 72.4% in blackgram under favourable
conditions (Table 1). Therefore, a damage score of 9
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was assigned to the two crops which fall under highly
susceptible (HS) category. The correlation study (Table
4) between all the bruchid developmental parameters
revealed that seed damage per cent is significant and
highly correlated (r = 0.83, 0.85, 0.75, 1.00, 0.83,
-0.93, -0.75, 0.57) with all the other bruchid parameters
measured, whereas few correlations were significant
(r = 0.49, 0.57, 0.57, -0.65) with respect to Howe’s
growth index. Moreover, Howe’s Index depends on
per cent survivability and mean developmental period
(MDP) where MDP considers only 50% emergence
of the bruchid progeny, which ultimately shows the
number of exit holes on the seeds, i.e. the number of
damaged seeds in which calculation of damage per cent
is based. Therefore, damage per cent may be considered
as more important criterion than other parameters in
laboratory method for evaluating bruchid resistance or
susceptibility in host plant resistance studies.
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Gaseous ozone fungi growth inhibition during controlled storage of
naturally contaminated maize (Zea mays) grains
D CHRIST1, H H KREIBICH2, R VALMORBIDA1, G D SAVI1, J SILVA1, C SOARES1, V M SCUSSEL*
Federal University of Santa Catarina, P.O. Box 476, Florianopolis, SC, Brazil
ABSTRACT
Antifungal properties of ozone (O3) gas were evaluated using 22 factorial design in stored naturally
contaminated dry (Zea mays L.) maize grains. Three concentrations (20, 40, 60 μmol/mol) and different
exposure times (30,105 and180 min) were used for Groups I to III, respectively. The antifungal efficiency
of O3 gas was evaluated at day zero and after 30 days of storage, at the lower and upper layers of each
experimental silo. The results showed that with the increase of O3 concentration (from 20 to 60 µmol/
mol), a decrease of 2.5×10 (16.2%) and 0.5×10 (3.2%) CFU (colony forming units)/g was noticed in
the silo upper and lower layers, respectively. On the other hand, when the ozonation time was increased
(from 30 to 180 min) on contaminant mycoflora (Aspergillus sp. and Fusarium sp.), there was decrease of
1.0×10 (6.5%) and 0.5×10 (3.2%) CFU/g in total fungi load in the upper and lower layers, respectively.
The surface response exhibited the maximum of 94.5% of spore inhibition. After 30 days of storage, both
treatments were effective. The O3 treated, at day 30 had in the upper layer (1.3×10 CFU/g) and in lower
layer (0.4×10 CFU/g), representing spore inactivation of 93.8% (max 97.7%) and 98.1% (max 100%, i.e.,
NG= no growth) in the upper layer and lower layer, respectively. In this study, spores could be efficiently
destroyed by the O3 gas, with 88 and 100% (NG) spore inhibition immediately after application and at
day 30 of storage, respectively, under the conditions of 60 μmol/mol and 180 min.

Key words: Fungi, Maize, Naturally contaminated, Ozonation, Quality
Maize (Zea mays L.) grain production has a
high economic importance in Brazil, the third largest
producer with 70,000,000 tonnes during 2015-16
harvest. It is commercialized for different applications,
ranging from its consumption in natura to hightechnology food industry processes to obtain diverse
maize product (for human consumption), as well as
the main ingredient for animal feeds.
The purpose of the storage is the preservation of
the characteristics and quality of grain over time to
meet the market demands. In this scenario, the storage
conditions are determinant for the final quality of
the product, as the mass of stored maize consists of
a living system with mutual influences of physical,
chemical and biological internal and external sources
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(Faroni 1998). According to Travaglia (2011), if the
storage conditions are not suitable for these grains,
they will be susceptible to decay and exposed to fungal
contamination, which is one of the most worrying
factors today. Zummo and Scott (1992) suggest that
maize is one of the most vulnerable cereals to the
development of toxigenic fungi and therefore is a
major product contaminated with mycotoxins. It is
necessary to evaluate and control storage conditions
to enable food safety maintenance during long-term
storage (Kawashima and Soares, 2006).
Any detoxification strategies that aim to remove
those contaminant (fungi and toxins), either when
grains are still in the plant or during storages/
processing, without compromising the food nutritional
quality, are important and necessary (Leung et al.,
2006), Ozone (O3) gas has an oxidizing power and has
been studied to reduce contamination with advantages
over traditional methods.
The effective use of O3 has been reported to control
fungi growth, degrading mycotoxins and pesticide
residues in a broad variety of raw and processed
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foods, either at postharvest or in the industry (without
reducing the nutritional value) (Mendez et al., 2003;
Tiwari et al., 2010; Graham et al., 2011; Mcdonough
et al., 2011; Alencar et al., 2011, 2012; Scussel et al.,
2011; El-Desouky et al., 2012; White et al., 2011, 2013;
Beber-Rodrigues et al., 2014; Savi and Scussel 2014;
Savi et al., 2015; Kreibich et al., 2016).
Therefore, the antifungal properties of O 3
atmosphere at different concentrations and time of
exposure, under controlled storage conditions, was
investigated to determine its efficacy on maize grains
with possible effects on quality.

in Table 1 and Fig 2 a,b and Fig 3 a,b were compared
with the control group (maize without O3 treatment).
Effect of O3 treatment on fungi counts
Day zero, upper layer (400 – 500 mm): The
effect of O3 concentration and exposure time at day
zero in the fungi spore inactivation (CFU/g) was -2.5
(concentration O3), -1.0 (time) and -0.5 (concentration
O3 × time). Increasing the concentration of O3 from
20 to 60 µmol/mol caused destruction of 2.5×10
CFU/g, i.e. from 15.5×10 to 4.25×10 CFU/g (low
concentration) and 15.5×10 to 1.75×10 CFU/g (high
concentration). With the increase in ozonation time
(from 30 to 180 min), there was a reduction in fungi
population that resulted from 15.5×10 to 3.5×10
CFU/g (shorter time) and 15.5×10 to 2.5×10 CFU/g
(longer time). The mathematical model (Eq. 1) used
to estimate the total count in CFU/g depending on the
O3 concentration (bi=-1.25), the exposure time (bj=0.5) and mean (b0=2.64) was found to be predictive
(based on F-test).The correlation coefficient (r2) of
0.89 and the surface response (Fig. 2a) represents the

MATERIALS AND METHODS
Maize grains (50 kg), naturally contaminated with
fungi (15.5×10 CFU/g) from 2014-15 harvest (m.c.
11.5%) were used. The maize kernels (6.0 kg) were
loaded into silos (Groups: I, II, III - O3 treated/C - not
treated - Fig. 1) for gas application.The 22 factorial
design was applied to evaluate the effect of O3
treatment at different concentrations (20, 40 and 60
µmol/mol) and exposure times (30, 105 and 180 min)
as reported by Kreibich et al. (2016). The study was
carried out at 23 ± 2°C temperature. The efficacy of
O3 in fungi inactivation was checked immediately (day
zero) and after 30 days of storage. Equation 1 below
show the model utilized.
The maize samples were analysed to measure the
effect of O3 on fungal population, i.e. (a) total fungi
load - remaining. The number of CFUs was counted
prior and after O3 treatment and so after 30 days (Silva
et al., 2010), and (b) humidity–m.c. was determined
by the AOAC gravimetric method (AOAC 2005).
The statistical analysis was carried out for the main
effects and the variables interactions on responses.
Thus to determine, which the significant factors (P <
0.1) were, and to adjust a model (Eq.1) to correlate
variables and the significant coefficients, analysis of
variance (ANOVA) was used.
ŷ = b0 + bi Xi + bj Xj + bj Xi Xj...

[Eq.1]

where b0, mean/intercept; bi, bj, bij, the model of
regression coefficients; Xi (O3 concentration) and
Xj (exposure time): independent factors evaluated in
coded values.
RESULTS AND DISCUSSION
The effect of O3 on fungal spores of naturally
contaminated maize grain (Groups I, II and III), was
analysed at day zero and after 30 days of storage.
The analysis included the effects at the bottom layer
(zero to 100 mm) and at the top layer (400 to 500
mm), under the factorial design (22). Results shown

Fig. 1. Silo system for maize ozone treatment details and
dimensions in mm
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Table 1 Levels of spore decontamination by ozone in dry maize kernels at different gas concentration, ozonation time, layer
distribution and days of storage (at 23±2°C)
Total load

O3a treatmentb
Concetration
(µmol/mol)

Time
(min)

Countc
Layer
(mm)

Control at day
Zero

30

Reductiond (%)

(‘x’10 CFU/g)
O3 treatment at day
Zero

30

Storage at Day
Zero

30

Humidity
m.c.(%) at day
Zero

30

l

20e

30e

2.0

1.0

87.1

95. 5

11.6

11.4

o

60g

30g

1.0

NG

93.6

100.0

11.8

11.2

20e

180e

100.0

11.5

11.3

r

60g

180g

1.0

NG

93.6

100.0

11.6

11.0

Layer

40f

105f

2.0

0.5

87.1

97.7

11.3

10.9

40f

105f

1.0

1.0

93.6

95.5

11.3

11.1

40f

105f

1.5

0.5

90.3

97.7

11.2

11.0

u

20e

30e

4.5

1.5

71.0

93.2

11.5

11.3

p

60g

30g

2.5

2.0

83.9

90.9

11.7

11.5

p

20e

180e

4.0

1.0

74.2

95.5

11.5

11.2

60g

180g

1.0

0.5

93.6
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model. The efficacy of O3 concentration and exposure
time on inactivating fungi spores (%) was 16.1%
(O3concentration), 6.5 (time) and 3.2 (concentration
O3 × time). Increasing from 20 to 60 µmol/mol, the
gas concentration promoted an increase of 16.1% and
with the increase ozonation time (from 30 to 180 min),
there was an increase by 6.5%, i.e. 93.5% compared
with untreated (Control group). The mathematical
model (Eq.1) for estimating the efficacy depending

NG

93.6

on the concentration of O3 (bi=8.0) and the exposure
time (bj=3.2) and mean (b0=83.0) using “F” test was
found to be predictive, with a r2 of 0.89. The surface
response (Fig. 3b) represented the model.
Day Zero, lower layer (zero – 100 mm): The
inactivation of fungi spores from the initial count
(CFU/g) in the bottom layer (zero–100 mm) after the
application O3 was 1.35 × 10 CFU/g, which represents
91.2% reduction of viable spores regarding the initial

(b)

(a)

Fig. 2. Surface response of O3 concentration (20, 40 and 60 µmol/mol) and time of exposure (30, 105 and 180 min) on
maize on (a) total load (CFU) inhibition (b) total reduction (%) – day zero, upper layer (40 – 50 cm) at 23 ± 2°C
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Fig. 3. Latent effect (day 30) of O3 treatment (20, 40 and 60 µmol/mol) and time of exposure (30, 105 and 180 min) on
maize on (a) total count (CFU/g), (b) inhibition efficiency (%) of fungal sporesat 23 ± 2°C

O3 reached a mean of 11.5% and there were no
significant differences in moisture content between
the treatments (P<0.1). After 30 days of storage,
maize had a slight decrease in moisture content to
a mean of 11.2%, but was similar for all treatments
(P<0.1). This slight reduction was probably due to
the temperature and the relative humidity during
that period, which established new moisture content
equilibrium (external environment × inner silos
stored grains). The fact that there was no statistical
difference among the moisture content at different
O3 treatments corroborates that moisture content did
not influence the treatments too.

Inhibition (%)

count. The concentration of O3 of 60 µmol/mol and
(b)
100 of 180 min (high concentration and longer time)
time
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On the other hand, in the treated maize, it wastreated
1.3×10
CFU/g in the upper layer and 0.4×10 CFU/g in the
lower layer which represents 93.8% (max 97.7%)
and 98.1% (max 100%) of spores inactivation in the
top and bottom layers, respectively. Studies have
demonstrated the economic viability of O3 application
to fumigate stored grain as a viable alternative for both
environmental and economic perspectives (Tiwari et
al., 2010). Reductions of as high as 103 CFU/g of
microorganisms associated with stored grains were
achieved with the O3 treatment, as well as significant
reductions in the levels of mycotoxin (Christ et al.,
2016). Moreover, investigations of grain treated with
O3 indicate that it has no impact on the intrinsic quality
of the grain and the nuts (Mendez et al., 2003; Scussel
et al., 2011; Giordano et al., 2012; Savi et al., 2014a,
b; 2015). Savi et al. (2014a) showed that O3 gas did
not change the physico-chemical characteristics at
effective concentrations and exposure times applied
against contaminants (fungi and mycotoxins) in wheat
grains. Kreibich et al. (2016) showed around 90%
spore inhibition of A. flavus immediately after the
maximum gas concentration and time of exposure
(60 µmol/mol and 180 min) reached cocoa beans,
followed by total inhibition (NG: no growth) as the
time of storage increased.
3

3

3

3

CONCLUSION
Fungal spores were effectively destroyed by O3
gas under the conditions of 60 μmol/mol and 180 min
exposure time (93.5% of spores did not germinate).
The effect of O3with the increase in concentration was
more pronounced than the increase in exposure time for
the destruction of fungi spores on maize. There was a
latent effect of O3 on fungi spores, which resulted in
100% inhibition (NG) after 30 days exposure.
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ABSTRACT

Microorganisms, insects and other pests are the major impediments for safety of the grains and
therefore, some precautionary measures are essential to safeguard the stored products. Invasion
of various pests deteriorates the product quality. In case of fungi growth, poisonous mycotoxins
are developed. Fungi growth causes both qualitative and quantitative loss of grains leading to
economic loss. The future focus is on the saving each grain that is produced. In order to device
appropriate strategies to combat fungal invasion in stored grains, the critical factors, which
influence development and growth of fungi in the stored grains and existing practices as well
as emerging technologies for their control have been reviewed in this paper. Grain m. c., initial
infections, presence of other vector insects and mites, contaminated storage space, containers,
and handling equipment are the factors that contribute to the growth of fungi during storage.
Traditional practices like drying to safe moisture level, aeration, dry heating, hermetic storage
(O2< 5%; CO2>10%) are practiced widely. The safe storage moisture level for cereal grains,
legumes and oil seeds have been reported to about 12, 10 and 8%, respectively. Application of new
age control measures such as microwave heating (at energy levels 2.45 to 9.7 GHz), application
of gaseous ozone, corona discharge (application time 5 to 20 min), ionizing radiation (1 to 15
kGy), pulsed light (intensity of 1.08 W cm−2), supercritical carbon dioxide co-solvent system,
ultra-superheated steam (temperature of 300 –500°C) are being developed for controlling fungi
growth in stored grains. Some of them are practiced sporadically, while some are still in the
laboratory testing stage. Application of natural products like plant lecithin, essential oils and
vegetable oil has shown to have good potential in controlling these fungi growth in different
food grains, which needs nod from the regulating bodies for application in storage of food grains.
Key words: Fungi, Grains, Heating, Hermetic storage, Irradiation, Microwave heating,
Ozonization, Pulsed light, Storage
The grains travel through different phases before
reaching to the consumer’s gut. In each of these, preharvest and post-harvest operations encounter various
hurdles that affect the final quality of the grains. One
of such factors that affects the quality of grains is
microbial invasion. When microbes, specially fungi
contaminate the grains, following deteriorations take
place: (i) the grain lose its nutritional quality, (ii) its
germination ability is severely damaged, (iii) free fatty
acid content in the grain increases, (iv) non-reducing
sugar content decreases, (v) off-odour develops, (vi)
processing quality decreases, (vii) loss of weight,
flavour and colour occur, (viii) hot spot generation
*Corresponding
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resulting in grain charring and (ix) mycotoxins are
produced (Accensi et al., 2004; Golumbic and Kulik,
2012).
Aspergillus, Penicillium and Fusarium are the
most important mycotoxin producing fungi associated
with food and feed (Jackson and Bullerman, 1999).
Mycotoxins can cause diarrhoea, vomiting, pulmonary
disease, gastro-intestinal inflammation, depressed feed
efficiency, liver cancer, abnormal protein biosysnthesis,
depressed immune response, carcinogenesis, and even
death in animals in the severe case (Shephard, 2008).
In this review, causes of microbial growth in stored
grains and the chemical-free preventive measures
such as drying, hermetic storage, dielectric heating,
cold plasma treatment, ozonation, irradiation, ultra-
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superheated steam treatment, application of vegetable
oil, plant derivatives that can be taken up is discussed
briefly.

increases the temperature of the grain causing the
already present microflora to increase and invade the
grain tissue (Mulinge and Apinis, 1969). Fungi are
inactive if the grains are stored at temperatures below
20°C and above 40°C. The combined effect of m.c. and
storage grain temperature was investigated by many
researchers and the outcome has been temperature
which has less effect on the growth of fungi if the
grain m.c. is lower than the safe storage moisture level.

FACTORS AFFECTING FUNGAL ATTACK IN
STORED FOOD GRAINS
Major factors responsible for fungi growth on
agricultural commodities depends on various factors
such as m.c. of the grains, duration of storage, physical
and physiological health of the grain going into storage,
presence of insects and mites, storage temperature
and humidity (Mills and Woods, 1994; Magan et al.,
2010), type of storage structure and storage conditions.
Various factors affecting the fungal growth in stored
grains are discussed here.

Invasion of insects and mites
Insect activity in a grain mass leads to an increase in
both the temperature and m.c. of the grains surrounding
the insect infestation. In these ‘hot spots’, conditions
may be favourable for mold growth. Dunkel (1988)
presented the hypothesis of insect–fungi relationship
in stored grain damage. He stated that (i) some storage
insect species are disseminators of storage fungi and
some are exterminators; (ii) some storage fungi attract
storage insects and promote their population increase
and other repel and secrete toxins harmful to insects.
Mites and most of the storage fungi are considered
to be of the secondary importance as far as grain
damage during storage is concerned. Mites, because
of their microscopic size, are not easily visible but
cause irreparable damages to the grain quality (Sinha
et al., 1962). They can carry fungal spores on their
bodies, thus introducing storage fungi into the grain
mass. Hubert et al. (2003) postulated that due to their
small size, mites are secondary vector for carrying
fungus as compared to insects; they specially transmit
fungal spores in heavily infected grains. Mites were
also selective about the fungal spores that they feed
on, carry and contaminate fresh grains during storage.
Based on the outcomes and recommendations of these
investigations, some of the fungi can be exploited as
biocontrol agents for mites and insects.

Moisture content
The respiration rate of grains and biological
agents like insects and microorganisms present in the
stored grains involve water. Thus m.c. of the stored
grain plays an important role in the growth of fungi
and other damage causing biological agents. Higher
moisture level or water activity (aw) above 0.85 in
grains encourages mycotoxin producing fungi (Pardo
et al., 2004) and other pest growth as well as metabolic
activities of grains like respiration and subsequent
heat generation (Dillahunty et al., 2000). When the
available water is lower for such activity, grains
automatically achieve biological safety as it reduces
degradation through respiration, enzymatic activity
and proliferation of microbes. Grains with higher m.c.
should be dried before storage, so as to maintain seed
viability, microbial stability and seed coat colour. Since
at higher moisture content storage, life of the grain at
any storage temperature is shortened (Karunakaran et
al., 2001), grains should be stored at the safe moisture
level or, which is recommended to be 12, 10 and 8%
(wb) for cereal grains, legumes and oilseeds is about,
respectively, for about 1 year of storage.

Damaged grains
Abnormal and damaged seeds with crevices are
most likely to carry pathogens and other fungi; hence
are prone to fungi damage and source of infection
for other healthy grains surrounding them. Fungi
may attack if the grains are cracked and broken or
contain large amount of foreign material; as broken
or cracked kernels going into storage are more likely
to be contaminated and invaded, once they are in
storage as compared to the whole/sound/healthy
kernels (Chulze, 2010).

Temperature
Microbial growth is very eminent in tropical
regions, where high temperature and humidity
conditions prevail in most parts. Heat is generated
due to grain respiration, and hot spots are generated
due to differential heat content in the storage bin and
environment. These conditions are favourable for the
growth of fungi. Some of the species (Aspergillus
candidus Link, A. Terreus Thom, Dactylomyces
crustaceus Apinis & Chesters) have higher thermo
tolerances and their growth increases even at higher
temperatures. Since the grains are still live and
respiring evolving CO2 and heat, the heat of respiration

Initial contamination from field
The fungal invasion can occur from the field
itself. The grains should be free from fungi attack
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before storage. Grains that are moderately invaded
by storage fungi develop damage at lower m.c. at a
lower temperature and in a shorter time period than the
grains free or almost free of storage fungi. The infected
plant parts like leaves and stem came in contact with
the grains during handling and processing eventually
infecting them and the fungal growth in grains
proliferates many times during storage (Lacey, 1989).

three types: (i) organic hermetic storage, (ii) vacuum
hermetic storage and (iii) modified atmospheric storage
(Navarro, 2012). In the organic hermetic storage, there
is a gradual depletion of oxygen and eventual rise in
carbon dioxide content, which is attributed due to the
natural respiration of biological agents like grains,
fungi, insects and other pests. This condition helps
in retarding the growth of insect, other pests and
toxin-producing microorganisms. The second type is
vacuum fumigation, in which partial air pressure is
maintained by sucking out most of the air, so that an
oxygen-deficit environment can be created that would
prevent the growth of spoilage causing entities. In the
third type, either carbon dioxide or nitrogen is flushed
to generate controlled atmosphere so that the growth
of insect, microorganisms can be retarded (Villers
et al., 2006). During hermetic storage both insects
and fungi consume oxygen, so that the oxygen level
depletes rapidly causing an unfavourable environment
for their own growth and survival. The major consumer
of oxygen in grain storage are the insects, followed
by fungi and then by the grain.

Storage containers or packaging material
Storage containers are good source of fungi in
contaminating grains. Storage rooms, earthen pots,
gunny bags, reed baskets, and other traditional storage
structures are very good places of fungi infection.
Grains stored in traditional masonary storage rooms
were more susceptible to mold contamination
(Sashidhar et al., 1992). Storing food grains in closed
metal bins restricts air exchange, thereby reducing the
oxygen, which causes lower production of aflatoxins;
whereas, on storing the grains in gunny bags, mold
growth and aflatoxins production would be much
higher during the wet season (Ahmad, 1993).
CONTROL MEASURES FOR FUNGI

Microwave treatment
Dielectric heating such as radio waves and
microwaves produce volumetric heating due to
the vibration and collision of polar molecules like
water. Microwaves have been used to disinfest
insects (Mohapatra et al., 2014, 2015) and the same
can be achieved for fungi treatment, as it works
on the principle of dielectric heating which causes
differential heating due to difference in composition
of the materials. More et al. (1992) found that, for
an exposure period of 60 sec. most of all fungi
(Eurotium spp. Aspergillus candidus, A. niger Van
Tieghem and Penicillium spp.) in sorghum [Sorghum
bicolor (L.) Moench] were eliminated, where the
temperature reached beyond 90°C during microwave
(1.25 GHz) exposure. Fang et al. (2011) successfully
decontaminated rice (Oryza sativa L.) sample from
Aspergillus parasiticus Speare through microwave
treatment (2.45 GHz) at 70°C, which was superior to
conductive heating practice. The microwave heating
caused increased electrolyte, Ca 2+, protein and
DNA leakage from the fungi, which was responsible
for the mortality of the fungi. Basaran and Akhan
(2010) have successfully eliminated aflatoxinproducing Aspergillus parasiticus from hazelnuts
through microwave irradiation. Simultaneous
microwave drying-cum- disinfestations/ disinfection/
decontamination followed by suitable packaging of
grains can prevent further infestation/infection during
handling process. During microwave heating freshly

Several researchers have worked on the physical,
chemical and biological methods of inhibiting microbial
growth. Infected grains can be treated by either physical
or chemical treatments, or a combination of both the
methods. Since there is consumer awareness of the side
effects of the fungicide residues in food grains; physical
methods and fungicides based on plant derivatives
which are accepted as safe are gaining foothold for
food grain application. Some of the chemical free
methods are discussed here.
Drying/aeration
The most effective method of treating mycotoxin
problems is avoidance. This is possible by drying the
grains to safe m.c. before storage, reducing physical
damage to the grains during harvesting and storage
and ensuring clean, dry insect-proof storage conditions.
Non-aerated bins and drying using very less air flow
favours the conditions for harbouring fungi growth
and production of mycotoxins (Langseth et al.,
1993). Therefore, the grains must be provided with
adequate aeration for prevention of microbial growth
and damage.
Hermetic storage
Hermetic storage refers to the storage of food
grains in an airtight storage structure, which may
be flexible or rigid, an over-ground or under-ground
structure. The hermetic storage systems can be of
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Ultra super-heated steam technology
Super-heated steam has been employed to dry
food materials, where saturated steam is heated under
constant pressure to achieved degree of superheat. The
energy is utilized in drying the material. Superheated
steam (160–170°C) decontaminates naked oats
(Avena sativa L.) from bacterial, mold growth without
affecting the enzymatic activity (Chang et al., 2015).
Recently, Ultra super-heated steam technology (USST)
developed by FBI Co. Ltd. (Tokyo, Japan), employed
high-frequency induction heating (IH) technology. The
eddy current based induction heating can produce a
temperature of 300-500°C so as to produce these highly
energized radicals.

harvested grains having higher initial m.c. loses
moisture, at the same time the microbes and other
damage causing biological agent will be eliminated
through exposure to microwave energy. Further, proper
packaging will ensure no further infection/infestation
of grains by the damage causing biological agents.
Irradiation
Stored products, especially grains, have been
successfully decontaminated with ionizing radiation
as it affects the internal structure (Hallman, 2013).
Irradiation technology has been very effective in
controlling the Aspergillus, Penicilium, Rhizopus
and Fusarium infection in many grains and
prolonging the shelf life over 6 months (Lima et al.,
2011). The source of radiation is usually 60CO and
selenium. Maity et al. (2004) exposed food grains to
gamma-rays up to 6 kGy (0.12 kGy/h). Significant
depletion in fungal population on seeds was noted with
irradiation dose at 1–2 kGy; however, for complete
inhibition of the contaminating fungi, the dose was
above 4 kGy, without significantly affecting the
germination potential of the treated grains. In another
study by Maity et al. (2008), complete depletion
of Aspergillus spp. spores were found above 2.5
kGy dose, however, there was delayed germination
in the chickpeas (Cicer arietinum L.) Their study
recommended a dose of 2–4 kGy for food grains
having m.c. about 10–11% (w.b.) for disinfecting
aflatoxin-producing fungi. The efficacy of UV-C
radiation depends on the method of radiation, exposure
time and genera (Nemţanu et al., 2014), as each genus
would respond to the radiation differently.

Super critical CO2 co-solvent system
Carbon dioxide usually behaves like gas under
normal temperature and pressure, but when the pressure
and temperatures are increased above a critical point,
it behaves like a liquid having greater solubility. This
property has enabled SC-CO2 to be used mainly in the
extraction of bio compounds, which can also extract
some compounds from microbial cell, causing their
elimination. The exact mechanism of anti-microbial
action of SC-CO2 has been summarized as: (i)
solubilization of pressurized CO2 in the external liquid
phase, (ii) modification of cell membrane, (iii) decrease
in the intracellular pH, (iv) inactivation of key enzyme,
(v) inhibitory effect of molecular CO2 and HCO3− on
metabolism, (vi) intracellular electrolyte imbalance
and (vii) removal of vital constituents from cells and
cell membranes (Garcia-Gonzalez et al., 2007, 2009).
Inactivation of microorganisms with the application
of super critical carbon dioxide has been evaluated
for different microorganisms and it was observed
that sterilization was possible only on wet cells of
microorganisms while it was ineffective against dry
cells of microorganisms (Kamihira et al., 1987).

Pulse light application
Pulsed light (PL) is an emerging non–thermal
technology, involving application of high intensity light
for a very few seconds, in order of micro seconds, to
decontaminate food. The high intensity light produces
photothermal and/or photochemical reactions in the
contaminating microbes, eliminating those (GomezLopez et al., 2007). This is an alternative to continuous
UV-C treatment. Its application to decontaminate
stored grain is limited. The efficacy of PL treatment
depends on the time of exposure, distance between
electrode and voltage input (Maftei et al., 2014). During
the PL treatment moisture loss was also noticed in
paddy, apart from reduction in microbial count, when
PL was applied with an intensity of 1.08 W cm−2 for
21 s (Wang et al., 2016). This also reveals the thermal
effect of PL treatment, which would have helped in
moisture evaporation without affecting the milling
quality of paddy.

Cold plasma/corona discharge treatment
In order to have non-chemical treatment for stored
products, various methods are being investigated. One
of such non-toxic method for disinfestations of grains
is cold plasma or corona discharge treatment. Plasma
is highly energized fourth state of matter, composed of
excited atoms and molecules, ionized gases, radicals,
and free electrons. These highly active discharges
such as ozone, atomic oxygen, hydroxyl, nitric oxide
and super oxide radicals as well as other free radicals
are antimicrobial in nature, as they interfere with the
metabolism of the microbes (Selcuk et al., 2008).
Therefore, sterilization by plasma may be an alternative
to chemical disinfection method. The advantages
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which have bio safety issues, these plant-derived
products can be used against storage fungi. Plant
proteins like albumins and vicilins (Gomes et al.,
1997; Santos et al., 2008; Uchôa et al., 2009) have
antifungal characteristics and have potential to limit
the growth of the specified fungi in the stored seeds.
Plant essential oils (EO) are as effective as fungicide
in small quantities which can be the alternative to
chemical fungicides (Isman, 2000). Plants oils and
essential oils from eucalyptus, neem seed oil have
been used traditionally to control insects and fungi
(Boeke et al., 2004; Batish et al., 2008).
Through several reports have claimed the efficacy
of plant essential oil to prevent fungal growth;
commercialization of these plant-derived products
in grain storage system needs clearance from the
regulatory bodies. Most of the studies are limited to
laboratory study only; large scale application of these
oils as anti-fungal agents is still not established.

of plasma application can be summarized: (i) these
active discharges can be applied uniformly over the
surface of grains; (ii) they can perform activity at low
temperature, (iii) they have good diffusivity even into
complicated structures, (iv) short processing times,
(v) non-destructive in nature, (vi) do not leave toxic
residues; hence harmless for operators and consumers.
Ozone application
Gaseous ozone is formed when free oxygen
radicals bonds with diatomic oxygen to form triatomic
oxygen molecules. On decomposition, it converts
back to oxygen molecules and leaves no residues.
Breakage of O-O bond can also be accomplished
through by chemical, thermal, chemonuclear and
electrolytic methods (Tiwari et al., 2010). Zotti et al.
(2008) observed that, ozonation retarded the growth of
Aspergillus flavous and eliminated A. niger, it also had
bleaching effect on the pigments presented in the fungal
colonies. The insecticidal and antimicrobial effect
of ozone in food material has been a mixed success
(Kim et al., 1999).

CONCLUSION
Little can be done to prevent or reduce the invasion
of crops in the field by fungi; however, the following
recommendations should help in preventing storage
fungi problems or minimizing damage from storage
fungi in stored food grains. Harvest time is closely
related to grain m.c. and care should be taken to harvest
the food grains at the optimum moisture level and
drying them immediately to bring it to safe moisture
level, so that microorganism cannot grow. Insect
infestation should be avoided and proper hygienic
practices should be maintained throughout the supply
chain. Harvest, handling equipment that could cause
damage should be suitably designed, so that minimum
damage can occur to the grains, thereby reducing
the possibility of microbial invasion. Technologies
such as microwave drying-cum-disinfestation/
decontamination of freshly harvested grains followed
by suitable packaging, practices have good potential
in reducing grain damage both qualitatively and
quantitatively. However, their effect on the cooking,
baking and seed viability, limits its use to a large
extent, though this technology has a potential to
be used for grains which are not for seed purpose.
Gamma radiation has been practiced as quarantine
and disinfection measures and generally regarded as
safe by many countries, can be another technological
alternative. However, some countries in EU have
not accepted irradiated foods; hence the food grains
meant for export to those countries needs alternative
solution, which can be accomplished through ozonation
or corona discharge technology. Some emerging
technologies like USST needs elaborate quality studies

Application of botanical derivatives
In different parts of the world, plant parts like
bark, leaf, flower, seed powder, and derivatives like
ash, vegetable oil, spice oil have been in used to
control insect and microbial growth since ages. Several
researches have also highlighted the advantages of
using the botanical derivatives as chemical fumigants
and contact pesticides. Some of these plant products
that have lower phytotoxicity are easily biodegradable
and has traditionally been used in some parts of the
world (Dubey et al., 2008); their application for pest
control seems to have promising future for the bulk
storage of grains.
Vegetable oil application
Several household in India apply vegetable oil on
their stored grains for preventing damage caused by
insects and fungus. Oil layer on the grains reduces
the fungus to grow, as it limits the oxygen supply and
works as a thin barrier for the moisture to seep into
the grain. Many studies indicated the effectiveness
of vegetable oil in controlling both fungal and insect
growth in grains, which can be a low-priced and
effective method for safe grain storage (Hall and
Harman, 1991a,b).
Application of plant derivatives
Natural products (flavonoids, isoflavonoids,
terpenoids and their derivatives) have potent fungicidal
effects. Therefore, instead of going for chemicals
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before being implemented and adopted commercially.
Nevertheless, the uses of natural product as oil or plant
derivative such as lectins, vicilins have potential to act
as fungicide and can be the alternative to chemicals
as green technologies. These plant-derived products
nod from the regulatory bodies for wider application.
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ABSTRACT

Food grain is the major source of energy for human and cattle in the developing countries.
Post-harvest grain losses are caused by biotic (insects, mold and other bio-agents) and abiotic
(moisture content, heat and humidity etc.) factors. The post-harvest losses in cereals, pulses and
oilseeds have been reported to be in the range of 3.9–6.0%, 4.3–6.1% and 2.8–10.1% respectively.
The inputs (land, water, seeds, chemicals, energy etc.) used to produce the grain are also wasted,
when we are unable to prevent food grain loss. The overall objective of grain storage is to preserve
the quantity and quality (including nutritive value) of grains. The successful implementation
of grain storage technologies can reduce post-harvest losses in grains to as low as 0.1–0.5%. In
India, we have three distinct end users for storage of food grains. These are farmers, processing
units and government. The capacity of storage structures required for farmers ranges from 0.5
to 2 tonnes. The farmers use different kinds of traditional structures, metal bins and bags for
storage of food grains. The agro-processing industries such as rice mills, oil milling units, roller
flour mills, pulse mills store grain to meet their processing requirements. The requirement of
storage by majority of such units ranges from 1,000 to 20,000 tonnes. Government agency Food
Corporation of India (FCI) is engaged in procurement, storage and distribution of wheat (Triticum
aestivum L.) and rice (Oryza sativa L.). Around 30% of wheat and paddy produced every year
is procured by the Food Corporation of India (FCI) and most of it is stored in warehouses by
the FCI. Pilot projects on bulk storage of food grains have been initiated by the FCI. The agroprocessing industries are more inclined in favour of bulk storage structures for food grains, as
it saves space in processing unit and also the operations such as loading/unloading, fumigation
and aeration of grain bulk can be mechanized. This paper highlights the grain storage by
farmers, commercial storage of grains by government and agro-processing industries, recent
developments in storage structures, cost comparison of different systems for storage of food
grains, quality control, preventive treatments and various government schemes for increasing
capacity of storage for food grains.
Key words: Aeration, Bulk storage, Fumigation, Metal bins, Post-harvest loss, Storage
structures
Grain storage is a practice which is followed
worldwide. In India, grain procurement, storage and
distribution is done primarily by the Food Corporation
of India. At present, only 30% of the total food
grain production is handled by organized sector. The
storage capacity available with the FCI is around 28
million tonnes, which includes hired capacity from
Central Warehousing Corporation (CWC) and State
Warehousing Corportations (SWCs); in comparison
to the present requirement of approximately 60–70
*
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million tonnes. Around 3 million tonnes of food grain
is stored temporarily under cover and plinth (CAP)
storage for short duration in procurement areas.
The storage infrastructure in India is just sufficient
to tackle present production of food grains. The
available infrastructure lacks in facilities for sanitation,
mechanized loading/un-loading, aeration, fumigation,
monitoring etc. Recently, bulk grain storage facilities
have been created at Moga, Punjab and Kaithal,
Haryana. The storage structures at farmer’s level
mainly constructed from mud, bamboo, stones, and
plant materials are neither rodent-proof, nor secure
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from fungal and insect attack. Various research and
development organizations in India have identified
some proven, age-old structures from certain areas
of the country and based on these, some improvised
storage structures such as coal tar drum bin, Hapur
bin, PKV Akola bin, PUSA bin, metal bin etc. have
been developed and recommended for use at farmer
level. The capacities of these bins are up to 1,000 kg.
Under the umbrella of Grameen Bhandaran Yojana,
a total of 24,706 godowns in rural areas have been
built with a total capacity of 28.3 million tonnes, till
March 2011.
The grains need to be stored safely until consumed.
A stored grain bulk is a man-made ecological system in
which deterioration of the stored product results from
interactions among physical, chemical, and biological
factors. The important factors are: temperature,
moisture, carbon dioxide (CO2), oxygen (O2), grain
characteristics, microorganisms, insects, mites,
rodents, birds, geographical location, and granary
structure. The storage life of grains depends mainly
on two physical factors: temperature and moisture
content. The survival and reproduction of biological
agents in grain are dependent to a great extent on
the temperature and moisture levels. Stored-product
insects can live at temperatures from 8º to 41°C and
inter-granular relative humidity’s (r.h.) from 1 to 99%.
Usually development and multiplication are optimum
near 30°C and 50–70% r.h. but stop at 18oC. Mites
can live at temperatures from 3º to 41°C and r.h.
from 42 to 99% with the optimum for development
and multiplication near 25°C and 70–90% r.h. Fungi
can develop at temperatures from 2º to 55°C and r. h.
from 70 to 90% with the optimum temperature near
30°C, and r.h. around 80%. There is considerable
variation in optimum conditions for different species.
Localized regions may occur in stored-grain bulks for
optimum development and multiplication of insects,
mites, and fungi even when the average conditions of
the bulk would prevent pest infestation. Mycotoxins
are poisonous metabolites produced by certain fungal
genera, which can infect crops both in the field and
in storage. Conditions favouring the development of
mycotoxins in cereals before and after harvesting are
not well-understood, but are of particular importance
(Jayas and White, 2003).

70% of the food grains produced in India is retained by
the farming families. The maximum storage capacities
for cereal grains by farmers have been observed to be
up to 1.5–2.0 tonnes. The storage capacity for pulses
and oilseeds is much smaller (100–500 kg).
Indigenous storage structures/methods
The indigenous storage structures differing in
design, shape, size and functions have been made from
a variety of locally available materials. The materials
used include paddy straw, wheat straw, wood, bamboo,
reeds, mud, bricks, cowdung etc. Grains could be stored
indoors, outdoor or at underground level (Nagnur et
al., 2006).
Indoor storage involved grain containment in
structures like kanaja, kothi, sanduka and earthern
pots. Kanaja is a grain storage container made out
of bamboo. The base is usually round and has a wide
opening at the top. The height varies. The kanaja is
plastered with mud and cowdung mixture to prevent
spillage and pilferage of grains. The top is also
plastered with mud and cowdung mixture or covered
with paddy straw or gunny bags.
Wooden boxes, also called as sanduka, are used for
storing pulses, seeds and smaller quantities of grains.
These boxes have a storage capacity of 300–1200
kg. In some cases, partition is also made inside the
box to store two to three types of grains. A big lid on
the top with a small opening enables taking out the
grains. To protect the grains from moisture, the box
is kept 30.5 cm above the ground level with the help
of stands/legs. The box has to be regularly polished
for its maintenance. Kothi is used to store paddy and
sorghum [Sorghum bicolor (L.) Moench]. A room is
constructed with a large door for pouring grains. A
small outlet is made for taking out the grains. Earthen
pots are indoor storage containers for storing small
quantity of grains. These are made locally using burnt
clay and are of different shapes and sizes. The earthen
pots are placed at the floor level. They are arranged
one above the other and known as dokal (Nagnur et
al., 2006).
Outdoor storage of grains is done in structures
made of bamboo or straw mixed with mud. Bamboo
structures are used for storing unthreshed and
threshed paddy. Gummi is an outdoor structure used
for storing grains. This structure is made with bamboo
strips or locally available reeds. It is usually circular
or hexagonal in shape and plastered with mud. The
base on which the structure is constructed is also
made up of reeds or in some cases with stone slabs.
The roof of the structure is usually made from loose
straw. The structure is placed on a raised platform.

GRAIN STORAGE BY FARMERS
Storage of food grains initially started with
farmers. The seasonal production of food grains and
their relatively long shelf life encouraged the farmers
to devise ways and means to hold them for longer
durations; for consumption and sowing. Around 60–
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Bamboo structures made on a raised timber or stone
platform protect grain from rat damage and prevent
moisture absorption from the ground. Kacheri is a
traditional storage structure using paddy or wheat
straw, woven as rope. It is made from either paddy
straw alone or paddy straw mixed with mud (Nagnur
et al., 2006)

Table 1 Capacities and dimensions of bagged storage structures
Type of godown

Small
Large

Improvements in indigenous storage structures
The indigenous storage structures although cost
effective, suffer from many flaws. These are unsuitable
for storing grains for very long periods. Regular
mud plastering is required for a variety of indoor
and outdoor storage containers and structures for
increasing their life span and ensuring safe storage
of grains.
The PAU bin, developed by the Punjab Agricultural
University, is made of galvanized metal sheets. The
bin has moderate capacities varying from 150 to 1500
kg. Pusa bin is made of mud and bricks with a low
density polyethylene (LDPE) film embedded within the
walls like a sandwich. The bin has minimal moisture
migration during storage because of the barrier
properties of LDPE. The coal-tar drum bin (200 kg) was
developed at the ICAR Central Institute of Agricultural
Engineering (CIAE), Bhopal, Madhya Pradesh, India,
for domestic use. The domestic Hapur tekka or bin
has capacity 200 to 1000 kg. It is cylindrical, made of
galvanized iron and/or aluminium sheet, has a small
hole in the bottom through which grain can be removed
(Dhaliwal and Singh, 2010; Said and Pradhan, 2014).

Capacity
(tonnes)

Internal dimensions
(m)
Length

Breadth

1000

35.5

18

2500

97.19

14.48

5000

129.74

21.34

New trends in covered storage
With the advent of technology, some changes
in the design of godowns have been adopted by
various agencies. These changes pertain to the roofing
material. The roofing material introduced is 55%
Aluminium-Zinc alloy coated sheet steel (better known
as GALVALUME). The steel sheet, 914 mm wide
(tolerance ± 2mm), having minimum thickness 1 mm
(± 0.02 mm), minimum yield strength of 350 MPa,
alloy coated (55% Aluminium, 43.5% Zinc and 1.5%
Silicon) on both sides is recommended for roofing.
The final roof is in the form of arch and no support
(truss) is required. The roof is directly mounted on
the longitudinal walls.
Cover and plinth storage
Cover and plinth (CAP) storage is used for short
term temporary storage of wheat and paddy in the
procurement areas. During procurement operations,
the storage of food grains is resorted in CAP storage,
till the grains are evacuated and transported to the
consuming areas.
This is an improvized arrangement for storing
food grains in the open, generally on a raised plinth
(0.6 m from ground) which is damp and rat-proof. The
grain bags are stacked in a standard size on wooden
dunnage. The stacks are covered with 250 micron
LDPE sheets from the top and all four sides. Food
grains such as wheat, maize (Zea mays L.), gram (Cicer
arietinum L.), paddy and sorghum are generally stored
in CAP storage for 3–6 months periods. It is the most
economical storage structure and is being widely used
by the FCI for bagged grains.

COMMERCIAL GRAIN STORAGE
The surplus of wheat and rice is procured by
the Government and its agencies every year. Of late,
private sector has also started procuring large
quantities of food grains for domestic and international
markets.
Covered storage
The most popular storage system in India
followed by the FCI, Central and State Warehousing
Corporations (CWC and SWC) is bag (jute bags)
storage in warehouses. The grain is packed in jute
bags and stacked inside covered structures called
warehouses / godowns. The godowns are conventional
masonry structures constructed on a raised platform as
per approved design and specifications of the Bureau
of Indian Standards. The recommended capacities
and dimensions of storage structures are given in
Table 1. The capacities have been estimated on the
basis of 22-bag high stacks.

Quality control during storage of food grains
The following steps have been recommended
to avoid damage to food grains in covered storage
structures and CAP storage. These are practiced to
avoid post-harvest losses of food grains:
yy Covered storage structures may be constructed as
per approved specifications.
yy Adopt scientific code of practices for storage of
food grains.
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yy Adequate dunnage materials, such as wooden
crates, bamboo mats, polythene sheets may be used
to check the migration of moisture from the floor.
yy Fumigation covers, nylon ropes, nets and
insecticides for control of stored grain insect pests
may be provided in all the godowns.
yy Prophylactic (spraying of insecticides) and
curative treatments (fumigation) may be carried
out regularly and timely for the control of stored
grain insect pests. The prophylactic treatment
involves the use of pesticides like malathion (50%
ec), DDVP (76% ec) and deltamethrin (2.5% wp).
Curative treatment involves use of fumigants
to control infested stock or godown in airtight
condition.
yy Effective rat control measures, both in covered
godowns as well as in CAP storage may be used.
yy Food grains in CAP storage may be stored on
elevated plinths and wooden crates used as
dunnage material. Stacks are properly covered with
specifically fabricated low-density black polythene
water-proof covers and tied with nylon ropes/ nets.
yy Regular periodic inspections of the stocks/
godowns may be undertaken by qualified and
trained staff.
yy The principle of First in First Out (FIFO) may

be followed to the extent possible, so as to avoid
longer storage of food grains in godowns.
yy Only covered wagons may be used for movement
of food grains, so as to avoid damages during
transit.
BULK STORAGE
The agro-processing industries are more inclined
in favour of bulk storage structures for food grains, as
the operations such as loading/unloading, fumigation
and aeration of grain bulk can be mechanized. The
cost of construction and storage also favours bulk
storage in silos. The agro-processing industries such
as rice mills, oil milling units, roller flour mills store
grain to meet their processing requirements. The
requirement of storage by majority of such units ranges
from 1,000 – 20,000 tonnes. There are two types of
silos on the basis of design: hopper bottom silos and
flat bottom silos. The capacity of hopper bottom silos
range from 10 to 1,500 tonnes, whereas flat bottom
silos are made to store up to 15,000 tonnes of grain.
The galvanized iron corrugated (GIC) silos are quite
popular in India among industries. The comparison
of cost for new permanent storage facilities, using
different storage types for long-term storage of grain
is provided in Table 2.

Table 2 Comparison of cost for new permanent storage facilities, using different storage types for long- term storage of grain
(Cost US $ per tonne of wheat)
Cost

With bag handling
Standard warehouse

With bulk handling

Permanent plinths

Concrete
silos

Steel
silos

Fixed cost
Capital cost

8.6

1.3

11.5

6.8

Maintenance

1.0

0.1

2.4

1.8

Material cost

0.9

1.3

0.2

0.2

-

-

0.1

0.1

Labour

0.8

0.8

0.2

0.2

Bags

1.0

1.0

-

-

Losses

0.4

0.4

-

-

Total

12.7

4.9

14.4

9.1

Variable cost
Fuel/power

Source: Coulter (1991)
Table 3 Comparison of grain storage systems
Considerations

Godown storage

Silos

Steel /Al domes

Circular stores

Space requirement

High

Low

High

Medium

Demand/difficulty for engineering

Low

Medium

High

High

Demand/difficulty for manufacturing

Low

High

High

Medium

Costs for charge/discharge

High

Low

High

Medium
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It is evident from the calculations that the steel
silos outperform other permanent structures, namely
warehouse or concrete silo. The other considerations
such as space requirement, difficulty for engineering,
and difficulty for manufacturing and cost for charging
and discharging are also important for an entrepreneur
before deciding the kind of storage system. These are
presented in Table 3 for four kinds of storage structures.
As mentioned in Table 3 the design and manufacturing
of silos is critical.

storage of popcorn, a high value specialty crop, and
wheat, the annual operating costs of chilled aeration
compared to phosphine fumigation with ambient
aeration were up to 128 and 300% lower respectively.
The effect of high capital investment with low variable
costs, as with chilled aeration, was compared to the
low capital investment and high variable costs of
phosphine fumigation using a multi-year Net Present
Cost (NPC) model.
Khatchatourian and Binelo (2008) developed
a mathematical model and software for the threedimensional simulation of airflow through high
capacity grain storage bins by considering the nonuniformity of the seed mass.
Thorpe (1998) described the modelling and
potential applications of a simple solar regenerated
grain cooling device using desiccants. The ambient
air is dehumidified and used for cooling of grain. The
desiccant is regenerated using solar energy.
Scientific studies conducted at the University of
Agricultural Sciences, Bengaluru, Karnataka, indicated
that applying a 3 cm thick layer of sand on top of
pulses stored in metal/ plastic bins; earthen pots, brick
cement structures resulted in disruption of reproductive
behaviour of bruchids (Prabhu, 2007).
Detection of insect activity and removal of insects
from stored grains by various devices has been reported
by Mohan and Rajesh (2016). Wandering behaviour of
many stored-product insects helped in their detection
by devices such as TNAU-probe trap, TNAU-pitfall
trap and TNAU-stack probe trap (warehouse trap). The
TNAU-automatic insect removal bin has been found to
be very suitable for storage of paddy. TNAU UV-Light
Trap is being used by organized food grain storage
agencies to detect and control the insects.

Bulk storage system in procurement sites—Silo bag
technique
Bulk storage of food grains at procurement sites
in large plastic bags (60 m long and 3 m diameter),
having a capacity of around 200 tonnes, each have
been tried in few locations for short term storage of
food grains. The bags are made of HDPE. Grain is
protected from rain, UV rays, atmospheric humidity
and dust etc. The bags are hermetically sealed and it is
estimated that the carbon dioxide level reaches around
16% within three to four weeks and is detrimental to
the growth and proliferation of insects in the grain.
The use of these bags can create storage capacity in
shortest time and seems to be appropriate for handling
bumper harvests.
PREVENTIVE TREATMENTS FOR GRAIN
STORAGE
A number of preventive treatments have been
tried to enhance the storage life of food grains. These
include non-chemical methods such as grain drying,
heat treatment, grain chilling, physical exclusion etc.
Heat treatment of food grain at 55°C for 30 min can
reduce the grain infestation significantly (Seidu et
al., 2010).
Towne (2001) suggested various methods of
sealing bins to enable reduction in the amount of
fumigant used to control insect infestation. It is
required to look into the fumigation and aeration needs
during design and erection of storage structures. The
improvements in existing structures can also be made
provided the expense will be viable.
Lopes et al. (2006) developed software called
AERO for simulating the aeration process in stored
grain, with hot spots, using time variant ambient data.
Rulon et al. (1999) compared the economics of
grain chilling, against traditional pest control methods,
such as phosphine fumigation. The model considered 34
factors including electrical power consumption, capital
investment cost, chemical costs, and less quantifiable
factors such as worker safety, environmental issues,
and changes in end-product value. When applied to the

GOVERNMENT’S INITIATIVE FOR
AUGMENTING GRAIN STORAGE CAPACITY
National policy
The Government of India announced the National
Policy on Handling and Storage of Food Grains in
June 2000, to reduce storage and transit losses at farm
and commercial level, and to modernize the system
of handling, storage and transportation of food grains
in India.
Scheme for construction of godowns for FCI
through private entrepreneurs
In order to augment the storage capacity for
storage of food grain stocks under Central Pool, the
Government of India had formulated a scheme for
construction of godowns through Private Entrepreneurs
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with Guaranteed utilization by the FCI for ten years.
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Gramin Bhandaran Yojana
Under the Gramin Bhandaran Yojana, subsidy is
provided for construction/ renovation of rural godowns,
so as to create scientific storage capacity with allied
facilities in rural areas to meet the requirements of
farmers for storing farm produce.
The Warehousing (Development & Regulation) Act,
2007
The Warehousing (Development and Regulation)
Act, 2007 made the Warehousing Receipt a negotiable
one. The Act came into operation in October 2010. The
Act envisages the registration of quality warehouses
with the authority, to issue Negotiable Warehousing
Receipts (NWRs). The NWRs issued by accredited
warehouses having required quality infrastructure,
trained personnel and registered with the WDR
Authority will make the financing easier. The main
objectives of the Warehousing (Development and
Regulation) Act, 2007 were to make provision for
the development and regulation of warehouses,
negotiability of warehousing receipts, establishment
of a Warehousing Development and Regulatory
Authority (WDRA) and related matters (Pattanaik
and Tripathi, 2016)
CONCLUSION
Safe and economical storage of food grains is
essential for food security. The capacity of permanent
storage structures is being augmented through various
government schemes, but the pace is slow. Sanitation of
structures, cleaning and drying of grains before storage,
frequent monitoring of grain, aeration and fumigation
are some of the strategies which need to be strictly
implemented in organized and un-organized sector. It
is required to put in place infrastructure required for
preventive treatments (cleaning, drying, fumigation,
aeration, heat treatment, grain chilling, irradiation,
infrared radiation, use of ozone or nitrogen etc.) to
reduce the post-harvest losses and extend storage life
of grains. At present very little attention is being paid
to preventive measures. Research and Development
efforts are required in the areas of impact of biotic and
abiotic factors during storage, detection and monitoring
of spoilage, safe fumigants, uniform fumigation etc.
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Effect of ozone fumigation on controlling drugstore beetle
(Stegobium paniceum) and quality of coriander
(Coriandrum sativum) during storage
S ANANDAKUMAR*, RANJIT SINGH, K ALAGUSUNDARAM, C V KAVITHA ABIRAMI,
SUJEETHA R P J ALICE
Indian Institute of Crop Processing Technology, Pudukottai Road, Thanjavur, Tamil Nadu 613 005, India
ABSTRACT

Coriander (Coriandrum sativum L.) is a minor aromatic, annual condiment spice crop. Several
insect damage fruits of dried coriander during storage. Among the insects, drugstore beetle
(Stegobium paniceum L.) is important one. In the study, three life stages of drugstore beetle
such as adult, pupa and larva, were fumigated in lab-scale canisters by ozone at concentrations
of 150, 250 and 350 ppm to achieve 100% mortality. It was observed that the adult insect has
taken 9.63 h to attain LT99 at 250 ppm. Similarly, for pupa and larva the 99% mortality was
achieved at 18.05 h and 10.15 h respectively. The ozone treated (250 ppm) coriander samples
were kept in airtight plastic containers and storage studies were conducted for 105 days. During
the storage, there was significant decrease in the quality parameters of protein (12.25%), colour
b value (23.71) and linalool content (37.48%) respectively.
Key words: Coriander, Drugstore beetle, Linalool content, Ozone fumigation, Quality
Spices and condiments have always been
considered a legacy of India, and India still continues
to be largest producer, consumer and exporter of spices
in the world. Coriander (Coriandrum sativum L.) the
spice comes under minor aromatic annual condiment
spice crop. The major varieties cultivated in India are
‘Gujarat Coriander 1’, ‘Gujarat Coriander 2’, ‘RCr 41’,
‘UD 20’, ‘Rajendra Swati’, ‘CS 287’, ‘CO 1’, ‘CO 2’,
‘CO 3’, ‘Sadhana’, ‘Swati’ and ‘Sindhu’ (Spice Board
of India, 2012–13).The factors which affect the quality
of coriander during storage are poor maintenance and
lack of sanitation in storage facilities (Rao et al., 1975).
Stegobium paniceum (L.) commonly known as
drugstore beetle (biscuit beetle in the United Kingdom).
As name indicates, it is a pest for both herbal medicines
and stored biscuits. Adults S. paniceum are cylindrical,
2.25 to 3.5 mm long, and are a uniform brown to reddish
brown. They have longitudinal rows of fine hairs on the
elytra. S. paniceum could live on material whose m.c.
is between 6 and 15%. The insect has been known
*
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to attack grain and grain products, spices and herbs,
dried fruit, seeds, dried fish, bread, birdseed, dry dog
and cat food, coffee beans, chocolate, powdered milk,
and many other organic materials (Hagstrum and
Subramanyam, 2009).
Fumigation of godowns with phosphine gas
from celphos tablets at a rate of 140 tablets/100 m3
resulted in mortality of adults and larvae (Kavadia et
al., 1978). Now-a-days, ozone finds wide application
as a powerful oxidant and it has numerous beneficial
applications in the food industry. Ozone is readily
generated from atmospheric oxygen and is safe to
the environment when used for fumigation. However,
it is highly unstable and breaks down to molecular
oxygen quickly (Mason et al., 1999; Hollingsworth
and Armstrong, 2005). Hence an experiment was
conducted to study the effect of ozone in controlling
Stegobium paniceum and quality of coriander seeds
during storage.
MATERIALS AND METHODS
Seeds of variety ‘UD 21’ coriander variety were
procured in bulk quantity from the local market in
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adult, pupa, larva were placed in wide opened glass
jar with 10 g feed and kept in environmental chamber
set at 30±2°C, 75±5% r.h., and the mortality rate of
insects were examined. The mortality rate of insects
as per Omotoso (2005).
Number of dead insects
Mortality (%) =
× 100 ...(1)
Total number of insect

Thanjavur district of Tamil Nadu, India. The initial
m.c. of the coriander was determined using hot air
oven method (AOAC, 2000).
Ozone fumigation system
The ozone fumigation system (Fig. 1) consists
of oxygen concentrator, ozone generator, fumigation
chamber (canister), ozone analyser and ozone
destructor. The lab scale canisters were developed
using PVC pipe, to carry out the ozone fumigation
study. The dimension (height × diameter × thickness)
of canister is 390 mm × 60 mm × 2 mm. Both the
ends were tightly closed with the help of end cap and
the ends were sealed to avoid leakage of ozone gas
during fumigation. For uniform distribution of ozone
gas inside the canister and for placing of samples in a
canister, a perforated sample holder was designed with
the help of SS wire mesh, supported by metallic rods.

Quality analysis
Biochemical analyses are important to assess the
quality traits of the coriander and to evaluate their
relative loss due to ozone treatment on storage periods.
Protein, colours b and linolool content of both control
and ozone treated coriander were analysed adopting
standard procedures.
Protein: The micro-Kjeldahl nitrogen method
was used, which involved the digestion of 0.5 g of
sample with sulphuric acid and a catalyst followed by
colorimetric determination of nitrogen. The value of
nitrogen was multiplied by 6.25 to obtain percentage
crude protein (AOAC, 1990).
Colour ‘b’ value: Hunter lab ColorFlex EZ meter
(Hunter Associates Laboratory, Inc., Reston, Virgina,
USA) was used for the measurement of colour value
of coriander. Chromatic portion of the solids is defined
by a (+) redness, a (-) greenness, b (+) yellowness and
b (-) blueness. The colour of control and ozone treated
coriander was measured at different storage periods
at 10° observer at D65 illuminant ASTM E 308. The
colour of the sample was measured by filling the
coriander seeds in the transparent quartz cup without
any void space at the bottom. All the treatments were
replicated thrice and the average value was taken for
further studies.
Linalool content: Linalool (3,7-dimethyl-1,6octadien-3-ol) is a monoterpene alcohol, which
occurs naturally in several aromatic plants (Shang
et al., 2002). Linalool in plant samples was usually

Test insect
Stegobium paniceum was provided by Department
of Primary Processing, Storage and Handling, Indian
Institute of Crop Processing Technology. Insects were
incubated at 30±2°C, 75±5% r.h. and reared on whole
wheat (Triticum aestivum L.) flour containing 5%
yeast. PROC PROBIT method was used to compute
the half lethal time LT50 and 99% lethal time LT99 at
95% fiducial limits.
Toxicity of ozone at different stages of Stegobium
paniceum
Ten adult, pupae and larva of Stegobium paniceum,
and 100 g coriander seeds were placed into the each
canister. The ozone gas was allowed to pass through
the canister with different concentration and different
exposure time until it attains 100% mortality. The
experiment was performed with three replicates for
each treatment at 7% m.c. of coriander. The treated

Oxygen
outlet
1
Oxygen
concentrator

2

3
Ozone
Analyzer

Ozone
generator
Sample canister

Fig. 1. Schematic presentation of ozone fumigation system
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determined by GC-MS (Wang et al., 2008). Twenty
five gram of coriander sample was soaked overnight in
ethanol. The concentration of 25 g was selected based
on availability of target compound peak in GC-MS.
The GC-MS analysis of this extract was performed
using a Perkin Elmer GC Claurus 500 system which
is interfaced to a Mass Spectrometer equipped with a
Elite-5 MS fused silica capillary column (30 m × 0.25
mm × 0.25 μm df) composed of 5% Diphenyl and 95%
Dimethyl poly siloxane. Mass spectra were taken at
70eV; a scan interval of 0.5 sec and fragments from
45 to 450Da. The relative percentage amount of each
component was calculated by comparing its average
peak area to the total areas.

The probit analysis of adults was studied (Table 1).
The highest fudicial limit for L50 and L99 recorded
for 7% m.c. at 150, 250 and 350 ppm was 8.74, 6.00
and 4.11h; 20.32, 9.62 and 7.37 h respectively. The
mortality data of adults tested with ozone fumigation
agreed with those of several authors, who observed
toxicity of ozone against different stored-products
insect pests (Erdman, 1980; Hasan et al., 2012).
Similarly, the L50 and L99 mortality of pupa and larvae
at 150, 250 and 350 ppm treated were achieved at 10.95,
7.93 and 6.42 h; 18.54, 18.05 and 13.48 h; 5.60, 4.33
and 3.84; 12.08, 10.15 and 9.34 h respectively. The
ANOVA indicated that the mortality of S. paniceum
has not significant effect at different m.c. for L50 and
L99. Considering the ozone concentration it showed
significant (P<0.05) differences.

RESULTS AND DISCUSSION
The effect of ozone fumigation at different
concentrations and exposure times on mortality of S.
paniceum was determined at 7% m.c. of coriander. The
quality of coriander such as protein content, colour
b value and linalool content were also evaluated for
control and ozone treated coriander during the storage
period. The results are discussed here.

Effect on protein
The protein content of coriander seeds decreased
with the increase in the storage period (Fig. 2). Among
the ozone concentrations, 150 ppm treated sample has
retained protein compared with 250 and 350 ppm. The
protein content of coriander seeds at initial storage
was 12.52%. The protein content of ozone treated
coriander seed stored for 105 days was 12.23, 12.25
and 12.22% at 150, 250 and 350 ppm respectively.
The lowest protein (11.74%) was recorded at end of

Effect of ozone on mortality of Stegobium paniceum
The 100% mortality of adult at 150, 250 and 350
was achieved at 50.8, 24.08 and 18.46 h respectively.

Table 1 Probit analyses on mortality of Stegobium paniceum in different stages (adult, pupae and larva) in coriander at 7%
m.c. and 30°C
Stages

O3 concentration
(PPM)

LT50
(95% Fiducial
limits) (h)

LT99
(95% Fiducial limits)
(min)

Slope ± SE

χ2 (df)

Adult

150

8.74
(8.38 - 9.09)

20.32
(18.54 – 22.77)

6.35 ± 0.38

15.15 (30)

250

6.00
(5.71- 6.29)

9.62
(9.03– 10.41)

6.24 ± 0.42

13.88 (22)

350

4.11
(3.75- 4.47)

7.37
(6.61– 8.55)

5.05 ± 0.38

23.23 (16)

150

10.95
(10.57 – 11.32)

18.54
(17.21 – 20.49)

6.96 ± 0.63

5.71(31)

250

7.93
(7.52- 8.35)

18.05
(16.01– 21.26)

6.51 ± 0.54

8.44 (25)

350

6.42
(6.08- 6.76)

13.48
(12.11– 15.59)

7.22 ± 0.61

4.608 (22)

150

5.60
(5.27 – 5.92)

12.08
(10.74 – 14.22)

6.96 ± 0.63

3.63 (19)

250

4.33
(4.03- 4.63)

10.15
(8.84– 12.39)

6.29 ± 0.62

4.16 (15)

350

3.84
(3.49- 4.20)

9.34
(7.69– 12.87)

6.02 ± 0.70

11(16)

Pupae

Larvae
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Fig 2. Effect of ozone fumigation on protein content of coriander at 7% moisture content and 30°C
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Fig. 3. Effect of ozone fumigation on colour b value of coriander at 7% moisture content and 30°C

105 storage days in open atmosphere. Also, there was
significant (P<0.05) effect of all process parameter–
m.c. ozone dose and insect stages-on protein content.
Ananda kumar et al. (2016) reported similar results for
ozone treatment of turmeric rhizome during storage.

of adult treated coriander seeds for 105 days storage
period at 150, 250 and 350 ppm was 24.11, 23.71 and
23.49 respectively. The ‘b’ value after ozone treatment
was 25.22. The lowest b value was found as 24.11 at
end of 105 storage days in open atmosphere. Similar
results were reported by Gunasekaran (2001) during
carbon dioxide fumigation of infested coriander
powder, sambar powder and turmeric rhizomes storage
studies.

Effect on colour b value
The b value of coriander seeds decreased with the
increase in the storage period (Fig. 3). The b value
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Fig. 4. Effect of ozone fumigation on reduction in linalool
content of coriander at different life stages of
Stegobium paniceum (L.) at 7% moisture content
and 30°C

Effect on Linalool content
The effect on ozone fumigation in reduction of
linalool component on 105 storage days is shown in
Fig. 4. It was observed that the linalool content was
decreasing with the increasing ozone concentration
and time of exposure. The reduction in linalool content
was less in 150 ppm fumigated coriander for 10 h and
the relative linalool content was 41.73%.
CONCLUSION
Three life stages of Stegobium paniceum
were individually fumigated by ozone to achieve
100% mortality. The results showed that when the
concentration of ozone increased, exposure time
required to attain specific mortality was reduced.
Among the treatments and stages, the pupal stage
has taken longer time to attain 100% mortality. The
quality of coriander like protein, colour ‘b’ value
and linalool decreased significantly (P<0.05) with
the increase in the ozone concentrations and storage
period. The linalool content was found 41.73% in 150
ppm treated sample. These quality losses were found
more in control samples than ozone treated samples
during storage period.
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ABSTRACT

A study was carried out to evaluate the effect of inadequate fermentation of cocoa beans
(Theobroma cocoa L.) on fat content and FFA levels in storage. Different samples were subjected
to various days of fermentation, starting with one day up to five days. After each fermentation
period, the cocoa beans were sun-dried. The samples were stored for 90 days but analyzed at 30
days interval starting from zero day of storage. Generally, the fat content significantly decreased
(P<0.05) with the increase in storage and fermentation periods. However, interaction of storage
and fermentation periods also showed statistically significant effects (P<0.05) on the per cent fat
in the dry nib of cocoa beans. This indicates that the effect of length of storage on per cent fat
content depends on fermentation period. After 90 days of storage, 5 days fermentation significantly
resulted in the least fat content (43.18%) from the baseline data. Generally, percentage free fatty
acids (% FFA) increased with length of storage (P<0.05). Fermentation period was not relevant
in production in per cent FFA. However, its interaction with storage period was significant
(P<0.05), indicating that the % FFA depended on the number of days fermentation was done.
Key words: Cocoa beans, Fat content, Fermentation, Free fatty acids, Storage
The processing of cocoa beans (Theobroma cacao
L.) consists of two major steps, namely fermentation and
drying (Hii et al., 2009). Fermentation begins immediately
after the beans embedded in the mucilaginous pulp are
removed from the pods. Fermentation methods vary
considerably from country to country (Baker et al., 1994).
However, the two widely used methods are the heap and
box fermentation (Nielson et al., 2007). Fermentation
takes 6–7 days during which time the cocoa beans are
mixed twice to ensure even fermentation. In order to
moderate the initially bitter flavour of cocoa beans and
to develop the typical flavour, the cocoa beans must be
subjected to a fermentation process during which highly
bitter tannins present in them are oxidized, resulting in the
formation of aromatic substances and the development of
the typical brown to deep red-brown colour (Thompson
et al., 2001). The reduction in bitterness and astringency
is the result of diffusion of alkaloids (30% fall) and
2
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polyphenols (20% fall) out of the cocoa beans (Camu et
al., 2008). Research has shown that during fermentation,
the polyphenol content of the cocoa beans decreases.
If fermentation is terminated at three, four, five and
six days, the polyphenol values will be 10.7%, 8.2%,
7.6% and 6.01% (w/w) respectively (Aikpokpodion and
Dongo, 2010).
It has been observed that some farmers being under
pressure from the buyers of cocoa beans do not allow
their beans to undergo adequate fermentation. Some
of the cocoa farmers just allow fermentation for a few
days, while a few do not allow fermentation at all.
However, there is no scientific data that show what
happen to the fat content and FFA levels of cocoa beans
in storage when the cocoa beans are not adequately
fermented. This study was, therefore, conducted to
to determine the effect of inadequate fermentation of
cocoa beans in storage.
MATERIALS AND METHODS
Fermentation and drying of cocoa beans
Matured and fully ripe cocoa pods were harvested
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from cocoa plantation at the Cocoa Research Institute
of Ghana (CRIG), Tafo. The harvested pods were
opened using a wooden stick. The beans were separated
from the placenta, and any black or diseased beans,
germinated beans, placenta fragments or pieces of shell
were removed. The wet cocoa beans were grouped
into five samples. Plantain leaves were neatly laid
on the ground, covering an area big enough to avoid
the beans touching the ground and 50 kg of the wet
cocoa beans were piled up in a heap on the leaves.
The beans were covered tightly with banana leaves
and other plant materials were added to prevent the
top leaves from blowing off. This was done for each
of the samples. Various samples were subjected to
days of fermentation, starting with one day up to five
days with consecutive openings and turning after every
2 days. This was done to get the purple beans for the
experiment, but the recommended fermentation period
is six days which will produce brown cocoa beans.
After each fermentation period, the cocoa beans were
sun dried by spreading them on a bamboo mats on a
raised platform. The mats were rolled up at night to
cover the cocoa beans from dew and rain. The beans
were hand stirred and mixed constantly to ensure
uniform drying. Each sample of the fermented cocoa
beans was dried to 7.5% m.c. The samples were packed
into jute bags and stored.

was replicated four times.
Free fatty acid analysis
Recommended method of Federation of Cocoa
Commerce (FCC) was used for the FFA analysis, and
double extraction was carried out. Round bottom flasks
of 250 mL were dried in the oven at 105oC, cooled
in the desiccator, weighed and 180 mL of hexane
was measured into the round bottom flasks. Each test
sample of 10 g was measured into a thimble and was set
up for extraction for 2 h using the Soxhlet apparatus.
The set up was allowed to cool and the solvent drained
into the round bottom flask. Each sample was ground
with sand and set up for 2 h again. The solvent was
concentrated into fat by evaporating the hexane using
the rotary evaporator. The fat content was dried in
the oven for 2 h and cooled in the desiccator. Weight
of the extract and the flask were taken and recorded.
The weighed fat extract was dissolved in 50 mL
ethanol/Diethyl ether solution, 1/1 [v/v]. Three drops
of phenolphthalein indicator were added to the fat in
50 mL ethanol/Diethyl ether. The mixture was titrated
against 0.1 M sodium hydroxide in ethanol solution
and the end-point taken and recorded for the FFA
calculation.
RESULTS AND DISCUSSION
Generally, the fat content significantly decreased
(P<0.05) with the increase in the storage and
fermentation periods. With the exception of the day
2 fermentation period, the reduction of the fat content
over the storage period occurred in all the cocoa beans
fermented in day 1, 3, 4, and 5. However, interaction
of storage and fermentation periods also produced
statistically significant effects on the percent fat in
the dry nib of cocoa beans. This means the effect
of length of storage on per cent fat content depends
on fermentation period. Consistently, percentage fat
content was relatively high in cocoa beans fermented
for 3 days, although the highest fat content (58.40%)
was observed in cocoa beans fermented for 5 days
and stored for 60 days. After 90 days of storage, 5
days’ fermentation significantly produced the least
fat content (43.18%) from the baseline data (Table 1).
The percentage free fatty acid (%FFA) generally
increased with length of storage (Table 2). Here,
fermentation period was not relevant in the production
of % FFA. However, its interaction with storage period
was significant (P<0.05), implying that the % FFA
depended on the number of days the fermentation was
done. Though not a quality parameter, it is expected
that the free fatty acids (FFA) content must be less
than 1.0% to meet the acceptable level of 1.75% in

Storage of dry cocoa beans
Five samples (2 kg each) representing 1, 2, 3, 4,
and 5 days’ fermentation were stored in a miniature
prototype 30 cm × 30 cm jute sacks for 90 days (three
months) at 30 ± 2°C and r. h. of 70 ± 2% based on
the prevailing condition at the cocoa warehouses in
Ghana (Jonfia-Essien, 2004). Completely randomized
design was used and each treatment was replicated
four times. The jute sack was used to conform to the
approved standard of storing cocoa beans in Ghana.
Cut test
Cut test was used to determine the purpleness of
the dry cocoa beans. It is one of the cocoa grading
schemes based on visual assessment of cocoa quality,
which relies on changes in colour of the beans. A
sample of 300 cocoa beans was taken from each jute
sack and cut length-wise through the middle to expose
the internal surface of the two cotyledons. The cut
cocoa beans were examined visually in good daylight
and the percentage of total purple (deep, pale, partly
brown/ partly purple) cocoa beans were determined and
recorded. This was done before storage and monthly
during storage for each of the dry cocoa beans that have
been fermented for the different days. Each treatment
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CONTROLLED ATMOSPHERE AND FUMIGATION IN STORED PRODUCTS

Table 1 Percentage fat content of dry nib of varying fermentation period in storage
Storage period

Fermentation period
FP1

FP2

FP3

FP4

FP5

Mean storage
period

ST30

51.95

49.36

51.51

48.16

48.82

49.96

ST60

52.71

49.48

54.68

49.36

58.40

52.92

ST90

50.78

50.65

50.06

47.99

43.18

48.53

51.81

49.83

52.08

48.51

50.13

Mean fermentation period

LSD (5% level): Storage period (1.93); Fermentation period (2.49); Storage period × Fermentation period (4.31)
Table 2 Percentage free fatty acid of cocoa beans of varying fermentation period in storage
Storage Period
FP1

FP2

FP3

FP4

FP5

Mean storage
period

ST30

0.574

0.540

0.592

0.725

0.685

0.623

ST60

0.913

0.831

0.936

0.793

0.780

0.850

ST90

0.813

0.621

0.661

0.639

0.736

0.694

0.767

0.664

0.730

0.719

0.733

Mean fermentation period

Fermentation period

LSD (5% level): Storage period (0.0838); Fermentation period (0.1082); Storage period × Fermentation period (0.1874)

cocoa butter extracted from the dry cocoa beans.
Consistently, % FFA was relatively high in beans
stored for 60 days, although the highest amount (1.39
%) was observed in beans fermented for 3 days but not
stored at all. Our findings confirm results of Simplice
et al. (2003), who revealed that duration of cocoa
beans fermentation seemed to have a critical effect of
increasing the chances for FFA formation. He recorded
slight increase in FFA in cocoa beans with varying
increase in duration of fermentation. Also the initial
and final FFA contents in cocoa beans fermented over
3 days were found to be higher than those in cocoa
beans fermented below 3 days, collaborating with
Guehi et al. (2008).
Different fermentation periods resulted in varying
levels of purple cocoa beans. The purple content of
cocoa beans decreases with the increasing period
of fermentation. The polyphenol content in cocoa
beans is among the factors responsible for the purple
colour, thus if the polyphenol content in cocoa beans
are high, the percentage of purple beans will be
high. Aikopkpodion and Dongo (2010) reported a
decrease in the polyphenol content with the increase
in fermentation period, thus also decrease in the
percentage of purple colour beans. He suggested that
fermentation leads to gradual reduction of polyphenol
in cocoa beans. Polyphenols are mostly responsible
for the astringent sensation as well as bitter taste and
colour (Misnawi et al., 2002). At the beginning of the
storage period, there was high percentage of purple
beans in cocoa beans fermented for 3, 4 and 5 days.

Guehi et al. (2010) reported a higher percentage of
purple beans in cocoa fermented for 4 days than in
cocoa fermented for 5 days using different method of
fermentation. Under-fermented beans usually produce
high percentage of purple beans, and cocoa with
high percentage of purple beans gives a bitter and
astringent chocolate. Although there was variation in
the percentage of purple beans, the grade of the beans
did not vary.
CONCLUSION
The interaction of storage and fermentation periods
had a significant effect on the per cent fat in the dry nib
of cocoa beans. Thus the effect of length of storage on
per cent fat content depends on fermentation period.
The percentage free fatty acid (% FFA) generally
increased with length of storage but the fermentation
period was not relevant in the production of % FFA.
However, its interaction with storage period was
significant implying that the % FFA depended on
the number of days fermentation was done. Underfermentation of cocoa beans leads to the production of
purple beans and cocoa beans fermented for one day
produce slaty beans which are normally considered
as unfermented cocoa beans.
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Controlled atmosphere storage of moringa (Moringa oleifera) pods
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ABSTRACT

A study was taken up to enhance the shelf life of moringa or drumstick (Moringa oleifera
L.) pods by controlled atmospheric storage. A ‘Local variety’ (from Coimbatore) and a hybrid
‘PKM 1’ were selected and given fungicidal treatment of 1% for 2–3 mins. Respiration studies
of moringa pods were conducted at three different temperatures (14º, 21º and 28ºC) with product
to free volume ratios at 1:5, 1:10 and 1:20. Moringa at two different temperatures (14ºC and
ambient) was stored in a specially designed PVC chamber with 3, 4 and 5% O2 concentration.
Loss in firmness for both ‘Local’ and ‘PKM 1’ was 12.9, 13.2 and 16.9% for 14ºC with 3, 4 and
5% O2 concentration, respectively during 40 days of storage. The ambient stored moringa pods
had higher ascorbic acid loss of 8.2% as compared to 5.5% at 14ºC. The results were comparable
with local variety also. ‘PKM 1’ showed higher reduction of ascorbic acid of 54.1, 5.3 and
5.9%, respectively for 3, 4 and 5% O2 concentrations at 14ºC in 40 days. Controlled atmosphere
storage at refrigerated conditions revealed that the shelf life of moringa pods could be increased
to approximately three to four times compared to ambient condition. The best treatment for
increasing the shelf life of moringa pods upto 40 days at 14°C was 4% O2 and 5% CO2.
Key words: CAS, Moringa pods, PVC storage chamber, Quality, Shelf life, Temperature
Moringa (Moringa oleifera L.) is the most demanded
vegetable in South India. Production of moringa during
peak seasons is in excess of local demand and hence,
the farmers are not able to get remunerative price for
their produce. It has been estimated that about onefourth of all moringa produce harvested is spoiled
before consumption (Arun et al., 2011). In order to
meet the demand for vegetables by ever-increasing
population, more emphasis needs to be given to post
harvest management.
Among different post harvest technologies,
controlled atmosphere storage is the one of the
promising technologies which helps increase the
shelf life of vegetables without losing its quality.
Already controlled atmosphere storage technologies
are standardized for vegetables like, broccoli, cabbage,
carrot, green beans, tomato, spinach and cauliflower
etc. Hence a study was taken up for storing moringa
under controlled atmosphere.
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MATERIALS AND METHODS
The fresh pods of ‘PKM 1’ hybrid of moringa
were collected from a local farm at Palathurai area
of Coimbatore district and pods of ‘Local’ variety
were collected from Thondamuthur area of Coimbatore
district. The pods were carefully harvested at optimum
maturity and washed in potable water to remove the
foreign materials adhering to it and shade dried.
Controlled atmosphere storage of moringa pods
The gas compositions for controlled atmospheric
(CA) storage were selected based on the respiration rate
of moringa pods. The CA storage is aimed to reduce the
respiration rates, and it has been reported by Gariepy et
al. (1984) that respiration rates for CA is taken as 40% of
a commodity under ambient conditions. The respiration
rate at 14°C was 8.75 ml/kg/h and 40% of it was 3.6 ml/
kg/h. This 40% occurs at 2% O2 concentration. Oxygen
concentration below 2% initiates anaerobic fermentation.
Hence a safe limit of 3, 4 and 5% oxygen concentration
was selected for CAS study.
Chambers of 75 cm length and 15 cm diameter

AMUTHA SELVI, N VARADHARAJU

were made with PVC pipe to house moringa pods.
The bottom of the chamber was enclosed by an end
cap and top of the chamber was enclosed with PVC
flange using rubber gasket to make it air tight. Two
septums were placed on the top plate to collect the
gas samples from the chamber for analysis.
One kg moringa pods were washed and dipped
in 1% of fungicide solution for 2–3 min (Isaak et
al., 2004) and then shade dried for about 4–5 h.
Calcium hydroxide (50 g) was used as CO2 scrubber
and was kept at the bottom of the storage container.
The controlled atmosphere conditions were created
using external supplies of gases from pressurized
gas cylinders fitted with double-stage regulators and
outlet controlling devices. Gas (O2, CO2 and N2) flows
were restricted through needle-valves. The system
was designed in such a way that three different gas
combinations could be achieved at any time, with
three outlets each passing through gas flow meters
by which the final outlet flow of gases could be
precisely controlled. After attaining the required gas
composition, the containers were kept at 14°C and in
ambient condition for shelf life study.
The parameters such as physiological loss in
weight, firmness, ascorbic acid, titratable acidity,
chlorophyll, total soluble solids and pH were studied
during storage period. The textural properties were
analyzed using texture analyzer (Camps et al.,
2005). Ascorbic acid was determined by dye method
(Sadasivam and Manickam, 1992) and total chlorophyll
content was calculated as given by Holden (1976).

‘Local’ variety stored at 14°C with 5% concentration
of oxygen.The PLW may be due to the water loss as
a result of respiration (Wills et al., 1982) and also due
to transpiration water loss (Moleyar and Narasimhan,
1994) during the storage period.
The samples stored at refrigerated condition had
a maximum shelf life of 40 days and the PLW ranged
from 1.47 to 1.73%.
The statistical analysis revealed that there was
a significant effect (P<0.01) of PLW on all treated
‘PKM 1’ and ‘Local’ variety of moringa pods for
the concentration of oxygen. The interaction effect
between the parameters were also found to be
significant at (P<0.05).
Effect on firmness of moringa pods
The change in firmness of the moringa pods under
different CA conditions are presented in Fig. 1 and
Fig. 2. Fresh pods of ‘PKM 1’ had a higher firmness
in the range of 5.87–5.97 N as compared to ‘Local’
variety of 5.21–5.27. Control samples spoiled on the
day 3 itself and had a reduction of 0.86 N and 0.31 N,
respectively, for ‘PKM 1’ and ‘Local’ variety.
The loss in firmness increased with the increase in
oxygen concentration. For ‘PKM 1’ the loss in firmness
was 12.9, 13.2 and 16.9% for 14°C CA with 3, 4 and
5% of oxygen, respectively, for 40 days of storage.
Similar trend was observed for the ‘Local’ variety also.
The gradual decline observed in the firmness values
are mainly related to turgidity loss and dehydration
depending on the storage conditions and storage period
and the observations are similar to the results of Ozcelik
et al. (1999). Low oxygen and high carbon dioxide
conditions also influence many oxidative reactions
associated with firmness breakdown (Gwanpua et
al., 2012).

RESULTS AND DISCUSSION
Effect on physiological loss in weight of moringa pods
The effect of concentration of oxygen and storage
temperature on physiological loss in weight (PLW)
of moringa pods of ‘PKM 1’ and ‘Local’ varieties
presented in Table 1 revealed that as the storage
period increased, the physiological loss in weight also
increased. Similar trend of results (1.2 to 1.75 %) was
also reported by Bulent et al. (2007) for cucumber.
The PLW was the maximum under ambient
condition, followed by 14°C for both ‘PKM 1’ and
‘Local’ variety. Moringa pods stored in higher O2
concentration lost more weight than treatments with
lower O2 concentration, which may be due to higher
respiration rates of the pods. Hertog et al. (2003) also
reported the same trend of response in avocado.
Among the CA stored samples at ambient condition,
‘PKM 1’ exhibited the maximum physiological loss in
weight (8.4%) in 5% oxygen concentration. A reduction
of 80% was recorded in PLW for both ‘PKM 1’ and

Effect on ascorbic acid of moringa pods
The change in ascorbic acid content during CA
storage are presented in the Fig. 3 and Fig. 4. The fall
in ascorbic acid content was observed in increasing
oxygen concentration of the CA storage. In ‘PKM
1’ variety, the highest reduction in ascorbic acid
was noticed for CA with 5% oxygen concentration
at ambient and refrigerated conditions. The ambient
stored pods had higher loss of 8.2% compared to
5.5% for samples stored at 14°C. The results were
comparable for ‘Local’ variety also.
The ascorbic acid decreased as O2 level decreased
which was also reported by Lee and Kader (2000).
In ‘PKM 1’ the reduction of ascorbic acid during a
storage period of 40 days at CA with 14°C was 5.1,
5.3 and 5.9% respectively for 3, 4 and 5% oxygen
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The change in the pH for control samples was
lesser but it got spoiled within three days of storage.
The ‘Local’ variety which had a lower pH (5.28) than
the ‘PKM 1’ (5.87) showed higher increase of 12.5%
for CA storage with 5% oxygen at ambient conditions.
On the other hand, the lowest change in pH of 2%
was observed in the ‘PKM 1’ pods stored in CA of
3% oxygen concentration at 14°C. The change in pH
of the stored moringa pods also showed an increasing
trend with the increase in oxygen concentration of CA
storage for both varieties. All the treatments under CA
had significant effect on pH for both ‘PKM 1’ and Local
varieties for all the oxygen concentration.
For a given variety of moringa, it can be clearly
seen that the storage temperature had a significant
effect on the increase in pH. The interactions effect of
temperature and oxygen concentration on the pH was
also found to be significant. Variations in pH might
influence the enzymatic activity of the respiratory
pathways (Escalona et al., 2006).

concentrations. Similar trends were observed in both
the varieties at 14°C and ambient conditions. These
results are in agreement with previous studies of
Sanchez et al. (2006) on leaves of Phaseolus vulgaris
L. that low O2 levels help to delay ascorbic acid losses.
The statistical analysis showed a significant effect
of all the treatments on ‘PKM 1’ and ‘Local’ moringa
pods on ascorbic acid for all the oxygen concentrations.
The storage temperature had a significant effect on
the ascorbic acid content of stored pods. The pods
stored under 14°C displayed an improved retention
of ascorbic acid than the control samples and samples
stored at ambient CA.
The pods of ‘Local’ variety of moringa, stored at
ambient temperature, displayed more losses (5 to 10%)
after 15 to 20 days of storage. The loss was lesser at
14°C with 5 to 6%.
Effect on pH of moringa pods
With the increase in storage period pH increases
for both varieties of moringa pods in all CA treatments
(Table 1). Similar results were also reported by Gomez
and Artes (2004) for green celery quality, where the
pH increased from 5.85 to 6.44.

Effect on chlorophyll content of moringa pods
The oxygen concentration used in CA was
more influential on chlorophyll reduction than the
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0.90
1.00
1.30
1.40
1.45
1.47

PKM-1

Physiological loss in weight (%)
Control
14°C
Oxygen conc. (%)
4
5
0
0
0
0.21
0.28
1.16*
0.52
0.59
0.99
1.00
1.10
1.23
1.40
1.49
1.48
1.54
1.52
1.69
1.65
1.73
pH
5.87
5.87
5.28
5.89
5.96
5.36*
5.91
5.98
5.92
6.01
5.94
6.05
5.95
6.09
5.98
6.13
6.00
6.15
6.12
6.16
Chlorophyll content
8.76
8.76
7.3
8.71
8.66
7.21*
8.68
8.56
8.66
8.45
8.60
8.31
8.52
8.26
8.45
8.15
8.40
8.06
8.33
8.00
7.30
7.20
7.13
-

5.28
5.45
5.52
-

7.30
7.17
6.97
6.86
-

5.28
5.51
5.67
5.89
-

7.30
7.16
6.75
6.51
-

5.28
5.60
5.73
5.94
-

Ambient temperature
Oxygen conc .(%)
3
4
5
0
0
0
2.70
2.50
3.00
5.80
4.80
5.80
7.40
8.00
-

Local

7.30
7.25
7.22
7.18
7.12
6.98
6.95
6.9
6.77

5.28
5.31
5.33
5.34
5.36
5.39
5.42
5.45
5.46

7.30
7.23
7.20
7.11
7.07
6.94
6.90
6.84
6.71

5.28
5.31
5.32
5.34
5.36
5.38
5.40
5.43
5.47

7.30
7.21
7.04
6.91
6.81
6.72
6.61
6.51
6.50

5.28
5.31
5.33
5.35
5.38
5.41
5.46
5.49
5.63

14°C
Oxygen conc. (%)
3
4
5
0
0
0
0.23
0.25
0.30
0.48
0.57
0.59
0.87
0.95
0.98
1.10
1.19
1.29
1.24
1.35
1.40
1.37
1.43
1.51
1.42
1.51
1.62
1.49
1.59
1.68

Table 1. Effect of different concentrations of oxygen on physiological loss in weight, pH and chlorophyll content in moringa pods
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temperature of storage (Table 1). For a particular
oxygen concentration used in CA, the change in
chlorophyll was more or less the same irrespective
of the temperature of storage.
Comparing the chlorophyll content on day 15 for
all samples, refrigerated samples of moringa showed a
smaller change in chlorophyll content compared to the
ambient CA samples. At lower storage temperatures,
chlorophyll is stabilized probably by the formation
of metal-chlorophyll compounds (Martins and Silva,
2002). However, greater loss of chlorophyll for the
entire storage period was seen in both the varieties
stored at CA refrigerated conditions. This was because
refrigeration extended the storage life to 40 days, but
at ambient conditions the pods could be stored only
up to 10–15 days.
As the concentration of oxygen in CA for a
particular temperature increased, the loss of chlorophyll
also increased simultaneously. Similar results of
decrease in chlorophyll were reported by Gomez and
Artes (2004) for controlled atmosphere storage of green
celery. This trend was observed in both varieties of
moringa. The results were also statistically analyzed
and found to be significant.

controlled atmospheres using low and super atmospheric
oxygen conditions with different carbon dioxide levels.
Postharvest Biology and Technology 39: 48–55.
Gariepy Y, Raghavan GSV, Theriault R (1984) Controlled
atmosphere storage of celery with the silicone
membrane system. International Journal of Refrigeration
9: 234.
Gomez A, Artes F (2004) Controlled atmospheres enhance
postharvest green celery quality. Postharvest Biology and
Technology 34: 203–209.
Gwanpuaa SG, Verlindenb BE, Hertoga MLATM, Bulensa
I, Van de Poela B, Van Impec J, Nicolaïa BM, Geeraerd
AH (2012) Kinetic modeling of firmness breakdown
in ‘Braeburn’ apples stored under different controlled
atmosphere conditions. Postharvest Biology and
Technology 67: 68–74.
Hertog MLATM, Nicholson SE, Whitmore K (2003) The
effect of modified atmospheres of avocado. Food Invest.
Board Rep.
Holden S (1976) Influence of aeration rate and atmospheric
composition during simulated transit visual quality and
off-odour production by broccoli. Horticulture Science
9: 228–229.
Isaak GP, Kudachikar VB, Kulkarni SG, Vasantha MS,
Prakash MNK, Ramana KVR (2004) Effect of modified
atmosphere packaging on the shelf-life of plantains under
evaporative cooling storage condition. Journal of Food
Science and Technology 41(6): 646–651.
Lee SK, Kader AA (2000) Pre-harvest and postharvest
factors influencing ascorbic acid content of horticultural
crops. Postharvest Biology and Technology: 20: 207–220.
Martins D, Silva S (2002) Sugar metabolism and
compartmentation in asparagus and broccoli during
controlled atmosphere storage. Postharvest Biology and
Technology 32: 45–56.
Moleyar V, Narasimham P (1994) Modified atmosphere
packaging of vegetables:an appraisal. Journal of Food
Science and Technology 31: 267–278.
Ozcelik F, Yıldırım M, Elizebeth I (1999) Removal of
CO2 from the brine in order to avoid the swelling injury
in cucumber pickle fermentation. Food 26(5): 323–329.
Sadashivam S, Manickam (1992) Biochemical Methods
for Agricultural Science. Wiley Eastern Ltd, New Delhi.
Sanchez MMC, Camara M, Dıez-Marque C (2006)
Extending shelf-life and nutritive value of green beans
(Phaseolus vulgaris L.), by controlled atmosphere
storage: macronutrients. Food Chemistry 80: 309–315.
Wills RBH, Mc Glasson WB, Graham, Lee, Hall EG (1982)
Atmosphere rate of respiration, and length of storage of
apples. Food Invest. Board Rep.

CONCLUSION
Controlled atmosphere storage study at refrigerated
conditions revealed that the shelf life of moringa pods
could be increased to approximately three to four times
compared to the CAS ambient condition. The best
treatment for increasing the shelf life of moringa pods
under cold storage was upto 40 days with 4% oxygen
and 5% carbon dioxide.
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Residual levels of some pesticides in cocoa beans (Theobroma cocoa)
from Western regions of Ghana
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ABSTRACT

A study was carried out to determine pesticide residue levels in cocoa beans (Theobroma
cocoa L.) samples, collected from Ashanti and Brong Ahafo regions of Ghana. The pesticides
were extracted from cocoa beans using liquid-liquid extraction followed by clean up with C-18
and Envi – Carb NH2 solid-phase extraction cartridges. Final extracts were dissolved in ethyl
acetate and analysis was carried out by gas chromatography with electron capture detector.
Pesticides were identified by their retention times and quantification using an external calibration
method. The investigated pesticides were DDT, DDD, Endosulfan I and II, Aldrin, Chloropyrifos,
Permethrin I and II, Cypermethrin I and II. From the results it could be deduced that 60% of
the pesticides residues detected in samples collected from both regions were below the EU and
Japanese allowable limits. Endosulfan I had high residual concentrations for cocoa beans found
in Berekum, Hwidiem, Brofoyedru and Ampenim samples. Endosulfan II exceeded permissible
levels for Goaso and Ampenim samples. However, DDT and DDD were found to be below
maximum residue limits (MRL) established by the EU and Japanese organizations in all samples.
Aldrin was below the detection limit for all the samples within the regions. Chloropyrifos recorded
the highest residual concentration for cocoa beans from Mim. Permethrin I and II were found to
be above MRL values established by the EU and Japan.
Key words: Cocoa beans, Gas chromatograph, Maximum residue limits, Pesticide residues,
Retention times
Cocoa (Theobroma cocoa L.) is susceptible to
attack by black pod disease, cocoa swollen shoot virus
(CSSV), and insect pests such as cocoa capsids. Cocoa
farmers use a wide range of pesticides to minimize the
economic losses caused by these pests and diseases in
the cocoa industry. Botwe et al. (2006) reported that
two-thirds of crops in the field would be lost without
usage of pesticides.
The import, sale and use of organochlorine
pesticides (OCPs) have been banned in Ghana.
However, there is evidence of their presence in the
ecosystem (EPA Ghana, 2009; Bempah et al., 2011;
Kuranchie-Mensah et al., 2011). The OCPs such as
2
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aldrin / dieldrin had reportedly been used on cocoa
in Ghana (Owusu-Ansah et al., 2010; KuranchieMensah et al., 2011). The use of pesticides and
their mode of application including their abuse
especially in agriculture have been of much concern
to environmental scientists (Essumang et al., 2009).
Contamination of cocoa beans can occur directly by
treating the crop with pesticides before harvesting,
storage and distribution. It can occur indirectly by
uptake from the soil of residual pesticides by the
subsequent cocoa farming, from the atmosphere or
drifting from neighbouring fields, or from a storage
space pretreated with pesticides (Belitz et al., 2004).
The hazardous nature of OCPs led to introduction
of organophosphates (OPs) and pyrethroid pesticides.
In 1999, the US Environmental Protection Agency
(USEPA) initiated a complete review of all pesticides.
The OPs were evaluated because of their threat to
human and all mammalian life (EPA, 2003a). As
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Experimental and chromatographic conditions
Shimadzu Gas Chromatograph – 2010 with AOC
20i Autoinjector and AOC 20S Auto sampler and
Electron Capture Detector was used. The analytical
column was 30 m × 0.25 mm internal diameter fused
silica capillary column coated with VF-5ms (0.25μm
film). Before analysing the samples all glass wares
were acid washed and cleansed with distilled water
and dried in the oven at 200oC for about four hours.
Nitrogen was used as carrier gas and flow rate of
1 ml/min. The injection and detector temperatures of
225°C and 300°C were used for analysis.

a result of the evaluation, the EPA eliminated OPs
production in the US and began a program to phase
out OPs (EPA, 1999). In the absence of OPs, synthetic
pyrethroid pesticides, which were derived from the
chrysanthemum in the 1970’s, are quickly increasing
in popularity because of their high efficiency against
insects, greater stability in the environment and a
greater safety to human and wildlife (Al-Makkawy and
Modbouly, 1999). Although pyrethroids are generally
safer for the environment than OPs, it is more difficult
to determine if they are causing problems in the
environment than OPs because they are toxic at such
small concentrations.
In recent times, emphasis has been placed on
the use of pesticides in cocoa production (Photius,
2004). The focus of repetitive pesticides use in
cocoa production is for economic gains. The fate of
the environment with respect to potential pollution
by agrochemical residues of the ecosystems needs
to be assessed. This has led to establishment of
Maximum Residue Limits (MRLs) in cocoa beans
by organizations such as, European Union, Food
and Agricultural Organization and Japan. The MRLs
encourage food safety by restricting the concentration
of a residue permitted on a commodity the (European
Communities, 2005; FAO/UNEP/WHO, 1991; FDA,
2005). Ghana is one of the leading cocoa exporters
worldwide and therefore it is necessary to monitor the
levels of pesticide residues in cocoa beans to determine
whether the quality of cocoa beans produced in Ghana
conforms to international standards.

Analysis for pesticides
Sample preparation, extraction, clean-up and
analysis were carried out according to the procedure
described in multi-residue method for agricultural
chemicals (Syoku-An, 2006).
Preparation of organochlorine standards: All
the pesticides standard stock solutions were prepared
in ethyl acetate with the aid of an ultrasonic bath,
by dissolving a weight of the pesticides which when
corrected for purity will be equivalent to 1000 µg/ml.
One ml of each of the prepared stock solutions were
pipette into a 50 ml volumetric flask resulting in a
mixed standard (MIX 1) of concentration 20 μg ml-1.
The MIX 1 was diluted to produce new concentrations
of 2.0 μg ml-1 (MIX 2) and 0.2 μg ml-1(MIX 3).
Quality control and quality assurance: Quality of
pesticides was assured through the analysis of blanks
and replicate samples. All reagents used during the
analysis were exposed to same extraction procedures
and subsequently run to check for interfering
substances. In the blank for each extraction procedure,
no pesticide was detected. Sample of each series was
analyzed in replicates. The method was optimized and
validated by fortifying the ground and homogenized
cocoa beans sample with MIX 1 before analysis to
evaluate the recovery of compounds. This is equivalent
to a fortification level of 1 mg kg-1. Extraction and
clean up procedure as in the methodology were
carried out before its injection into the GC. Same
chromatographic conditions were used. This was
repeated for fortification levels of 0.1 mg kg-1 and 0.01
mg kg-1. The recoveries of internal standards ranged
between 70% and 120% for most of the pesticides
analyzed. The percentage recovery was calculated as:

MATERIALS AND METHODS
Sampling
Dry cocoa beans were sampled from Tema ports.
Cocoa beans from different districts of the Ashanti
and Brong Ahafo Regions of Ghana were received at
the port and the method adopted by Quality Control
Company Limited (QCC) in Ghana was used in
obtaining samples. The samples were sent to the
laboratory for analysis (MS, 2007).
Reagents and apparatus
Reagents and apparatus used were acetonitrile,
acetone, ethyl acetate and toluene (pesticide grade,
BDH, England); acetone, dipotassium hydrogen
phosphate and potassium dihydrogen phosphate
(analyte grade, BDH, England); Sodium sulfate
(pesticide grade, Aldrich-Chemie, Germany); sodium
chloride (Pesticide grade, Riedel-de Haen) and Envicarb/LC-NH2(500 mg/500 mg/6 mL) from Supelco
C-18 (USA).

Recovery (%) =

Amount of analyte recovered
× 100
Amount of analyte spiked

RESULTS AND DISCUSSION
Pesticide residues identified in the cocoa beans
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includes DDT, DDD, endosulfan I and II, cypermethrin
I and II and permethrin I and II. The retention times of
individual pesticides obtained from the chromatogram
are shown in Table 1.
Pesticide DDT and its metabolites were detected in
100% of the analysed samples. The mean concentration
for DDT and DDD were 0.13 mg kg-1 and 0.03 mg
kg-1 (Table 2). The DDT and its metabolite DDD
have been banned in Ghana since 1985 (EPA Ghana,
2008). Their occurrence in the cocoa beans could be
attributed to the soil and climatic conditions favouring
persistence and long range transport of DDT and
DDD (Kanan et al., 1994; Ritter et al., 1995; Parimi
et al., 2006). The concentrations of DDT residues
in all the cocoa beans from the sampling areas in
Brong Ahafo were higher than that of Ashanti region
(Fig. 1). It could be inferred from the trend that there
is a continuous use of DDT in the area due to its lower
cost and effectiveness as well as its broad spectrum
activity despite ban on its use (Amoah et al., 2006). In

Mean concentration in mg/kg

0.5

16.924

Aldrin

17.563

Endosulfan I

19.621

Endosulfan II

21.535

DDD

21.990

DDT

23.348

Permethrin I

25.292

Permethrin II

25.296

Cypermethrin I

30.566

Cypermethrin II

30.690

0.3
0.2
0.2

0.2 0.2

0.16
0.11

0.1

0.05 0.06

0.0
DDD

DDT
Ashanti

Endosulfan 1Endosulfan 2
Brong Ahafo

Fig. 1. Regional comparison of mean concentrations of
some pesticide residues in cocoa beans

the Ashanti region, DDD residues were not detected in
cocoa beans sampled from Ampenim, Nyinahini and
Juaso. The mean concentration for DDD residues was
0.03 mg kg-1 (Table 2). All the samples were within
the EU and Japanese MRL value of 0.50 mg kg-1 and
0.05 mg kg-1 respectively. The mean concentration of
DDT was 0.13 mg kg-1 (Table 2). Out of the number
of samples analysed for DDT residues in the Ashanti
region, 80% were above the Japanese MRL of 0.05 mg
kg-1 except cocoa beans from Agona and Brofoyedru.
Conversely all the samples analysed were below the
EU permissible level of 0.50 mg kg-1.
Endosulfan I and II were present in all the cocoa
beans sampled from the different locations in the
Brong Ahafo region. Concentrations of the endosulfan
II residues in cocoa beans in all the sampling areas
were lower than endosulfan I.The mean concentration
of endosulfan I was 0.07 mg kg-1 (Table 2). All the
cocoa beans sampled from most of the locations in
the Brong Ahafo region had concentrations lower than

Retention time (Min)

Chloropyrifos

0.4

-0.1

Table 1 Retention times of organochlorine pesticide standards
Standards

0.46

Table 2 Pesticide residues in cocoa beans from Brong Ahafo and Ashanti region
Pesticide

Mean concentration for Brong
Ahafo ±SD (mg kg-1)

EU
(mg kg-1)

Japan
(mg kg-1)

Mean concentration for
Ashanti ±SD (mg kg-1)

Aldrin

0.01 ± 0.00

0.05

0.10

0.01 ± 0.00

Chloripyrifos

7.89 ± 2.30

0.19

0.05

7.06 ± 1.50

Permethrin I

0.33 ± 0.13

0.10

0.05

0.37 ± 0.21

Permethrin II

0.61 ± 0.60

0.10

0.05

0.47 ± 0.42

Cypermethrin I

0.07 ± 0.05

0.10

0.03

0.06 ± 0.22

Cypermethrin II

0.16 ± 0.07

0.10

0.03

0.02 ± 0.16

Endosulfan I

0.07 ± 0.03

0.10

0.10

0.07 ± 0.06

Endosulfan II

0.07 ± 0.03

0.10

0.10

0.08 ± 0.03

DDT

0.28 ± 0.30

0.50

0.05

0.13 ± 0.04

DDD

0.03 ± 0.01

0.50

0.05

0.03± 0.02
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EU and Japan MRL values of 0.10 mg kg-1 with the
exception of samples from Berekum and Hwediem.
These findings confirm the results of Frimpong et al.
(2012). However, endosulfan I has been considered
for restrictive use in Ghana (EPA, 2008). All samples
analysed for endosulfan II for Brong Ahafo region were
within the EU and Japanese MRL values of 0.10 mg
kg-1 with the exception of samples from Goaso which
had concentration of 0.11 mg kg-1 (Table 2). In the
Ashanti region, the mean concentration for endosulfan I
was 0.07 mg kg-1 (Table 2). There were non-detectable
levels of endosulfan I in cocoa beans from Juaso and
Apagya. The concentration of endosulfan I was below
the EU and Japanese MRL of 0.10 mg kg-1 except cocoa
beans from Ampenin and Brofoyedru. For endosulfan
II, all the samples were below the EU, Japanese and
Codex MRL value of 0.10 mg kg-1 except cocoa
beans from Ampenim. Generally, the concentration of
endosulfan I was higher than endosulfan II. A similar
trend was observed in both regions and the levels of
endosulfan II in the Brong Ahafo region were higher
than samples from the Ashanti region.
Aldrin was below detection limit in all the cocoa
beans sampled from the Brong Ahafo and Ashanti
region (Table 2).This may be attributed to its volatility
and instability in environment. Aldrin is one of the
OCPs that has been banned under the Stockholm
Convention for POPs. Its absence could therefore
be due to the fact that its use has been discontinued
(UNEP, 2001).
Concentrations of chloropyrifos in cocoa beans
from the Brong Ahafo recorded the highest mean
concentration of 7.89 mg kg-1 and 7.06 mg kg-1 for
Ashanti region (Table 2). All the cocoa beans sampled
in the Brong Ahafo region had concentrations above
MRL values established by EU (0.10 mg kg-1), Japan
(0.05 mg kg-1) and Codex Alimentarius. A similar
trend was observed for the cocoa beans sampled
from Ashanti region. Generally, the concentrations of
chloropyrifos in cocoa beans sampled from the Brong
Ahafo region were higher than in the Ashanti region.
Mean concentrations of permethrin I and II in
cocoa beans from the Brong Ahafo region were 0.33
mg kg-1and 0.61 mg kg-1(Table 2). On the other
hand, mean concentration for permethrin I and II in
Ashanti region were 0.37 and 0.47 mg kg-1(Table 2).
For permethrin I, all the samples had levels above the
Japanese and EU permissible limit of 0.05 and 0.10
mg kg-1, respectively, for cocoa beans. For permethrin
I in Ashanti region all the samples recorded levels
above the Japanese and EU MRL of 0.05 and 0.10
mg kg-1respectively. However, the concentrations of
permethrin II and I in the Brong Ahafo region were

lower than in the Ashanti region.
Mean concentration of cypermethrin I and II in
cocoa beans sampled from the Brong Ahafo region
were 0.07 and 0.16 mg kg-1(Table 2). In the Ashanti
region, mean concentrations of cypermethrin I and II in
cocoa beans were 0.06 mg kg-1and 0.02 mg kg-1(Table
2). Levels of cypermethrin I in all cocoa bean samples
from Ashanti region were below the MRL value of
0.10 mg kg-1for EU, Japanese and Codex Alimentarius
with the exception of cocoa beans from Brekum. In the
Ashanti region, 90% of the cocoa beans were below
the EU, Japanese and Codex Alimentarius permissible
limits with the exception of samples from Nyinahini
that was slightly above the set limit. It can be deduced
that the concentrations of the cypermethrin I in cocoa
beans from the Brong Ahafo region were lower than the
cocoa beans from the Ashanti region. For cypermethrin
II in Brong Ahafo region, all the locations in the
region had concentrations in the samples above the
MRL values established by EU of 0.10 mg kg-1except
Brekum samples and limits established by Japanese
with MRL of 0.03 mg kg-1except Sankore samples.
For Ashanti region, none of the samples were below
the EU, Japanese and Codex MRL for cypermethrin
II. Generally, the concentrations of cypermethrin II
were higher for cocoa beans from Ashanti region than
Brong Ahafo region.
CONCLUSION
It can be concluded that most of the pesticides
residues analysed in the Brong Ahafo and Ashanti
regions were below the EU and Japanese pesticide
residue permissible levels for cocoa beans. Among
the pesticides detected, chloropyrifos showed the
highest residual concentrations for samples from
in the Brong Ahafo region. The lowest pesticide
residual concentration was recorded for Endosulfan I
for Sankore in the Ashanti region. Aldrin was below
detection limit for all samples analysed in the two
regions.
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Effect of grain protectants on the storage quality of brown rice
(Oryza sativa) and its by product
G GURUMEENAKSHI1*, R S GOKHAL SEETHA2, T SIVASAKTHI2, K SUJATHA3
Tamil Nadu Agricultural University, Coimbatore, Tamil Nadu 641 003, India
ABSTRACT

In the present study, brown rice (Oryza sativa L.) and brown rice flour (pulverized brown
rice) were subjected to different packaging materials and grain protectants in order to study the
shelf life of it. The grain protectants were packed in a thin cloth sachet and were placed along
with the brown rice and brown rice flour inside the packaging material.The packaging material
that did not contain the grain protectant served as the control. The study period was six months.
After six months, it was observed that samples that were packed in white canvas were very
effective in increasing the shelf life and maintaining the quality of the brown rice and brown
rice flour for six months. Among the natural grain protectants used in the study, dill (Anethum
graveolens L.) seed was more effective when compared to carum or omum [Trachyspermum
ammi (L.) Sprague] seed.
Key words: BHT, Brown rice, Dill seed, Gunny bags, Moisture, Omum seed, Packaging,
Polypropylene and white canvas bags, Storage

Brown rice (Oryza sativa L.) is defined as whole
or broken kernels of rice from which the hulls have
been removed; in other words the dehusked rice. The
process that produces brown rice removes only the
outermost layer, the hull, of the rice kernel and is the
least damaging to its nutritional value. The complete
milling and polishing that converts brown rice into
white rice destroys 67% of the vitamin B3, 80% of
the vitamin B1, 90% of the vitamin B6, 50% of the
manganese, 60% of the iron, dietary fibre and essential
fatty acids (Babu et al., 2009).
Though the health benefits of brown rice are
significant, the presence of nutrient dense bran layer
found on the surface of brown rice, makes it prone
to infestation by insects, microbes and the lipase
enzyme released during the hulling process, catalyses
the breakdown of oil in the bran layer causing
rancidity. Both of these factors are responsible for
the short shelf life and poor acceptability of brown
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rice and its products among the masses (Das et al.,
2012). Therefore optimizing the storage condition
is a primary requisite in promoting the utilization
of brown rice.
MATERIALS AND METHODS
Selection of paddy
Two varieties, viz. ASD 16 and ADT 45, were
procured from the local modern rice mill and were
milled to brown rice, i.e. dehusked unpolished rice
and were also pulverized into flour.
Grain protectants
The grain protectants such as carum or omum
[Trachyspermum ammi (L.) Sprague] seeds (T 1),
dill [Anethum graveolens (L.)] seed (T 2) were
purchased from the local Siddha Medical Store
and Butylated Hydroxy Toluene (BHT) (T3) was
purchased from the local food grade chemical and
essence mart.
Packaging materials
Polypropylene bags, white canvas bags and gunny
bags were purchased from the local market.
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Milling and pulverizing of paddy
The paddy was cleaned to remove the dust, dirt,
chaff and stones by winnowing and sieving and was
milled in a local rice mill (Qusai Modernized Mill).
The paddy was passed through destoner to remove the
left over dust, dirt, chaff and stones. Through elevator
the paddy was taken to the sheller for shelling. The
husk was aspirated through fan box. The brown rice
and unshelled paddy were collected separately. The
collected brown rice was further subjected to pulverizer
to obtain the brown rice flour. Details of treatments
and the packaging materials used for storage of brown
rice and its product are given in Table 1.

brown rice, viz. length, breadth, 1000- grain weight,
bulk density and insect count were assessed at 0 and
180 days of storage. The physical characteristic of
brown rice flour includes the assessment of bulk density
and insect counts. The results of each category showed
only negligible change except for 1000- grain weight
of brown rice which showed a slight varietal difference
which continued during storage. No insects were seen
in the varieties of rice and flour with exception to the
control which had insect infestation and it is shown
in Table 2 and 3.
Chemical constituents
Moisture: The samples packed in white canvas
bags with dill seed as grain protectants showed the
minimum moisture pick up for both brown rice and its
flour. Among the packaging materials used P3 (gunny
bag) absorbed more moisture followed by P1 and P2,
irrespective of treatment. A moisture permeability
nature of P3 could have contributed to the high m.c. The
statistical analysis indicated that a highly significant
differences existed among the storage, packaging,
treatments individually and the combined effect of
storage packaging and treatments.
Heinemann et al. (2005) reported that the m.c. of
non-parboiled white rice as 12.84 and non-parboiled
brown rice as 13.50% respectively. Results of Oghbaei
and Prakash (2010) indicated that m.c. of polished
white rice as 15.7%. These studies support the values
of the present investigation (Table 4).
Protein: The samples packed in gunny bags
showed the maximum reduction in protein, followed
by the samples packed in polypropylene bag and
white canvas bag in both the varieties. Similarly, the
samples that had carum seed as the grain protectants
exhibited the maximum reduction in the protein content
followed by BHT and dill seed for both the varieties.
The statistical analysis also revealed that the reduction
of protein was highly significant.
The protein content of raw rice was 8.7% as given
by Otegbayo (2001), while Lamberts et al. (2008)
reported that protein content of raw rice ranged from
7.5 to 11.1%. In the present study, the values for
protein were more or less equal to the values reported
by these workers (Table 4).
Starch: The samples packed in P2 showed the
minimum changes in the starch content, while those
in P3 had the maximum change. Of the treatments,
T2 samples recorded the minimum changes in the
starch content, irrespective of the variety. A significant
difference was observed between the treatment,
packaging materials and storage period.
The raw milled rice had a starch content of 76.8%

Table 1 Treatment and packaging materials used for storage
of brown rice and brown rice flour
Variety

Packaging
material

ASD 16 Poly propylene
(V1) : 25 bags (P1)
kg
White canvas
bag ( P2)
Gunny bag (P3)
ADT 45 Poly propylene
(V2) : 25 bags (P1)
kg
White canvas
bag ( P2)
Gunny bag (P3)

T0

T1
(Dill
seed)
%

T2
T3
(carum (BHT)
%
seed)
%
1
1

-

1

-

1

1

1

-

1
1

1
1

1
1

-

1

1

1

-

1

1

1

The grain protectants were packed separately in
a cloth bag and put into the packaging material along
with the raw brown rice and brown rice flour sealed
and stored at room temperature for shelf life studies.
The rice and flour packed material without any grain
protectants served as the control (T0)
The raw brown rice and brown rice flour stored in
different packaging materials with various treatments
were analyzed for physical, chemical, cooking,
microbial and sensory qualities during storage at
regular intervals.
Statistical analysis
The experiments were conducted with three
factors namely treatment, variety and packaging, and
completely randomized design (CRD) was adopted to
calculate the statistical significance using AgresAgdata
software (Gomez and Gomez, 1982).
RESULTS AND DISCUSSION
Physical characteristics of brown rice and flour
The changes in the physical characteristics of
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Table 2
Storage
days
Initial

Final

T and V

Changes in the physical characteristics of brown rice during storage

Length
(cm)
P1

P2

T0 V1

0.50

0.50

T1 V1

0.50

0.50

T2 V1

0.50

T3 V1

0.50

T0 V2

Breadth
(cm)
P3

P1

1000-grain weight
(g)

Bulk density
(g/ml)

Insect count
(nos)

P2

P3

P1

P2

P3

P1

P2

P3

P1

P2

P3

0.50 0.24

0.24

0.24

14.73

14.73

14.73

0.76

0.76

0.76

0

0

0

0.50 0.24

0.24

0.24

14.73

14.73

14.73

0.76

0.76

0.76

0

0

0

0.50

0.50 0.24

0.24

0.24

14.73

14.73

14.73

0.76

0.76

0.76

0

0

0

0.50

0.50 0.24

0.24

0.24

14.73

14.73

14.73

0.76

0.76

0.76

0

0

0

0.48

0.48

0.48 0.23

0.23

0.23

14.71

14.71

14.71

0.74

0.74

0.74

0

0

0

T1 V2

0.48

0.48

0.48 0.23

0.23

0.23

14.71

14.71

14.71

0.74

0.74

0.74

0

0

0

T2 V2

0.48

0.48

0.48 0.23

0.23

0.23

14.71

14.71

14.71

0.74

0.74

0.74

0

0

0

T3 V2

0.48

0.48

0.48 0.23

0.23

0.23

14.71

14.71

14.71

0.74

0.74

0.74

0

0

0

T0 V1

0.49

0.48

0.48 0.23

0.22

0.22

14.71

14.71

14.70

0.73

0.72

0.72

1

1

1

T1 V1

0.50

0.49

0.49 0.24

0.23

0.23

14.72

14.72

14.71

0.75

0.74

0.74

0

0

0

T2 V1

0.50

0.49

0.49 0.24

0.23

0.22

14.72

14.71

14.71

0.74

0.74

0.73

0

0

0

T3 V1

0.49

0.49

0.48 0.23

0.23

0.22

14.72

14.70

14.70

0.74

0.72

0.72

0

0

0

T0 V2

0.47

0.46

0.45 0.21

0.21

0.20

14.69

14.68

14.68

0.71

0.71

0.70

1

1

1

T1 V2

0.48

0.47

0.47 0.23

0.22

0.21

14.70

14.70

14.69

0.73

0.72

0.71

0

0

0

T2 V2

0.47

0.47

0.46 0.22

0.22

0.21

14.70

14.69

14.69

0.72

0.72

0.71

0

0

0

T3 V2

0.47

0.46

0.46 0.22

0.21

0.21

14.69

14.69

14.68

0.72

0.71

0.71

0

0

0

P1, Poly propylene bag; P2, white canvas bag; P3, gunny bag; V1, ASD 16; V2, ADT 45; T0, control; T1, omum seed T2, dill
seed; T3, BHT; T, treatment, V, variety

as given by Chitra et al. (2010). The starch content
recorded in the present study was slightly lower
which might be due to the difference in the degree of
polishing (Table 4).
Fat: A notable change in the fat content was
observed; the samples packed in P2 exhibited the
minimum change in fat content irrespective of the
treatments. The reduction was more predominant in
the sample packed in P3. A highly significant difference
for fat was observed.
Begum and Bhattacharyya (2000) showed that the
cooked rice had lower levels of fat content than raw
grains. Ether extractives ranged from 1.63 to 2.74%
in raw rice and from 0.17 to 0.38% in cooked rice
(Table 4).
Free fatty acid: An increasing trend was noted
in the free fatty acid content, being minimum in
T2P2 samples for both brown rice and flour. The
control samples of V1 and V2 revealed the highest
change in the free fatty acid content. The increase in
free fatty acid might be due to depolymerisation of
lipids. The free fatty acid content showed a significant
difference among the storage, packaging, treatments
and interaction between these factors (Table 4).
Harmeet et al. (2011) showed that free fatty acid
content of parboiled white rice as 1.5 milliequivalent/

Table 3 Changes in the physical characteristics of brown rice
flour during storage
Storage T and V
days
Initial

Final

Bulk density
(g/ml)

Insect count
(nos)

P1

P2

P3

P1

P2

P3

T0 V1

0.78

0.78

0.78

0

0

0

T1 V1

0.78

0.78

0.78

0

0

0

T2 V1

0.78

0.78

0.78

0

0

0

T3 V1

0.78

0.78

0.78

0

0

0

T0 V2

0.76

0.76

0.76

0

0

0

T1 V2

0.76

0.76

0.76

0

0

0

T2 V2

0.76

0.76

0.76

0

0

0

T3 V2

0.76

0.76

0.76

0

0

0

T0 V1

0.75

0.74

0.74

1

1

1

T1 V1

0.75

0.74

0.74

0

0

0

T2 V1

0.74

0.74

0.73

0

0

0

T3 V1

0.74

0.72

0.72

0

0

0

T0 V2

0.71

0.71

0.70

1

1

1

T1 V2

0.73

0.72

0.71

0

0

0

T2 V2

0.72

0.72

0.71

0

0

0

T3 V2
0.72 0.71 0.71
0
0
0
P1, Poly propylene bag; P2, white canvas bag; P3, gunny
bag; V1, ASD 16; V2, ADT 45; T0, control; T1, omum seed;
T2, dill seed; T3, BHT; T, treatment, V, variety
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Table 4 Changes in the chemical constituents of brown rice and flour during storage
Moisture (g/100 g)

Treatment
and variety

T0 V1
T1 V1
T2 V1
T3 V1
T0 V2
T1 V2
T2 V2
T3 V2

P1
12.10
12.10
12.10
12.10
12.13
12.13
12.13
12.13

Initial
P2
12.10
12.10
12.10
12.10
12.13
12.13
12.13
12.13

T0 V1
T1 V1
T2 V1
T3 V1
T0 V2
T1 V2
T2 V2
T3 V2

8.3
8.3
8.3
8.3
8.2
8.2
8.2
8.2

8.3
8.3
8.3
8.3
8.2
8.2
8.2
8.2

T0 V1
T1 V1
T2 V1
T3 V1
T0 V2
T1 V2
T2 V2
T3 V2

69.7
69.7
69.7
69.7
69.5
69.5
69.5
69.5

69.7
69.7
69.7
69.7
69.5
69.5
69.5
69.5

T0 V1
T1 V1
T2 V1
T3 V1
T0 V2
T1 V2
T2 V2
T3 V2

1.6
1.6
1.6
1.6
1.5
1.5
1.5
1.5

1.6
1.6
1.6
1.6
1.5
1.5
1.5
1.5

T0 V1
T1 V1
T2 V1
T3 V1
T0 V2
T1 V2
T2 V2
T3 V2

2.03
2.03
2.03
2.03
2.05
2.05
2.05
2.05

2.03
2.03
2.03
2.03
2.05
2.05
2.05
2.05

Brown rice
90 days of storage
P3
P1
P2
P3
P1
12.10
12.17
12.18 12.18 12.13
12.10
12.13
12.14 12.15 12.10
12.10
12.14
12.15 12.16 12.11
12.10
12.15
12.17 12.17 12.12
12.13
12.19
12.20 12.20 12.17
12.13
12.15
12.16 12.17 12.14
12.13
12.17
12.17 12.18 12.14
12.13
12.18
12.18 12.19 12.15
Protein (g/100 g)
8.3
8.3
8.2
8.1
8.2
8.3
8.3
8.3
8.2
8.2
8.3
8.3
8.2
8.3
8.3
8.3
8.2
8.3
8.2
8.2
8.2
8.2
8.1
8.0
8.0
8.2
8.3
8.2
8.2
8.2
8.2
8.2
8.2
8.1
8.2
8.2
8.3
8.2
8.1
8.1
Starch (g/100 g)
69.7
69.7
69.5
69.5
69.3
69.7
69.7
69.7
69.7
69.6
69.7
69.7
69.7
69.6
69.6
69.7
69.7
69.6
69.5
69.5
69.5
69.5
69.4
69.3
69.2
69.5
69.5
69.5
69.5
69.4
69.5
69.5
69.5
69.4
69.4
69.5
69.5
69.4
69.4
69.3
Fat (g/100 g)
1.6
1.6
1.4
1.3
1.4
1.6
1.6
1.6
1.6
1.5
1.6
1.6
1.6
1.5
1.5
1.6
1.6
1.5
1.4
1.4
1.5
1.5
1.4
1.3
1.2
1.5
1.5
1.5
1.5
1.4
1.5
1.5
1.5
1.4
1.4
1.5
1.5
1.4
1.3
1.3
Fatty acid (mg KOH/g)
2.03
2.03
2.45
2.46
2.57
2.03
2.03
2.41
2.41
2.50
2.03
2.03
2.41
2.42
2.50
2.03
2.03
2.44
2.44
2.54
2.05
2.05
2.45
2.45
2.58
2.05
2.05
2.43
2.43
2.53
2.05
2.05
2.43
2.44
2.54
2.05
2.05
2.44
2.45
2.56
75

Initial
P2
12.14
12.10
12.12
12.13
12.18
12.14
12.15
12.16

Brown rice flour
90 days of storage
P3
P1
P2
P3
12.14
12.15 12.14 12.15
12.11
12.12
12.11 12.11
12.12
12.13 12.12 12.13
12.13
12.14 12.14 12.14
12.18
12.19 12.17 12.18
12.15
12.16 12.14 12.15
12.16
12.17 12.15 12.16
12.17
12.18 12.17 12.18

8.1
8. 3
8.2
8.3
8.2
8.1
8.2
8.2

8.2
8.2
8.3
8.1
8.0
8.2
8.1
8.1

8.1
8.3
8.2
8.3
8.0
8.1
8.0
8.0

7.8
8.2
8.1
8.0
7.8
8.1
8.0
7.9

7.8
8.1
8.0
7.9
7.7
8.0
7.9
7.9

69.2
69.6
69.5
69.4
69.1
69.4
69.3
69.2

69.2
69.5
69.4
69.3
69.0
69.3
69.2
69.1

69.1
69.5
69.4
69.3
59.8
69.2
69.1
69.0

69.3
69.5
69.4
69.3
69.1
69.3
69.3
69.2

69.2
69.4
69.4
69.3
69.0
69.3
69.2
69.1

1.3
1.4
1.4
1.3
1.2
1.4
1.3
1.2

1.2
1.4
1.3
1.3
1.0
1.3
1.3
1.2

1.2
1.3
1.3
1.2
1.0
1.3
1.2
1.0

1.2
1.4
1.4
1.3
1.2
1.3
1.3
1.2

1.2
1.4
1.3
1.2
1.0
1.3
1.2
1.0

2.58
2.51
2.52
2.56
2.59
2.53
2.55
2.57

2.58
2.51
2.53
2.57
2.59
2.54
2.55
2.57

2.59
2.52
2.54
2.57
2.60
2.55
2.56
2.58

2.65
2.61
2.61
2.63
2.67
2.63
2.64
2.66

2.66
2.61
2.62
264
2.68
2.63
2.65
2.66

Continued
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(Table 4 concluded)

Moisture (g/100 g)

Treatment
and variety

Brown rice
90 days of storage
P3
P1
P2
P3
P1
Peroxide value (meq/kg)

Initial
P2

Brown rice flour
90 days of storage
P3
P1
P2
P3

P1

Initial
P2

T0 V1

3.09

3.09

3.09

3.09

3.27

3.28

3.28

3.29

3.35

3.36

3.36

3.37

T1 V1

3.09

3.09

3.09

3.09

3.25

3.25

3.26

3.26

3.32

3.32

3.33

3.33

T2 V1

3.09

3.09

3.09

3.09

3.25

3.26

3.26

3.27

3.32

3.33

3.34

3.34

T3 V1

3.09

3.09

3.09

3.09

3.26

3.27

3.27

3.28

3.36

3.336

3.37

3.38

T0 V2

3.11

3.11

3.11

3.11

3.30

3.31

3.31

3.32

3.34

3.34

3.34

3.34

T1 V2

3.11

3.11

3.11

3.11

3.27

3.27

3.28

3.28

3.34

3.34

3.35

3.35

T2 V2

3.11

3.11

3.11

3.11

3.28

3.28

3.29

3.29

3.35

3.35

3.36

3.36

T3 V2

3.11

3.11

3.11

3.11

3.39

3.30

3.30

3.31

3.35

3.36

3.36

3.37

T0 V1

3.3

3.3

3.3

3.3

3.2

3.2

3.1

3.1

3.2

3.1

3.1

3.1

T1 V1

3.3

3.3

3.3

3.3

3.3

3.3

3.3

3.2

3.3

3.3

3.2

3.2

T2 V1

3.3

3.3

3.3

3.3

3.3

3.3

3.2

3.2

3.3

3.3

3.2

3.1

T3 V1

3.3

3.3

3.3

3.3

3.3

3.2

3.2

3.1

3.3

3.2

3.1

3.1

T0 V2

3.2

3.2

3.2

3.2

3.1

3.1

3.0

3.0

3.1

3.0

3.0

2.9

T1 V2

3.2

3.2

3.2

3.2

3.2

3.2

3.1

3.1

3.2

3.2

3.1

3.0

T2 V2

3.2

3.2

3.2

3.2

3.2

3.2

3.1

3.0

3.2

3.1

3.1

3.0

T3 V2

3.2

3.2

3.2

3.2

3.2

3.1

3.1

3.0

3.1

3.1

3.0

3.0

Crude fibre (g/100g)

Factors

SEd

CD (P =0.05)

CD (P = 0.01)

S

0.00059

0.06506

0.08574**

P

0.00184

0.06506

0.08574**

T

0.00201

0.09201

0.12126**

SP

0.00400

0.13013

0.17149**

PT

0.00697

0.18403

0.24252**

ST

0.10926

0.18403

0.24252**

SPT

1.00090

0.36806

0.48504**

**Significant

Cooking quality: The changes in the cooking
quality of the brown rice and flour, namely cooking
time, cooked weight, volume expansion ratio, water
absorption ratio and solid loss in the gruel, were
assessed during the initial and final period of storage.
A slight increase in the cooking time was noticed after
90 days of storage. Negligible difference occurred in
the cooking time between the treatments, packaging
material during the final storage period.
The cooked weight of the rice samples after 90
days of storage showed a mild reduction irrespective
of treatment and packaging materials. As there was
a reduction in the cooked weight a reduction in the
volume expansion ratio was also observed in the rice
samples. Consequent to the reduction in the volume
expansion ratio, there was a decrease in the water
absorption ratio and the brown rice and flour did not

kilogram. The free fatty acid content of brown rice
ranged from 2.49 to 3.7 as given by Das (2012) which
is close to the present investigation.
Peroxide value: As the free fatty acid increased,
corresponding changes was noticed in the peroxide
value of both brown rice and flour and the values
increased after 180 days of storage (Table 4).
Crude fibre: Although a slight decline in the crude
fibre was observed during storage, non-significant
difference was observed between different packaging
materials, treatments and storage period (Table 4).
Vitamins: The B-complex vitamins thiamine,
riboflavin and fat-soluble vitamin – Vitamin E were
analyzed in the samples that were packed in white
canvas bag with dill seed as the grain protectant. These
samples showed very minimum changes in the other
chemical constituents analyzed during storage.
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absorb more of water during cooking. Roy (2010)
studied that cooking process to determine the cooking
time of different forms of rice as, well milled rice
(WMR), partially-milled rice (PMR), germinated
brown rice (GBR) and brown rice (BR) and reported
that cooking time was 22.6, 28.8, 21.4 and 25.3 min
for WMR, PMR, GBR and BR respectively.
Microbial load: A gradual increase in the microbial
load was observed in the brown rice and flour packed
in different packaging materials during storage. The
initial value of bacteria, yeast and fungi was below
detectable level (BDL). A slight increase in microbial
load on storage was observed and the microbial load of
T2V1P2 and T2V2 P2 samples had the minimum increase
in storage. The bacteria, yeast and fungi count of the
samples were 1.5×106, 1.7×106, 1.5×103, 1.7×103,
1.5×104 and 2.2×104cfu/g respectively.
Sensory quality: Organoleptic evaluation of the
brown rice and flour packed in different packaging
materials along with grain protectants were evaluated
for its sensory qualities such as colour, flavour, texture,
taste and overall acceptability by a panel of 15 semitrained judges using 9-point hedonic scale.
The brown rice and flour samples recorded the
maximum value for the sensory quality at the initial
storage period. After 180 days of storage, there was a
slight decrease in the scores in all the treatments and
packaging materials. The samples packed in white
canvas bag with dill seed grain protectants showed
the high value for colour. The characteristic feature
of brown rice was the nutty flavour and was present
in both the varieties. However, this flavour was highly
acceptable. After storage period of 180 days, there was
a slight reduction in nutty flavour but no off-flavours
had developed.
The texture of the rice during initial period of
storage was hard and brittle. After 180 days of storage
due to slight moisture pick up, a very slight reduction
in the hardness of the rice was observed. The overall
acceptability scores of brown rice was in tune with
the scores of colour, flavour, texture and taste raw
and parboiled brown rice samples and were highly
acceptable during the initial storage period.
Jordao et al. (2006) indicated that the raw milled
rice were highly acceptable because of colour, flavour,
texture and taste and the scores were 9.0, and in the
present study raw brown rice also obtained similar
scores.

used in the study, dill seed (1%) was more effective in
enhancing the shelf life of rice of both the varieties.
The most suitable packaging material was found to
be white canvas bag, as they had a storage stability
of 180 days under ambient condition with minimum
changes in the physico-chemical, microbial and sensory
qualities.
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Effect of various storage condition on quality of dried cluster
bean (Cyamopsis tetragonoloba)
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ABSTRACT

Cluster bean (Cyamopsis tetragonoloba L.) or guar bean, an annual legume grown in India,
USA, Australia, Pakistan and Africa, is a rich source of soluble fibre content. For improving its
colour in final products, the samples were blanched at 80°C, for 10 min in a hot water with sodium
bicarbonate, sodium benzoate and magnesium oxide (each at 1.5% concentration). The cluster
beans were blanched and dried in different drying methods viz. sun drying, tray drying (thin layer
and deep bed at 40° and 50°C ) and rotary drying (40° and 50°C after filling 40 and 60% dryer
volume). After drying samples were packaged under vacuum as well as normal condition in low
density poly ethylene (LDPE) and poly propylene (PP) bags and stored at ambient condition.
Storage studies conducted for three months revealed that dried cluster bean samples stored with
LDPE had good quality than the samples stored with PP. Vacuum packed samples were found
with good quality than the normally packed samples. In overall the optimized combination of
drying and packaging was rotary dryer filled to 40% dryer volume, dried at 40˚C packaged in
LDPE under vacuum condition stored at ambient. Cluster bean samples of this treatment recorded
9.42% (db) moisture content, 0.94% protein, 0.478 water activity, - 0.721 as change in greenness
value, 6×103 cfu/gdm of fungal population and 4×105 cfu/gdm of bacterial population after 90
days of storage.
Key words: LDPE, Polypropylene packaging, Protein content cluster bean, Sun drying,
Vacuum packaging
Cluster beans (Cyamopsis tetragonoloba L.) or
guar beans, an annual legume, bears white or rose
flowers, flatter, and is smaller cousin of the regular
green beans. It is widely grown in India, Pakistan,
Texas in USA, Australia and Africa. About 80% of
the world production of cluster bean comes from
India. Edible portion (100 g) of cluster bean contains,
moisture 81.0 g, carbohydrate 10.8 g, protein 3.2 g,
soluble dietary fibre 3.09 g, fat 0.4 g and minerals
1.4  g. Cluster bean have several health benefits in
both vegetable and powder form. Beans are very
nutritious and used after heat treatment like blanching
to destroy the trypsin inhibitor and other anti-nutritional
factors. Cluster bean is rich in soluble dietary fiber
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and lowers blood cholesterol levels. Guar gum is a
common ingredient in fiber-rich drinks marketed as
health drinks. Though cluster bean contains good
nutritional value, they fetch less price in the market due
to poor post-harvest handling. Scientific and technical
knowledge are also scanty related to processing of
cluster bean as legume vegetable. Hence a study was
conducted to extend its shelf life by drying with proper
pretreatments and packaging.
MATERIALS AND METHODS
Sample preparation
Fresh cluster beans, variety CP 78 was purchased
directly from farmers’ field from villages of Coimbatore
district, Tamil Nadu. Fully matured and fresh cluster
beans were washed and excess surface moisture was
removed using tissue papers. Beans were blanched in
hot water containing food additives like magnesium

P KRISHNAKUMAR, R KAILAPPAN, V EYARKAI NAMBI

oxide, sodium bicarbonate, sodium benzoate (each
1.5%) at 80°C for 10 min to inhibit the activities of
enzyme trypsin inhibitor and to retain green colour. The
pretreated samples were dried using different drying
methods viz. sun drying, tray drying (thin layer and
deep bed at 40° and 50°C ) and rotary drying (40° and
50°C after filling 40 and 60% dryer volume).
After drying, cluster beans were packaged in vacuum
packaging (VP) and normal air packaging (NAP) with
low density polyethylene (LDPE) pouches (100 microns)
and polypropylene (PP) pouches (60 microns). The dried
samples were vacuum packed at vacuum to 750 mm of
Hg using lab model vacuum packaging machine (M/s.
Savanna, India. Model-Qs 400VSG). The packed beans
were stored at room condition (temperature 28±2°C
and relative humidity 60±5 per cent) and in every 30 days
samples were taken for quality analysis.

acid. The ammonia in boric acid was titrated against
the standardized HCl using mixed indicator (0.1 g
bromocresol and 0.1 g methyl red in 400 ml of 95%
ethanol). The titre value was noted down at the end
point when the colour turns from green to light pink.
The per cent nitrogen was calculated using titre value.
The protein content was obtained by multiplying the
per cent of nitrogen with the factor 6.25:

Quality analysis
Moisture content of cluster beans were determined
using a hot air oven (AOAC 2005) for uncrushed
materials. The water activity aw was measured using
water activity meter (Aqua Lab, USA).
The colour of cluster beans were measured using
colour meter (CFLX-45, Hunterlab, USA). Colour
was measured from five different samples from each
experiment and the mean value was used. Since,
greenness of the bean is the commercially important
colour parameters, a* coordinate was measured and the
difference in greenness was calculated using eq.1 as
proposed by Devahastin et al. (2004).
		
a–ai
Da = ––––––
(1)
		
ai

Statistical analysis
The data collected on various quality parameters
during the study were statistically analyzed using
software Minitab 4.0 version for four factorial complete
randomized design.The level of significance of drying
methods (D), packaging methods (M) and storage
periods (S) on different quality parameters were
analyzed using two way ANOVA.

where, a and ai are the green colour value of final
and initial sample.
The microbial population was assessed by standard
plate count method for the enumeration of total bacteria,
fungi and coli forms in the sample.
The protein content was estimated following
Micro-Kjeldahl method as represented by Sadasivam
and Manikam (1992), using a laboratory kjel plus
equipment (REC 22238-A2, Pelican equipments,
India). Dried cluster beans sample of 0.3 g was ground
and transferred into the digestion tube. To this, 10 ml
of concentrated sulphuric acid and 3 g of digestion
activator (mixture of potassium sulphate or sodium
sulphate with copper sulphate in 5:1 ratio) were added.
The content was left undisturbed overnight to enhance
digestion and then the material was digested in the
digestion flasks at a temperature of 420˚C. The sample
was distilled by passing steam; ammonia liberated
due to addition of alkali was trapped in 4% boric

Effects of different packaging material and
condition on moisture content
The change in the moisture content in the dried,
packaged and stored samples was determined and
presented in Table 1. These results are in accordance
with Jayashree (2013) who reported an average
moisture content of fresh and dried ginger rhizomes
as 81.70 and 8.85% (wb). Results revealed (Table
2) that irrespective of drying methods adopted, bed
thicknesses followed, drying air temperatures used,
packaging materials and packaging methods followed,
increase in storage period recorded an increase in
moisture content. It may be due to the permeability
of packaging material, hygroscopic nature of the
dried cluster beans samples and partial water vapour
difference that existed between cluster beans and
outside atmosphere. Both the packaging materials
used for packaging the dried cluster beans samples
recorded almost equal moisture content in both types

(V1 – V2) × Na × 14.01
Nitrogen, N (%) = ––––––––––––––––––– × 100
W × 1000

(2)

where, V1, titre value, volume of HCl consumed by the
sample in ml; V2, volume of the blank in ml; W,weight
of sample in g. Na, normality of acid. The protein
content was calculated by N × 6.25 and expressed in
percentage.

RESULTS AND DISCUSSION
From the statistical analysis, it was found that
effects of drying methods (D), packaging methods
(M) and storage periods (S) on all measured quality
parameters of bean was highly significant (P<0.01) at
single factor as well as interaction level.
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Table 1 Effects of different packaging materials and packaging methods on moisture content of dried cluster bean samples
stored during storage
Drying method Storage	      Thin layer / 40% dryer volume*		  	Deep bed / 60% dryer volume *
period, days	    LDPE		     PP		      LDPE		     PP
		 NAP
VP
NAP
VP
NAP
VP
NAP
VP
Sun
CCF

0
30
60
90
Tray dryer 40˚C
0
30
60
90
Tray dryer 50˚C
0
30
60
90
Rotary dryer 40˚C 0
30
60
90
Rotary dryer 50˚C 0
30
60
90

11.67
12.22
12.42
12.57
8.42
9.36
9.72
9.9
8.30
9.18
9.64
9.78
8.91
9.34
9.47
9.57
8.54
9.15
9.36
9.54

11.67
12.12
12.28
12.34
8.72
9.24
9.38
9.48
8.30
9.26
9.39
9.49
8.91
9.30
9.35
9.42
8.54
8.92
9.18
9.30

11.67
12.24
12.44
12.58
8.42
9.56
9.8
9.93
8.33
9.30
9.68
9.94
8.91
9.39
9.56
9.65
8.54
9.57
9.71
9.76

11.67
12.14
12.3
12.36
8.42
9.30
9.60
9.72
8.30
9.28
9.4
9.51
8.91
9.26
9.35
9.42
8.54
9.22
9.40
9.52

12.02
12.54
12.68
12.76
9.50
9.88
9.99
10.1
8.77
9.62
9.85
9.98
9.37
9.78
9.96
10.01
9.03
9.61
9.76
9.83

12.02
12.34
12.58
12.70
9.50
9.76
9.89
9.95
8.77
9.32
9.48
9.6
9.37
9.67
9.75
9.8
9.03
9.34
9.43
9.48

12.02
12.56
12.7
12.78
9.50
9.9
10.01
10.12
8.77
9.64
9.88
9.99
9.37
9.81
9.98
10.05
9.03
9.63
9.78
9.85

12.02
12.42
12.60
12.72
9.50
9.78
9.91
9.97
8.77
9.34
9.5
9.63
9.37
9.69
9.76
9.86
9.03
9.36
9.45
9.5

*Applicable only to rotary dryer

of packaging methods followed. This may be due to
low gas barrier properties of LDPE and PP packaging
materials. From table, it is also seen that thin layer,
higher temperature (50°C) and 40% dryer volume
filled samples recorded lesser moisture content at
any point of time during storage as compared to deep
bed, low temperature (40°C) and 60% dryer volume
filled samples.

packaged in LDPE under vacuum condition was best.
Niranjanaa Devi (2011) reported that the protein values
of retort processed and stored spent layer chicken meat
were 23.74 and 20.58 % on the day one of storage and
after 105 days of storage, respectively.
Effects of different packaging materials and
condition on water activity (aw)
The change in the water activity in the dried,
packaged and stored samples is presented in Table
3. Irrespective of drying methods adopted, bed
thicknesses followed, drying air temperatures used,
packaging materials and packaging methods followed,
increase in storage period recorded an increase in
water activity value. It may be due to increase the
moisture content of stored samples during storage.
It is further seen that all the samples dried in a tray
dryer and rotary dryer recorded a water activity value
less than 0.500, even after three month storage (Table
3). This clearly indicated that dried, packaged and
stored samples are highly safe as per as spoilage by
microorganism is considered. Among all experiments
conducted, pretreated cluster beans samples dried at
50˚C in a rotary dryer filled to 40% dryer volume,
packaged in LDPE packaging material under vacuum

Effects of different packaging materials and
condition on protein content
The change in the protein content in the dried,
packaged and stored samples is presented in Table
2. Irrespective of drying methods adopted, bed
thicknesses followed, drying air temperatures used,
packaging materials and methods followed, increase in
storage period recorded a decrease in protein content
(Table 2). In case of tray and rotary dryers dried
samples at 40° and 50°C either as thin layer (or) deep
bed, filled to 40 and 60% dryer volume recorded a
protein content value of 0.96±2% on day one of storage
and it got decreased to 0.885±0.025% after 90 days
of storage. However, among different experiments
conducted, pretreated cluster beans samples dried in
a rotary dryer at 40°C filled to 40% dryer volume
80
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Table 2 Effects of different packaging materials and packaging methods on protein content (%) of dried cluster bean samples
stored during storage
Drying method

Sun
CCF

Tray dryer 40˚C

Tray dryer 50˚C

Rotary dryer 40˚C

Rotary dryer 50˚C

Storage		   Thin layer / 40% dryer volume 	   	Deep bed / 60% dryer volume*
period, 	      LDPE		     PP		     LDPE		     PP
days
NAP
VP
NAP
VP
NAP
VP
NAP
VP
0
30
60
90
0
30
60
90
0
30
60
90
0
30
60
90
0
30
60
90

0.67
0.65
0.63
0.61
0.96
0.93
0.91
0.89
0.94
0.90
0.88
0.86
0.97
0.94
0.92
0.90
0.95
0.91
0.89
0.87

0.67
0.65
0.64
0.62
0.96
0.94
0.92
0.90
0.94
0.92
0.90
0.88
0.97
0.96
0.95
0.94
0.95
0.93
0.91
0.89

0.67
0.64
0.62
0.60
0.96
0.92
0.90
0.88
0.94
0.89
0.87
0.85
0.97
0.93
0.91
0.89
0.95
0.90
0.88
0.86

0.67
0.64
0.63
0.61
0.96
0.94
0.91
0.89
0.94
0.91
0.89
0.87
0.97
0.96
0.95
0.93
0.95
0.92
0.90
0.88

0.68
0.66
0.64
0.62
0.98
0.94
0.92
0.90
0.97
0.93
0.91
0.89
0.98
0.94
0.92
0.91
0.96
0.92
0.90
0.88

0.68
0.67
0.66
0.65
0.98
0.96
0.94
0.92
0.97
0.95
0.93
0.91
0.98
0.96
0.94
0.93
0.96
0.94
0.92
0.90

0.68
0.65
0.63
0.61
0.98
0.94
0.91
0.89
0.97
0.92
0.90
0.88
0.98
0.93
0.91
0.90
0.96
0.91
0.89
0.87

0.68
0.67
0.66
0.64
0.98
0.95
0.93
0.91
0.97
0.94
0.92
0.90
0.98
0.95
0.93
0.92
0.96
0.93
0.91
0.89

*Applicable only to rotary dryer
Table 3 Effects of different packaging materials and packaging methods on water activity (aw) of dried cluster bean samples
stored during storage
Drying method

Sun
CCF
Tray dryer 40˚C

Tray dryer 50˚C

Rotary dryer 40˚C

Rotary dryer 50˚C

Storage		   Thin layer / 40% dryer volume 	   	Deep bed / 60% dryer volume*
period, 	      LDPE		     PP		     LDPE		     PP
days
NAP
VP
NAP
VP
NAP
VP
NAP
VP
0
30
60
90
0
30
60
90
0
30
60
90
0
30
60
90
0
30
60
90

0.472
0.532
0.559
0.571
0.44
0.471
0.482
0.489
0.426
0.458
0.472
0.481
0.454
0.462
0.478
0.482
0.440
0.456
0.468
0.476

0.472
0.493
0.497
0.502
0.44
0.457
0.467
0.476
0.426
0.450
0.466
0.472
0.454
0.456
0.470
0.478
0.44
0.452
0.460
0.466

0.472
0.530
0.56
0.573
0.44
0.474
0.486
0.49
0.426
0.460
0.475
0.486
0.454
0.46
0.478
0.482
0.44
0.460
0.472
0.480

*Applicable only to rotary dryer
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0.472
0.494
0.498
0.503
0.44
0.459
0.469
0.478
0.426
0.452
0.468
0.475
0.454
0.458
0.462
0.476
0.44
0.456
0.462
0.470

0.485
0.532
0.571
0.601
0.479
0.49
0.496
0.499
0.452
0.474
0.487
0.494
0.465
0.48
0.489
0.491
0.455
0.475
0.484
0.489

0.485
0.502
0.526
0.539
0.479
0.484
0.491
0.495
0.452
0.459
0.473
0.479
0.465
0.478
0.481
0.482
0.455
0.459
0.472
0.478

0.485
0.535
0.573
0.604
0.479
0.49
0.497
0.500
0.452
0.476
0.489
0.496
0.465
0.481
0.490
0.492
0.455
0.475
0.484
0.489

0.485
0.504
0.528
0.541
0.479
0.485
0.492
0.496
0.452
0.46
0.474
0.48
0.465
0.478
0.481
0.483
0.455
0.459
0.472
0.478
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condition was best. Similar water activity results were
reported by Kulandhisamy et al. (2010) in tomato
slices, Kaleemullah and Kailappan (2006) in chillies,
Sudagar (2012) in moringa pods during drying and
storage.

in the present study is that deep bed dried samples and
60% dryer volume filled samples recorded increased
change in colour value (Δa) as compared to thin layer
and 40% dryer volume filled and dried samples. This
may be due to the effect of drying at higher temperature
and prolonged heating at the same temperature due to
increased bed thickness and or increased filled volume.
Among all the experiments conducted, pretreated
cluster beans samples filled to 40% dryer volume in a
rotary dryer dried at 40°C, packaged in LDPE under
vacuum condition recorded minimum change in colour
value (Δa) during drying and during storage period of
three months. Sakhale et al. (2007) reported that hot
water blanching with magnesium oxide 0.1% followed
by drying retained greenness of curry leaves higher
compare to other conditions. Hii et al. (2008) reported
that colour analyses of dried cocoa beans showed no
signiﬁcant difference (P > 0.05) in terms of L*, a*, b*
and h* values between the sun dried and oven dried
samples. Sudha (2009) reported colour (b* value)
of fresh jackfruit bulbs as 54.45 and among all the
treatments studied, jackfruit bulbs in jack fruit pulp of
20°B, packaged in cans, processed at 85˚C and stored
for 12 months recorded maximum ‘b*’ value of 54.14,
which was almost equal to that of fresh bulbs.

Effects of different packaging materials and
condition on change in colour value (Da)
The change in colour value (Δa) in the dried,
packaged and stored samples is presented in Table
4. Irrespective of drying methods adopted, bed
thicknesses followed, drying air temperatures used,
packaging materials and packaging methods followed,
increase in storage periods recorded an increase
in change in colour value (Δa) i.e. green colour
decreased with increase in storage period. This may
be due to drying operation, which changed the surface
characteristics of cluster beans samples and hence
altered the reflectivity and colour.
Chemical changes in chlorophyll pigments were
caused by heat and oxidation during drying. In general,
longer drying times and higher drying temperatures
produce greater pigment losses. Oxidation and residual
enzyme activity also caused browning of products
during storage. Another important observation made

Table 4 Effects of different packaging materials and packaging methods on change in green colour value (‘∆a’) of dried cluster
bean samples stored during storage
Drying method

Sun
CCF

Tray dryer 40˚C

Tray dryer 50˚C

Rotary dryer 40˚C

Rotary dryer 50˚C

Storage		   Thin layer / 40% dryer volume 	   	Deep bed / 60% dryer volume*
period, 	      LDPE		     PP		     LDPE		     PP
days
NAP
VP
NAP
VP
NAP
VP
NAP
VP
0
30
60
90
0
30
60
90
0
30
60
90
0
30
60
90
0
30
60
90

-0.763
-0.803
-0.820
-0.836
-0.805
-0.837
-0.856
-0.871
-2.560
-2.598
-2.646
-2.692
-0.699
-0.730
-0.741
-0.752
-0.737
-0.768
-0.778
-0.783

-0.763
-0.793
-0.803
-0.813
-0.805
-0.825
-0.835
-0.843
-2.560
-2.582
-2.612
-2.648
-0.699
-0.711
-0.716
-0.721
-0.737
-0.752
-0.762
-0.768

-0.763
-0.806
-0.823
-0.839
-0.805
-0.841
-0.861
-0.876
-2.560
-2.602
-2.656
-2.700
-0.699
-0.732
-0.745
-0.755
-0.737
-0.771
-0.780
-0.785

*Applicable only to rotary dryer
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-0.763
-0.795
-0.806
-0.815
-0.805
-0.828
-0.837
-0.848
-2.560
-2.588
-2.632
-2.656
-0.699
-0.714
-0.719
-0.726
-0.737
-0.755
-0.765
-0.770

-1.018
-1.043
-1.065
-1.077
-1.112
-1.151
-1.170
-1.180
-2.720
-2.792
-2.816
-2.876
-0.761
-0.788
-0.799
-0.805
-0.771
-0.795
-0.803
-0.806

-1.018
-1.030
-1.046
-1.056
-1.112
-1.147
-1.165
-1.170
-2.720
-2.778
-2.802
-2.854
-0.761
-0.779
-0.788
-0.794
-0.771
-0.787
-0.796
-0.800

-1.018
-1.046
-1.067
-1.079
-1.112
-1.154
-1.171
-1.183
-2.720
-2.806
-2.826
-2.892
-0.761
-0.790
-0.801
-0.809
-0.771
-0.798
-0.805
-0.809

-1.018
-1.032
-1.048
-1.058
-1.112
-1.149
-1.166
-1.173
-2.720
-2.800
-2.818
-2.864
-0.761
-0.781
-0.790
-0.796
-0.771
-0.789
-0.798
-0.802
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Effects of different packaging materials and
condition on fungal and bacterial population
During storage, fungal population increased from
zero value on day one of storage to less than 9 ×
103cfu/gdm at the end of 3 months storage. Vacuum
packaged samples recorded lesser microbial load
as compared to the corresponding sample packaged
as normal air packaging. This may be due to nonavailability of required quantity oxygen in the vacuum
packaged samples for the microbes to grow. Pretreated
cluster beans samples dried in a rotary dryer filled to
40% dryer volume dried at 50°C, packaged in LDPE
film under vacuum condition recorded minimum
fungal population of 0, 1, 3 and 6× 103cfu/gdm on
day one of storage, 1st, 2nd and 3rd months of storage,
respectively.
Among all drying and packaging studies
conducted, pretreated cluster beans samples, dried in
a rotary dryer at 50°C filled to 40% dryer volume,
packaged in LDPE film under vacuum packaging
condition recorded a minimum bacterial population
of 0, 0, 1 and 2× 105cfu/gdm after 1, 30 , 60, and
90 day of storage, respectively. On the other hand,
pretreated cluster beans dried on cement concrete floor
directly under sunlight, packaged in PP as normal
air packaging (NAP) recorded maximum bacterial
population of 0, 1, 4, and 8× 105cfu/gdm after day
one, 30th, 60th and 90th day of storage, respectively.
All other samples recorded a bacterial population
in between these two values. Similar microbial
population results were reported by Kavitha (1999)
for greenhouse dried copra samples which was 2.83
× 106 cfu and 3.99 × 106 cfu for sun dried samples;
and Sudha (2009) for jack fruit bulbs found that it
varied from 5.11 to 5.46 log cfu/g.

stakeholder to adopt the optimized condition while
processing cluster bean.
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CONCLUSION
In order to extend the shelf life of cluster bean, a
study was carried out. The effect of different drying
method followed by different storage condition on
various quality parameters of cluster bean were
evaluated. Among all the drying, packaging and storing
studies conducted, pretreated cluster bean sample dried
in a rotary dryer at 50°C filled to 40% dryer volume,
packaged in LDPE film under vacuum packaging
condition recorded minimum bacterial population of
0 and 2× 105cfu/gdm after 1 and 90th day of storage,
respectively. These findings would be useful for the
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Moisture content variations in stacks of paddy, rice (Oryza sativa) and
wheat (Triticum aestivum): A case study
VIJAY K SINGH*, D K SHARMA, M K GARG, AMANDEEP SINGH
All India Coordinated Research Project on Post-Harvest Engineering and Technology,
Department of Processing and Food Engineering, COAE&T,
Chaudhary Charan Singh Haryana Agricultural University, Hisar, Haryana 125 004, India
ABSTRACT

This study depicts the variation of m.c. in stored wheat (Triticum aestivum L.), rice (Oryza
sativa L.) and paddy food grains. The experiment was conducted at the Central Warehousing
Corporation Karnal III, Rev. Distt. Karnal, FCI Dist. Karnal, FSD (Food Storage Depot) Barwala, Rev. Distt. – Hisar, FCI Distt.-Hisar and FSD Naraina, Rev. Distt.-South/west, Delhi,
FCI (Food Corporation of India) Distt.-Mayapuri, Delhi, for determining storage losses of food
grains. It was observed that wheat stocks gained the weight and was found to be maximum
gain of 0.60% (godown) and 0.87% cover and plinth. Rice stacks showed loss in weight, being
2.99% as maximum, while for the paddy stacks the maximum loss was found to be 3.07% (CAP)
over 1 year of storage study.Wheat stacks gained weight was less in godown storage than CAP
storage structure.
Key words: CAP, Food grains, Godowns, Sampling, Weight gain, Weight loss
Food grains form an important part of the Indian
diet. Grain production has been steadily increasing
because of advancement in production technology.
However, improper storage results in high losses in
grains. According to World Bank Report (1999), postharvest losses in India amount to 12 to 16 million
tonnes of food grains each year, an amount that the
World Bank stipulates could feed one-third of India’s
poor. The monetary value of these losses amounts
to more than ` 50,000 crore per year (Singh, 2010).
Thus, the post-harvest losses have impact at both
the micro and macro levels of the economy. Natural
contamination of food grains is greatly influenced
by environmental factors such as type of storage
structure, temperature, pH, moisture (Sashidhar et al.,
1992). Types of structure used, length and purpose
of storage, grain treatment (e.g. parboiling) and prestorage practices are all important variables affecting
storage losses. The importance of these regional
and crop variations immediately determines certain
necessary characteristics of crop storage research
(Greeley, 1978). During storage, quantitative as well
*
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as qualitative losses occur due to insects, rodents, and
micro-organisms. A large number of insect pests have
been reported to be associated with stored grains. The
occurrence and numbers of stored grain insect pests are
directly related to geographical and climatic conditions.
Almost all species have remarkably high rates of
multiplication and, within one season, may destroy
10-15% of the grain and contaminate the rest with
undesirable odours and flavours. Insect pests also play
a pivotal role in transportation of storage fungi (Sinha
and Sinha, 1990).The storage methods range from mud
structures to modern bins. The containers are made
from a variety of locally available materials differing
in design, shape, size and functions. The materials
used include paddy straw, wheat straw, wood, bamboo,
reeds, mud, bricks, cowdung etc. Grains can be stored
indoors, outdoor or at underground level (Channal et
al., 2004). Bulk storage of produce is done mainly
in warehouses. Warehouses are scientific storage
structures especially constructed for the protection of
the quantity and quality of stored products. In India,
the warehouses are owned by the Food Corporation
of India (FCI), Central Warehousing Corporation
(CWC), or the State Warehousing Corporation. The
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Fig. 1. W form of sample collection

Fig. 2. Z form of sample collection

Food Corporation of India is the single largest agency
which store food grains in the warehouses.
At any given time 60-70% of grains is stored on
the farm in traditional structures like kanaja, kothi,
Sanduka, earthern pots, gummi and kacheri. However,
indigenous storage structures are not suitable for
storing grains for very long periods. Here in lies
the significance of improved storage structures and
scientific storage of grains in form of warehouses.
These provide safe and economical means of grain
storage for long durations (Gaur, 2015).The perennial
problem of the National Food Authority is weight loss
of cereal stocks in its warehouses. Though warehouses
are one of the best storage structures, there are storage
losses in the stored grains. An RTI reply has revealed
that at least 17,546 tonnes of food grains was damaged
between 2009–10 and July 2012 in Food Corporation
of India (FCI) godowns (Times of India, 2013). If this
is the situation of the India’s best storage facilities then
the situation of other storages can be thought of. So,
it is needed to check the grains randomly to check the
infestation and to do whatever is suitable to protect
the grains from further damage.

Fig. 3. Sample collection
from subsamples

the four lateral sides and from the top of the stack.
The samples were taken in W or Z form (Figs 1, 2)
from the stacks. Two kilogram samples of each stack
were mixed thoroughly. The 2 kg sample was then
divided into four subsamples of 500 g with the help
of sample divider. The m.c. of the each subsample
was determined. The subsample of 500 g grains were
spread on a plate and then the sample were taken from
the nine random places (Fig. 3). The total 20 g sample
was taken for analysis from the subsamples.
Selection and liquidation of stacks
The two numbers of chambers/CAP were selected
each for wheat, rice and paddy, thus storing 8 stacks
in each selected depot for 4 spells of storage periods
for selected commodity. Two stacks for each spell of
3, 6, 9 and 12 months were weighed and liquidated.
RESULTS AND DISCUSSION

The experiment was conducted at FSDBarwala, CWC Karnal and FSD Naraina, New
Delhi, for the determining storage losses of food
grains in FCI. Present status of storage study of
food grains (Table 1) for the commodities like
wheat, rice and paddy are as follows:

MATERIALS AND METHODS

The wheat and rice food grains were stored in

The stacking of the wheat (Triticum aestivum
L.), rice (Oryza sativa L.) and paddy food grains
was carried out in the FCI/CWC warehouses/CAP.
The samples were collected from the stacks time
to time for further analysis. The experiment on the
stored grains was carried out with the collaboration of
CWC, Karnal III, Rev. Karnal, FCI Dist. Karnal, Food
Storge Depot (FSD)-Barwala, Rev. Dist.- Hisar, FCI
Dist.- Hisar and FSD-Naraina, Rev. Dist.-South/West,
Delhi, FCI Dist.- Mayapuri, Delhi, India. Weight loss/
gain (weight and m.c. of the stacks from stacking to
liquidation) of stored grains were determined as per
prescribed performa.

Table 1. Commodities-wise stacks position at different sites
Name of
Depots
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Commodities

No. of
stacked
stacks
(72)

No. of
liquidated
stacks
(72)

CWC,
Karnal

Warehouse Wheat
Rice

4+4
4+4

16

FSD-FCI,
Barwala

Warehouse Wheat
Rice

4+4
4+4

32

CAP

Wheat
Paddy

4+4
4+4

Warehouse Wheat
Rice

4+4
4+4

CAP

4+4

FSD-FCI,
Mayapuri

Sampling procedure of grains
The samples were collected fortnightly, from all

Storage
type

Wheat

24

CONTROLLED ATMOSPHERE AND FUMIGATION IN STORED PRODUCTS

Table 2.
Warehouse location
CWC, Karnal
FSD, Barwala

FSD, Naraina

Weight loss/gain (%) after months during storage of food grains

Commodity

Stacking month

Loss/gain, % after months
3

6

9

12

Wheat

Oct. 2013

+0.21

+0.01

+0.60

+0.46

Rice

Aug. 2013

–1.00

–0.90

–0.92

–0.54

Wheat

Dec. 2013

+0.22

+0.13

+0.33

+0.44

Rice

Jan. 2014

–0.45

–0.78

–0.98

–1.20

Wheat
(CAP)

Jan. 2014

+0.09

+0.46

+0.87

+0.22

Paddy
(CAP)

Jan. 2014

–1.72

–3.07

–2.89

–2.38

Wheat

Sep. 2014

–1.10

–1.95

+0.24

–0.30

Rice

Jan. 2014

–0.88

–1.73

–2.48

–2.99

Wheat
(CAP)

Aug. 2014

–1.52

+0.19

–0.16

+0.27

chambers at CWC Karnal III, Rev. Dist. Karnal,
FCI Dist. Karnal in October 2013 and August 2013
respectively (Table 2). The maximum weight gain
was found 0.60% in July 2014, followed by 0.46%
(October 2014), 0.21% (May 2014) and 0.01% (May
2014) during 12 months storage period of wheat grains.
Similarly, maximum weight loss was found 1.0% (May
2014) followed by 0.92% (May 2014), 0.90% (May
2014) and 0.54% (August 2014) during 12 months
storage period of rice.
The wheat, rice and paddy food grains were stored
chambers/CAP at the FSD Depot - Barwala, Rev.
Dist. - Hisar, FCI Dist.- Hisar in December 2013, and
January 2014 for wheat and rice in covered godown and
January 2014 for wheat and paddy in CAP. In covered
godowns, the maximum weight gain was found 0.44%
(December 2014), followed by 0.33% (September
2014), 0.22% (April 2014) and 0.13% (June 2014)
during 12 months storage of wheat. Similarly, the
maximum weight loss was found 1.20% in February
2015, followed by 0.98% (November 2014), 0.78%
(July 2014), and 0.45% (June 2014) during 12 months
storage period of rice. In CAP, the maximum weight
gain was found 0.87% in October 2014, followed by
0.46% in July 2014, 0.22% in January 2015 and 0.09%
in April 2014 during the 12 months storage period of
wheat. Similarly, maximum weight loss was found
3.07% in July 2014, followed by 2.89% in October
2014, 2.38% February 2015 and 1.72% in April 2014
during 12 months storage period of paddy.
The wheat and rice food grains were stored in
chambers/CAP at FSD, Naraina, Rev. Dist. South/
West, Delhi, FCI Dist. Mayapuri, Delhi, in September
2014 and January 2014 for wheat and rice in covered

godown and August 2014 for wheat CAP. In covered
godowns, the maximum weight gain was found 0.24%
May 2015 and the maximum weight loss of 1.95% in
February 2015, followed by 1.10% (November 2014),
and 0.30% (August 2015) during 12 month storage
period of wheat. Similarly, the maximum weight
loss was found 2.99% in January 2015, followed by
2.48% (November 2014), 1.73% (July 2014) and
0.88 (April 2014) during 12 months storage storage
period of rice.
In CAP, the maximum weight gain was found
0.27% during August 2015, followed by 0.19%
(February 2015) and the maximum weight loss of
1.52% was recorded in November 2014, followed
by 0.16% (May 2015) during the 12 months storage
period of wheat.
CONCLUSION
The present study was carried out at CWC
(Central Warehousing Corporation) Karnal III, Rev.
Dist. Karnal, FCI Dist. Karnal, FSD (Food Storage
Depot) - Barwala, Rev. Dist. – Hissar, FCI Dist.-Hissar
and FSD Naraina, Rev. Dist.-South/west, Delhi, FCI
(Food Corporation of India) Dist.-Mayapuri, Delhi
for the determining the moisture variation in stored
wheat, rice and paddy food grains. The major findings
observed during the 12 months storage study of food
grains are: wheat stacks gained the weight (0.60% in
godown and 0.87% in CAP) as maximum gain; rice
stacks lost weight, being 2.99% as maximum loss;
paddy stacks lost the weight, being 3.07% (CAP)
as maximum loss; and wheat stacks gained weight,
being less in godown storage as compared to CAP
storage structure.
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Levels of Ochratoxin A in cocoa beans (Theobroma cocoa) from
Western regions of Ghana
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ABSTRACT

Ochratoxin A (OTA), a potent toxin, is a secondary metabolite produced by filamentous
fungi, Aspergillus and Penicillium present in a wide variety of foodstuffs. Ochratoxin A can
contaminate a wide variety of foods as a result of fungal infection in crops, in the field during
growth, at harvest, in storage and in shipment, depending on environmental conditions especially
when they are not properly dried, causing health concerns. Thirty-two samples of cocoa beans
(Theobroma cocoa L.) obtained from Western North (WN) and Western South (WS) regions of
Ghana, were analysed using HPLC with a fluorescence detector. The range of concentrations
obtained were 0.186 to 1.557 μg/kg (mean 0.928) for WS and 0.393 to 4.650 μg/kg (mean 1.802)
for WN region. From the results of the study, 80% of the samples had OTA concentrations below
the draft standard of 2 μg/kg proposed by the European Union (EU) for cocoa beans and 20%
had concentrations above the draft standard proposed by the EU. The WN region recorded the
highest OTA level of 4.650 μg/kg for samples from Sefwi Kaase from WN region and the lowest
OTA concentration of 0.186 μg/kg was recorded for samples from Manso Amenfi from the WS
region. The low levels of OTA detected in this study indicate that exposure of OTA to humans
through consumption of cocoa beans from the areas under study is unlikely to be of health concern.
Key words: Cocoa beans, European Union proposed standard, Flourescence detector, HPLC,
Ochratoxin A
Ochratoxin A (OTA) can contaminate a wide
variety of foods due to fungal infection in crops, in
the field during growth, at harvest, in storage and in
shipment under favourable environmental conditions
especially when they are not properly dried. Cocoa
beans (Theobroma cocoa L.) are normally placed in
heaps and fermented prior to drying and then transported
for processing. Thus during the fermentation phase the
cocoa beans can be colonized by Aspergillus ochraceus
Wilhelm resulting in OTA contamination. The OTA
may be present in a foodstuff even when the visible
mould is not seen. It is a potent toxin affecting mainly
the kidney (Van der Merwe et al., 1965; Li et al.,
1997). These fungi are ubiquitous and can occur in
2
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tropical and temperate climates. Besides the presence
of nutrients, the most important factors for growth and
mycotoxin production are temperature, water activity
(aw) and oxygen.
The presence of OTA in food is of great concern
due to its chronic effects at low levels of exposure,
in humans; severe dietary exposure to Ochratoxin A
has been associated with chronic, progressive, Balkan
endemic nephropathy which is a kidney disease
(Chukwuka, 1997; Badru, 2005; Ogunledun, 2007).
Consumer exposure to OTA is reported to be
increasing gradually and in order to protect consumers
the European Union has drawn up a standard to define
tolerable contamination limits (European Commission,
1995). As these toxicants can never be completely
removed from the food supply, many countries have
defined levels in food (tolerances, guideline levels,
maximum residue levels) that are unlikely to be of
health concern (Stoloff et al., 1991).
The lack of data pertaining to OTA intakes from
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cocoa products makes it difficult to assess the health
risks to consumers, thereby crippling governmental
and international agencies regulatory safety measures.
Since Ghana is one of the leading exporters of cocoa
worldwide, it is therefore necessary to monitor the
levels of OTA in cocoa beans to determine whether
the cocoa beans produced in Ghana conforms to
international standards.

PBS at approximately one to two drops per second,
maintaining approximately 1 cm of solvent above
the IAC antibodies at all times. A receiving flask was
placed under the column to collect the eluate. Then 20
ml of the sample mixture was taken and loaded onto an
empty glass column connected to the immunoaffinity
column and released onto the column at a flow rate of
1–2 ml/min. The immunoaffinity column was washed
with 10 ml distilled water and then with 20 ml PBS
to remove non-specific components. The OTA was
slowly eluted using 1.5 ml mixture of acetic acid and
methanol (2:98, v/v) at a rate of 1–2 drops/s. Then
the column was washed with 1.5 ml distilled water
and added to the mixture to obtain a final volume
of 3.0 ml. This was then analysed using HPLC with
fluorescence detector.

MATERIALS AND METHODS
Acetonitrite and methanol were of HPLC grade
(Park Scientific Limited, UK). Acetic acid, sodium
bicarbonate and phosphate buffered saline were all
analytical grade. Immunoaffinity columns for OTA
(AFLAOCHRA PREP) and OTA standard were from
R-Biopharm Ltd, Scotland and filter paper from
Whatman Int. Ltd.

Recovery of Ochratoxin A
Recovery test was performed by spiking cocoa
samples with 0.5 ng/ml, 0.2 ng/ml and 0.1 ng/ml OTA
standards. Exactly 15 g milled cocoa samples were
spiked with 1 ml OTA standards. The samples were
extracted after standing for 15 min. The spiked samples
and blank samples without standard OTA were then
extracted and analyzed by HPLC.

Analysis of Ochratoxin A by HPLC
The analysis was carried out by a reversed-phase
HPLC system using Mediterranean SEA18 5 µm
(25 cm × 0.46 mm). The separation was performed
using isocratic mode at excitation and emission
wavelengths of 333 mm and 460 nm respectively.
The mobile phase was a mixture of acetonitrile/water/
glacial acetic acid (55:43:2, v/v) with a flow rate of
1 ml/min and was injected at 100 µl maintaining a
column temperature at 40oC. For creating calibration
curve, five calibration points were obtained from
2 ng/ml, 4 ng/ml, 6 ng/ml, 8 ng/ml and 10 ng/ml
concentrations. Standard curve was plotted from the
peak areas against concentrations.

RESULTS AND DISCUSSION
The HPLC chromatogram showing the retention
time of the standard OTA and the calibration curve
of the standard OTA are presented in Fig. 1a and Fig.
1b respectively. Retention time for OTA was 7.17
min, the limit of detection (LOD) was 0.1 µg/kg and
the limit for quantification (LOQ) was 0.4 µg/kg.
Percentage recoveries of the various analytes ranged
from 84 to 95%.
The OTA was detected in 10 out of the 18
samples analysed from the Western North Region.
The highest concentration of OTA (4.650 µg/kg) was
found in cocoa beans sampled from Sefwi Kaase and
the lowest (0.393 µg/kg) in cocoa beans sampled
from Debiso ‘A’ (Fig. 2). The levels ranged from
ND to 4.650 µg/kg and the mean concentration was
1.802 µg/kg. All samples analysed were below EU
permissible limit of 2 µg/kg except for samples
from Bonso Nkwanta ‘A’, Sefwi Kaase, Sefwi
Asawinso which were 4.221, 4.650 and 2.595 µg/
kg respectively.
The OTA was detected in five (5) out of the
fourteen (14) samples analyzed from the Western South
region. The highest concentration of OTA (1.557 µg/
kg) was found in cocoa beans sampled from Tarkwa
and the lowest (0.186 µg/kg) in cocoa beans sampled
from Manso Amenfi. The levels ranged from ND to

Extraction of Ochratoxin A
Extraction of OTA was performed in alkaline
conditions as per the method described by Tafuri et
al., 2004) and Amézqueta et al. (2005). Approximately
200 g cocoa beans were weighed and deshelled. The
hammer mill was used in milling the cocoa beans
sampled for Ochratoxin A analysis. Exactly 15 g of
each sample was weighed into a 250 ml beaker. Then
150 ml aqueous solution of a mixture (50 : 50 v/v) of
methanol/ sodium bicarbonate 3% (m/v) was added
and the mixture homogenized using the ultraturax
for 2 minutes. The mixture was decanted and filtered
using the Whatman filter paper no. 4 into a 250 ml
conical flask. Then 11 ml aliquot of the filtrate was
pipetted into a 100 ml beaker and an equivalent volume
of Phosphate Buffered Saline (PBS) was added,
ready for clean up using immunoaffinity column.
The immunoaffinity column which was specific for
OTA containing antibodies was placed on an SPE
manifold (Supelco) and conditioned with 5 ml of
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Fig. 1. (a) HPLC chromatogram showing the retention time of the standard Ochratoxin A (µg/kg), (b) Calibration curve
of Ochratoxin A (µg/kg)
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Fig. 2. Concentration of Ochratoxin A (μg/kg) in samples of cocoa beans from the Western North region

1.557 µg/kg and the mean concentration was 0.928 µg/
kg (Fig. 3). All samples analysed were below proposed
EU level of 2 µg/kg for cocoa beans.
Ochratoxin A contamination appears to be
associated with the integrity (intactness) of the pods
from which they were obtained, duration and conditions

of drying, farm to farm practices and season of primary
processing. Ghana Cocoa Board recommendation to
farmers is that damaged and diseased pods should not
be fermented with wholesome pods, and that beans
should be dried to completion in maximum of seven
days. The study shows that if these conditions are
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Fig. 3. Concentration of Ochratoxin A (μg/kg) in samples of cocoa beans from the Western South region
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adhered to, contamination of Ghana’s Cocoa beans
by Ochratoxin A can be entirely prevented (Abrokwah
et al., 2013).
The low levels of Ochratoxin A reported in this
study indicated that the quality of cocoa in most of the
districts are good. The low incidence in Ochratoxin
A contamination indicated a low rate of infection of
the Ochratoxin A producing fungi which may be due
to good storage and weather conditions in the food
supply. Since Ochratoxin A is stable and generally
resistant to heat and processing, control of Ochratoxin
A contamination lies in the control of the growth
of the toxin-producing fungi. Effective prevention
of Ochratoxin A contamination therefore depends
on good farming and agricultural practices. Good
agricultural practices (GAP) including methods to
reduce fungal infection and growth during harvesting,
storage, transport and processing provide the primary
line of defense against contamination of crops with
Ochratoxin A.
The average concentrations of OTA found in cocoa
beans (exportable, non-exportable and total) are below
the maximum residue of OTA (2 µg/kg), proposed by
the regulation of the European Communities (Codex
Alimentarius Commission, 2008). This low rate of OTA
indicates the application of good production practices
and marketing of cocoa beans.

beans from the areas under study is unlikely to be
of health concern.
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CONCLUSION
The results from the study indicated that, out of
the 32 samples analysed, OTA was detected in 15
samples, and 3 samples had levels above EU proposed
limit of 2 µg/kg. From the results of the study, 80% of
the samples had OTA concentrations below the draft
standard of 2 μg/kg proposed by EU for cocoa beans
and 20% had concentrations above the draft standard
of 2 μg/kg proposed by EU.
The Western North region recorded the highest
OTA level of 4.650 μg/kg for samples from Sefwi
Kaase and the lowest OTA concentration of 0.186
μg/kg was recorded for samples from Manso Amenfi
from the Western South region. The low levels of
OTA detected in this study indicated that exposure
of OTA to humans through consumption of cocoa
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Impact of chemical pesticides for stored grain protection on
environment and human health
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ABSTRACT

Modern agriculture heavily depends on application of chemical pesticides right from crop
production to grain storage system. In fact dynamism present in soil micro eco-system as a gift
of nature, helps in reducing the pesticide residues in final crop products. However, the dynamics
and eco-system of grain storage being quite different, it faces lots of challenges in the context
of food safety and concerns related to environment and human health. Through a field study on
storage of wheat (Triticum spp.) and chickpea (Cicer arietinum L.) conducted by our group in
Haryana and Madhya Pradesh in India, it has been found that chlorpyrifos (for surface treatment),
malathion and aluminium phosphide tablets as fumigants were invariably used for controlling
grain storage pests like Rhyzopertha dominica (Fabricius), Callosobruchus spp. etc. Literature
survey and in-depth research work on application of chlorpyrifos related to two aspects, i.e.
‘soil-plant matrix’ and ‘stored grain matrix’, carried out in our Agro-Ecology Lab reveals that
dissipation pattern of chlorpyrifos (CPF) is matrix dependent and kinetics of generation of its
dangerous metabolite chorpyrifos-oxon (~3000 times more neurotoxic) is very different under
above two micro eco-system conditions. The resultant toxicity, i.e. chlorpyrifos and its metabolite
chorpyrifos-oxon, together may seriously affect the quality of stored grains. Similarly, impact
of malathion (MA), its metabolite malaoxon and aluminium phosphide (AlP) tablets (releasing
phosphine gas) on environment as well as human health have been reported by many researchers.
Surprisingly, studies on effect of these chemical pesticides on quality of food/grain matrix have
not been found in literature. In the present paper, an overview on status of application and impact
of chlorpyrifos, malathion and AlP tablets used for stored grain protection is presented. Based
on field experience and experimental work, important niche area of research are identified and
discussed. Need of evolving guidelines for MRLs under Indian agro-climatic and socio-cultural
conditions is strongly felt for ensuring food safety and human health.
Key words: AlP tablets, Chickpea, Chlorpyrifos, Dissipation, Malathion, Soil
In prevailing paradigm of development, with
expanding horizon of economy in agriculture sector,
dependence on agro-chemicals for various applications
including domestic sector has been increasing world
over (CSE, 2005). Having adopted modern agriculture
system, India is also following the same path. Massive
use of chemical fertilizers and pesticides has resulted
in dwindling human health and deteriorating quality
of various environmental components (soil, water,
air); which consequence food matrix contamination
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(EPA, 2002). Therefore, alternatives are being explored
world over.
In view of the above, a field study on consumption
of various pesticides in National Capital Region
(NCR), India, and status of pesticide use in large
scale and domestic level grain storage system in
Haryana was carried out. It reveals that chlorpyrifos
is most consumed pesticide in NCR (Kadian, 2010)
for controlling agriculture and domestic insect-pests
(aphids, white fly, leptinotarsa, termites etc). In large
scale grain storage system managed by Government
agencies and National Bank for Agriculture and Rural
Development (NABARD) funded Warehouses etc.,
chlorpyrifos (as surface treatment), malathion and
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aluminium phosphide (AlP) used as fumigants are
invariably applied (FCI, 2015). All these pesticides
have been reported very harmful to human as well as
environment. Therefore, in the present paper an effort
is made to understand the comprehensive view of these
pesticides. Also, dissipation behaviour of chlorpyrifos
in different matrix, i.e. ‘soil-plant matrix and grain
matrix’ was explored experimentally.

increasing the chances of indirectly exceeding the
recommended doses.
Lipophilic nature of CPF makes it more deadly.
Being lipophilic (attracted to fatty body tissues),
it is in a stored-release mode and transformed to
chlorpyrifos-oxon, stretching its effect for longer
duration (Chambers and Carr, 1993); this cause liver
malfunction, neurobehavioral problems, alter genetic
material and birth defects (Whyatt et al., 2004). An
important metabolite, i.e. Oxon, is about 3000 times
more potent against the nervous system as compared
to chlorpyrifos (Sultatos, 1991). Chlorpyrifos was
detected in 85% of 20 blood samples ranged from
ND–0.4965 mg/l (CSE Report, 2005). Further in
chlorination process, active chlorine dispersed in water,
induces the rapid abiotic transformation of chlorpyrifos
to oxon (Wu and Laird, 2003). Infact, it may lead to
more life-threatening situation. TCP (CPF metabolite)
is more readily taken up by plants than chlorpyrifos.
Hence in 2000, EPA announced an agreement with
chlorpyrifos registrants to eliminate certain uses of this
pesticide (EPA, 2002), such as foods frequently eaten
by children, school premises and parks etc.
Malathion: Malathion (MA) released into
atmosphere generally form droplets that fall on ground
covers including plants, animals, soil, water resources,
buildings etc., after its application. Malathion and
its intermediate malaoxon (formed by oxidation in
sunlight) can be present in air by drift from non-target
sites. Due to volatilization of malathion, the quality air
and the nearby field is adversely affected. In a study, it
is reported that 92% of total malathion applied remains
on ground surfaces which in turn may affect terrestrial
life (Segawa et al., 1991). In soil micro eco-system,
malathion is mainly degraded by biodegradation
(aerobic mode mainly at pH < 7). Various intermediates
include mono and dicarboxylic acid, malaoxon, ethyl
hydrogen fumarate, diethyl thiosuccinate and CO2
as found in lab studies. Half life of malathion is
approximately 3 and 7 days, respectively, in alkaline
and acidic soil. Malathion enters water-bodies due to
agricultural runoff and its degradation depends on pH.
Rate of hydrolysis is slower than biodegradation at
pH 7 (Neal et al., 1993). Sometimes malathion moves
to groundwater and contaminate it due to non-point
source application (Schuette et al., 2005).
Absorbed malathion can be transported by blood
and distributed to many organs and tissues including
the liver where it is metabolized to form malaoxon.
Due to low persistence, it is eliminated through urine.
Malathion has various ill-effects on human health
which ranges from minor to complicated health
hazards. On the basis of various tests performed on

Impact of chlorpyrifos, malathion and aluminium
phosphide on environment and human health—an
overview
Based on literature studies, general information
about 3 important pesticides, viz. chlorpyrifos,
malathion and AlP, used in stored grain protection
and other agricultural applications are briefly
summarized and their recommended doses are shown in
Table 1. Impact of these pesticides on human health and
environmental eco-system is presented and discussed.
Chlorpyrifos: Chlorpyrifos (CPF) is a broadly
active moderately hazardous, Class II insecticide and
it is now one of the top five commercial insecticides
(Mori et al., 2006). Chlorpyrifos contamination has
been found even up to 15 miles from the site of
application. Its presence in California fog (Seiber et
al., 1993) clearly shows that contamination can spread
to long distances. There are a number of research
reports, revealing ecological toxicity of CPF. In the
presence of CPF, several negative effects such as on
larvae of all insect spp., reduced N-P availability in
soil, the growth of beneficial soil fungi; nitrogen-fixing
bacteria etc. have been documented (Sardar and Kole,
2005). Not only in the ecosystem but a number of
studies have evident that pesticide residues penetrate
the grains (Uygun et al., 2005) and by means of
accumulation find its way in food commodities, thus
Table 1. Recommended doses of three insecticides used in
large scale grain storage system
Insecticide

Recommended dose

Chlorpyrifos

20 ec chlorpyrifos diluted with water (1:19)
is sprayed at a dose of 3 L/100 m2

Malathion

50 ec formulation is used twice in a month,
i.e. @ 15 days intervals. It is applied on the
bags in 1:100 ratio, i.e. 1 litre malathion/100
litres of water
2% Malathion dust - For grain treatment415 g/1,000 kg to 735 g/1,000 kg on the
basis of grain types
For surface treatment 4.5 kg/100 m2

Aluminium
phosphide
(AlP)

Three tablets of 3 g aluminum phosphide
are used per tonne stored grains
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bacteria, fishes, fruit flies and human cell culture in
different laboratories across the world during 1978 to
1995, it is reported genotoxic (Giri et al., 2002) and
carcinogenic by some researchers. It also alters immune
system and may alter hematopoietic system at higher
doses. Chronic exposure to malathion leads to decrease
in RBC’s, Hb and PCV% in animals and induced DNA
abnormalities causing Hodgkin’s lymphoma. Reigart
and Roberts (1999) reported that main toxicity is
caused by malaoxon which in turn alters the neurology
function by inhibiting acetylcholine esterase enzyme
at nerve ending and alters the signal transduction
in all living beings. Experimental studies showed
that malathion also has an adverse effect on health
of developing fetus as it crosses the placenta; also
adversely affects the spermatogenesis in several cases
(Gallo and Nicholas, 1991).
Aluminium phosphide: A prime and solid fumigant,
aluminium phosphide (AlP) releasing phosphine is
applied to control pest infestation in commercial
as well as farm level storage systems all over the
world, extensively since 1940s. In India, it is easily
available and also used as fumigant for grain storage
(Moghadamnia and Ali, 2012). It is considered a
low-priced and an ideal grain fumigant, as it is
highly toxic for all stages of insects and departs a
little residue on grains. Also seed viability is not
affected by AlP treatment (Wahab et al., 2009). It
is generally formulated in form of tablets or pellets,
granules and as dust form. In the environment in the
presence of moisture, it undergoes a chemical reaction
generating phosphine gas, which is the active pesticidal
component.

but the gas is not absorbed through the skin. The
threshold limit value is usually set at 0.3 ppm for a
40-h work week. Being very toxic by inhalation, it
may result in weakness, chest tightness and pain,
dry mouth, diarrhoea, chills, muscle pain, headache,
dizziness, ataxia, lung damage and mental confusion.
These symptoms usually occur within a few hours
of exposure. Phosphine is irritating to the mucous
membranes of the nose, mouth, throat and respiratory
tract. Exposure to the eyes may cause irritation. Severe
poisoning may result in increased heart rate, low blood
pressure, convulsions, coma, heart damage and death.
These symptoms usually lasts for 4 days but may be
delayed up to 1–2 weeks and long-term exposure may
cause anaemia, bronchitis, gastrointestinal disorders,
speech and motor problems, weight loss, swelling and
damage of the jaw bone and spontaneous fractures
(Mehrpour et al., 2012).
METHODOLOGY
Understanding the dissipation characteristics of
chlorpyrifos in two matrix (‘soil-plant’ and ‘food
grain’)
Keeping in view that chlorpyrifos is a highly
consumed pesticide for various applications in National
Capital Region (NCR) and its deleterious effect
including metabolite oxon on human health, water
quality, soil micro eco-system etc., it was important
to study its dissipation behaviour in different matrix.
Hence in-depth experimental work was carried out in
soil-plant matrix (for bioremediation of chlorpyrifos
contaminated soil) and food matrix (chickpea grains
under storage).
Chlorpyrifos disspipation in ‘soil-plant-matrix’:
Pilot scale experiment was designed and plots (9 m2)
were prepared by standard method, at Horticulture Unit
of Indian Institute of Technology, Delhi. Calculated
amount of commercially available chlorpyrifos was
added, to make the final concentration in soil at 10 ppm
and treatments designed as T0 soil spiked with 10 ppm
chlorpyrifos (without any plant and vermicompost):
control; T1-T0+1% vermicompost (VC) + knol khol
or kohlrabi [Brassica oleracea] vegetable crop plants.
Vermicompost was applied as a natural fertilizer to
stimulate the proper plant growth. Soil samples from
different treatment plots were drawn at different time
intervals (day 0, 1, 4, 9, 15, 24, 38, 50 and 65) and
analysed for chlorpyrifos degradation along with its
metabolites. Data are presented in Fig. 1.
Chlorpyrifos dissipation in stored grain matrix:
For studying the dissipation of chlorpyrifos in chickpea
under simulated storage conditions, chlorpyrifos was

AlP + 3 H2O → Al (OH)3 + PH3 ↑

The FAO (1965) recommended a tolerance of 0.1
mg/kg expressed as PH3, for cereals in international
trade. The residues resulting from its use may be of
three types: reaction products of the formulation,
unchanged phosphine absorbed in commodity, or
products formed by chemical combination of phosphine
with components of the commodity. Tolerance levels of
0.1 mg/kg for raw grains and 0.01 mg/kg for processed
foods have been reported. Phosphine caused quality
changes in end-use products only when the grain
moisture was high (>15%).
The various exposure limits for phosphine gas
have been defined as: Permissible exposure limit
(PET), 0.3 ppm over an 8 h shift; short term exposure
limit (STEL): 1 ppm; Immediately dangerous to life
and health: 200 ppm; Lethal in 30 min: 400–600 ppm
(Wahab et al., 2009). Phosphine is very toxic to human
beings and can result from ingestion or inhalation
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was able to penetrate the grains even in gunny bags
over which a plastic sheet was spread. Initially the
concentration of chlorpyrifos (0.39 ppm) in the grains
was less than that of its metabolite oxon (1.37 ppm),
might be due to the rapid conversion of penetrating
chlorpyrifos to oxon facilitated by high temperature
and intense sunlight on roof of lab room during peak
summer season of the study (Vidal et al., 1998).
Studies on chlorpyrifos residue under simulated storage
conditions are scanty. Although a similar study detected
the presence of chlorpyrifos residues (0.2-0.8 ppm)
in rice (Oryza sativa L.) stored in jute bags for six
months (Tejada et al., 1990).
With time, initially the accumulation of pesticide
in chickpea grain increased and become maximum,
i.e 4.61 ppm after 30 days of storage (Table 2). Even
the concentration of its toxic metabolite oxon (2.66
ppm) was highest at this storage period. Further, the
concentrations of chlorpyrifos and oxon decreased
continuously during the remaining storage period.
TCP which was not present initially appeared after 30
days and then concentration built up in and reached
maximum (3.56 ppm) on day 75 and subsequently
followed a continuous decline. It was probably due
to conversion of oxon into TCP. It is important to
note that the maximum toxicity generated due to
the metabolites was on day 30 (oxon concentration
was maximum, toxicologically significant). These
two samples drawn on day 75 appeared less toxic
as compared to the grain samples taken in the initial
storage phase (1 to 30 days), as the concentration of
oxon was highest in this duration. As mentioned earlier
that oxon is 3000 times more neurotoxic than the
parent compound chlorpyrifos, so the initial samples
were highly unsuitable for consumption on account of
very high toxic content. If the MRL value reported for
chlorpyrifos in case of legumes (0.05 ppm) set by the
European Union is extended to chickpea, the present
data reveal that the residues of chlorpyrifos and its
metabolites present in grains even after 5 months of
storage are not at a safe level and may pose hazards if
offered for consumption without decontamination. A
recent study in human patients revealed that, formation
of oxon occurred quite early (70 min) after ingestion
of chlorpyrifos indicating a rapid conversion of the
parent compound to its metabolite (Eyer et al., 2010).
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Fig. 1. Chlorpyrifos dissipation in soil matrix with vegetable
crop (knol-khol)

applied according to the specifications given by the
Central Warehousing Corporation, 20 ec chlorpyrifos
diluted with water (1 : 19) was sprayed at a dose of 3
L/100 m2. Gunny bags of 5 kg capacity were taken and
filled with 2 kg grains of chickpea (Cicer arietinum L.)
and placed on separate tables with plastic sheets spread
over them. The experiment was set up for 5 months
in field laboratory, IIT, Delhi. Results are presented
in Table 2. The samples at various time intervals
during grain storage were collected and analyzed for
chlorpyrifos and its metabolites (oxon and TCP) by
GC method (Kadian, 2010; Kaushik et al., 2010).
RESULTS AND DISCUSSION
Chlorpyrifos dissipation pattern in stored grain
matrix
It is evident from the results that chlorpyrifos
Table 2. Dissipation of chlorpyrifos and its metabolites in a
chickpea matrix under simulated storage conditions
(Recommended dose, 6 g a.i m-2)
Storage days

CPF

Oxon

1

0.39±0.03bc

1.37±0.04d

-

3

c

de

-

0.47±0.07

d

TCP

1.46±0.08

f

10

0.72±0.09

2.42±0.15

-

30

4.61±0.05i

2.66±0.05f

0.39±0.14a

45

3.67±0.02h

1.96±0.02e

0.94±0.03c

60

g

2.47±0.01

d

1.28±0.07

2.55±0.09e

75

1.34±0.03f

0.88±0.04cd

3.56±0.02f

90

1.17±0.06e

0.63±0.01c

2.48±0.05e

d

bc

105

0.73±0.05

0.45±0.02

1.82±0.07d

120

0.41±0.02c

0.32±0.06b

0.97±0.01c

135

b

b

b

0.33±0.07

0.28±0.03

Chlorpyrifos dissipation pattern in soil-plantmatrix
The average initial deposits of CPF in soil of
different plots, i.e. T0 (control), T1 (knol-khol) were
10.17 and 10.67 ppm respectively, the residues were
found below 0.2 ppm in the treatment plots, 65 days

0.65±0.04

150
0.2±0.01a
0.18±0.02a
0.31±0.05a
Results are means of triplicate ± standard deviation.
Different alphabets (a,b,c) in same row denote significant
differences (P<0.05)
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after application. The residue concentration in T0 was
38.46% more than T1 vegetable planted. As evident
from the analytical data (Fig. 1), the average CPF
residues in T0 on day 1, 4, 9, 15 and 24 were 9.25, 8.17,
4.82, 3.65 and 1.63 ppm respectively. Afterwards, on
day 38 and 65, the pesticide residues reached the levels
of 0.44 ppm and 0.18 ppm, showing 95% and 98%
degradation, respectively, in this period. As already
discussed, CPF has a biphasic degradation pattern,
showing an initial fast rate followed by a slower rate of
degradation. Indeed, within the initial fast phase (0–9
days) more than 50% degradation of CPF was observed
in all the treatments. Similar biphasic degradation was
recorded by Xiaoqiang et al. (2008). On first day, T1
showed huge difference (30%) in CPF degradation
as compared to 9% in T0. This clearly indicates that
plants played a very important role in the degradation
of CPF as compared to unplanted, i.e. control. Results
are corroborated with a study of Wang et al. (2007),
where uptake and fast degradation of CPF has been
reported in wheat and oilseed pot experiments. Earlier
Rouchaud et al. (1989) on degradation of chlorpyrifos
in cabbage cultivated in sandy loam soil and temperate
climate in Belgium showed comparatively longer
persistence of chlorpyrifos.
There are a very few studies which reported
presence of oxon in soil matrix (Rouchaud et al.,
1991). In the present study, oxon was detected in
soil throughout the different sampling time after
CPF application, and a positive correlation with the
residue of the parent compound has been found which
reveals that oxon is a primary metabolite of CPF
degradation pathway. It unveils the power of nature in
handling such toxic components. Overall, the amount
of residual chlorpyrifos in above-mentioned duration
is correlated well with the oxon concentration, which
futher degrades into TCP. It indicates that this is also
a path in the degradation of the parent compound in
the soil-plant matrix.

metabolites of pesticides are not accounted. Further,
effect of pesticide contamination on quality of grains
(including bioavailability of micronutrients) require
more attention.
The experimental work on dissipation behavior of
chlorpyrifos in ‘soil- plant’ matrix and ‘grain’ matrix
reveals that degradation pattern of pesticides (along
with their metabolites) would be quite different. Hence
MRL may vary in different situation. Overall, it is
inferred that to get a holistic picture regarding impact
of pesticides on quality of water and soil and stored
grain, etc. a comprehensive view of different pesticides
especially being used in grain storage system needs
to be prepared and discussed in scientific forums to
explore alternative solution.
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Effects of controlled atmosphere storage with nitrogen on quality of
soybean (Glycine max) with different moisture content
ZHANG CHONGXIA, YAN XIAOPING*, YE ZHENHONG, DINGJIANWU, WUFANG
Sinograin Chengdu Grain Storage Research Institute, Chengdu, P. R. China
ABSTRACT

Qualities of different m.c. CH (10, 12, and 14%) soybeans [Glycine max (L.) Merr.] during
controlled atmosphere storage with N2 (nitrogen concentration: 96% to 98%) were compared
with soybeans in conventional conditions at 26°C after 60 days storage. The result showed
that controlled atmosphere storage with N2 could effectively inhibit the decrease of soybean
germination rate and delay the increase of acid value and peroxide value. For soybeans with
10% m.c. controlled atmosphere with N2 had significant effects on germination rate (F = 9.000,
P<0.05). For soybeans with 12% m.c. controlled atmosphere with N2 showed significant
effect on germination rate and peroxide value (F = 16.363, P<0.05; F = 251.722, P<0.05). For
soybeans with 14% m.c. controlled atmosphere with N2 had significant effects on peroxide value
(F = 68.435, P<0.05) also showed highly significant effects on germination rate and acid value
(F = 352.899, P<0.01; F = 512.000, P<0.01). Controlled atmosphere with N2 did not show
significant effects on the crude fat content (F = 6.327, P<0.05). After 60 days storage, the total
count of mould changed. Compared with the number before storage, for soybeans with 10% m.c.,
the total count of mould reduced, for the soybeans with 12% m.c., but the total count of mould
increased, for the soybeans with 14% m.c.. For soybeans with 10% and12% m.c., there was
no dominant mould. For soybeans with 14% m.c., Aspergillus glaucus (L.), was the dominant
mould. The detection rates of Aspergillus glaucus were 92% and 96% for soybeans with 14%
m.c. in controlled atmosphere storage with N2 and in conventional conditions.
Key words: Aspergillus albicans, A.glaucus, Moisture content, Nitrogen, Soybean
Soybean [Glycine max (L.) Merr.] is an important
grain, and is grown in different areas of China. The
main soybean producing area is north-east China.
In north China, soybean fields are common in the
middle and lower Yangtze River region and part of
north-west area (Grain Dictionary Editional Board,
2009). Because of the high contents of protein and
fat, soybean is prone to absorb moisture, oxidize, lose
germination. The storage stability is poor (Lu Xiyu,
2003;Tao Cheng, 2004).
Controlled atmosphere (CA) storage as a green
storage technology has been applied commercially
at home and abroad (Lan Shengbin et al., 2007).
Different researches showed that CA storage could
kill grain insects, reduce the respiration of grain and
keep grain quality (Lu Yujie, 2008; Dale Jude, 2008).
*
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In Australia, America, Russia, CA storage has become
the first choice of replacing chemical fumigants (Wu
Zidan, 2011).
With the development of nitrogen-making
technology and the optimization of nitrogen charging
process in grain storage, the cost of CA storage with
nitrogen has reduced. Controlled atmosphere storage
with nitrogen has become a low-cost pest controlling
method (Bu Cunhai et al., 2013). In recent years,
Sino-grain has realized CA storage with nitrogen
extensively in south of China. At present, CA storage
with nitrogen is mainly used on wheat (Triticum sp.),
paddy (Oryza sativa L.) and corn (Zea mays L.).
However, there are few reports about CA storage
with nitrogen on soybeans. This study was conducted
to find out soybean qualities and mould changes in
soybean having different m.c. in CA storage with
nitrogen and conventional conditions, to provide the
basis for CA storage with nitrogen on soybeans.
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to GB 5512-2008; Germination rate: refer to GB/
T3543.4-1995; Mould colony number: refer to GB/T
4789.15-2010; Mould phase: put soybean samples into
triangular flask, add 1% NaClO solution, soak soybean
in 1% NaClO solution for 30 min, then discard the 1%
NaClO solution and pour sterile water into the flask,
wash for 1 min and then discard the sterile water,
repeat 5 times. Put 10 soybean kernels in CD Czapek
agar in each plate, each sample for 5 plates. At last,
put these plates in 28°C incubator for 7 d; Crude fat
acid: refer to GB/T 5530 2005 Animal and vegetable
fats and oils-Determination of acid value and acidity;
Crude fat peroxide value: refer to GB/T 5538-2005
Animal and vegetable fats and oils-Determination of
peroxide value.

MATERIALS AND METHODS
Soybean
Heinong 38, harvest on 2009, provided by
Sinograin Dunhua depot. 98% nitrogen: Sichuan
Qiaoyuan Gas Ltd; petroleum ether (30°C~60ºC
boiling range), isooctane, absolute ether: Kermel
Chemical Reagent Ltd.
Main instruments
ZRX-1000ESM intelligent cultivation cabinet:
Hangzhou Qianjiang instrument and equipment Ltd;
AL204 electronic scales: Mettler Toledo; R206 rotary
evaporator: Shanghai Senco Science and Technology
Ltd; SHB-III vaccum pump: Zhengzhou Greatwall
Ltd; DHG-9146A Electric constant temperature drying
oven: Shanghai Shengxin Scientific Instrument Ltd;
XMTD-204 thermostat water bath: Shanghai Meixiang
instrument Ltd. The concentration of nitrogen (N2) was
calculated by deducting the oxygen (O2) concentration
from 100%. The nitrogen monitor equipment was:
P860 made by Chengdu Chang-ai Electric Technology
Co., Ltd.

Statistical analysis
Excel 2007 and SPSS 12.0; significant tests were
conducted with ANOVA and multiple comparing.
RESULTS AND ANALYSIS
Germination
Before storage, germination rates had no
significant difference (F = 0.600, P > 0.05) for all
treatments. After 60 d storage, germination rate
decreased in all treatments (Fig. 1). Compared with
conventional treatments, germination rate decreased
slowly for CA storage with nitrogen treatments. For
treatments with CA storage, germination rate had no
significant difference (F = 2.214, P > 0.05), compared
with germination rates before storage, they still kept
high germination rates. For treatments in conventional
conditions, germination rates did not show significant
difference (F=124.564, P<0.05), for 10 and 12% m.c.
treatments in conventional conditions, germination rate
had significant difference (F = 13.016, P < 0.05). In

Methods
Samples: The original m.c. of soybean is 12%,
one-third of soybeans were dried by sunshine to reduce
the m.c. to 10%, one-third of the soybeans were raised
to m.c. 14% by wet-film.
Experimental treatments: Soybeans with 10, 12,
14% m.c were located into 3 L glass bottles with rubber
plug. Nitrogen 98% nitrogen was passed into glass
bottles. Nitrogen first passed through different saturated
salt solutions to keep different m.c. soybean. The
control treatments were soybeans without CA storage.
All samples were placed in 26 ± 0.5°C intelligent
cultivation cabinet. After 60 days, all samples were
tested. The nitrogen concentration detector was used
to test nitrogen concentration. In the process, the
concentration of nitrogen ranged from 96 to 98%.
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Germination rate %

Maintain the moisture content of soybean
Nitrogen supplied to soybean with 10, 12, 14%
m.c. was first passed through K2CO3, NaBr and
KI saturated salt solutions respectively. For control
treatments, rubber plugs were used to seal glass
bottles. After 60 d, the m.c. of soybean in CA storage
with Nitrogen was 10.2, 12.1 and 14.0%. The m.c.
of soybeans in the control treatments was 10.0, 11.8
and 13.9%.
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Fig. 1. Germination rate (1-3 represent 10%, 12%, 14%
m.c. soybeans with CA storage; 4-6 represent 10%,
12%, 14% m.c. soybeans with conventional storage)

Indicator measuring method
MC: refer to GB/T 14489.1-2008; Crude fat: refer
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case of 14% m.c. treatment in conventional storage
condition, germination rate was 17%, obviously lower
than the other treatments. For treatments having
the same m.c., germination rate showed significant
difference (F = 9.000, P < 0.05) for 10% m.c., so did
germination rate for 12% m.c. For treatments having
14% m.c., germination rates had highly significant
difference (F = 352.899, P < 0.01). Therefore, CA with
nitrogen could inhibit germination rate decreasing,
especially for soybeans having m.c.
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Crude fat acid value
Acid value is an important indicator to evaluate
soybean oil quality. The higher the acid value, higher
the free fatty acid content in oil. After 60 d storage,
for all treatments, acid value increased obviously.
Higher the m.c., the more obvious acid value increased.
After 60 d storage, for the 10%, 12% and 14% m.c.
treatments with CA storage, crude fat acid values were
1.3 mg KOH/g, 1.5 mg KOH/g and 2.0 mg KOH/g,
respectively, which showed highly significant difference
(F = 706.500, P < 0.01). For treatments with 10% m.c.,
acid value had no significant difference (F = 7.377,
P > 0.05), neither was the treatments with 12% m.c.
(F = 0.089, P > 0.05). For treatments with 14% m.c.,
high significant difference (F = 512.000, P < 0.01)
was observed. Therefore, m.c. had an important effect
on acid value. Under same storage condition, higher
the m.c., faster the increase in acid value. Nitrogen
had little effect on acid value in soybeans having low
m.c., however, it had obvious effect on inhibiting acid
value increase for soybeans having high m.c.
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Fig. 3. Crude fat peroxide value (1-3 represent 10%, 12%,
14% m.c. soybeans with CA storage respectively;
4-6 represent 10%, 12%, 14% m.c. soybean with
conventional storage respectively)

difference (F = 0.500, P > 0.05) before storage. After
60 d storage, in all the treatments crude fat peroxide
value increased obviously. The three treatments with
CA storage and without CA storage had significant
difference F = 61.325, P < 0.05, and F = 375.440,
P < 0.05, respectively. Therefore during the soybean
storage, m.c. had a great effect on crude fat peroxide
value. Higher the m.c., quicker the crude fat peroxide
value increased. For treatments with 10% m.c., crude
fat peroxide value had no significant difference
(F = 4.749, P > 0.05). For treatments with 12% m.c.,
crude fat peroxide value showed significant difference
(F = 251.722, P < 0.05), so was the treatments with 14%
m.c. (F = 68.435, P < 0.05). Therefore, CA storage with
nitrogen had no obvious effect on inhibiting peroxide
value increase for low m.c. soybean. However, it had
obvious effect on inhibiting peroxide value increase
for high m.c. soybean.

Crude fat peroxide value
Peroxide value is mainly used to evaluate the
hydroperoxide content. During the initial period of oil
oxidation, Peroxide value is an important indicator to
evaluate the degrees of oil oxidation. All treatments
had low peroxide values and had no significant

0d
60f

Crude fat content
Crude fat content affects soybean ranks, for oil
processing; crude fat content of soybean has direct
influence on economic benefit. In all treatments,
crude fat content increased a little after 60 d storage;
however, the range was narrow (19.8% – 21.4%).
All treatments had revealed significant difference
(F = 6.327, P > 0.05).This indicated that m.c.
and nitrogen had little effect on crude fat content.
Also, crude fat content did not change easily with
storage time. Our results are consistent with those of
(RenZhiqiu et al., 2002; Jin Wen et al., 2010, and Wan
Zhongmin et al., 2012.

Fig. 2. Crude fat acid value (1-3 represent 10%, 12%, 14%
m.c. soybeans with CA storage; 4-6 represent 10%,
12%, 14% m.c. soybeans with conventional storage)

Mould colony number
Moisture is an indispensable factor for microorganic growth. Dryness could cause water loss
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Table 1

Mould colony number*(CFU/g)

storage

1

2

3

4

5

6

0d

(2.4±0.14)
×102a

(3.0±0.28)
×102a

(2.8±0.21)
×102a

(2.4±0.14)
×102a

(3.0±0.28)
×102a

(2.8±0.21)
×102a

60 d

<10b

(1.5±0.14)
×102a

(2.4±0.07)
×103c

45±4.24b

(2.4±0.71)
×102a

(2.7±0.13)
×103c

(*Different superscript letters within a column indicate statistical differences P≤0.05)(1-3 represent 10%,12%,14% MC
soybeans with CA storage respectively; 4-6 represent 10%, 12%, 14% m.c. soybeans with conventional storage, respectively)
Table 2
Detection
rate*

Cladosporium sp. Fusarium sp.

Mould phase (%)

Penicillium sp.

Aspergillus albicans Aspergillus glaucus Alternaria sp.

1

0*

6

0

0

0

0

2

0

0

4

0

0

0

3

2

0

0

0

92

0

4

0

0

0

2

6

0

5

0

0

2

2

2

2

6

2

0

0

0

96

0

* The detection rate; 1-3 represent 10%,12%,14% m.c. soybeans with CA storage respectively; 4-6 represent 10%,12%,14%
m.c. soybeans with conventional storage, respectively

colony number, m.c. had great effect on mould
colony number.

Crude fat content (dry basis %)

23
22

Mould phase
After 60 d storage, for soybeans of 10 and
12% m.c., mould species were few and there was
no dominant mould. For soybeans of 10% m.c. with
CA storage, Fusarium sp. was detected; for soybeans
of 12% m.c. with CA storage, Penicillium sp.was
detected; for soybeans of 10% m.c. in conventional
storage, (Aspergillus albicans) and Aspergillus glaucus
were detected; and for soybeans of 12% m.c. in
conventional storage, Penicillium sp., A.albicans and
A. glaucus were detected. For soybean of 14% m.c.,
A. glaucus was the dominant mould, and the detection
rates were 92% and 96% respectively. Some researches
showed A. glaucus hadantihypoxia capacity. It could
grow in 0.2% oxygen content condition (Yin Weishen,
1983). So in this study, 96%-98% nitrogen could not
inhibit the growth of A. glaucus. Therefore, m.c. was an
important factor of affecting mould phase. Controlled
atmostphere with nitrogen had no significant impact
on mould phase.
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Fig. 4. Crude fat content (1-3 represent 10%,12%,14% m.c.
soybean with CA storage respectively; 4-6 represent
10%,12%,14% m.c. soybeans with conventional
storage respectively)

and even death (He Guoqing, 2002). From Table 1,
after 60 d storage, mould colony numbers changed
obviously for different treatments. Mould colony
numbers decreased for soybeans having 10% m.c. For
the soybeans of 12% m.c., mould colony numbers
changed a little. For soybeans of 14% m.c., mould
colony numbers increased. After 60 d storage when
the treatments have the same m.c., mould colony
numbers had no significant difference. When the
treatments have the different m.c., mould colony
numbers showed significant difference. Controlled at
morpheme with nitrogen had little effect on mould

CONCLUSION
Soybeans with different m.c. were stored by
CA with nitrogen. The results showed that the
germination rate was reduced, the crude fat acid value
and peroxidation value increased after 60 d storage.
Higher the m.c., faster was the increase of crude
fatty acid value and peroxidation value. The m.c.
101
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had significant impact on mould colony number and
mould phase. When the m.c. of soybean was under
12%, mould colony number was less than 102 CFU/g
and there was no dominant mould; however, when
the m.c. of soybean was 14%, mould grew rapidly,
Aspergillus glaucus being the dominant mould. The
m.c. and storage time had no significant impact on
crude fat content.
Controlled atmosphere with nitrogen could inhibit
the decline of germination rate, the rise of crude fat
acid value and peroxidation value. When the m.c.
was 10%, CA with nitrogen had significant impact
on germination rate. When the m.c. was 12%, CA
with nitrogen had significant impact on germination
rate and crude fat peroxidation value, while with 14%
m.c., CA with nitrogen had highly significant impact
on germination rate, crude fat acid value and crude
fat peroxidation value. Controlled atmosphere with
nitrogen had no significant impact on crude fat content
and mould colony number.
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Effect of controlled atmosphere with nitrogen (N2-CA) on fatty acid
value of maize (Zea mays) under different temperature conditions
LI HAOJIE, ZHOU HAO, WUFANG, YAN XIAOPING, FENG YONGJIAN, SHENG QIANG*,
ZHANG JUAN
Sinograin Chengdu Grain Storage Research Institute, Chengdu, P. R. China
ABSTRACT

An experiment was conducted to study the effect of controlled atmosphere with nitrogen
(N2-CA) at three nitrogen concentrations (90, 95 and 98%) on the fatty acid value of maize
(Zea mays L.) with two m.c. (13.2%, 14.0%) stored at three temperatures (20ºC, 25ºC and
30ºC) and by continuous N2-CA, alternate N2-CA and conventional method for 18 months. Both
continuous and alternate N2-CA storages could delay the increase in fatty acid value of maize, and
the effect of former was significantly higher than that of the latter; the fatty acid value of paddies
remained the same after the application of N2-CA had been removed. These results obtained
have provided granaries with basic data to select the appropriate storage methods (temperature
control, way of filling nitrogen and so on) depending on the target increase of fatty acid value
as well as the moisture content of maize.
Key words: Alternate nitrogen storage, Controlled atmosphere, Fatty acid, Maize, Nitrogen,
Storage
Grain storage of controlled atmosphere with
nitrogen (N2-CA) is a manual control method of oxygen
reduction (such as, nitrogen generator or deoxidizer)
to prevent and treat insect pests in stored grain, inhibit
mould reproduction, control grain respiration and
finally maintain grain quality.
Application of N2-CA grain storage has been
increasing in China; therefore, to deeply understand
the effect of N2-CA on the fatty acid value of maize,
a series of simulation trials were carried out in actual
warehouses to analyze the effect of different N2-CA
patterns on the fatty acid values of maize with different
moisture contents at different temperatures and provide
data support for the application of N2-CA grain storage.
MATERIALS AND METHODS
Simulation labs
Three labs at different temperatures (20 ± 0.2ºC,
25 ± 0.2ºC and 30 ± 0.2ºC) were prepared according
to the conditions listed on Table.1.
*
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Experimental grain
Maize of the same breed growing at the same
condition produced by Chongzhou Agricultural
Industry Demonstration Park, Sichuan, was selected.
After a natural drying processing, two kinds of maize
with different m.c. (13.2% and 14.0%) were obtained
and then stirred to mix well. Every experimental bottle
(50 L) was filled with 20 kg of each kind of maize.
Experimental method
Experimental bottles were connected, as shown
in Fig.1. Air tightness of each experimental bottle
and each group of experimental bottles was checked
to guarantee airtightness of the whole experimental
equipment.
Nitrogen filling
Experimental nitrogen concentrations, respectively,
were 98%, 95% and 90%. First, 99.99% nitrogen
was filled till the nitrogen concentration reached the
target, and then 98%, 95% and 90% standard mix
gas (composed of nitrogen and oxygen) were filled,
respectively, through micro- airflow to maintain the
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Table 1

Experimental conditions for the research on effect of N2-CA on maize fatty acid value

Grain

Moisture

Temperature

Nitrogen
concentration

Filling pattern

Inspection frequency

Maize

13.2%
14.0%

20ºC
25ºC
30ºC

98%
95%
90%

Continuous N2-CA
Alternate N2-CA

Sample every three month and
inspect fatty acid Value

Sampling and inspection
Sample every three months and inspect the fatty
acid value of maize in accordance with the General
Rules of Inspecting Grain, Oilseeds and Vegetable
Oils (GB/T 5490-2010).

tail gag

maize

maize

maize

maize

13.2%

14.0%

13.2%

14.0%

RESULTS AND ANALYSIS

98% N2

Effect of nitrogen filling patterns on fatty acid value
of maize at 30ºC
Fig. 2, 3 and 4 showed that at 30ºC:
1. CA storage with 98%, 95% and 90% nitrogen
could effectively delay the increase in fatty acid
value of maize. After 15 months storage, the
fatty acid value of the contrast sample exceeded
78 mg KOH/100 g. According to GB/T 205702015 Guidelines for Evaluation of Maize Storage
Character, the contrast sample should not be
stored. However, maize with CA storage did not
exceed this limit.
2. After six months of CA storage with 98%, 95%
and 90% nitrogen, the maize were unsealed for
alternate N2-CA storage, and the increases in
fatty acid value of maize were less than that of
the contrast sample, which meant unsealing after
N2-CA storage had no influence on the fatty acid
value of maize.

Saturated NaCl

maize

maize

maize

maize

13.2%

14.0%

13.2%

14.0%

95% N2
Saturated NaCl

maize

maize

maize

maize

13.2%

14.0%

13.2%

14.0%

90% N2
Saturated NaCl
Nitrogen filling

Alternate

Fig. 1. Presentation of nitrogen filling experiment
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(KOH/mg/100g dry basis)

target nitrogen concentration with the allowable error
range of ±0.2%. The concentration of nitrogen was
calculated by deducting the oxygen concentration
from 100%. The nitrogen monitor equipment was:
P860 made by Chengdu Chang-ai Electric Technology
Co., Ltd.
Nitrogen filling patterns
Continuously controlled atmosphere with nitrogen
(continuous N2-CA) refers to maintaining a target
nitrogen concentration for 18 months; alternately
controlled atmosphere with nitrogen (alternate N2-CA)
means first maintaining a target nitrogen concentration
for 6 months, emitting and conventionally storing for 6
months (at the same temperature) and then maintaining
the target nitrogen concentration for another 6 months;
and the contrast hial is a conventional storage at the
same temperature for 18 months.

CK,
CK,
AL,
AL,
NF,
NF,

76
65
55

MC14.0%
MC13.2%
MC14.0%
MC13.2%
MC14.0%
MC13.2%

45
35
0

3

6

9
Month

12

15

18

Fig. 2. Effect of filling patterns of 98% nitrogen on fatty
acid value of maize at 30ºC (NF, maintaining at a
certain nitrogen concentration; AL, filling nitrogen
for six months, conventionally storing for six
months and then refilling nitrogen for six months;
and CK, conventional storage without filling
nitrogen (similarly hereinafter).
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AL, MC14.0%
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NF, MC13.2%

50
45
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35
0

18

Fig. 3. Effect of filling patterns of 95% nitrogen on fatty
acid value of maize at 30ºC (NF, maintaining at a
certain nitrogen concentration; AL, filling nitrogen
for six months, conventionally storing for six
months and then refilling nitrogen for six months;
and CK, conventional storage without filling
nitrogen (similarly hereinafter).
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Fig. 5. Effect of filling patterns of 98% nitrogen on fatty
acid value of maize at 25ºC (NF, maintaining at a
certain nitrogen concentration; AL, filling nitrogen
for six months, conventionally storing for six
months and then refilling nitrogen for six months;
and CK, conventional storage without filling
nitrogen (similarly hereinafter).
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Fig. 4. Effect of filling patterns of 90% nitrogen on fatty
acid value of maize at 30ºC (NF, maintaining at a
certain nitrogen concentration; AL, filling nitrogen
for six months, conventionally storing for six
months and then refilling nitrogen for six months;
and CK, conventional storage without filling
nitrogen (similarly hereinafter).

Fig. 6. Effect of filling patterns of 95% nitrogen on fatty
acid value of maize at 25ºC (NF, maintaining at a
certain nitrogen concentration; AL, filling nitrogen
for six months, conventionally storing for six
months and then refilling nitrogen for six months;
and CK, conventional storage without filling
nitrogen (similarly hereinafter).

Effect of nitrogen filling patterns on fatty acid value
of maize at 25ºC
Fig. 5, 6 and 7 showed that at 25ºC:
1. The CA storage with 98%, 95% and 90% nitrogen
could effectively delay the increase in fatty acid
value of maize, and higher nitrogen concentration
performed better. For instance: (i) compared with
the conventional storage, the reductions in fatty
acid value of maize with 13.2% moisture, respectively, stored in 98%, 95% and 90% nitrogen with
continuous filling pattern for 12 months were
3.3, 2.2 and 0; and likewise; and (ii) compared
with the conventional storage, the reductions in

fatty acid value of maize with 14.0% moisture,
respectively, stored in 98%, 95% and 90% nitrogen with continuous filling pattern for 12 months
were 5.7, 5.5 and 2.3. Continuous N2-CA storage
performed better than alternate N2-CA storage
in delaying the increase in fatty acid value, and
higher nitrogen concentration performed better.
For instance: (i) compared with the conventional
storage, the reductions in fatty acid value of maize
with 13.2% moisture respectively stored in 98%,
95% nitrogen with continuous filling pattern for
12 months were 3.3 and 2.2; for alternate filling
pattern, the reductions with 13.2% moisture,
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(KOH/mg/100g dry basis)

value of maize.
75

CK, MC14.0%

Effect of nitrogen filling patterns on fatty acid value
of maize at 20ºC
The Figs.8–10 showed that the results obtained at
20ºC remained unchanged in comparison with those
obtained at 30ºC and 25ºC. The CA storage with
nitrogen could effectively delay the increase in fatty
acid value of maize, and higher nitrogen concentration
performed better. And continuous and alternate
N2-CA storages with 98% can delay the increase in
fatty acid value of maize, and the former’s effect was
significantly higher than that of the latter; continuous

CK, MC13.2%
65

AL, MC14.0%
AL, MC13.2%
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55

NF, MC13.2%
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Fig. 7. Effect of filling patterns of 90% nitrogen on fatty
acid value of maize at 25ºC (NF, maintaining at a
certain nitrogen concentration; AL, filling nitrogen
for six months, conventionally storing for six
months and then refilling nitrogen for six months;
and CK, conventional storage without filling
nitrogen (similarly hereinafter).

(KOH/mg/100g dry basis)

70

respectively, stored in 98% and 95% nitrogen for
12 months were 1.5 and 0.6; the reductions in
fatty acid value of maize with 14.0% moisture,
respectively, stored in 98% and 95% nitrogen with
continuous filling pattern for 18 months were 5.7
and 5.5; for alternate filling pattern, the reductions
with 14.0% moisture, respectively, stored in 98%
and 95% nitrogen for 18 months were 2.8 and 0.
2. After six months of CA storage with 98%, 95%
and 90% nitrogen, the maize were unsealed for
alternate N2-CA storage, and the increases in
fatty acid value of maize were less than that of
the contrast sample, which meant unsealing after
N2-CA storage had no influence on the fatty acid

CK,
CK,
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AL,
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3

55
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Fig. 9. Effect of filling patterns of 95% nitrogen on fatty
acid value of maize at 20ºC (NF, maintaining at a
certain nitrogen concentration; AL, filling nitrogen
for six months, conventionally storing for six
months and then refilling nitrogen for six months;
and CK, conventional storage without filling
nitrogen (similarly hereinafter).
65
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Fig. 8. Effect of filling patterns of 98% nitrogen on fatty
acid value of maize at 20ºC (NF, maintaining at a
certain nitrogen concentration; AL, filling nitrogen
for six months, conventionally storing for six
months and then refilling nitrogen for six months;
and CK, conventional storage without filling
nitrogen (similarly hereinafter).
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Fig. 10. Effect of filling patterns of 90% nitrogen on fatty
acid value of maize at 20ºC (NF, maintaining at a
certain nitrogen concentration; AL, filling nitrogen
for six months, conventionally storing for six
months and then refilling nitrogen for six months;
and CK, conventional storage without filling
nitrogen (similarly hereinafter).
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and alternate N2-CA storages at 20ºC and with 95%
and 90% nitrogen concentration showed nearly the
same delaying effect. This may be related with the
temperature. After six months of CA storage with
98%, 95% and 90% nitrogen, the maize were unsealed
for alternate N2-CA storage, and the increases in fatty
acid value of maize were less than that of the contrast
sample, which meant unsealing after N2-CA storage
had no influence on the fatty acid value of maize.

acid value of maize, especially in 30ºC condition;
when the temperature was 20ºC, the delaying effect of
CA-N2 was not obvious. Continuous and alternate N2CA storages at 20ºC and with 95% and 90% nitrogen
concentration to delay fatty acid value increasing had
no significant difference. The m.c. had influence on
nitrogen delaying increase in fatty acid value.
According to Fig.12, CA storage with 98% and
95% nitrogen for 18 months could effectively delay
the increase in fatty acid value of maize, especially in
30ºC condition; when the temperature was 20ºC, the
delaying effect of CA-N2 was not obvious.
Continuous and alternate N2-CA storages at 20ºC
and with 95% and 90% nitrogen concentration to delay
fatty acid value increasing had no significant difference.
Moisture content had influence on nitrogen delaying

Analysis on changes in fatty acid value of maize under
different conditions
Comparison of fatty acid value changes between
N2-CA storages and the contrast experiment: As per
Fig. 11, CA storage with 98% and 95% nitrogen for
12 months could effectively delay the increase in fatty
20

30°C

25°C

20°C

15

10

5

0
NF
98%

AL
98%

NF
95%

AL
95%

NF
90%

AL
90%

NF
98%

AL
98%

NF
95%

AL
95%

NF
90%

AL
90%

13.2%

13.2%

13.2%

13.6%

13.6%

13.6%

14.0%

14.0%

14.0%

14.0%

14.0%

14.0%

Fig. 11. Comparison of fatty acid value reductions between N2-CA storages and the contrast experiment (12 months)
35
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NF
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AL
95%

13.2% 13.2%
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NF
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14.0% 14.0%

NF
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AL
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14.0% 14.0%
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14.0%
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Fig. 12. Comparison of fatty acid value reductions between N2-CA storages and the contrast experiment (18 months)
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increase in fatty acid 16
value.
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25°C
20°C
14
Comparison
of fatty acid value 12
increase between N2- 10
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8
control storages: As
6
per Fig.13, in the case
of temperature control
4
storage, the fatty
2
acid value of maize
0
with 13.2% moisture
NF
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NF
AL
NF
AL
CK
NF
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NF
AL
NF
AL
CK
stored at 20ºC for 12
98% 98% 95% 95% 90% 90%
98% 98% 95% 95% 90% 90%
months increased by
13.2% 13.2% 13.2% 13.2% 13.2% 13.2% 13.2% 14.0% 14.0% 14.0% 14.0% 14.0% 14.0% 14.0%
2.6, and other 15 ways
to achieve the same
Fig. 13. Increases in fatty acid value of maize stored under different storage conditions
(12 months)
effect includes, CA
storage by continuous 50
and alternate filling
30°C
25°C
20°C
98% nitrogen at 20ºC,
40
25ºC and 30ºC; CA
storage by continuous
and alternate filling 30
95% nitrogen at 20ºC,
25ºC and 30ºC; CA 20
storage by alternate
filling 90% nitrogen at
10
20ºC, 25ºC and 30ºC.
Similarly, suitable
0
storage patterns can
CK
AL
NF
AL
CK
NF
AL
NF
AL
NF
AL
NF
AL
NF
be freely chosen for
98% 98% 95% 95% 90% 90%
98% 98% 95% 95% 90% 90%
warehouses in terms of
13.2% 13.2% 13.2% 13.2% 13.2% 13.2% 13.2% 14.0% 14.0% 14.0% 14.0% 14.0% 14.0% 14.0%
different targets.
Fig. 14. Increases in fatty acid value of maize stored under different storage conditions
As per Fig.14, in
(18 months)
the case of CA storage
by alternately filling
increase in fatty acid value of maize; (ii) compared
98% nitrogen, the fatty acid value of paddy with 13.2%
with alternate N2-CA storage, continuous N2-CA
moisture stored at 25ºC for 18 months increased by
storage performed better in delaying the increase in
12.8; and other ways to achieve the same effect include,
fatty acid value of maize; (iii) unsealing after N2-CA
CA storage by continuously filling 98% nitrogen
storage had no influence on the fatty acid value of
at 20ºC and 25ºC, CA storage by alternately filling
maize; and (iv) these results provide granaries with
98% nitrogen at 20ºC, CA storage by continuously
basic data to select appropriate storage methods
or alternately filling 95% at 20ºC, and CA storage by
depending on the target increase of fatty acid value
continuously filling 90% at 20ºC. Similarly, suitable
of paddy.
storage patterns can be freely chosen for warehouses
in terms of different targets.
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Effect of controlled atmosphere with nitrogen (N2-CA) on fatty acid
value of paddy under different temperature conditions
YAN XIAOPING*, ZHOU HAO, WUFANG, FENG YONGJIAN, SHENG QIANG, ZHANG JUAN
Sinograin Chengdu Grain Storage Research Institute, Chengdu, P. R. China
ABSTRACT

The experiment was carried to study the effect of controlled atmosphere with nitrogen (N2CA) at three nitrogen concentrations (90, 95 and 98%) on the fatty acid value of paddy (Oryza
sativa L.) with two m.c. (13.6% and 15.1%) stored at three temperatures (20, 25 and 30ºC ) and
by continuous N2-CA, alternate N2-CA and conventional methods for 18 months. The results
revealed that both continuous and alternate N2-CA storages could delay the increase in fatty
acid value of paddy, and the effect of former treatment was significantly higher than that of the
latter; alternate N2-CA storage at 20°C and with 90% nitrogen concentration showed nearly no
delaying effect; and the fatty acid value of paddy of N2-CA storage nitrogen remained at the
same level after being unsealed. These results obtained provide granaries with basic data to select
appropriate storage methods (temperature control, way of filling nitrogen and so on) depending
on the control target of fatty acid value as well as the moisture content of paddy.
Key words: Alternating purging nitrogen storage, Fatty acid value, Nitrogen storage, Paddy

Grain storage of controlled atmosphere with
nitrogen (N2-CA) is a manual control method of oxygen
reduction (such as nitrogen generator or deoxidizer) to
prevent and treat insect pests in stored grain, inhibit
mould reproduction, control grain respiration and
finally maintain grain quality.
Application of N2-CA grain storage has been
expanding in China; therefore, to deeply understand
the effect of N2-CA on the fatty acid value of paddy, a
series of simulation experiments have been carried out
in actual warehouses to analyze the effect of different
N2-CA patterns on the fatty acid values of paddies with
different moisture contents at different temperatures
and provide data support for the application of N2-CA
grain storage.
MATERIALS AND METHODS
Simulation labs
Three labs at different temperatures (20±0.2ºC,
25±0.2ºC and 30±0.2ºC) were prepared according to
the experimental conditions listed on Table 1.
*
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Experimental grain
Paddy of the same breed growing at the same
condition produced by Shuzhouxiang Rice Production
Base, Chongzhou Agricultural Industry Demonstration
Park, Sichuan, was selected. After a natural drying
processing, two kinds of paddy with different m.c.
(13.6 and 15.1%) were obtained and then stirred to
mix well. Every experimental bottle (50 L) was filled
with 20 kg of each kind of paddy.
Experimental method
Experimental bottles in each temperature control
lab were connected, shown as Fig. 1. Air tightness
of each experimental bottle and each group of
experimental bottles was checked to guarantee the
airtightness of whole experimental equipment.
Nitrogen filling experiment
The experimental nitrogen concentrations
respectively were 98%, 95% and 90%. First, 99.9%
nitrogen was filled till the nitrogen concentration
reached the target, and then 98%, 95% and 90%
standard mix gas (composed of nitrogen N2 and oxygen
O2) were filled, respectively, through micro- air flow
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Table 1

Experimental conditions for the research on the effect of N2-CA on paddy fatty acid value

Grain

Moisture

Temperature

Nitrogen
concentration

Filling pattern

Inspection frequency

Paddy

13.6%
15.1%

20ºC
25ºC
30ºC

98%
95%
90%

Continuous N2-CA
Alternate N21-CA

Sample every three month and
inspect fatty acid value

acid value of paddy in accordance with the General
Rules of Inspecting Grain, Oilseeds and Vegetable
Oils (GB/T 5490-2010).

tail gag

paddy

paddy

paddy

paddy

13.6%

15.1%

13.6%

15.1%
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paddy

13.6%

15.1%

13.6%

15.1%

(KOH/mg/100g dry basis)

Saturated NaCl
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CK,
CK,
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NF,
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MC15.1%
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Fig. 2. Effect of filling patterns of 98% nitrogen on the
fatty acid value of paddy at 30ºC (‘NF’, maintaining
at a certain nitrogen concentration; AL filling
nitrogen for six months, conventionally storing
for six months and then refilling nitrogen for six
months; and CK, conventional storage without
filling nitrogen (similarly hereinafter)

90% N2

Nitrogen filling

3

Alternate

Presentation of nitrogen filling experiment

to maintain the target nitrogen concentration with the
allowable error range of ± 0.2%. The concentration
of nitrogen was calculated by deducting the oxygen
concentration from 100%. The nitrogen monitor
equipment was: P860 made by Chengdu Chang-ai
Electric Technology Co., Ltd.
Nitrogen filling patterns
‘Continuously controlled atmosphere with
nitrogen’ (continuous N2-CA) refers to maintaining
a target nitrogen concentration for 18 months;
‘alternately controlled atmosphere with nitrogen’
(alternate N2-CA) means firstly maintaining a target
nitrogen concentration for 6 months, emitting and
conventionally storing for 6 months (at the same
temperature) and then maintaining the target nitrogen
concentration for another 6 months; and the contrast
experiment is a conventional storage at the same
temperature for 18 months.
Sampling and inspection
Sample every three months and inspect the fatty
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Fig. 3. Effect of filling patterns of 95% nitrogen on the
fatty acid value of paddy at 30ºC (‘NF’, maintaining
at a certain nitrogen concentration; AL filling
nitrogen for six months, conventionally storing
for six months and then refilling nitrogen for six
months; and CK, conventional storage without
filling nitrogen (similarly hereinafter)
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gen with continuous filling pattern for 18 months
were 9.3, 6.1 and 3.4, and likewise, the reduction
in fatty acid value of paddy with 15.1% moisture,
respectively, stored in 98, 95 and 90% nitrogen
with alternate filling pattern for 18 months were
3.9, 2.7 and 3.9 respectively.
3. After six months of CA storage with 98, 95 and
90% nitrogen, the paddies were unsealed for
alternate N2-CA storage, and the increases in
fatty acid value of paddy were less than that of
the contrast sample, which meant unsealing after
N2-CA storage at 30ºC had no influence on fatty
acid value of paddy.
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Fig. 4. Effect of filling patterns of 90% nitrogen on the
fatty acid value of paddy at 30ºC (‘NF’, maintaining
at a certain nitrogen concentration; AL filling
nitrogen for six months, conventionally storing
for six months and then refilling nitrogen for six
months; and CK, conventional storage without
filling nitrogen (similarly hereinafter)

Effect of nitrogen filling patterns on the fatty acid
value of paddy at 25ºC
The Figs 5-7 showed that at 25ºC:
1. CA storage with 98, 95 and 90% nitrogen could
effectively delay the increase in fatty acid value
of paddy, and higher nitrogen concentration performed better. For instance: (i) compared with the
conventional storage, the reductions in fatty acid
value of paddy with 13.6% moisture stored in 98,
95 and 90% nitrogen with continuous filling pattern
for 18 months were 6.1, 5.3 and 3.9 respectively;
and likewise; and (ii) the reductions in fatty acid
value of paddy with 15.1% moisture stored in 98,
95 and 90% nitrogen with continuous filling pattern
for 18 months were 8.0, 6.6 and 5.7 respectively.
2. Continuous N2-CA storage performed better than
alternate N2-CA storage in delaying the increase
in fatty acid value, and higher nitrogen concentra-

RESULTS AND ANALYSIS
Effect of nitrogen filling patterns on fatty acid
value of paddy at 30ºC
Figs 2–4 showed that at 30ºC:
1. CA storage with 98, 95 and 90% nitrogen could
effectively delay the increase in fatty acid value
of paddy, and higher nitrogen concentration performed better. For instance: (i) compared with the
conventional storage, the reductions in fatty acid
value of paddy with 13.6% moisture, respectively,
stored in 98, 95 and 90% nitrogen with continuously filling pattern for 18 months were 8.1, 5.1
and 4.3; and likewise; and (ii) the reductions in
fatty acid value of paddy with 15.1% moisture,
respectively, stored in 98, 95 and 90% nitrogen
with continuously filling pattern for 18 months
were 9.3, 6.1 and 3.4.
2. Continuous N2-CA storage performed better than
alternate N2-CA storage in delaying the increase
in fatty acid value, and higher nitrogen concentration performed better. For instance: (i) compared
with the conventional storage, the reductions in
fatty acid value of paddy with 13.6% moisture
respectively stored in 98%, 95% and 90% nitrogen
with continuous filling pattern for 18 months were
8.1, 8.1 and 4.3, and likewise, the reductions in
fatty acid value of paddy with 13.6% moisture,
respectively, stored in 98%, 95% and 90% nitrogen
with alternate filling pattern for 18 months were
2.4, 2.4 and 2.4; and likewise; and (ii) compared
with the conventional storage, the reductions in
fatty acid value of paddy with 15.1% moisture,
respectively, stored in 98%, 95% and 90% nitro-
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Fig. 5. Effect of filling patterns of 98% nitrogen on the fatty
acid value of paddy at 25ºC (‘NF’, maintaining
at a certain nitrogen concentration; AL filling
nitrogen for six months, conventionally storing
for six months and then refilling nitrogen for six
months; and CK, conventional storage without
filling nitrogen (similarly hereinafter)
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pattern for 18 months were 8.0, 6.6 and 5.7 and
likewise, the reductions in fatty acid value of
paddy with 15.1% moisture, respectively, stored
in 98, 95 and 90% nitrogen with alternate filling
pattern for 18 months were 4.2, 4.6 and 4.2.
3. After six months of CA storage with 98, 95 and
90% nitrogen, the paddies were unsealed for
alternate N2-CA storage, and the increases in
fatty acid value of paddy were less than that of
the contrast sample, which meant unsealing after
N2-CA storage at 25ºC had no influence on the
fatty acid value of paddy.
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Fig. 6. Effect of filling patterns of 95% nitrogen on the
fatty acid value of paddy at 25ºC (‘NF’, maintaining
at a certain nitrogen concentration; AL filling
nitrogen for six months, conventionally storing
for six months and then refilling nitrogen for six
months; and CK, conventional storage without
filling nitrogen (similarly hereinafter)
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Fig. 8. Effect of filling patterns of 98% nitrogen on the
fatty acid value of paddy at 20ºC (‘NF’, maintaining
at a certain nitrogen concentration; AL filling
nitrogen for six months, conventionally storing
for six months and then refilling nitrogen for six
months; and CK, conventional storage without
filling nitrogen (similarly hereinafter)
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Fig. 7. Effect of filling patterns of 90% nitrogen on the
fatty acid value of paddy at 25ºC (‘NF’, maintaining
at a certain nitrogen concentration; AL filling
nitrogen for six months, conventionally storing
for six months and then refilling nitrogen for six
months; and CK, conventional storage without
filling nitrogen (similarly hereinafter)
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tion performed better. For instance: (i) compared
with the conventional storage, the reductions in
fatty acid value of paddy with 13.6% moisture,
respectively, stored in 98, 95 and 90% nitrogen
with continuous filling pattern for 18 months were
6.1, 5.3 and 3.9 and likewise, the reductions in
fatty acid value of paddy with 13.6% moisture,
respectively, stored in 98, 95 and 90% nitrogen
with alternate filling pattern for 18 months were
3.8, 3.8 and 2.6; (ii) compared with the conventional storage, the reductions in fatty acid value of
paddy with 15.1% moisture, respectively, stored in
98, 95 and 90% nitrogen with continuous filling
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Fig. 9. Effect of filling patterns of 95% nitrogen on the
fatty acid value of paddy at 20ºC (‘NF’, maintaining
at a certain nitrogen concentration; AL filling
nitrogen for six months, conventionally storing
for six months and then refilling nitrogen for six
months; and CK, conventional storage without
filling nitrogen (similarly hereinafter)
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Effect of nitrogen filling patterns on the fatty acid
value of paddy at 20ºC
The Figs 8–10 showed that the results obtained at
20ºC remained unchanged in comparison with those
obtained at 30ºC and 25ºC.
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Analysis on changes in fatty acid value of paddy
under different conditions
Comparison of fatty acid value changes between
N2-CA storages and the contrast experiment
The CA storage with 98% nitrogen for 12 months
could effectively delay the increase in fatty acid value
of paddy (Fig.11); the effect of 90% nitrogen was
comparatively poor; and alternately N2-CA storage
at 20ºC had nearly no effect on delaying the increase
in fatty acid value of paddy.
CA storage with 98% nitrogen for 18 months
could effectively delay the increase in fatty acid
value of paddy (Fig. 12); the effect of 95% nitrogen

15

10
0

3

6

9
Month

12

15

18

Fig. 10. Effect of filling patterns of 90% nitrogen on the
fatty acid value of paddy at 20ºC (‘NF’, maintaining
at a certain nitrogen concentration; AL filling
nitrogen for six months, conventionally storing
for six months and then refilling nitrogen for six
months; and CK, conventional storage without
filling nitrogen (similarly hereinafter)
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Comparison of fatty acid value reductions between N2-CA storages and the contrast experiment (12 months)
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Fig. 12.

Comparison of fatty acid value reductions between N2-CA storages and the contrast experiment (18 months)
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Fig. 14. Increases in fatty acid value of paddy stored under storage conditions (18 months)

was comparatively poor; and alternate filling of 90%
nitrogen at 20ºC had nearly no effect on delaying the
increase in fatty acid value of paddy.

continuously filling 95% nitrogen, the fatty acid value
of paddy with 13.6% moisture stored at 25ºC for 18
months increased by 6.7; and other four ways to achieve
the same effect includes, CA storage by continuously
filling 98% nitrogen at 20ºC, 25ºC or 30ºC; and CA
storage by continuously filling 90% nitrogen at 20ºC.
Similarly, suitable storage patterns can be freely chosen
for warehouses in terms of different targets.

Comparison of fatty acid value increase between
N2-CA and temperature control storages
In the case of temperature control storage, the
fatty acid value of paddy with 13.6% moisture stored
at 20ºC for 12 months (Fig. 13) increased by 2.3, and
other six ways to achieve the same effect includes,
CA storage by continuously filling 98% nitrogen at
30ºC; CA storage by continuously filling 95% or 98%
nitrogen at 25ºC; CA storage by continuously filling
95% or 98% nitrogen at 20ºC; and CA storage with
alternately filling 98% nitrogen at 20ºC. Similarly,
suitable storage patterns can be freely chosen for
warehouses in terms of different targets.
As per Fig.14, in the case of CA storage by

CONCLUSION
1. At 20-30ºC, CA storages by either continuously
or alternately filling nitrogen above 90% could
delay the increase in fatty acid value of paddy,
in which the most effective pattern is CA storages by continuously filling nitrogen above 95%
at 30ºC, while the most ineffective one is CA
storages by alternately filling nitrogen above
90% at 20ºC.
2. Compared with alternate N2-CA storage, continuous
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N2-CA storage performed better in delaying the
increase in fatty acid value of paddy.
3. Unsealing after N2-CA storage had no influence
on the fatty acid value of paddy.
4. These above results provide granaries with basic data

to select appropriate storage methods depending on
the target increase of fatty acid value of paddy.
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Heat disinfestation of decorative, high value wooden
paneling—an alternative to fumigation
JONATHAN BANKS1*, MARK SHEPPARD2
1Grainsmith

Pty Ltd, 10 Beltana Rd., Pialligo, ACT 2609, Australia
ABSTRACT

Wooden paneling, installed in some reception areas in a newly constructed hospital building,
was found infested with the powderpost beetle, Lyctus brunneus. It was necessary to eliminate
this infestation rapidly to prevent further damage to the paneling and avoid delays in hand-over of
the premises. Heating to equivalent of ISPM 15 (>56°C for >30 min) was used as a disinfestation
measure. Panel sections were individually treated using an improvised system of hot air blowers
as heat sources applied to the outer face of the panel, with heat retained using insulated plywood
plenums temporarily fitted over the panel. Most infestations were eliminated in the first series
of treatments, but there were three instances of survival, evidenced by continued production of
wood powder borings, requiring localized retreatment. Heat treatment was chosen as the most
appropriate disinfestation system available. It was sufficiently rapid and also allowed continuing
construction and fit-out activities in the affected area during treatment. Localised fumigation
would have been difficult to carry out effectively, with risk of loss of fumigant into lift shafts, wall
cavities and other voids and workspaces. It would also have required the premises to be vacated
during the treatment. Residual chemical treatment would have been too slow and uncertain and
also inappropriate in the hospital setting.
Key words: Fumigation alternatives, Heat disinfestation, Rapid treatment options, Wood borers
Sheoak (Casurina sp.) wood panelling in a
new building at an advanced stage of construction
(Fiona Stanley Hospital, Perth) was found infested
with wood borers (powderpost beetles (Lyctus
brunneus(Stephens))). The panelling was made from
timber sourced from the site on which the hospital was
being built and was unique, valuable and decorative.
It had received no insecticidal treatment from time
of harvesting. Part of the decorative appeal of the
panelling was the patches of light coloured wood in
the predominantly darker brown sheoak wood with
its characteristic oak patterning. This light coloured
sapwood is a particularly infestible material.
The panelling was installed around the lift
wells on four floors, with further areas behind some
reception and staff areas. It is assumed that the wood
was infested prior to installation and not infested

2PEST Australia Pty Ltd, Pest Management Consulting,
Australia
*Corresponding author e-mail: apples3@bigpond.com

in situ. At the time the infestation was detected, by
presence of characteristic borings accumulating on
the floor below the panels, the building was still in
fit-out stage and had not yet been handed over for
use. The insects were able to emerge directly through
the multi-coat gloss finish on the external face of
the panels.
The infestation had to be eliminated rapidly to
avoid further damage to the panelling and to avoid
any delay in building handover. The panelling had to
be treated in situ. Removal and treatment off site was
uneconomic and impractical.
Several in situ treatment options – fumigation,
insecticide treatment, heat disinfestation and trapping
- were considered for this particular situation, with
disinfestation by heat treatment chosen as the most
suitable. The treatment had to be both fully effective
and rapid. While trapping may have been successful
in the long term, it would not have halted damage
and would not be rapid enough as a treatment to meet
the tight handover schedule. Injection of insecticide,
such as permethrin, into emergence holes or applied
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as an insecticide-impregnated lacquer, was considered
unsuitable because it was uncertain if it had been
fully effective, could not be applied to the existing
high grade finish of the panels and left residues
possibly of concern in a hospital setting. With methyl
bromide no longer allowable because of phaseout
under the Montreal Protocol control measures, the
only registered fumigants available were phosphine
and sulphuryl fluoride. Phosphine was not regarded
as suitable because of the extended exposure time
required and corrosion risk to the already installed
electronic controls of the lifts. Fumigation with
sulphuryl fluoride would have been problematic
because of difficulties with creating suitable sealed
enclosures around the various lift wells and voids
behind the panels over the four floors, and would also
have required evacuation of the adjacent work areas
during the set up and treatment.
Heat treatment could be carried out rapidly and
did not interfere with continuing work in the area.
Preliminary tests showed that insecticidal temperatures
could be achieved without affecting the quality of
the finish on the wooden panels or the panels
themselves.

220 mm, and thickness 8 mm. These were located
over 4 floors of the building, around the lift well
entrances and in some public areas close by (Fig. 1).
The largest panels were about 5.5 m2 and smallest
about 0.9 m2, with a treated area of 278 m2 over 76
panels in total.
The sheoak panelling was supported on plywood
(15 mm) backing. The plywood was fixed on metal
battens on a full concrete wall. The exterior surface of
the panelling had been coated with a gloss multi-coat
finish, probably urethane-based. It was assumed that
the plywood was not infestible by the powderpost
beetles, though much of it was probably treated during
the treatment of the sheoak panels.
Treatment schedule: Treatment aimed to produce
a temperature of at least 56°C throughout each panel
for at least 30 min, and preferably for 1 h. There are no
applicable Australian Standards for heat disinfestation
of wood in structures and decorative materials. The
version of the International Standard ISPM 15 on
treatment of wooden packaging material in international
trade, current at the time these treatments (IPPC,
2009), specifies 56°C core temperature shall be
maintained for at least 30 min. This is for elimination of
infestation of all stages of wood-destroying insects,
including both adult insects and developmental
stages. This International Standard was taken as
advisory in the present treatment. It is noteworthy that
the first version of ISPM 15 (FAO, 2002) did make

MATERIALS AND METHODS
Situation to be treated: The decorative panels
were composed of sheoak (Casurinasp.) wood blocks
of width 120 mm, various lengths, typically around

Fig. 1.

Floor plan, lift area, ground floor, with position of panelling indicated by green shading
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the comment that some Lyctidae were exceptions
to the 56°C/30 min schedule, presumably requiring
somewhat higher heat dosage.
In absence of data for the inaccessible interface
between the back of the sheoak panel and supporting
ply, maintenance of a surface temperature of >60°C
for 70 min (or equivalent) was used as an operational
standard objective to achieve 56°C/30 min or more
throughout the sheoak.
Treatment methodology: Prior to treatment,
most potentially heat sensitive electrical and
electronic components were removed. This included
lift indicators, various sensors and switches, and
communication devices and their connections. Lift
control electronics were left in place, but given
some protection from excessive heat by wrapping
in sarking.Sarking was also used to cover any
holes in the panelling that remained after removal
of switches, indicators, communication equipment
and the like.
All sheoak panels on each floor, were individually
heat treated to insecticidal temperatures. Individual
panels were enclosed with a plenum (heating enclosure)
fitted to the outer surface of each panel. Each plenum,
150 mm deep, was constructed on a light timber
framework with either 3 ply wood or 3 mm MDF
panels. Fig. 2 shows a plenum in place on a panel,
with heating and monitoring equipment.
Various plenums (enclosures) were made to suit the
different panel widths and ceiling heights or location,
such as above the lift entrances. Some were made in
two sections where required in order to be able to fit
the enclosure against the panelling under the recessed
lighting structure in the ceiling on some floors.
The inner surface of each plenum was lined with
aluminium foil sarking (Silverwrap, R = 1.3, aluminium

surface inward) to provide a heat reflectant insulation,
retaining heat within the plenum. The enclosures,
where they contacted the panelling, were edged
with self adhesive foam strips. This provided a resilient
seal that was not gastight but was sufficient to retain
the heated air within the enclosure while allowing
some loss to the outside, thus heating the periphery
of the panels.
In a few instances, the available plenum was
not sufficiently wide to cover the whole panel under
treatment. In these cases, the panel was treated in
two sections. In other situations, close to lift wells,
the plenum was too wide. Open areas around the
back of the plenum were covered with sarking and
cloth-backed adhesive tape as appropriate, to retain heat
sufficiently to meet treatment requirements.
The plenums were moved between adjacent similar
panels after completion of heat treatment on one panel.
A smaller version of the plenums was made for spot
treatment of infestations that survived the initial series
of treatments.
Heat supply and monitoring: Heat was introduced
into each plenum using temperature controlled heat
guns (Bosch model PHG 630DCE) rated at 0.5
m3 min-1 and set at 150°C output. Larger panels
(> 3.5 m2) were heated using five of these heat
guns (Fig. 2), with input through holes in the side
of the plenum, spaced approximately equally along
the vertical edge of the plenum. Smaller panels were
heated with two, three or four heat guns as appropriate.
Some large panels required additional heat input to
achieve target temperatures in a timely fashion. This
was supplied, as needed, by a 1.5 kW electrical
fan heater (Microfurnace), ducted into one of the lower
ports in the plenum. Heat input was reduced by
switching off one or more guns if surface
temperatures of the panelling under treatment became
excessive (>80°C).
Surface temperatures of panelling under treatment
were measured with Type K thermocouples. These
were either read from time to time using a handheld monitor (OneTemp thermometer 303P) or
were logged electronically with a 4-channel
thermocouple logger (Onset Hobo UX120-014M).
Representative surface temperatures were indicated
from thermocouples held to the outer panelling
surface at various points using adhesive cloth tape.
Typically, larger panels had three or more sampling
points while the smaller panels only had two points
monitored. Where access was possible, a thermocouple
was inserted immediately behind the wood panel, in
front of the backing board, to indicate penetration of
the heating through the panel.
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Fig. 2. Heating enclosure (plenum) in place on Panel
16, First floor, showing installed heat guns and
datalogger
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Heating results: Detailed assessment of results of
the heating obtained for each of the 74 panels treated.
in given in Table 1. Treatments for most individual
panels exceeded target specifications of a surface
temperature of >60°C for 70 min or were slightly below
this temperature but for longer.Thus all panels are likely
to have received a heat dosage exceeding the ISPM15
specification of > 56°C for >30 min.
Post treatment inspection: New borings were
observed from the corner areas of three of the treated
panels about 5 days after completion of the first series
of treatments. These areas were retreated with heat
using small plenums to contain the heat over the
localised infestation (Fig. 5). No further infestation
was observed. The quality and finish of the wood
block panels was unaffected by the treatment as
assessed visually.

RESULTS

Temperature (°C)

Heating curves: Typically, heat treatment took
3.5 h, with about 2 h or less taken to achieve 60°C
at all monitored points and at least 70 min heat soak
at that temperature to raise internal temperatures
throughout the sheoak wood to >56°C for >30 min.
A typical successful heating curve is shown in Fig. 3.
On a few occasions it was possible to insert
a thermocouple behind the sheoak panel, between
the sheoak and backing plywood. Removal of the
lift indicator sometimes revealed an accessible cut
surface with the groves at the back of the sheoak
providing a channel where it was partly glued to the
backing ply.
Observations from an embedded thermocouple
supported the assumption that heating and maintaining
the outer surface to >60°C led to adequate heat
dosage at the rear of the panel of >56°C for an adequate
period (Fig. 4).
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DISCUSSION
The results provided a practical demonstration of
use of heat as an insecticidal treatment, carried out under
difficult circumstances and, in this case, providing an
alternative to fumigation. The treatments were carried
out using inexpensive and readily available equipment,
with minimal disruption to continuing building work

200

Fig. 3. Typical temperature rise at three points on panel
surface during heating, with external temperature
of plenum (lowest line)

Fig. 4. Heat treatment - Panel 4, Ground floor, showing
heat penetration into sheoak wood panelling.
Bottom line (pink) shows rise in temperature to
>56°C behind the panelling while surface points
(data points without line) indicate >60°C

Fig. 5. Small plenum and heat gun in place for retreatment
of infestation surviving first treatment series
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Table 1

Heat treatment results for individual sheoak panels

Panel location

Panel No.

Lower ground floor

1
2

Panel area
(m2)
4.52
2.57

3
4

5.36
2.57

5

3.52

6
7
8
9

3.52
2.57
5.36
2.57

10
11
12
13
1

4.52
5.53
5.53
5.53
4.87

2

4.87

3

4.87

4

4.01

5
6
7
8
9

1.81
4.72
1.81
3.27
3.27

10
11
12

1.81
4.72
1.81

13

4.01

14
15
16
1
2
3
4
5
6

4.87
4.87
4.87
4.81
4.81
4.81
4.01
1.81
4.72

Ground floor

First floor

Comment

Assessment

All points >60oC for at least 60 min, likely longer
Two surface points >60oC for >85 min, point behind panel
>56oC for >30 min
Temperatures above 56oC for 150 min
Temperatures exceeded or much exceeded 60oC for > 60
min, probably > 80 min
Two points >60oC for 70 min, one point >57oC for 70
min and >60oC for 47 min
All points >60oC for >70 min in total
Single surface monitoring point exceeded 60oC for 110 min
All points >60 for >140 min
All recorded points > 60oC for 108 min, point 2 behind
panel >56oC for 60 min
Temperatures exceeded 60oC for >100 min
All points >60oC for >70 min in total
All points >60oC for >130 min in total
All points >60oC for more than 70 min
Exceeded 60oC at all points for at least 60 min, probably
much longer (>160 min)
> 60oC at 3 of 4 points for >70 min, with remaining point
> 56oC for > 60 min and > 60°C at end of treatment
Exceeded 60oC surface temperatures at all 3 points
monitored for > 90 min
All points likely >56oC for 4 h, with some exceeding 60
for >3 h
All lines >56oC for 1 h, including 2 at depth.
Treated >3.5 h
All lines >60oC for 70 min
All surface lines had >2 h at >57oC
Likely all measured points > 60oC for 70 min, first panel
treated
Line 2 at >55oC for 1 h, others >59oC for 1 h
Likely all points >62oC for >60 min
All surface lines >59oC for >1 h 50 min, depth line >
56oC for >70 min
All points >57oC for at least 60 min, with >60oC at end
of treatment.
Likely all points >60oC for 70 min
All 4 points >64oC for >60 min
All points exceeded 60oC for >160 min
All surface points (2) >62oC for >110 min
All points >60oC for >80 min
All points >61oC for >70 min
All points >60oC for >90 min
Single point monitored reliably >60oC for >120 min
Heating prolonged to allow lowest point to be above 56oC
for >2.5 h, others >60oC for >2 h

OK
OK
Probably OK
OK
Probably OK
OK
OK
OK
OK
OK
OK
OK
OK
OK retreated
Probably OK
OK
OK
OK
OK
OK
Probably OK
OK
Probably OK
OK
OK
Probably OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
(continued)

123

CONTROLLED ATMOSPHERE AND FUMIGATION IN STORED PRODUCTS

(Table 1 continued)
Panel location

Panel No.

Panel area
(m2)

Comment

Assessment

7
8
9
10
11
12

1.81
3.66
3.66
1.81
4.72
1.81

OK
OK
OK
OK
OK
OK

13
14
15
16
17

4.01
4.81
4.81
4.81
0.89

18
19
20
21
22
23

0.89
3.83
3.83
3.83
3.83
3.83

First floor
staff base

24
25
26

3.53
3.53
3.58

Second floor

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

4.78
4.78
4.78
4.01
1.81
4.72
1.81
3.66
3.66
1.81
4.72
1.81
4.01
4.87
4.87
4.87
0.89

18
19
20
21

0.89
3.105
3.105
3.105

Single recorded point >75oC for 120 min
All points >60oC for >80 min
All points >60oC for >70 min
Single point shows >70oC for >70 min
Two points >60°C for >2.5 h, one point likely >56oC for 3h
All points >64oC for >100 min, with some temperatures
>80oC
Both operational points >60oC for >120 min
Likely all points >60oC for >70 min
Treated >3.5 h
Treated >3.5 h
Likely to have exceeded 60oC for at least 70 min, and
probably exceeded 65oC for 40 min
All points exceeded or much exceeded 60°C for >70 min
All points >60oC for >80 min
All points >64oC for >60 min
All points > 62oC for > 80 min
All points > 61oC for > 80 min
Panel 23 treated in two sections to complete reception
wall treatment
All points >60oC for >70 min
All points >60oC for >100 min
Treated in 2 parts. Part 1 - all points >64oC for >60 min.
Part 2 - final readings indicate >62°C for >60 min
Treated >3.5 h, no temperature record
Treated >3.5 h, no temperature record
Treated >3.5 h, no temperature record
Treated >3.5 h, no temperature record
All two monitored points likely to be >70 for >90 min
Treated >3.5 h, no temperature record
All two points >62°C for >90 min
Likely all points >60°C for >70 min
Treated >3.5 h
All points >70°C for >60 min
Treated >3.5 h
All points >65°C for at least 70 min
Two points >65°C for >110 min, other >56°C for >60 min
Both operational points >60°C for at least 90 min
All points >60°C for at least 70 min
All points >60°C for at least 70 min
All points exceeded 60°C for 67 min, and exceeded 65°C
for 40 min
All points exceeded 58°C for at least 100 min
Both monitoring points >60°C for >70 min
All points (2) >60°C for >70 min
Exceeded 60°C at both points for >90 min

First floor
reception

Second floor
satellite
reception
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OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK retreated
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK retreated
OK
OK
OK
Probably OK
OK
OK
OK
OK
OK
OK
OK
OK

JONATHAN BANKS, MARK SHEPPARD

being undertaken in the area.
There appeared to be no accepted heat treatment
dosage standard available for the particular situation
encountered – presence of wood-destroying pests
(beetles) in timber in buildings. While there is
much data available on the effects of heat on stored
product and timber pests at the research level (Beckett
et al., 2007) and specific quarantine treatments
using heat (USDA 2016, IPPC 2009), there is
little that is generally applicable to the situation
encountered here.
A compilation of recognised effective and practical
heat treatment schedules for stored products and
structures would be most welcome.

under construction.
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ABSTRACT

The two most important limitations of phosphine fumigation are: (a) long exposure times; and
(b) the danger of developing resistant insect populations. It is evident that insect resistance is a
serious concern that threatens the continued effective use of phosphine. Phosphine fumigation
protocols have been revised in different countries to tackle the problem of insect resistance
to the fumigant. In many countries, fumigation is performed under tarpaulins or a liner with
high permeation to the fumigant, with permeable floors where retention of the fumigant is not
measured. This requires repeat fumigations that most probable increases resistance levels and
selects for insects with a higher phosphine tolerance. To deal with the question ‘what degree of
gastightness is needed for a successful fumigation’ some comparative assessments were made
to provide practical guidelines. In this paper other registered fumigants are reviewed, they suffer
from the limitation that they may be useful for application using special equipment or under
specific conditions. Sulfuryl fluoride (SF) has not been registered as widely as phosphine. The SF
has potential applications in disinfesting flour mills and food factories. It can be used effectively
for insect pest control in dry tree nuts and food grain, but data are scarce on the effect of SF on
quality of the treated commodity and persistence of residues. Propylene oxide (PPO) has the
property to act within very short exposure times on storage insects. It is a safe fumigant for use
on food, and is registered and used in the USA as a sterilant for commodities such as dry and
shelled walnuts (Juglans regia L.), spices, cocoa (Theobroma cacao L.) powder and nutmeats.
The PPO should be applied under low pressure or in CO2-enriched atmospheres. Ethyl formate
(EF) has been tested against insect pests of food commodities. It is rapidly toxic to storage insects
including psocids. The EF should be used in mixture with CO2.
Key words: Ethyl formate, Gastightness, Phosphine, Propylene oxide, Sulfuryl fluoride
Of the 16 fumigants listed in common use some
32 years ago by Bond (1984), only very few remain
today. Most of these fumigants have been withdrawn
or discontinued on the grounds of environmental
safety, cost, carcinogenicity and other factors. Methyl
bromide (MB) has been phased out by 2015, because
of its contribution to stratospheric ozone depletion
(UNEP, 2002). In cases where there is a value for
MB fumigation, exemptions for quarantine and preshipment (QPS) purposes, as well as the possibility to
apply for exemptions where no alternative exists, the
applicant has to demonstrate that every effort is being
made to research alternative treatments. In contrast;
phosphine remains popular, in many countries, because
*Corresponding

author e-mail: snavarro@013.net

it is the only remaining registered fumigant.
However, because the long exposures required,
many food industries and particularly exporters have
been striving for a quick and effective fumigant for
insect pest control in food commodities. In addition,
the WTO and Free Trade Policies, trade traffic of
foodstuffs across the world have been considerably
increased to a level that, fumigation for disinfesting
stored food commodities has been playing a significant
role. Although some developed countries have adopted
the approach of zero tolerance of insect pests in food
commodities, many insects have developed resistance
to phosphine over the last decade (Cao et al., 2003;
Savvidou et al., 2003; Daolin et al., 2007). Therefore,
the fumigation technology that is required to obtain this
zero infestation has been facing constraints because
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of regulatory implementation and the development of
resistance of phosphine (Arthur and Rogers, 2003).
The increased demand of competitive markets
for quality in food commodities free from pest and
pesticide contaminants on the one hand, and the need
to find appropriate alternative control measures on the
other hand, pose the first challenge. Although efforts
have been made to register new fumigants in several
countries, and in the development of new technologies
as alternative control methods, the limitations that exist
in the registration of those newly considered fumigants
pose also significant global challenges. The restrictions
imposed by regulatory agencies in many countries and
particularly in Europe make registration a target very
difficult to achieve. The aim of the present paper is
to elucidate those new global challenges to the use of
gaseous treatments in stored products.

die but the surviving eggs and pupae will continue to
develop and re-infest the grain.
In Australia, a silo is technically considered as
sealed if it stands a five-minute half-life pressure test
according to the new Australian Standards AS2628
(Standards Australia, 2010). Often silos are constructed
as sealed but are not gas-tight, being unsuitable for
fumigation.
The question should be what degree of gastightness
is needed for a successful fumigation? For this purpose
some comparative assessments were made to provide
practical guidelines.
In variable pressure test, the structure is pressurized
to a value above atmospheric, using a fan. The air
supply is then shut off and the pressure is allowed to
fall by natural leakage to a new value. The time taken
to fall from the high (positive or negative) pressure
serves as a measure of the degree of sealing. Time
elapse to half the pressure is usually considered for
comparisons of gastightness level.
Although these tests are far from being perfect,
they provide significant information to the fumigator.
If the structure is not gastight any pressure may not
be detected. This is an immediate conclusion.
For testing gastightness of stacks under tarpaulin, a
very low negative pressure should be exerted; pressure
values as low as 50 Pa may be sufficient to estimate
the gastightness of the stack.
For testing container gastightness, the pressure
exerted may be as high as 250 Pa, if it cannot be
pressurized or the pressure drops within 3 s, the
container must be checked for leaks, it should be sealed
and retested. Pressure decay time should exceed 10 s
from 200 to 100 Pa (Graver and Banks, 2008).
For testing metal silos, to minimize the thermal
influence tests should be carried out preferably before
sunrise and in still weather. A pressure of 250 Pa may
be taken as an upper limit, but for some structures even
this pressure may cause poor seals to open. Welded
steel cells and concrete silos may be able to stand
500 Pa, but higher pressures are usually unnecessary.
Comparative tests with variable pressure tests are
scarce. Table 1 was prepared as provisional guidelines
based on best estimates available in the literature.
The suggested times given in Table 1 were doubled
for empty storages as an approximation to the intergranular airspace, since for barley (Hordeum vulgare
L.), corn (Zea mays L.), rough grain and wheat
(Triticum aestivum L.), this free space is in the range
of 35 to 65% of the total volume.
Banks and Ripp (1984) tested sealed flat storages
from 4,500 to 27,000 tonnes capacity and compared the
fumigant effectiveness using phosphine with pressure

Phosphine
Phosphine is available in solid preparations of
aluminum or magnesium phosphide and in cylinders
containing carbon dioxide ECO2 FUME® or nitrogen
FRISIN®. Lately, on-site phosphine generators that
can release the fumigant up to the rate of 5 kg h–1
are available in some countries (Argentina, Chile,
China and the USA). Metal phosphide formulations
with slow or altered rates of phosphine release have
been developed and tested in Australia (Waterford and
Asher, 2000) and India (Rajendran, 2001).
Gastightness requirement for phosphine fumigation:
A major problem in the application of phosphine is
the retention of the gas in the fumigated enclosure.
Since fumigation in unsealed silos does not kill pests
at all stages. Most of the structures are characterized
by lack of gastightness. Only few countries have
established standards for gastight silos appropriate
for fumigation (Newman, 2006, 2010). Japan has had
fumigation gastightness standards since before 1970
(personal communication: Jonathan Banks). In most
countries fumigation is performed under tarpaulins
or a liner with high permeation to the fumigant, with
permeable floors where retention of the fumigant is
not measured. This requires repeat fumigations that
most probable increases resistance levels and selects
for insects with a higher phosphine tolerance.
Rajendran et al. (2000) suggested that it is
important to maintain a minimum phosphine
concentration of 1000 ppm for resistant Rhyzopertha
dominica and 600 ppm for resistant Sitophilus oryzae
in a 7 d treatment. Trials show that these levels of gas
concentration are not realistic to achieve in silos, so
insects will not be controlled at all life stages. The
fumigation may appear successful when the adults
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decay time from 150 to 75 Pa. Their tests resulted in
successful control of insects when half-life pressure
decay was 3 min. for the storage capacity of 15,600
and 16,500 tonnes, whereas full insect control could
not be achieved when half-life pressure decay was less
than 1 min for capacities of 4,800 tonnes. In Table 1,
a minimum of 3 min for large size structures and a
minimum of 1.5 min. for the small range served as
basis for half-life decay time for full storages.
Development of resistance to phosphine:
Phosphine resistance in all major stored grain beetle
pests has been documented in many countries
like Australia, India, Marocco, Brazil, the USA
and China (Collins et al., 2003; Benhalima
et al., 2004; Yang, 2006; Pimentel et al., 2009; Opit
et al., 2012; Rajendran, 2016). Alice et al. (2014)
reported survival of Cryptolestes spp. in field trials
on rice (Oryza sativa L.) stacks under multi-layered
cross-laminated sheets with aluminum phosphide
applied at the rate of 3 tablets/tonne for 7 d, even when
the average gas concentration at the end of the test
was 1,047 ppm v/v (range 156–1,151 ppm). Highest
level of phosphine resistance has been reported for
Cryptolestes spp., followed by R. dominica and T.
castaneum in India as in other countries (Rajendran,
2007). Schlipalius et al. (2014) pointed out that it has
become apparent that strong resistance to phosphine
is increasing in frequency and possibly in the level
of resistances found.
From this discussion it is evident that insect
resistance is a serious concern that threatens the
continued effective use of phosphine. Phosphine

fumigation protocols have been revised in different
countries to tackle the problem of insect resistance to
the fumigant. In these protocols, the only country that
has specified the importance of phosphine fumigation
only in gastight structures is Australia. It is expected
that pest controllers in other countries will adopt similar
standards to avoid fumigation in unsealed structures.
Two major restrictions of phosphine are that it
requires several days of exposure to achieve the same
level of control as that of MB, and that it corrodes
copper and its alloys and therefore electrical and
electronic items need protection from exposure to the
fumigant. Phosphine also reacts to certain metallic
salts, which are contained in sensitive items such as
photographic film and some inorganic pigments.
NEWLY CONSIDERED FUMIGANTS
Sulfuryl fluoride
Application: Sulfuryl fluoride has been used as a
structural fumigant for dry wood termite control for the
past 45 years, but it also has potential applications in
disinfesting flour mills and food factories (Bell et al.,
1999). On 23, January 2004, the US EPA approved the
first-time use of sulfuryl fluoride as a fumigant on food
which permits the highest levels of inorganic fluoride
on food commodities in its history. Derrick et al.
(2013) reported that sulfuryl fluoride is currently being
examined for use in museums and historic structures as
a pest control agent. When Vikane© is properly used
little to no visible damage to materials was noted.
However, for accepting it as a museum fumigant indepth analysis of its possible effect on its physical
and chemical properties of exposed artifacts would
be necessary (Derrick et al., 2013). Sulfuryl fluoride
has been registered and used as a structural fumigant
in Germany, Sweden and the USA. Sulfuryl fluoride
is available under the trade name ‘Vikane’ containing
99.8% sulfuryl fluoride and 0.2% inert materials. Apart
from the USA, China has been producing sulfuryl
fluoride (trade name ‘Xunmiejin’) since 1983 (Guogan
et al., 1999). Also, sulfuryl fluoride can be applied
under reduced pressure, so that the exposure period
can be drastically reduced (Zettler and Arthur, 2000).
The fumigant was noted as highly toxic to diapausing
larvae of the codling moth, Cydia pomonella in stored
walnuts (Zettler et al., 1999). Sulfuryl fluoride is also
registered under the trade name ‘ProFume®’ for the
protection of stored food commodities (Schneider et
al., 2003). ProFume® is registered in the US to allow
virtually all mills and food processing facilities to test,
adapt and consider adoption as an alternative to MB.
Additionally, registration coverage in EC countries for

Table 1 Provisional recommended ranges for variable pressure
test carried out in structures destined for gaseous
treatments to control storage insects.
Type of gaseous
treatment

Fumigants

MA

MA, including
airtight storage

Structure volume Variable pressure test
decay time (min.)
in cubic meters
250–125 Pa
Empty
structure

95%
full

Up to 500

3

1.5

500 to 2,000

4

2

2,000 to 15,000

6

3

Up to 500

6

3

500 to 2,000

7

4

2,000 to 15,000

11

6

Up to 500

10

5

500 to 2,000

12

6

18

9

2,000 to 15,000
Source: Nivarro (1998)
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Application: Ren and Mahon (2003) carried out
field trials on EF for fumigation of on-farm storage
in bulk of wheat (125 tonnes), sorghum [Sorghum
bicolor (L.)] (140 tonnes) and faba beans (Vicia faba
L.) split (75 tonnes). The liquid EF was applied as a
pulsed, or double, dose to the top of the grain through a
polyvinyl chloride probe. In each pulse, 85 g/tonne was
applied, total dosage 170 g/tonne. After 2–4 h of the
first pulse, the second pulse was applied. To maintain
EF concentrations below the flammable level, reduce
vapourization, maintain an effective concentration of
ethyl formate for > 20 h, and to avoid liquid ethyl
formate accumulating at the bottom of the bin, this
method of application was chosen. Those field trials
reported by Ren and Mahon (2003) have shown that
EF has good potential as a fumigant in unsealed farm
bins. To encourage applying EF in un-sealed bins may
be questionable from the aspect of leading to future
resistance to the fumigant.
A significant point to consider during the
application of EF is that the application technology as
in combination with carbon dioxide or the fumigant
alone has different dosages. Experiments carried out
by Rajendran (2009) on 160 tonnes wheat stacks
at 27°C showed that a dose of 214 gm-3 for 72 h
was adequate. While Damcevski et al. (2010) report
on the successful application of the formulation
of VapormateTM to achieve complete control of R.
dominica and T. castaneum with 63 and 76 gm−3 EF,
respectively, with exposure for 24 h.
In practice to purge through a tube using EF in a
mixture with carbon dioxide, a vapourizer is needed.
This is a heated coil through which the fumigant
mixture is conveyed into the fumigation chamber.
In treating large volumes of commodity, even a 20
ft (6.1 m) container size, the aspect of application
EF either directly as Ren and Mahon (2003) into the
grain mass or through an appropriate evaporator needs
to be elaborated. Tarr et al. (2004) carried out two
fumigations with EF in shipping containers. The first
used liquid EF treated with 60 g m-3 of EF vapour
for 44 h and demonstrated that this fumigant worked
in cold conditions. The second demonstration used
CO2 as a carrier gas, thereby reducing flammability
and improving distribution of EF. These aspects of
practical application are lacking in the literature.
Ryan and deLima (2013) reported that EF
applications have been limited because of high
treatment costs with cereal grains and phytotoxic
issues with fresh produce.
Maximum residue limits: For the registration of a
fumigant in a country the established maximum residue
limits (MRL) is an important aspect of the process.

numerous milling and food processing applications is
broad, and increasing (TEAP, 2014).
Ovicidal effect:Although it can be used effectively
for insect pest control in dry tree nuts and food grain,
data are scarce on the effect of SF on quality of the
treated commodity and persistence of residues. The
fumigant is more penetrative into treated commodities
than MB. Insect eggs are the most tolerant stage for
sulfuryl fluoride. The relative egg tolerance can be
overcome by increasing the exposure period and by
raising the treatment temperature (Bell et al., 1999).
Maximum residue limits: The U.S. Environmental
Protection Agency has re-evaluated the current science
on fluoride and is taking steps to begin a phased-down
withdrawal of the pesticide sulfuryl fluoride, a pesticide
that breaks down into fluoride and is commonly used
in food storage and processing facilities. Although SF
residues in food contribute only a very small portion
of total exposure to fluoride, when combined with
other fluoride exposure pathways, including drinking
water and toothpaste, the EPA has concluded that the
tolerance (legal residue limits on food) no longer meets
the safety standard under the Federal Food, Drug, and
Cosmetic Act (FFDCA) and the tolerances for sulfuryl
fluoride should be withdrawn (EPA, 2009).
Greenhouse effect: Sulfuryl fluoride has been
reported by Mühle et al. (2009), Papadimitriou et al.
(2008) and Sulbaek et al. (2009) to be a greenhouse
gas which is about 4,000–5,000 times more efficient
in trapping infrared radiation (per kg) than carbon
dioxide (per kg). Mühle et al. (2009) indicated that
annual amounts of sulfuryl fluoride released into
the atmosphere (about 2,000 metric tons per year
are far lower than the amounts of CO2 released by
hydrocarbon-burning vehicles, industry, and other
processes (about 30 billion metric tonnes per year).
Ethyl formate
Ethyl formate (EF) is known as a solvent and is
used as a flavouring agent in the food industry. It is
naturally present in certain fruits, wine and honey. In
India, extensive laboratory tests against insect pests of
food commodities and field trials on bagged cereals,
spices, pulses, dry fruits and oilcakes have been carried
out on the fumigant (Muthu et al., 1984). Ryan and
Bishop (2003) reported on non-flammable EF/liquid
carbon dioxide fumigant mixture. Ethyl formate, as
Eranol, has long been used for the protection of dried
fruits in Australia. It has been found suitable for inpackage treatment of dried fruits. Studies in Australia
indicate that, unlike phosphine, EF is rapidly toxic to
storage insects including psocids (Annis and Graver,
2000).
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Ethyl formate has a long list of products for which
the MRLs were established (Default MRL of 0.01
mg kg-1according to Art 18(1)(b) Reg 396/2005. EC
pesticide data base 2005). In Australia, EF is permitted
for use but no MRL level required since it also occurs
at natural levels in barley, wheat, cereals and pulses
(Outturn Standards 2013/14, 2013). Australia has been
using EF on dried fruits final package. In general, it
is considered as an active constituent excluded from
the requirements of APVMA approval (APVMA,
2016).

residues of agricultural compounds not specified in the
Standard. Eight samples of pistachios (Pistacia vera
L.) contained PPO residues at concentrations greater
than 0.1 mg kg-1 (Wilson et al., 2013).
CONCLUSION
No fumigant that has a broad spectrum of action
like MB, and is inexpensive like phosphine, is presently
available. Although there is no doubt that fumigation
technology is extremely important for the protection
of stored products, many demands are required from
potential alternative fumigants, from the sensitivity
and lack of resistance of target pests to requirements
for registration of new fumigants and re-registration
to maintain the use of old fumigants. However, there
is increasing public concern over the adverse effects
of pesticide residues in food and the environment.
Existing gaseous alternatives to MB and phosphine
suffer from the limitation that they may be useful
for treating a particular type of commodity or for
application in a specific situation only. Sulfuryl fluoride
seems to emerge as a promising candidate fumigant for
disinfesting stored food commodities, food-processing
facilities and as a quarantine fumigant. Other fumigants
are suitable to specific uses, such as propylene oxide
for dry and shelled walnuts, spices, cocoa powder
and nutmeats, ethyl formate can be suitable for dried
fruits, cereals and grains. The global challenges in
stored products are the development of new and safer
gaseous treatments, and new application methods that
are commercially feasible.

Propylene oxide
Propylene oxide (PPO) is a colourless and
flammable liquid, and is used as a food emulsifier,
surfactant, cosmetics and starch modifier. Under
normal temperature and pressure PPO has a relatively
low boiling point (35°C) and a noticeable ether odor
(Weast et al., 1986). It is a safe fumigant for use
on food; it is registered and used in the USA as a
sterilant for commodities such as dry and shelled
walnuts, spices, cocoa powder and nutmeats (Griffith,
1999).
Application: A disadvantage of PPO is that it is
flammable at from 3 to 37% in air, and therefore, to
avoid flammability it should be applied under low
pressure or in CO2 enriched atmospheres. Griffith
(1999), in preliminary tests on some stored-product
pests, indicated that PPO has insecticidal properties
under vacuum conditions as a fumigant. Navarro et
al. (2004) studied the relative effectiveness of PPO
alone, and in combination with low pressure or CO2.
The great advantage of PPO is its extremely fast action
on insects. Very short exposure times are required to
control all stages of storage insects (Isikber et al.,
2004). To purge PPO through a tube in a mixture with
carbon dioxide, a vapourizer is needed.
Maximum residue limits: The PPO has a limited
list of maximum residue limits (MRLs) that make
difficult its registration in countries. The current MRL
for PPO is for dry and shelled walnuts, spices, cocoa
powder and nutmeats is 300 ppm (EPA, 2006). There
is currently no specific maximum residue limit (MRL)
under the Australia New Zealand Food Standards
Code or the New Zealand (Maximum Residue Limit
of Agricultural Compounds) Food Standards 2002
(NZ MRL Standard) for the presence of PPO residues.
The maximum levels of PPO detected (1.3 mg/kg)
were less than 0.5% of the present USA tolerance,
specified in Part 180, Title 40 of the Code of Federal
Regulation (300 mg/kg in pistachios). The NZ MRL
Standard does have a default MRL of 0.1 mg kg-1for
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Efficacy of ECO2 Fume® under low pressures against the
egg stages of dried fruit pests
MEVLÜT EMEKCI*, AHMET G FERIZLI
Department of Plant Protection, Faculty of Agriculture, Ankara University 06110 Ankara, Turkey
ABSTRACT

Dried fruits in Turkey may be infested by dried fruit beetles [mainly Carpophilus hemipterus
(L.)], almond moth [Ephestia cautella (Walker)] and the sawtoothed grain beetle [Oryzaephilus
surinamensis (L.)]. While the dried fruit beetles and almond moth infestations occur in orchards,
the latter pest only infests the dried fruits in processing plants. Our previous studies showed that
all stages except egg stages of dried fruit pests were completely killed by phosphine applications
alone. In this study, egg stages of Carpophylus hemipterus, Ephestia cautella, Oryzaephilus
surinamensis, Tribolium castaneum (Herbst), and T. confusum Jacquelin du Val were subjected
to high phosphine concentrations up to 3,000 ppm at different low pressures at 20, 25, and 30°C
in the laboratory. The results showed that high phosphine concentrations under low pressures
were found very effective in controlling egg stages of dried fruit pests
Key words: Almond moth, Dried fruits, Dried fruit beetles, ECO2 Fume, Egg mortality,
Low pressure, Phosphine, Sawtoothed grain beetle
Turkish dried fruit and nuts’ exports dominate
the World markets and were valued at US$15 billion
in 2014. International trade in horticultural products
is highly dependent upon effective pest control
measures that both preserve the produce quality
and prevent spread of pests across international
borders Postharvest pest control activities performed
either pre-shipment, in-transit, or on arrival play
an important role of this process. Dried fruits in
Turkey are subject to infestestations by dried fruit
beetles Carpophilus hemipterus (L.), almond moth
[Ephestia cautella (Walker)] and the sawtoothed
grain beetle [Oryzaephilus surinamensis(L.)]. Dried
fruit beetles and almond moth infestations take place
in orchards, whereas sawtoothed grain beetle only
infests the dried fruits in processing plants. Specis
of Tribolium are found occasionally in dried fruit
processing plants.
Use of methyl bromide (MeBr) in Turkey has
been phased-out since 2005 under control measures
of the Montreal Protocol. Before its ban, MeBr was
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the only fumigant used for disinfestation treatments
of dried fruits with 2–3 treatments throughout the
whole production process in any season.
The MeBr was an excellent fumigant providing
satisfactory pest control with a 24 h exposure
treatment. So far there has not been any other
alternative fulfulling the requirements needed by
Turkish dried fruit producers. Although sulfuryl
fluoride (SO2F2), a registered MeBr alternative, has
been proven to have similar efficacy, it has not yet
been marketed in Turkey.
Among non-toxic alternatives, only controlled
atmospheres are in use in Turkey. However, their use is
more or less restricted to organic procuduction. Other
alternatives that have been studied to date include
PH3 fumigation, high presssure CO2, irradiation
and ozonation applications by various researchers
in Turkey (Tutuncu et al., 2004; Cetinkaya et al.,
2006; Uslu et al., 2006, Sen et al., 2009; Tutuncu
and Emekci, 2014).
Thus, the aim of this study was to provide data
on the efficacy of dual combinations of various
low pressures and PH3 concentrations at various
temperatures againts the egg stages of dried fruit
pests.

MEVLÜT EMEKCI, AHMET G FERIZLI

MATERIALS AND METHODS

previously connected to the vacuum pump. By opening
the valve very slightly, phosphine gas was let into the
chamber, so as the pressure inside the chamber was
increased to a desired level. By doing this, eggs were
exposed to known PH3 levels in known low-pressure
levels. Then the vacuum chambers were placed in
700-L incubator (Binder® Model, KB 720) adjusted
at a given temperature for a speciﬁed length of time.
After treatment, the vacuum chambers were vented
to ambient pressure, vials containing the eggs were
removed from vacuum chambers and placed in insect
rearing room at 25°C for an appropriate period of time
to allow egg to hatch. Experiments were conducted
at 25, 30°C and 75% rh using vacuum levels of 50,
100, 150, 200, 250, 760 mm Hg and PH3 levels of 0,
1,000, 1,500, 2,000, 3,000 ppm in dual combinations.

Rearing test insects
Test insects were cultured in a constant room
temperature 25°C and 65% r.h. All insects were reared
in 1L glass jars whose mouths were covered with twicefolded polyester cloth. Carpophilus hemipterus was
reared on an artificial diet including corn (Zea mays
L.) flour, glucose, sugar, yeast, distilled water and
agar, as described by Donahaye and Navarro (1989).
Ephestia cautella and Oryzaephilus surinamensis
were reared on a diet composed of broken wheat, 5%
yeast and 5% glycerol (by weight), whereas Tribolium
castaneum and T. confusum were reared on a mixture
of broken wheat (Triticum aestivum L.) and yeast 5%
(by weight).
Egg collection
Eggs of C. hemipterus were collected by means of
a fine brush from the inner surface of polyester cloth
that was used to cover the mouth of the jars, whereas
the eggs of other coleopteran insects were obtained
simply by sieving the adults from the culture medium
[wheat flour plus dried yeast 5% (by weight)]. Daily
emerged E. cautella adults were transferred in a PVC
cage provided with a bottom mesh that allowed the
eggs to drop into a PVC tray. Daily collected 1-dayold eggs of test insects were held in the rearing room
to obtain 2- or 3-day-old eggs of each species

Statistical analysis
Results were investigated by GLM procedures
Data were analysed through ANOVA with the JMP
60 Statistical Software, and statistically significant
differences between treatments were computed using
the LSD test (P<005)
RESULTS AND DISCUSSION
Complete mortality of tested pest species was
recorded after 24 h of exposure to dual combinations
of various low pressures and PH3 concentrations at
different temperatures (Table 1). The main pests of
dried figs C. hemipterus and E. cautella, which infest
the fruits in the orchards (Erakay and Ozar, 1976;
Turanli, 2003), can be completely controlled after 24

Experimental protocol
Eggs of test insects confined in 25 mL ventilated
PVC vials were placed into 28 L vacuum chambers
(Labconco®, Model No 5530000) equipped with two
3-way ball valves. One ball-valve of the chamber was
connected to the vacuum gauge (Digi-Vac®), whereas
the other ball-valve was connected to the vacuum
pump (Becker®, U420 model). All the connections
were made using vacuum hose. The air in the chamber
was evacuated with the vacuum pump to the target
level. Once the target low pressure level was attained,
an inflatable rubber tube containing phosphine taken
from the ECO2 Fume® cylinder was connected to the
vacuum chamber through the ball-valve which was

Table 1 Age and number of eggs of test species used in the
experiments
Species

Age of
eggs (d)

Number
of test
individuals

Carpophilus hemipterus

1-2

100

Ephestia cautella

1-3

100

Tribolium castaneum

1-3

100

Tribolium confusum

1-3

100

Oryzaephilus surinamensis

1-3

100

Table 2 Vacuum level and PH3 concentrations combinations that gave complete mortality in the eggs of tested species after
24 h of exposure at different temperatures
Species

Age (day)

Temperature
(°C)

Vacuum level
(mm Hg)

1000

1500

2000

Carpophilus hemipterus

1-2

20

250

100

100

100

Orzaephilus surinamensis

1-3

25

250

100

100

100

Ephestia cautella

1-3

30

050

-

100

100
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PH3 concentration (ppm)
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h of exposure. Eggs of Tribolium spp. could not be
controlled under current experimental conditions with
24 h of exposure.
After the complete ban of MeBr in 2005,
phosphine became the only toxic fumigant marketed in
Turkey. Other non-toxic alternatives such as modified
atmospheres or vacuum applications have not adopted
well enough by fruit processing plants, since these
alternatives need longer exposures, exceeding 24 h,
to be effective. Mbata (2004) found that LT99 value
for one-day-old eggs of E. cautella that were exposed
to 50 mm Hg at 25°C was calculated as 5945 h and
increased to 33345 h by increasing the low pressure
to 300 mm Hg. Bagci et al. (2006) reported that
complete mortality in the eggs of O. surinamensis
was achieved by 57 h of exposure to either 36 or 721
mm Hg low pressures at 25°C. Similarly, Finkelman
et al. (2003, 2004) estimated the LT99 values for
1-d-old eggs of E. cautella exposed to ≥ 50 mm Hg
at 20–30°C as ≥ 35 h.
On the other hand, long gas release time of up to 18
h of solid MgPH3 formulations (e.g., FUMI-CELLTM)
cause time loss during the fumigation applications and
thus prevent the use of solid formulations in large
scale in dried fruit sector (Ferizli et al., 2003). Instead
of solid PH3 formulations, Muhareb et al. (2003)
proposed to the use of ECO2FUME, a ready-to-use,
non-flammable mixture of PH3 and CO2, to shorten
the exposure time at normal atmospheric conditions.
They found that increasing the PH3 concentration from
500 to 1000 ppm resulted in increased egg mortality
in C. hemipterus from 9.05% to 98% at 267°C after
24 h of exposure.
In this study, we found that ECO2FUME applied
at the concentrations of 1000 or 1500 ppm at 20–
25°C for 24 h did not cause complete egg mortality
in Ephestia cautella, whereas increase in PH 3
concentration and decrease in pressure level caused
increased mortality rates. Complete egg mortality in
E. cautella could only be possible by increasing the
temperature to 30°C. Complete mortality in eggs of
Tribolium spp. were not achieved by 24 h exposures.
However, these are very rarely found in dried fruit
processing plants.

Scientific and Technological Research Council of
Turkey) under the Project Number 1110042.
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Mortality of stored-grain insects in stored wheat (Triticum sp.)
fumigated with ozone
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ABSTRACT

Ozone as a fumigant to control stored-product insects was tested inside a metal bin filled
with 10 tonnes of 11.0 or 12.0% moisture content wheat (Triticum sp.). The tested insects were
the egg and adult stages of rusty grain beetle, Cryptolestes ferrugineus (Stephens); red flour
beetle, Tribolium castaneum (Herbst); rice weevil, Sitophilus oryzae (L.); and lesser grain borer,
Rhyzopertha dominca (Fabricius). The insects were located at the top surface, 5 cm below the top
of grain surface, and middle depth of the grain mass (about 1 m below grain surface). The wheat
and the insects were continually fumigated for 72 h with an average ozone generation rate of
100 g/h. The generated ozone was injected into the test bin through a patent-pending distribution
system with an air-flow rate of 27 L/min. Adults held at the surface of the grain mass had 100%
mortality, but not all of introduced adults were killed inside the grain mass. Fewer eggs survived
the ozone fumigation when the adult mortality was 100% than when the adult mortality was less
than 100%. There was a correlation between wheat germination loss and high adult mortality.
The germination of wheat located at 5 cm below the top of grain surface was reduced to 0%.
Key words: Fumigation, Mortality, Ozone, Stored wheat, Stored-product insects
Control of insect pests in stored grain requires
alternative fumigants, due to the development of
resistance of insects to pesticides,the cryptic behaviour
of most major stored-product insects, the limited
options of available fumigants, safety concerns, and
the consumers’ demand for residue-free food, and
environmentally friendly treatment methods. Ozone
(O3) as a potential fumigant to control stored-grain
insects has attracted attention recently owing to its
advantages of easy generation at the treatment site
and no chemical residues (Jian et al., 2013). Toxicity
of O3 on stored grain insects was evaluated in the
laboratory (Levy et al., 1974; Isikber and Oztekin,
2009; Hansen et al., 2012) and in field studies (Kells
et al., 2001; Hardin et al., 2010; Bonjour et al., 2011;
Campabadal et al., 2013). The laboratory studies
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Agri-Food Canada, c/o Department of Biosystems Engineering,
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showed the toxic effect of O3 to both external and
internal feeders of stored-grain insects with different
combinations of ozone concentrations and exposure
times (Jian et al., 2013).
Field studies showed that ozone did not achieve
100% mortality if the ozone was lower than the target
concentration, 3600 ppm-h, inside grain mass (Kells
et al., 2001; Bonjour et al., 2011; Campabadal et al.,
2013). The reason for the lower ozone concentration
inside the grain mass is that the ozone is consumed
by grain and degraded to oxygen (Hardin et al.,
2010; Mendez et al., 2003). To solve these issues,
aeration in combination with ozone (Hardin et al.,
2010) or point fumigation (Campabadal et al., 2013)
have been suggested. Ozograin International Inc.
(Ozograin) developed a technique which can help
ozone penetrate into a grain mass (Falcon, 2015); hence
the total fumigation can be completed in 3 days. The
aim of this study was to assess ozone as a fumigant
to control major stored-grain insects under Canadian
conditions by using the new developed technique of
Falcon (2015).
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MATERIALS AND METHODS

adults were introduced into the bag, the bag was closed
by folding up the top of the bag and these folded bags
were sealed by a paper clamp. Each nylon bag with 25
adults was kept inside a polyethylene tube. The size
of the tube was 4 cm inner diameter and 10 cm long.
There were 18 holes in the tube. The inner diameter
of the holes was 1.5 cm. Both ends of the tube and
12 holes were covered by the same nylon mash. The
6 holes which were located at the middle of the tube
were not covered during fumigation. Before the tubes
were introduced into the test bin, 4 tubes with different
insect species were grouped together by using cable
ties. Before the grouped tubes were introduced into
the wheat bulk, the grouped tubes were kept at 25 ±
1°C and 50 ± 5% r.h. for 24 h and the adults laid eggs
before the ozone fumigation.

Wheat preparation
A total of 60 tonnes of hard red spring wheat
(Triticum sp.) (No. 2 grade) was used and this wheat
was purchased from two different sources. The first
30 tonnes wheat was delivered from an elevator and
the second 30 tonnes was delivered from a producer.
Both the elevator and the producer were located near
Winnipeg, Manitoba, Canada. The physical properties
of the two batches of wheat were slightly different.
The test weights of the first and second batches were
777.5±1.5 and 806.9±2.4 kg/m3, respectively. The per
cent foreign material of the first and second batches
were 0.9±0.3% and 0.4±0.1% by weight, respectively.
The germination of the both batches was similar (90.0
± 0.6%). The temperatures of the grain were less than
10°C at delivery. After the grains were warmed to
14°C (by aeration in less than 6 h), the first 30 tonnes
of wheat was used for the first three treatments and
the second 30 tonnes of wheat was used for the last
three treatments without further modifications. For
each test, 10 tonnes wheat was filled in 2.8 m diameter
welded steel bin with perforated flat bottom and 1.8m
high plenum.

Ozone generating and monitoring
Ozone was produced by an ozone generator
(Absolute Ozone ® Atlas 100 Industrial Ozone
generator, Absolute System Inc., Edmonton, Canada).
An oxygen generator (Pro-8, Site Gas System Inc,
Newington, CT, USA) supplied the oxygen required by
the ozone generator. The maximum and average ozone
generation rates were 113 g/h and100 g/h, respectively.
About 27 L/min air-flow rate was used to inject the
ozone into the bin through a patent-pending distribution
system (Falcon, 2015). Ozone concentration inside the
bin was measured approximately every 3 h at seven
locations after the fumigation was started (Fig. 1) by
using a Portasens-II (Analytical Technology Inc., PA,
USA) equipped with either a 0 to 200 ppm (Model:
00-1037) or 0 to 1,000 ppm (Model: H10-14) sensor.
The ozone concentration was not measured in the
first treatment and the 0 to 1,000 ppm sensor was
not used in the first four treatments due to the nonavailability of the sensor at that time. The Portasens-II
drew air from PVC tubes with ½ inch (1.3 cm) inner
diameter. In the second and third treatments, the ozone
concentrations were measured at the walls of the bin
at 75, 125 and 175 cm height from the flat bottom of
the test bin. In the last three treatments, the ends of
the ½ inch tubes were located at 60 or 120 cm from
the wall in the horizontal direction and 25, 75, 125
and 175 cm from the flat bottom of the test bin in the
vertical direction (Fig. 1).

Insect preparation
The following four insect species were tested in
this study: rusty grain beetle, Cryptolestes ferrugineus
(Stephens); red flour beetle, Tribolium castaneum
(Herbst); rice weevil, Sitophilus oryzae (L.); and
lesser grain borer, Rhyzopertha dominca (Fabricius).
The insect species were originally collected from
farms located in western Canada and reared inside our
laboratory for less than 2 years at 30 ±1°C and 75±5%
r.h. The red flour beetle was reared on white flour with
5% brewers yeast, and the other insect species were
reared on whole wheat kernels. The grain used for
the rusty grain beetle was mixed with 5% wheat germ
(w:w) and 5% cracked grain. To create similar aged
adults; 200 adults were introduced into 4-L jars with
approximately 1.5 kg of diet. Two days later, the 200
adults were sieved out and the jars were kept inside
an environmental chamber at 30 ± 1°C and 75 ± 5%
r.h. for 6 to 8 weeks.
Twenty-five adults were sieved from the feed and
collected using an aspirator. These 25 adults were
introduced into a nylon mesh bag. The holes on the
nylon bags were about #30 to 40 mesh. The size of
the bag was about 4 cm diameter with 8 cm high.
Before the 25 adults were introduced into the bag,
approximately 20 g wheat (the same wheat used in
the fumigation test) was placed into the bag. After the

Test procedure
A perforated flat bottom metal bin with a hopper
plenum was used to conduct the fumigation test (Fig.1).
Before grain was loaded, the bin was sealed and could
hold 500 Pa pressure when the air was supplied by a
test fan. The air tightness of the bin did not meet the
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grain mass was levelled and covered by PVC sheeting
(commercial vapor barrier). About 32 h after the
grouped tubes were introduced into the test bin, the
ozone was injected into the test bin through the ozone
distribution system (Falcon, 2015) and continually
fumigated for 72 h. The test insects stayed inside
the small bags with 20 g wheat for 76 h before the
fumigation was started, allowing adults to lay eggs.
A Ring Compressor pump (Model PRB40-420, CE,
Aurora, Ontario) with 4.7 L/s (10 CFM) volumetric
flow rate was used to help the ozone penetrate into
the grain mass. The Ring Compressor pump was
continually run for about 6 h after the ozone generator
was stopped, then the grain was aerated at about 1.5
L/s m3 airflow rate for about 2 h. Six hours later after
the aeration, the grain was unloaded out of the test bin
and the grouped tubes with insects and the large nylon
bags were removed from the test bin. Germination and
moisture content of the grain sampled from the nylon
bags were determined. The removed tubes were kept
at 30±1°C and 75% r.h. for 24 h, and then the dead
and live adults were counted by sieving the insects
from the wheat. The separated wheat was kept inside
0.5 L jars at 30±1°C and 75% r.h. for 35 d, and then
the offspring of the fumigated adults were counted by
following the same counting procedure.

2.80
PVC vapour
barrier

2.45

0.6

1.2

Grain surface
0.50
2.12

0.50
0.50

Fan

Ozone
distribution
system

0.25
Hopper
plenum

52°
Ozone generator
Perforated floor

Fig. 1. Dimension of the test bin and locations of the
introduced insects and ozone measurement (meter);
the dots show the locations of the introduced insects,
and empty cylinders show the locations of the ozone
measurement

recommendation for phosphine fumigation and the
half-loss time of the pressure was less than 1 min.
Approximately 44 h after the insects were introduced
into the small nylon bags and after 5 tonnes of the
wheat was loaded into the test bin and the top of
grain was leveled, the grouped tubes with insects were
introduced at the locations of the wall, half radius, and
center of the top of the 5 tonnes grain mass (referred
to as Middle-Wall, Middle-Half, and Middle-Center,
respectively; Fig. 1). At each location, about 6 kg
wheat was collected. These collected grains were
divided into two halves and loaded into two nylon
cloth bags. One nylon bag was kept at the location
where the wheat was sampled from, and another bag
was kept at -10 °C. To monitor the grain temperature,
one HOBO® was introduced into the nylon bag which
was close to the grouped tubes. After the insects and
HOBO® were introduced, another 5 tonnes of wheat
was loaded into the test bin. The total grain depth
was 2.25 m (Fig. 1). After the top grain was leveled,
the grouped tubes with insects were introduced at 5
cm deep or on the top of the grain mass by following
the same procedure as that conducted after the first 5
tonnes grain were loaded.The insects introduced at the
5 cm deep or on the surface of the grain mass were
referred to as Top-5 cm and Top-S respectively. There
were three replicates at each location.
After the insects were introduced, the top of the

Data analysis
The recovery rate of the introduced adults after
fumigation was greater than 84% even though not all
introduced adults were recovered in some treatments.
Therefore, Schneider-Orelliequation was used to
correct the adult mortality. To find the relationship
between the grain temperature and insect mortality or
between the grain germination and insect mortality,
Pearson Product Moment Correlation was conducted.
To find the difference of tolerance between different
insect species to toxic ozone, paired t tests were
conducted.
RESULTS AND DISCUSSION
Ozone concentration
Inside the test bin, the O3 concentrations were
different in different treatments. The reason for these
different O3 concentrations was not known. The O3
concentrations between the first four treatments and the
last two treatments were difficult to compare because
different O3 sensors with different measurement ranges
were used. In the last two treatments, the following
locations had consistently high concentrations of O3:
75 cm high from bottom and 120 cm from the wall,
and 60 cm and 120 cm from the wall at 175 cm high
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from bottom. The O3 concentration was consistently
low at 120 cm from the wall and 125 cm high from
bottom.

controlled condition (25 ± 1°C, 50 ± 5% r.h.) had
less than 25% average mortality (Table 1). In a few
replicates, the natural mortality of C. ferrugineus, S.
oryzae and R. dominca adults was higher than 25%.
This high mortality was possibly due to the low r.h.
This low r.h. was the equilibrium r.h. corresponding
to the tested grain m.c. This high natural mortality
under the tested grain m.c. was similar with previous
studies (Howe, 1965).
All of the introduced insects were killed on the
top of the grain bulk. Almost all adults were killed at
the locations of 5 cm under the surface of the grain
mass. Not all of introduced adults were killed at the
middle of the grain mass (Table 1). These results
might indicate that there was lower O3 concentration
inside the grain mass than that at the surface of the
grain mass. Though there was a big difference in
O3 concentration in different treatments, the insect
mortality at the same location was similar (Table
1). Insect mortalities at the center were significantly
different from that at the wall or half radius locations
(Table 1). This significance was caused by the
higher mortality at the Middle-Center location in
five out of six treatments than that at wall and half
radius locations. This might indicate that the ozone
concentration at the middle of the grain bulk was
not consistent at different locations and in different
treatments. The low and inconsistent O3 concentration
resulted in less than 87% of overall mortality at the
middle of the grain mass (Table1).
The mortalities among insect species introduced at
the middle of the grain bulk were significantly different.
This might be caused by the uneven distribution of
the introduced ozone (Kells et al., 2001) and different
tolerances of the insect species to toxic ozone (Hansen
et al., 2012).

Temperature and moisture content of the grain
The grain temperature inside the grain mass was
14 to 26°C after the insects were introduced and
removed from the wheat. The correlation coefficient
between the average grain temperature and mortality
of adults introduced at the middle of the grain mass
was 0.268 (P < 0.0001). This correlation coefficient
and p value indicated a weak positive relationship.
In all of the treatments, about 0.9 and 0.5% point of
m.c. of the wheat at the top and inside the wheat bulk
were removed, respectively. This removed moisture
was caused by the aeration during and after fumigation
and the higher temperature at the surface of the grain
bulk. This drying effect should not influence the adult
mortality because the grain at the same depth had the
same drying rate,but the insect mortality at the middle
centre was significantly different from that at the
middle-half radius (Paired t test; t = 4.381, P<0.001),
while all the adults were killed at the Top-S and Top5cm (Table 1).
Grain germination
Grain germination was influenced by the O3
fumigation. Almost all of the wheat kernels located
at the surface of the grain bulk were killed. The
correlation coefficient between the insect mortality
and the wheat germination was –0.64 (P<0.0001). This
strong correlation indicated that the O3 also killed the
wheat kernel ifinsects were killed.
Insect mortality
The four species of the tested insects under
Table 1
Location

Mortality and offspring number of adults after fumigation with ozone

Cryptolestes ferrugineus

Tribolium castaneum

Sitophilus oryzae

Rhyzopertha dominca

Ma

Ob

Ma

Ob

Ma

Ob

Ma

O

b

Top-S

wall
half
center

100±0
100±0
100±0

0.0±0.0
0.1±0.1
0.1±0.1

100±0
100±0
100±0

0.1±0.1
0.1±0.1
0.1±0.1

100±0
100±0
100±0

0.0±0.0
0.1±0.1
0.2±0.1

100±0
100±0
100±0

0.0±0.0
0.1±0.1
0.1±0.1

Top-5cm

wall
half
center

97±3
100±0
100±0

0.0±0.0
0.1±0.1
0.0±0.0

93±7
100±0
100±0

0.0±0.0
0.1±0.1
0.0±0.0

95±6
100±0
100±0

0.9±0.4
0.3±0.3
0.0±0.0

94±6
100±0
100±0

5.1±2.7
1.2±0.8
0.1±0.1

Middle

wall
half
center

50±11
72±18
50±14

3.7±1.7
1.7±1.0
0.5±0.3

19±11
62±20
29±11

0.8±0.4
0.2±0.1
0.2±0.1

56±11
62±14
87±11

23.6±6.6
16.9±6.2
7.4±3.3

33±9
37±12
74±17

43.4±7.7
14.4±3.2
12.9±4.9

21±3

3.1±1.0

4±1

1.3±0.6

18±2

44.6±9.6

16±4

56.9±9.4

Control
a

Mortality of adults (mean ±SE, %). n = 18; b offspring number of adults (mean ±SE). n = 18.
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Number of the offspring
Different insect species had different offspring
numbers (Table 1). The correlation coefficient
between offspring number and adult mortality was
–0.5 (P<0.001). This result indicated that fewer eggs
survived the ozone fumigation when the adult mortality
was 100%.Therefore, ozone killed some eggs in this
study.
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Effect of cold plasma on mortality of Tribolium castaneum
on refined wheat flour
R MAHENDRAN*
Department of Food Engineering, Indian Institute of Crop Processing Technology (IICPT),
Thanjavur, Tamil Nadu 613005, India
ABSTRACT

Non-thermal (cold) plasma treatment is one of the novel promising methods for insect control in
stored products. In order to study whether this technology could be useful for control of Tribolium
castaneum (Herbst) and to investigate the effect of plasma stress on mortality of Tribolium
castaneum, three treatment variables were used for the generation of the cold plasma: distance
between the electrodes (3, 4 or 5 cm), total exposure time (1, 2, 3, 4 or 5 min) and applied voltage
(1,000, 1,750 or 2,500 V). Adult T. castaneum were exposed in groups of 5 insects with flour
to 20 different treatment combinations and mortality assessed after 24 h of incubation at35°C.
Results were analysed by multiple regression analysis. Significant increase in mortality was
observed with increase in applied voltage, exposure time and decrease in the distance between
the electrodes. No significant colour change was observed on refined wheat flour, a bleached
wheat (Tribolium castaneum L.) flour, due to plasma exposure (maximum of 5 min) as assessed
by Hunter colour lab L, a, b values. This study will pave the way for an effective and friendly
environmental treatment technique in stored food product insect management.
Key words: Colour, Mortality percentage, Non-thermal plasma, Tribolium castaneum
The red flour beetle [Tribolium castaneum (Herbst)]
is a worldwide insect pest of stored products and can
infest a variety of products and is perhaps the most
economically important insect pest of processed food.
Many attempts have been devoted to explore alternative
residue-free non-toxic pest control methods. One such
novel method is cold plasma treatment. Cold plasma
(CP) or non-thermal plasma treatment is a relatively
new technology for microbiological decontamination
and sterilization of foods.
Due to its unique properties, plasma is often
referred to as the fourth state of matter according to a
scheme expressing an increase in the energy level from
solid to liquid to gas and ultimately to plasma (Misra et
al. 2011). A plasma consists of highly energetic species
in permanent interaction including photons, electrons,
positive and negative ions, free radicals, and excited
or non-excited molecules and atoms; (Laroussi, 2005
(Bardos and Barankova 2010; Fernandez et al., 2013).
*Corresponding

author e-mail: mahendran@iicpt.edu.in

Cold plasma can efficiently kill or inactivate bacteria,
yeasts, and molds and other hazardous microorganisms,
as well as spores and biofilms that are generally very
difficult to inactivate (Niemira, 2012). Non-thermal
antimicrobial treatments of fruits, vegetables and
other food produce have been the subject of much
research. In the last decade, the atmospheric pressure
cold plasma research has greatly increased owing to
finding important applications in various fields. It is a
promising technology that is simple to setup, easy to
operate and economical (Tyata et al. 2012).
Cold plasma treatment has potential to provide
an effective and environmentally friendly treatment
in an integrated pest management programme. The
CP causes oxidative damage in Plodia interpunctella
(Hubner) larvae by generating reactive oxygen stress
in their bodies. The effect of plasma on insects were
studied by Bures et al. (2005) on green peach aphids
and Donohue et al. (2006) on western flower thrips,
Frankliniella occidentalis (pergande); tobacco thrips,
Frankliniella fusca (Hinds); Asian tiger mosquito,
Aedes albopictus (Skuse); German cockroach, Blattella

R MAHENDRAN

study has been designed and developed at the IICPT,
Thanjavur. It consists of two planar electrodes, made
of metallic plates and separated by variable gas or
air gap [Mahendran and Alagusundaram (2015b)], a
stainless steel chamber (350 mm×350 mm×350 mm)
and a working pressure in the range of near atm to
vacuum (under 1 mbar). The distance gap between the
two electrodes is mechanically adjusted and reactor
is also provided with view glass to see the discharge.
The electrodes are covered with Teflon sheets and
energized by a high voltage power in the range of 1-40
kV and frequency of 50 Hz. One of the electrodes is
also covered with dielectric barrier, in order to avoid
arcing between the electrodes.

Plasma Chamber

To vacuum
pump
Electrodes

Voltage
controller

Experimental design
The experimental design and plan was set up
according to the system ofCentral Composite Design
(CCD) of Response Surface Methodology (RSM),
with independent variables: voltage, time and distance
between the electrodes. The CCD consisted of three
factors with three levels, i.e. applied voltage (1,000
– 2,500 V), exposure time (1 – 5 min) and distance
between the electrodes (3 – 5 cm). Table 1 shows
the experimental range and level for the treatment
following the system used by Markovic et al. (2012)
wherethe number of experiments required (N) is given
by the expression: 2k (23 = 8; star points) + 2 k (2 ×
3 = 6; axial points) + 6 (centre points; 6 replications).
Accordingly, the CCD matrixes of 20 experiments
covering the full design of five factors were used for
building quadratic models as shown in Table 2 The
experimental data obtained from the CCD model
experiments can be represented in the form of the
following equation:

AC power
supply
Transformer

Fig. 1. Plasma chamber and electrode connection to the
transformer

germanica L. and the two spotted spider mite,
Tetranychus urticae Koch. Recently, Abd El-Aziz et
al. (2014) also studied the effect of CP on control of
Indian meal moth Plodia interpunctella (Lepidoptera:
Pyralidae). Recent advances in cold plasma technology
have allowed scientists to successfully develop many
different systems, with parameters that can be adjusted
for the development of uniform discharge of plasma,
such as voltage, electrode distance and exposure time
(Mahendranand Alagusundaram, 2015).
The objective of this study was to investigate
whether cold plasma could be useful for control of
Tribolium castaneum, to investigate the effect of
plasma stress on mortality of Tribolium castaneum
and also to study the colour changes that occur after
the treatment on refined (wheat) flour.

y = a0 + a1d + a2v + a3t + a4dv + a5dt
   + a6vt + a7d2 + a8v2 + a9t2

where y represents the response function, a0 is an
intercept and d, v, t are independent variables, where
a1 to a3, a7 to a9 and a4 to a6 are the coefficients of the
linear, quadratic and interactive terms, respectively.

MATERIALS AND METHODS

Colorimeter test
Hunter lab ColorFlex EZ, 45/00 Color

The plasma generating system (Fig. 1) used for the
Table 1

(1)

Experimental range and levels of the independent variables

Sl.
No

Independent variable

Factor

1

Electrode gap (cm)

d

2

Voltage (volts)

v

3

Exposure time (sec)

t

Experimental range and level
–1.68

–1

0

1

1.68

  2

3

4

5

6

500

1000

1750

2500

3000

1

3

5

7

0.5
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Table 2

Experimental design and its response

Factor 1

Factor 2

Factor 3

Response 1

Response 2

A: Voltage

B: Exposure time

C: Distance between
electrodes

Mortality of insect

Colorimeter L value
of flour

(V)

(min)

(cm)

(%)

1

2,500

1

5

0

2

1,750

3

4

20

89.5

3

1,750

3

4

60

90.61

4

2,500

5

5

60

88.53

5

1,000

5

5

0

91.47

6

1,000

5

3

0

90.85

7

1,750

3

4

60

89.64

8

1,750

3

4

20

90.27

9

1,750

3

6

60

90.51

10

1,750

3

4

20

89.82

11

2,500

5

3

60

89.98

12

1,000

1

3

0

89.07

13

1,000

1

5

0

91.52

14

2,500

1

3

0

90.06

15

500

3

4

0

90.33

16

1,750

3

4

20

90.82

17

1,750

7

4

100

90.88

18

1,750

0.5

4

0

90.65

19

1,750

3

2

100

90.33

20

3,000

3

4

100

89.4

Run

Spectrophotometer (Hunter Associates Laboratory,
Inc., Reston, Virgina, USA) was used for the
measurement of colour of plasma-treated refined wheat
flour. Initially the colorimeter was calibrated with the
black and white tiles. All the 20 treated refined wheat
flour and control sample were analysed and L, a, b
values were recorded.
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Mortality assay
Adult Tribolium castaneum were treated inside a
plasma chamber as per the experiment designed using
CCD. Five insects were exposed in a 9 cm × 9 cm
LDPE packaging material with 1 g feed. Combinations
of values used were: distance between the electrode as
2, 3, 4, 5 or 6 cm, exposure time as 1, 3, 5, 7 or 30 s
and applied voltage as 500 V, 1000 V, 1750 V, 2500
V or 3000 V. After treatment the packaging material
containing insect and refined wheat flour was stored
at 35°C for 24 h to assess the mortality.

1

–3.00 –2.00 –1.00

0.00

1.00

2.00

3.00

4.00

Fig. 2. Internally studentized and normal % probability
plot of death of Tribolium castaneum

variables and the response. The 20 combinations of
experiments were carried out and the response for
mortality and colour value were observed (Table 2).
The multiple regression analysis of the experimental
data using RSM revealed that mortality of insect,
colour of treated refined wheat flour are related by the
following second order polynomial equations:

RESULTS AND DISCUSSION
Response surface methodology (RSM) was used
for obtaining the relationship between independent
144

R MAHENDRAN
y1 = 30.29 + 21.5A + 23.21B – 5.00 C + 15.00 AB
+ 7.27E–15AC + 1.07E–14 BC –2.26 A2 – 2.8B2 + 7.91C2

It was also found that there was no significant
difference on the colour of plasma treated refined
wheat flour on 20 different treatment combinations.
Results are shown in Table 2.

(2)

y2 = 90.11 –0.36A – 0.10 B + 0.18C – 0.53AB –0.45 AC – 0.53BC
–0.97A2 + 0.24B2 + 0.073C2
(3)

CONCLUSION

where A, B, C are the corresponding coded factors of
the applied voltage, exposure time, distance between
electrodes respectively. The diagnostic plots given in
Fig. 2 was used for estimating the adequacy of the
regression model and it show that the data points
indicated that neither response transformation was
required nor there was any apparent problem with
normality. The general perception of straight line
was quite clear in the normal probability supporting
the hypothesis of normal
distribution.

Cold plasma-induced mortality of Tribolium
castaneum, fed on refined wheat flour,was investigated
with independent variables: applied voltage, exposure
time and electrode gap distance. The results obtained
from the experiments clearly indicated that to increase
the mortality of insects, either the applied voltage
or exposure time have to be increased or distance

100

mortality of insect (%)

mortality of insect (%)

Interactive effect of processes
80
of independent variables
60
Using multiple nonlinear
40
regression model (Eqn 2 and
3), three dimensional contour
20
plots were drawn to show the
0
effects of binary combinations
–20
of independent variables on the
predicted mortality. These plots
are shown in Figs. 3, 4 and 5. Fig.
2500
5
2200
3 shows the integrated effect of
4
1900
3
distance between electrodes and
1600
2
1300
A: voltage (V)
the applied voltage on mortality.
1 1000
It indicated that at constant
B: exposure time (min)
distance between electrodes,
the increasing applied voltage Fig. 3. Effect of voltage and exposure time on mortality of insects
increased the mortality of
insects and the mortality also
increased with the increase in
100
the total exposure time. The
80
combined effect of voltage and
60
electrode gap on mortality is
shown in Fig. 4. From the graph
40
it is interpreted that at constant
20
exposure time, the mortality
0
of insects increased with the
decrease in the distance between
-20
electrodes and the voltage. Fig.
5 shows the interactive effect of
5
exposure time and electrode gap
2500
2200
4.5
on mortality. It was estimated
1900
4
that at constant voltage, the
1600
3.5
1300
mortality of insects started
A: voltage (V)
1000 3
increasing with increase in the
C: Distance between electrodes (cm)
exposure time and decrease in Fig. 4. Effect of voltage and electrode gap on mortality of insects
the distance between electrodes.
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Fig. 5. Effect of electrode gap and exposure time on mortality of insect

between the electrodes should be decreased. As cold
plasma is a non-thermal technique, there is no change
in the quality of stored food products. This method
is cost-effective and can be an alternative for the
traditional fumigation technique without any chemical
residues. This research showed that cold plasma is
an efficient tool for control of Tribolium castaneum.
However, further studies are required in design and
development of commercial and continuous cold
plasma treatment.
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Comparative practical application of two novel candidate fumigants
HAGIT NAVARRO*, SHLOMO NAVARRO
Green Storage Ltd. Argaman 5, Rishon letsion, Israel
ABSTRACT

In search for methyl bromide alternatives along with the wide use of phosphine, which its
efficacy is in decrease due to resistance development of stored-products insects and the need
for longer exposure times, two candidate fumigants have been tested against stored-products
insects. Both fumigants have the property to act within short exposure times on storage insects,
comparable to methyl bromide. Both fumigants were tested in: (a) laboratory scale trials on
2.85 L desiccators, (b) semi-commercial scale trials in 1.5 m3 PE laminated envelopes, and (c)
commercial trials scale trials on 8 m3 PE laminated envelopes or woven PVC cocoons. The PE
laminated envelopes and the PVC cocoons are suitable for fumigation of stored commodities,
can serve as flexible fumigation chambers, and have low fumigant permeability. Ethyl formate
(EtF) was tested for 12 h exposure time on the larval stage of Carpophilus hemipterus (L.) and
Plodia interpunctella (Hubner). Propylene oxide (PPO) was tested for 24 h exposure time on
adult stage of Oryzaephilus surinamensis (L.), Rhyzopertha dominica (Fabricus) and Tribolium
castaneum (Herbst). Since both fumigants are flammable and liquid at room temperature, both
of the fumigants were applied using an evaporator device which mixes the gas with the CO2
on site. Recommended dosage of EtF was 67.2 g m-3 in 352.8 g m-3CO2 and that of PPO was
35 g m-3in 437.5 g m-3CO2 were tested. Results show 100% mortality of all tested insects in
all trials. Toxicity in LD50 values for mammals of both fumigants, compared to phosphine, is
higher. EtF is easier for handling because of its higher boiling point than PPO.
Key words: Ethyl formate, Fumigation, PE laminated envelopes, Propylene oxide,
Stored-products insects
The use of methyl bromide (MB), after its phase
out in 2015, is only permitted globally for quarantine
and pre-shipment (QPS) treatments. In Israel and in
most parts of the world, the only alternative fumigant
for treatment of post-harvest of durables remaining is
phosphine. However, phosphine is characterized by
the long exposure time needed for successful control
and the emerging resistance of insects to the fumigant
(UNEP, 2006). For example, in China, Daulin et al.
(2007) reported on a resistance survey carried out in
2002, resistant strains to phosphine were detected
in 42% of all surveyed samples. The most resistant
Sitophilus oryzae (L.) strain had a resistance level to
PH3 of x305, and for Rhyzopertha dominica (Fabricius)
it was x315 (Daulin et al., 2007).
Cellular membranes of insects act as a sieve, and
prevent the phosphine molecules from entering the cell.
*Corresponding author e-mail: hnavarro@green-storage.co.il

Resistance to phosphine is probably due to reduced
uptake or active exclusion of phosphine through the
cell membranes. Heritable genetic factors have been
shown associated with phosphine in some insects, thus
it is clear that selection for resistance by inadequate
treatment could occur. Under-dosing and especially
insufficient exposure periods over many years are the
likely reason for the resistance to phosphine observed in
some strains of stored product pests (UNEP, 2006). The
potential of stored-product pests to develop phosphine
resistance is a severe concern as reported by many
researchers (Pimentel et al., 2008).Thus, biological and
operational factors contribute to the rate of resistance
development in insect (UNEP, 2006).
The global concern from the introduction of new
pests or new resistant strains of known grain storage
insect pest along with the phase out of MB increased
the interest for additional alternatives—a fumigant
that will be user friendly to environment, effective,
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2010).It is used as a synthetic flavouring agent in the
food industry and as fragrances; it is also a GRAS
registered food additive in some countries (Ducom,
2010). It decomposes slowly in water, releasing formic
acid and ethanol. Laboratory tests as a fumigant against
insect pests of food commodities and field trials on
bagged cereals, spices, pulses, dry fruits and oilcakes
have been carried out (Muthu et al., 1984).
The EtF has been registered in Israel as the product
Vapormate™, which is a low human risk fumigant
formulated by BOC Australia, a member of the Linde
Group, and contains 16.7 wt % EtF in liquid CO2
(Ryan and Bishop, 2003). The CO2 in VapormateTM
has been added to eliminate the flammability of the
EtF and to enhance efficacy by its synergistic effect
in reducing the time required to kill insects (Haritos
et al., 2006). However, shipping and handling of the
cylinders makes the fumigation very costly.
The aim of this work was to examine efficacy of
two flammable fumigants at their liquid phase with
CO2 to reduce their flammability and to increase their
effectiveness in controlling stored product pests.

rapid in action and at the same time should be on
an acceptable cost basis. Therefore, two fumigants
of choice considered were ethyl formate (EtF) and
propylene oxide (PPO).
Propylene oxide is an organic compound which
is a colourless volatile liquid that is produced on a
large scale industrially for the production of polyether
polyols used in making polyurethane plastics. PPO
boils at 35°C and is a liquid at normal temperature
and pressure. The United States Food and Drug
Administration has approved the use of PPO to sterilize
raw almonds [Prunus dulcis (Mill.) D.A.] (beginning
on 1 September 2007, in response to two incidents of
contamination by Salmonella in commercial orchards,
one incident occurring in Canada and the other in the
United States. Pistachio nuts (Pistacia vera L.) can also
be subjected to PPO to control Salmonella. It is a safe
fumigant for use on food as a sterilant because it is
quickly converted to non-toxic glycols in the stomach.
Therefore, it has been used for food sterilization since
1958 (Griffith, 1999). It is also not an ozone depleter
and is environmentally benign. However, PPO is
flammable from 2.3% to 38.5% by volume in air.
Elimination of the flammability hazard of PPO can be
achieved by applying it under low pressure or in an
inert gas enriched atmosphere. Efficacy of PPO against
stored-product pests has been tested in laboratory scale
both by Navarro et al. (2004) and Hartsell et al. (2001)
which showed a greater efficacy on all life stages of
different stored-product pest species under either 92%
CO2 or under 100 mm Hg than with PPO by itself. Its
insecticidal properties under low pressure by killing all
stages of the confused flour beetle (Tribolium confusum
Jacquelin du Val) (Navarro et al. 2004), the Indian
meal moth [Plodia interpunctella (Hubner)] and the
warehouse beetle (Trogoderma variabile Everts) at
concentrations as low as 100 g of PPO m3 (Griffith,
1999) has been demonstrated. Also, Isikber et al.
(2004) showed an efficacy of 26.1 g m-3 to control
four main stored-product species under low pressure
in only 4 h exposure.
Today, the Dried Fruit Association is using PPO
as a sterilant in the dried fruit industry in the USA.
PPO is an FDA approved fumigant to control microbial
contamination in dry and shelled walnuts, cocoa
(Theobroma cacao L.) powder and spices.
Another candidate fumigant is EtF which occurs
naturally in soil, water, vegetation such as orange
[Citrus × sinensis (L.) Osbeck] juice, honey, apples
(Malus pumila miller), pears (Pyrus sp.) and wine
and a range of raw and processed foods (from 0.05 to
1 mg kg -1). It is known to breakdown into naturally
occurring products — formic acid and ethanol (Ducom,

MATERIALS AND METHODS
All test insects were reared at Green Storage
Ltd. laboratory at 30±1ºC and 70±2% r.h. Test
insect species were: adults of Rhyzopertha dominica
(Fabricius),Tribolium castaneum (Herbst), and
Oryzaephilus surinamensis (L.) for the PPO tests.
Larva of Carpophilus hemipterus (L.) and Plodia
interpunctella were exposed to EtF. In addition, the
efficacy of the fumigant was tested compared to the
standard fumigant phosphine for 5 d exposure time.
Phosphine gas was produced at the laboratory and was
injected to the desiccator at a dosage of 2 mg L-1. Gas
measurements were taken at the beginning and at the
end of the exposure time.
There was only one set of bioassay with one point
of gas measurement in the laboratory trials. In the semicommercial trials there was one measurement point but
with three sets of bioassay; at the bottom, middle and
top of the big bag as well as at the commercial scale
trial. In the commercial scale trials, only two points of
gas measurement were taken, at the bottom and top.
Laboratory trials
PPO fumigation: Adults of R. dominica,
T. castaneum and O. surinamensis were placed into 22
mL glass vials together with about 3 g ground wheat
(Triticum sp.). Each glass vial together with the test
insects were placed into a 2.85 L gas-tight desiccator
used as a fumigation chamber. Each desiccator
contained 500 g polished rice (Oryza sativa L.) (11.5%
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m.c.). The fumigant was introduced into the desiccators
to achieve concentration of 35 g m-3 at 30±1oC for 24
h. The CO2 was first introduced using a gas syringe.
The fumigant was introduced at its liquid phase using
a syringe from a Aberco Ltd. (USA) PPO bottle. Gas
calculations were made according to the barometric
pressure of the day; the amount of gas which was
introduced into the desiccator was first vacuumed
from the air inside the desiccator. At the end of the
exposure time, the glass vials with the test insects were
removed from the fumigation chamber and placed in an
incubator at 30±1oC for 24 h before mortality counts
were made. Gas measurements were taken using PPO
ampoules (163SA 0.05–5.0% Sensidyne FL, USA
made) for every three test replicates.
EtF fumigation: Larva of C. hemipterus and P.
interpunctella were placed into 22 mL glass vials
together with about 0.5 g of date (Phoenix dactylifera
L.) fruit. Each glass vial together with the test insects
were placed into a 2.85 L gas-tight desiccators, used as
a fumigation chamber. The fumigant was introduced
into the desiccator to achieve concentration of 67.2 g
m-3 at 30±1oC for 12 h. The gas was introduced at its
liquid phase using a syringe from a Sigma-Aldritch
Ltd. bottle. Gas calculations were made according
to the barometric pressure of the day; the amount of
gas which was introduced into the desiccator was first
vacuumed from the air inside the desiccator. At the
end of the exposure time, the glass vials with the test
insects were removed from the fumigation chamber
and placed in an incubator at 30±1oC for 24 h before
mortality counts were made. Gas measurements were
taken using EtF monitoring device (G460model, GFG
Europe Ltd., UK) for every three test replicates.

removed from the fumigation chamber and placed
in an incubator at 30±1oC for 24 h before mortality
counts were made.
At the semi-commercial trials, there was one
measurement point but with three sets of bioassay; at
the bottom, middle and top of the big bag as well as
at the commercial scale trial.
Propylene oxide fumigation: Adults of R. dominica,
T. castaneum and O. surinamensis were placed into
22 mL glass vials together with about 3 g ground
wheat. Each glass vial together with the test insects
were placed into either 1.5 m3 GrainPro Inc. product
laminated PE made fumigation bubble containing
approximately 1 tonne of polished rice or 8 tonnes of
polished rice in a 9.8 m3 capacity PVC made flexible
fumigation chamber. The fumigant was introduced
into the bubble/flexible fumigation chamber to achieve
concentration of 35 g m-3along with 437.5 g m-3 CO2at
30±1oC for 24 h.
Ethyl formate fumigation: Larva of C. hemipterus
and P. interpunctella were placed into 22 mL glass
vials together with about 0.5 g of date fruit. Each glass
vial together with the test insects were placed into
either 1.5 m3 laminated PE made fumigation bubble
containing approximately 1 tonne of ‘Medjool’ dates
or 8 tonnes of ‘Deglet Noor’ dates in a 8 m3 capacity
laminated PE made flexible fumigation chamber. The
fumigant was introduced into the bubble to achieve
concentration of 67.2 g m-3 along with 352.8 g m-3
CO2at 30±1oC for 12 h.
RESULTS AND DISCUSSION
Propylene oxide fumigation: Table 1 shows the
summary of the tests which were carried out on
laboratory, semi-commercial and commercial scale
trials to test the efficacy of the fumigant propylene
oxide (PPO) on T. castaneum, R. dominica and
O. surinamensis adults for 24 h exposure on polished
rice. The data shown is the average of three replicates
in each trial. Gas concentrations were measured using
test tubes for PPO. In addition, since the goal was
8% PPO with 92% CO2, measurements of CO2 were
carried out as well. Gas distribution at the beginning
of the exposure time was uneven because stratification
created. The bottom layer had most of the gas while
the upper layer had significantly less. With time,
distribution was achieved and, thus, at the end of
exposure time the gas concentration was more uniform.
The total time of gas flow was 1–1:30 min for the 1.5
m3 and 10–12 min for the 9.8 m3 fumigation cubes.
Phosphine exposure time was 5 d using phosphine
generated from UPL tablets. Average temperature of
the commodity at the semi-commercial and commercial
scale trials was 22±3°C.

Semi-commercial and commercial trials
Three semi-commercial and three commercial
trials were carried out using 1.5 and 8–10 m3,
accordingly, on flexible fumigation chambers to test
the efficacy of the fumigants. Test insects were placed
at the bottom, middle and top of each fumigation
chamber. Approximately 30 individuals of each insect
species were placed in 22 mL vials with its suitable
food. The fumigants were introduced using a special
evaporating machine designed to mix the fumigant
with CO2 on site. After pouring the calculated dosage,
the CO2was allowed to evaporate the fumigant into
the flexible fumigation chamber. At the end of each
fumigation process and before end of exposure time,
fumigant’s concentrations were taken. Only at the
commercial scale two points of gas measurements
were taken, at the bottom and top. At the end of the
exposure time, the glass vials with the test insects were
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Ethyl formate fumigation:
Table 2 shows the summary of the tests which
were carried out at laboratory, semi-commercial and
commercial scale trials to test the efficacy of the
fumigant ethyl formate (EtF) on P. interpunctella and
C. hemipterus larva for 12 h exposure on dates. The
data shown are the average of three replicates in each
trial. Gas concentrations were measured using EtF
monitoring device which measuresV/V and converted
to gm-3. In addition, since the goal is 16% EtF with
84% CO2, measurements of CO2 were carried out as
well. Gas distribution at the beginning of the exposure
time was uneven and stratification was observed.
Therefore, the concentration of EtF at the beginning
of exposure time was the applied dosage.The bottom
layer holds most of the gas while the upper layer has
significantly less. Within time it is distributed, thus,
at the end of exposure time it was more uniform. The
total time of gas flow was 1–1:30 min for the 1.5 m3
and 12 min for the 8 m3 fumigation cubes.
Many studies have been done testing the efficacy

of both fumigants (Griffith, 1999; Annis and Graver,
2000; Navarro et al., 2004; Isikber et al., 2004;
Finkelman et al., 2012) and as shown in Tables 1
and 2, in all trials we managed to obtain complete
mortality of adults and larva of the different pests
in short exposure times of 12 h for EtF and 24 h for
PPO. In this work, laboratory trials were carried out
for registration purposes, to avoid their flammability,
first the CO2 was introduced then the fumigants were
injected at their liquid phase. On semi-commercial and
commercial scale, the fumigant was applied through
a heating unit to enable evaporation of the gas, thus
to obtain adequate distribution. None of these works
discussed the mode of application of the fumigants
at commercial scale using liquid fumigant except the
work carried out by Ren and Mahon (2006) on 125
tonnes grain bin with liquid EtF.
The common practice of PPO today is in vacuum
chambers where the pressure is lowered to 100 mm Hg
then the fumigant is introduced (Aberco Inc., USA).
Use of vacuum chambers for insect control makes the

Table 1 Average of propylene oxide (PPO) concentration (gm–3), CO2(%) and mortality (%) of Tribolium castaneum, Rhyzopertha
dominica and O. surinamensis adults on laboratory, semi-commercial and commercial scale trials of PPO for 24 h
exposure on polished rice
O.
surinamensis

R.
dominica

PPO T

100.00

100.00

100.00

PPO C

8.33

3.33

5.00

PH3 T

100.00

100.00

100.00

PH3 C

6.45

3.33

30.00

PPO T

100.00

100.00

100.00

PPO C

7.03

9.71

25.28

PPO T

100.00

100.00

100.00

PPO C

1.66

21.41

Trial

Laboratory

Semicommercial
Commercial

PPO
T.
castaneum T0 (gm–3)
34.60

PPO
T24
(gm–3)

CO2T0 (%)

Top

18.23

Bottom

CO2T24 (%)

Top

Bottom

45.33

42.33

95.67

70.66

1,497.33* 1,079.33*
36.75

26.46

35.00

19.20

3.4

81.3

44.83

47.6

*, PH3 concentration; C, control; T, treatment
Table 2 Average of ethyl formate (Etf) concentration (gm-3), CO2(%) and mortality (%) of Plodia interpunctella and Carpohilus
hemipterus larva on laboratory, semi-commercial and commercial scale trials of EtF for 12 h exposure on dates
C.
hemipterus

P.
interpunctella

EtFT0
(gm–3)

EtFT12
(gm–3)

EtF T

100.00

100.00

67.2

66.6

EtF C

3.33

8.33

EtF T

100.00

100.00

70.0

34.53

1.23

51.00

12.33

13.00

70.0

30.29

4.10

80.50

24.00

22.50

Trial
Laboratory
Semicommercial

EtF C

6.06

5.00

Commercial

EtF T

100.00

100.00

EtF T

4.55

4.17
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CO2T0 (%)

Top

Bottom

21.25

CO2T24 (%)

Top

Bottom

21.50
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treatment very expensive which may not be afforded
in many cases.
In atmospheric pressure fumigation chambers, as in
all the trials carried out in this work, we used flexible
fumigation chambers. First step to ensure gas tightness
of the structure is to have the half time pressure decay
test in which could hold at least 5 min (Navarro,
1998). Then the gas injection point needs to be close
to floor level. During gas injection, excess air needs
to be expelled from the chamber. This air needs to be
vented outside to atmosphere through at least 160 mm
diameter vent pipe in the ceiling at the opposite end
of the chamber. Approximately 25% of the chamber
air will need to be vented out during gas injection due
to the expansion of the gaseous fumigant and carbon
dioxide. Gas Apps Australia P/L recommends when
gas injection is complete, vent needs to be switched
off and a circulation fan needs to be run for 1 h. in all
these trials, since we dealt with small volume that did
not exceed 10 m3, we allowed convection currents to
distribute gas, as seen from Tables 1 and 2.
Although USA’s PPO Label allows the use of
cylindered PPO, its use is extremely limited. Today
PPO is applied extensively under vacuum in the USA.
The same limitation is relevant to EtF which is applied
at large scale only from cylinders. In both methods,
costs are high; the vacuum chamber is expensive, also
the shipping and handling of the cylinders of both
fumigants are expensive.
Although this work on PPO had been carried
out on rice, it should be noted that there is no MRL
established for rice. On the other hand, EtF has
MRL’s for many products. It is also regarded by
some registration authorities as GRAS, and has higher
boiling temperature which is preferable to work with.
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major stored-product insects of paddy (Oryza sativa)
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ABSTRACT

Laboratory experiments were conducted in a fumigation chamber to study the effect of carbon
dioxide (CO2) and phosphine (PH3) mixtures on different life stages of red flour beetle [Tribolium
castaneum (Herbst)] and rice weevil [Sitophilus oryzae (L.)]. Mortality of different life stages
of stored-product pests were recorded after exposure to different times to mixtures of 40% CO2;
3 g/m3, 2 g/m3 or 1 g/m3 phosphine gas; and the rest air. Mortality of both pests and their life
stages increased with the increase in exposure time. An application of CO2 in combination with
phosphine reduced the dose and time required for fumigation of the stored paddy [Oryza sativa
(L.)]. An application of 3 g/m3 phosphine + 40% CO2 and 2 g/m3 phosphine + 40% CO2 could
achieve 100% mortality to all stages of Tribolium castaneum and Sitophilus oryzae in 5 days
instead of 7 days, the normal practice in warehouses. Phosphine residues in the treated paddy
were (0.1 mg/kg), which is below the recommended level, hence safe for consumption.
Key words: Carbon dioxide, Paddy, Phosphine, Residues, Sitophilus oryzae, Tribolium castaneum
India handled 253 million tonnes (Mt) of food
grains in 2014–15 production season (FAO, 2014).
These grains need to be preserved with the aid of
the available fumigants (Pattanaik, 2012). Phosphine
has been the choice fumigant for three decades for
treating various commodities. Indiscriminate use of
phosphine has led to the development of phosphine
resistant strains as well as residue problems in food
grains (Bhatia, 1990; Rajendran, 2001; Lorni et al.,
2007). Although commercial fumigations have been
generally successful, development of resistant strains is
increasing (Tyler et al., 1983; Benhalima et al., 2004)
due to the application of sub-lethal doses, leakages
from the treated structures and lack of proper sealing
techniques. In addition, environmental regulations will
require the elimination of methyl bromide in many
countries and will mitigate a scheduled phase-out in
developing countries (EPA, 1998). The development
of alternative treatments for pest control in food

commodities has been increasing in demand from the
food industry and new treatment methods should meet
consumer demands for the reduced use or elimination
of pesticides. Mixture of (CO2) and (PH3) is considered
as a potential fumigant for the management of storedproduct pests (Cotton and Young, 1929; Primental
et al., 2009). Addition of CO2 to PH3 has several
advantages such as reduction in the flammability level,
reduction in the dose and time required for fumigation
and increase in the susceptibility of stored product
insects (Williams, 1985). Phosphine-carbon dioxide
mixture is non-flammable and is highly toxic to insects.
Carbon dioxide increases the respiration rate of insects
and reduces the dose and time required for fumigation.
The objective of the present study was to use PH3 and
CO2 mixture in controlling different stages of red flour
beetle [Tribolium castaneum (Herbst)] and rice weevil
[Sitophilus oryzae (L.)] in paddy.

2Indian Council of Agricultural Research, New Delhi 110
001, India
*Corresponding author e-mail: meena@iicpt.edu.in

Laboratory experiments were conducted at the
Indian Institute of Crop Processing Technology
(IICPT), Thanjavur, using 40% CO2 with 3, 2, or 1g/m3

MATERIALS AND METHODS
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of phosphine, and phosphine alone at 3 g/m3 was used
as control. Mortality of various stages of T. castaneum
and S. oryzae were recorded. Also, phosphine residues
in the treated paddy after fumigation were measured
using a gas chromatograph (GC-14B, Shimadzu
Technologies, Columbia, USA).

medium (Valmas and Elbert, 2006). Required volume
of phosphine gas was calculated and injected using
Hamilton syringe through the rubber septum located
in the top of the fumigation chamber. The 40% CO2
in air continuously flowed through the chamber.
Bioassay study
Fifteen grams of the food material was taken in
fumigation cups and 10 insects of different life stages
were released into the fumigation cups and the top of
the fumigation cups was covered with muslin cloth
and secured with rubber band. After the treatment, the
insects were transferred with food material and were
kept in environmental chamber at 25°C and 60% r.h..
The number of insects dead after fumigation at different
time intervals was recorded and the percent mortality
was calculated. Empty space test was conducted for
different stages of insects to determine the effective
combination of gases on the mortality of T.castaneum
and S. oryzae. The mortality (%) was calculated for
different combinations of PH3 and CO2 at 40% plus
phosphine at 3, 2, 1 g/m3 and were compared with
phosphine alone at 3 g/m3 as control.

Culturing of test insects
Red flour beetle and rice weevil were cultured and
maintained in the Storage Engineering Laboratory at
the IICPT, Thanjavur. Insects were cultured on whole
maize (Zea mays L.) and wheat flour (Triticum aestivum
L.) at 30°C and 70% r.h.. Different life stages of insects
such as egg, pupa, larva and adult were maintained
separately to carry out mortality studies. The study on
mortality of egg stage was not determined.
Lab model fumigation set up for toxicity study
A laboratory-scale phosphine fumigation chamber
was designed and fabricated at the IICPT (Fig. 1).
It consisted of a circular outer acrylic cylindrical
tube with the dimension of 37 cm × 27 cm (height
× diameter) which was pasted to a flat acrylic sheet
at the bottom. Inside the fumigation chamber, four
compartments were made by partitioning it with wire
mesh and were fitted in a stand. Fumigation cups of
4 cm × 6 cm (height × diameter) were made by cutting
small acrylic tubes and were pasted with fine wire
mesh at the bottom. The top cover of the fumigation
chamber was a PVC end cap that made the set up
airtight. Rubber septum was placed in the top cover
for injecting phosphine. Provision of CO2 gas inlet
and outlet was kept for injecting and releasing CO2
from the cylinder. Phosphine gas was generated from
aluminium phosphide tablets using sulphuric acid as the

Determination of PH3 residues in the paddy
After fumigation treated paddy was kept in a tray
and ventilated by natural movement of air around
the tray for 5 days and were labeled and packed for
residue analysis. PH3 residue analysis of the paddy
was conducted by a GC/FPD (Gas Chromatograph/
Flame Photometric Detector) method, using a gas
chromatograph (GC-14B, Shimadzu Technologies,
Columbia, USA). A representative sample of 15 g
aerated paddy after fumigation from three replications
were taken in a 500 mL flask, filled with 150 mL water,
sealed with a stopper and injected with 5 mL HCL from
an attaching syringes sampling adapter (stopper with
silicone septum). The flasks were put in an ultrasonic
wave-cleaner and shaken for 5 min and then allowed
to stand for 30 min. The headspace analysis was done
using Gas Liquid Chromatography (GLC, Shimadzu
Technologies, Columbia, USA).

CO2 inlet tube
CO2 outlet tube
Rubber septum
PVC endecap

RESULTS AND DISCUSSION
The laboratory study indicated that there is a
need to use critical levels of gases for the successful
fumigation (Tables 1, 2). The insect mortality was
higher with increase in PH3 concentration level.
The exposure period can be reduced by increasing
the concentration of PH3 in mixtures. Based on the
test results of the preliminary trials with different
concentrations of CO2, 40% CO2 was fixed in
this study. The mortality results of increasing

Fumigation cups
Stand

Acrylic bin

Fig. 1. A laboratory-scale fumigation chamber used for
bioassay studies
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Table 1 Percentage mortality of different life stages of Tribolium castaneum exposed to different levels phosphine in 40%
carbon dioxide and rest air
Hours after
fumigation

40 % CO2 + 3 g/m3 PH3

40 % CO2 + 2 g/m3 PH3

40 % CO2 + 1 g/m3 PH3

Control 3 g/m3 PH3

Adult

Larva

Pupa

Adult

Larva

Pupa

Adult

Larva

Pupa

Adult

Larva

Pupa

6

83.00

60.00

43.33

80.00

66.66

35.00

63.33

56.00

30.00

76.66

60.00

28.00

12

85.33

63.33

43.33

82.00

60.00

35.00

65.00

56.00

30.00

77.00

60.33

28.00

24

88.00

65.55

52.66

86.00

63.00

53.00

66.00

58.00

43.00

80.00

63.00

33.33

36

92.00

68.66

58.00

88.00

65.00

56.00

70.00

60.00

47.00

82.00

65.66

38.00

48

95.00

79.00

69.00

93.00

76.00

67.00

76.00

64.00

58.00

88.88

74.00

41.00

60

98.00

87.00

96.00

95.00

83.00

90.00

88.00

68.00

61.00

90.00

75.00

46.00

72

100

95.00

85.33

100

100

91.00

91.00

73.00

75.00

96.66

80.00

58.66

96

100

100

95.00

100

100

93.00

100

85.00

77.00

100

87.00

69.00

120

100

100

100

100

100

100

100

100

89.00

100

100

78.33

144

100

100

100

100

100

100

100

100

100

100

100

100

Table 2 Percentage mortality of different life stages of Sitophilus oryzae exposed to different levels of phosphine in 40% carbon
dioxide and rest air
40% CO2 + 3 g/m3PH3

40% CO2 + 2 g/m3 PH3

40% CO2 + 1 g/m3 PH3

Adult

Larva

Pupa

Adult

Larva

Pupa

Adult

Larva

Pupa

Adult

Larva

Pupa

6

90.00

46.00

40.00

88.00

43.00

40.00

80.00

38.00

38.00

82.00

40.00

41.00

12

93.00

48.00

42.00

90.00

46.00

40.00

88.00

43.00

38.00

84.00

41.00

42.00

24

98.00

56.60

45.00

96.00

56.00

44.00

93.00

46.00

41.00

93.00

45.00

44.50

36

100

70.00

68.00

100

70.50

59.00

97.00

57.00

49.00

95.00

56.00

54.00

48

100

88.00

79.00

100

86.33

76.00

100

78.00

58.66

98.00

77.00

55.00

60

100

100

91.00

100

100

90.44

100

89.00

76.00

100

88.88

73.66

72

100

100

100

100

100

100

100

100

83.00

100

100

88.00

96

100

100

100

100

100

100

100

100

100

100

100

100

120

100

100

100

100

100

100

100

100

100

100

100

100

144

100

100

100

100

100

100

100

100

100

100

100

100

Hours after
fumigation

Control 3 g/m3PH3

Mortality of different stages of S. oryzae is given
in Table 2. Rice weevil adults were killed more quickly
than T. castaneum under the same conditions. Complete
mortality of adults was obtained in the treatments, 40%
CO2 + 2 or 3 g/m3 PH3 with 36 h exposure period,
whereas it took 72 h to kill 100% Tribolium adults.
Larva and pupa required 60 and 72 h exposure period
for the treatments with 40% CO2 + 3 g/m3 PH3 and
40% CO2 + 2 g/m3 PH3.

PH3 in CO2 on the life stages of T. castaneum is
given in Table 1. The adult and larval mortality
was higher in all the treatments when compared
to pupa. Compared to other stages, pupal stage of
T. castaneum was resistant and required longer
exposure period. Among the different treatments, 40%
CO2 + 3 g/m3 PH3 and 40% CO2 + 2 g/m3 PH3 were
better treatments than 40% CO2 + 1 g/m3. Complete
mortality (100%) of adults was achieved in 40% CO2
+ 3 g/m3 and 40% CO2 + 2 or 3 g/m3 PH3 with 72
h exposure period.But the larva and pupa required
96 and 120 h to achieve 100% mortality. Addition of
CO2 to PH3 enhanced the toxicity of PH3, resulting
in quick death of insects. Ren et al. (1994) reported
that when insects were exposed to greater than 20%
v/v of intake of phosphine was doubled and phosphine
toxicity increased with increasing concentration of
CO2 (Navarro et al., 1985).

CONCLUSION
It can be concluded that PH3 in combination
with CO2 is more effective than conventional PH3
fumigation where no CO2 is added. Residues of PH3
in all the treatments including control were below
detectable level. There is a need to establish ovicidal
effects of PH3-CO2 combinations for different stored
product insects.
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Ethylene dichloride-carbon tetrachloride†: a fumigant for
disinfestation of germplasm under exchange against insect pests
S P SINGH*, SHASHI BHALLA, KAVITA GUPTA, S C DUBEY
Division of Plant Quarantine, ICAR-National Bureau of Plant Genetic Resources,
Pusa Campus, New Delhi 110 012, India
ABSTRACT

Ethylene dichloride-carbon tetrachloride (EDCT) mixture (3:1) was used as a fumigant at
320 mg L-1 for 48 h or at 640 mg L-1 for 24 h under normal air pressure to disinfest germplasm /
trial material meant for import and export against insect pests. During 2014 and 2015, a total
1,096 imported samples of different crops, i.e. Oryza sativa L. (608), Triticum aestivum L.
(279), Triticum durum Desf. (5), Lens culinaris Medik. (91), Vicia faba L. (76), Pisum sativum
L. (19), Hordeum vulgare L. (13) and Lathyrus sativus L. (5), were found infested by immature
stages of bruchid, Bruchus dentipes (Baudi), B. lentis (Frolich), Acanthoscelides obtectus (Say),
Rhyzopertha dominica (Fabricius), Tribolium castaneum (Herbst), Trogoderma granarium
(Everts), Sitophilus oryzae (L.), Sitotroga cerealella (Olivier) and Cryptolestes ferrugineus
(Stephens). All the 1,096 infested germplasm/trial material samples were successfully disinfested
against insect pests by EDCT fumigation at the given dosage. However, a total 13,012 imported
germplasm samples of various crops were also given prophylactic treatment with EDCT
fumigation during 2014 and 2015.
Key words: Crops, Ethylene dichloride-carbon tetrachloride (EDCT), Fumigation,
Germplasm, Quarantine
About 500 species of insect pests have been
found associated with stored grain products and about
100 species of insect pests cause economic losses.
Fumigation is a method of pest control in buildings,
soil, grain and produce. It is also used during exchange
of germplasm (imported or exported) to prevent
introduction of exotic insect pests. Fumigation of
export cargo is essential because there are possibilities
of hidden infestation in the cargo.
There are number of factors which increase
infestation risk of cargo. These include high moisture
level in the cargo, the place where cargo has been
stored prior to shipment and during the time of
transit, previous residues that would be present in
cargo, container and ship. The infestation rapidly
develops during the voyage period and when cargo
reaches the port of discharge, it is re-fumigated again
†Carbon tetrachloride is a banned substance under the control

measures of the Montreal Protocol.
*Corresponding author e-mail: drspsingh64@gmail.com

at the cost of exporter or the buyer. Fumigation is
generally carried out prior to export to avoid huge
fumigation expenditure and handling cost at the port
of discharge. Fumigation operation is effective and
a better option than other methods of pest control
because in fumigation process, the fumigant circulates
and spreads to all areas of infestation where spraying
operation or other methods of pest control would be
less effective.
Methyl bromide, aluminium phosphide and
ethylene dichloride-carbon tetrachloride (EDCT)
mixture (3:1) are registered fumigants in India to
mitigate the pest problem in stored commodities,
plants and plant products meant for import and export
including germplasm under exchange. However,
methyl bromide has been designated as an ozonedepleting substance in the Montreal Protocol (1987)
and was to be eventually phased out globally by 2015.
In case of aluminium phosphide-based fumigation,
comparatively longer duration is required to get
effective results.
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the years included Bruchus dentipes (Baudi), B. lentis
(Frolich), Acanthoscelides obtectus (Say), Rhyzopertha
dominica (Fabricius), Tribolium castaneum (Herbst),
Trogoderma granarium (Everts), Sitophilus oryzae (L.),
Sitotroga cerealella (Olivier), Cryptolestes ferrugineus
(Stephens) and immature stages of bruchids. Infested
samples were salvaged by fumigation with EDCT
(3:1) mixture at 320 mg L-1 for 48 h or at 640 mg
L-1 for 24 h. Fumigation with EDCT was carried out
in a fumigation chamber containing the seed material
packed in small packets/boxes. The liquid fumigant
was applied on the bags/packets of seed. Vigorous
circulation with a fan or blower was used during the
treatment for complete volatilization of the liquid and
even distribution of the gas, which is heavier than air.
The size of chamber in which fumigation was carried
out was 4’ × 3’ × 3’ (120 cm × 90 cm × 90 cm), about
1 m3. The chamber is provided with a door, size 4.5’
× 3.5’ (35 cm × 105 cm). The door is provided with
nuts and bolts for airtight closing.

Ethylene dichloride-carbon tetrachloride (EDCT)
is a liquid fumigant consisting a mixture of two
chemicals, namely ethylene dichloride and carbon
tetrachloride, in the ratio of 3 : 1 by volume. However,
carbon tetrachloride has been identified as an ozone
depleting substance and banned for non-feedstock
applications under the Montreal Protocol but it is
continues to be useable under the protocol as a chemical
feedstock and for specific, approved laboratory uses.
A very limited quantity of this substance is used with
ethylene dichloride carbon tetrachloride (EDCT)
mixture is employed for fumigation of cereals, pulses
and seeds. The fumigant is not employed for products
rich in fat or milled products, nursery stocks, living
plants or vegetables. Mixtures of ethylene dichloride
and carbon tetrachloride at the rate of 1 L for 20
quintals (2 tonnes) of grain or 35 litres per 100 m3 of
space with exposure period of 4 d is recommended. In
the past, several workers have used EDCT fumigation
against a number of insect pests in various commodities
(Khalsa et al., 1964; Singh et al., 2003; Bhargava and
Kumavat, 2010).

RESULTS AND DISCUSSION
During 2014, a total 79,114 germplasm/trial
material samples included Triticum aestivum (69,676),
T. durum (432), Oryza sativa (41,26), Lens culinaris
(3,417), Vicia faba (762) and Lathyrus sativus (701)
were processed to detect insect pest infestation.
Out of these, 79,114 processed germplasm samples,
1,048 samples of various crops, i.e. T. aestivum
(267), T. durum (5), O. sativa (604), V. faba (76),
L. culinaris (91) and L. sativus (5) imported from
Mexico, Lebanon, Nepal and Morocco were found
infested by R. dominica, T. castaneum, T. granarium,
S.oryzae, C. ferrugineus and A. obtectus (insects of
quarantine significance to India), Sitotroga cerealella,
B. dentipes (not reported from India), B. lentis and

MATERIALS AND METHODS
A total 1, 79,024 germplasm/trial material samples
meant for import were processed in Plant Quarantine
Division of NBPGR, New Delhi, during 2014 and
2015 to detect insectpest infestation and for salvaging
infested samples. The germplasm samples included
Triticum aestivum L. (69,676), T. durum Desf. (432),
Oryza sativa L. (4126), Lens culinaris Medikus
(3,417), Vicia faba L. (762) and Lathyrus sativus
L. (701) processed during 2014, while germplasm
processed during 2015 were T. aestivum (67,843),
O. sativa (17,075), Hordeum vulgare L. (15768) and
Pisum sativum L. (224). Insect pests intercepted in both
Table 1

Salvaging of infested samples of imported germplasm by EDCT fumigation during 2014

Name of crop

Origin country

Lathyrus sativus L.

Lebanon

701

Lens culinaris Medikus

Lebanon,
Morocco

3,417

Immature stages of bruchid, B.lentis

Oryza sativa L.

Nepal

4,126

R.dominica, S.oryzae, Sitotroga cerealella,
Tribolium castaneum

604

Triticum aestivum L.

Mexico

69,676

Cryptolestes ferrugineus # , Rhizopertha
dominica, Sitophilus oryzae, Tribolium
castaneum, Trogoderma granarium

267

T. durum (Desf.)

Lebanon

432

Rhizopertha dominica

Vicia faba L.

Lebanon

762

Bruchus dentipes*

#Insects

Sample
processed
(Nos.)

Insect-pests interception

Acanthoscelides obtectus#

of quarantine significance to India, *Insect not reported in India
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Infested/
salvaged
samples (Nos.)
5
91

5
76
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Table 2

Salvaging of infested samples of imported germplasm by EDCT fumigation during 2015

Name of crop

Origin country

Sample
processed
(Nos.)

Hordeum vulgare L.

Morocco

15,768

Pisum sativum L.

Australia

224

Oryza sativa L.

Bangladesh

Triticum aestivum L.

Mexico

#Insect

Insect-pests interception

Infested/
salvaged
samples (Nos.)

R. dominica, T. castaneum

13

Immature stages of bruchids

19

17,075

R. dominica, S. oryzae, Sitotroga cerealella,
T. castaneum

4

67,843

Cryptolestes ferrugineus#, Rhizopertha
dominica, Sitophilus oryzae, Sitotroga
cerealella

12

of quarantine significance to India

Table 3

Prophylactic treatment with EDCT fumigation given to imported germplasm during 2014 and 2015

Name of crop

Origin country

Number of germplasm given prophylactic treatment with EDCT
fumigation
2014 (Year)

2015 (Year)

Cumulative

2,825

2,855

Hordeum vulgare L.

Morocco

-

Lens culinaris Medikus

Lebanon

126

Trigonella foenum graecum L.

USA

41

-

41

Triticum aestivum L.

Mexico

9,042

255

9,297

T. durum (Desf.)

Lebanon

143

-

143

Vicia faba L.

Lebanon

580

-

580

9,932

3,080

13,012

Total

126

EDCT mixture (3:1). During 2015, with a total 3,080
samples of T. aestivum (255) and H. vulgare (2,825)
imported from Mexico and Morocco respectively,
subjected to prophylactic treatment with EDCT mixture
(3:1) (Table 3). Pests free consignments were released
to consignees after complete eradication of insect pests
intercepted in germplasm under exchange during both
the years.
The efficacy of EDCT mixture against various
stored product insect pests and its safety has been
studied earlier by a number of workers (Bond,
1984). Srivastava et al. (1966) used EDCT mixture
against pink bollworm, Pectinophora gossypiella
(Saunders) successfully. Bhatia and Tonapi (1975)
observed that the postembryonic stage of Corcyra
cephalonica (Stainton) larvae was most susceptible to
fumigation with a mixture of ethylene dichloride and
carbon tetrachloride. The larvae reared at 26–30°C
on crushed sorghum [Sorghum bicolor (L.) Moench]
were most susceptible during the first instar to
fumigation, either because of their high metabolic rate
or because of the permeability of their newly formed
integument. Ishaque et al. (1982) obtained a varying
degree of mortality of R. dominica, T. castaneum
and T. granarium using of EDCT mixture. Singh et

immature stages of bruchid. All the infested samples
were salvaged by EDCT mixture at 320 mg L-1for
48 hours or at 640 mg L-1 for 24 hours under normal
air pressure (Table 1). Similarly, during 2015, a total
100,910 germplasm / trial material samples including
T. aestivum (67,843), O. sativa (17,075), Hordeum
vulgare (15,768) and Pisum sativum (224)were
processed to detect insectpest infestation. Out of
these samples, only 48 germplasm samples of various
crops, i.e. T. aestivum (12), O. sativa (4), H. vulgare
(13) and P. sativum (19) imported from Mexico,
Bangladesh, Morocco and Australia, respectively,
were found infested by R. dominica, S. oryzae,
C. ferrugineus (insect of quarantine significance to
India), T. castaneum, S. cerealella and immature stages
of bruchid. All the infested samples were salvaged by
treatment with EDCT mixture (3:1) as above (Table
2). EDCT mixture (3:1) at the same rate was also used
as prophylactic treatment against various insect-pests
intercepted in imported germplasm during 2014, and
2015. During 2014, about 9,932 germplasm samples
of T. aestivum (9,042), T. durum (143), V. faba (580),
L. culinaris (126) and Trigonella foenum-graecum L.
(41) imported from Mexico, Lebanon, Morocco and
the USA were subjected to prophylactic treatment with
159
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al. (2003) studied the effect of phosphine and methyl
bromide fumigants on chickpea (Cicer arietinum L.)
and EDCT mixture on greengram [Vigna radiata
(L.) R. Wilczek] seed germination and vigour during
a storage period of 3.5 years in chickpea and 6.5
years in greengram. Infestation of legume crop seeds
with pulse beetle Callosobruchus spp. (Coleoptera :
Bruchidae) resulted in deterioration of seed quality
during storage. Fumigation is carried out to control
infestation of this bruchid in seed stores. Phosphine
was found to be more deleterious to seed quality than
methyl bromide in chickpea. The effect was relatively
delayed in EDCT treatment of greengram. Khalsa
et al. (1964) tested EDCT mixture (3:1) against T.
castaneum, T. granarium and Latheticus oryzae
Waterh. in various animal feed and found that animal
feeds like crushed barley, crushed gram and wheat
bran can be effectively disinfested by fumigation
with EDCT (3:1) mixture at a dosage of 2.5 gallons
per 1,000 ft3 (about 540 g m-3). The lowest average
atmospheric temperatures at which the fumigation
for 48 h and for 72 h was found effective were 28.6
and 24.15°C, respectively. It was also found that the
order of susceptibility of the three test insects, viz.
T. castaneum, T. granarium and L. oryzae, and their
various developmental stages varied considerably. In
all the cases, adults and pupae were found to be more
susceptible than larvae.
Fumigation with EDCT helped in achieving the
objective of disinfestation of insects during quarantine
and release of pest free material to the indenters. It
was found to be effective both as a prophylactic and

curative method of insect-pest management.
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Prospect of nitric oxide as a new fumigant for post-harvest
pest control
YONG-BIAO LIU1*, XIANGBING YANG2
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Improvement and Protection Unit, USDA-ARS, 1636 E. Alisal St., Salinas, CA 93905 USA
ABSTRACT

Nitric oxide (NO) is a newly discovered potential fumigant for postharvest pest control. In
laboratory tests, complete control was achieved against all insect and mite species tested to date
with 0.2% to 5.0% v/v NO fumigations in 2 h to 48 h at 2 to 25°C, depending on species and
life stages. Nitric oxide reacts with oxygen spontaneously to produce nitrogen dioxide, which
is deleterious to fresh commodities. Nitric oxide fumigation must, therefore, be conducted in
ultralow oxygen (ULO) atmospheres. Fumigation may also need to be terminated by flushing
with nitrogen to dilute NO at the end of fumigation to avoid damage to delicate fresh products by
nitrogen dioxide. In small-scale laboratory tests, when terminated properly with a nitrogen flush,
NO fumigation was safe to postharvest quality of fresh products. In addition, NO fumigation
enhanced postharvest quality of strawberrie, indicating that nitric oxide fumigation has the
potential of not only controlling pests but also enhancing postharvest quality of fresh products.
Laboratory studies also indicate that there is no residue concern from NO fumigation based on
NO2 emission and nitrate and nitrite levels in fumigated fresh products. Nitric oxide has the
potential to be a safe and effective alternative fumigant to methyl bromide for postharvest pest
control on fresh and stored products.
Key words: Fumigation, Nitric oxide, Postharvest quality, Quarantine treatment
Nitric oxide (NO) is a newly discovered potential
fumigant for postharvest pest control with high efficacy
against insects and mites (Liu, 2013, 2015). It was
also demonstrated to be safe to fresh commodities and
enhance postharvest quality of fresh commodities and
is projected to be technical feasible and economical
(Liu, 2015). Nitric oxide fumigation is as effective
as methyl bromide against some insects and is much
more effective and has much shorter treatment times
than phosphine fumigation against all insects tested
to date (Liu, 2011; Liu et al., 2013). Therefore, it has
the potential to be a safe and effective alternative
to methyl bromide fumigation as well as phosphine
fumigation for postharvest pest control on fresh and
stored products.
However, NO fumigation needs to be conducted
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under ultralow oxygen (ULO) environments to preserve
nitric oxide during fumigation because it reacts with
oxygen spontaneously to produce nitrogen dioxide.
For fresh products, nitric oxide fumigation may also
require to be terminated by flushing with an inert gas
such as nitrogen to dilute nitric oxide before exposing
fumigated products to ambient air to avoid injuries to
the products by nitrogen dioxide (Liu, 2015).
Nitric oxide is a chemical produced naturally
in fossil fuel combustion and lightning, by most
organisms including microbes, plants, and animals,
and also manufactured for fertilizer production. It
functions as a ubiquitous cell signal molecule. It
is used in medical fields to treat certain respiratory
and cardio vascular conditions (Roberts et al., 1993;
Ricciardolo et al., 2004). It also enhances postharvest
quality and prolongs shelf-life of fresh fruits (Wills
et al., 2000; Soegiarto and Wills, 2004; Manjunatha
et al., 2012; Saadatian et al., 2012). Nitric oxide
gas is commercially available from various special
gas suppliers and, therefore, is readily available for
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fumigation. The cost of nitric oxide fumigation has
been discussed previously and is projected to be cost
effective for postharvest pest control (Liu, 2015).
However, nitric oxide has not been registered in any
country as a fumigant for pest control. This paper
is intended to provide an update on nitric oxide
fumigation research and guidance to conduct nitric
oxide fumigation research. New data on efficacy and
residues were also presented and discussed.

long treatment with a low NO concentration. It is
recommended that packaged vegetables be fumigated
with NO at low concentrations for longer durations
in order to make it easier to dilute NO at the end
of fumigation, thereby reducing the risk of injuries
caused by NO2.
There is a lack of suitable instruments currently
to monitor NO levels for NO fumigation. High
concentration NO sensors in flue gas monitors typically
have a maximum concentration limit of 5,000 ppm.
Most monitors draw air samples continuously to
measure NO levels, and it is a challenge to use them
to measure NO levels in small chambers such as 1.9
L jars used in most of our studies. Because of its
reactive nature with O2, NO cannot be quantified using
a gas chromatograph. Therefore, NO concentrations in
small chamber fumigations were calculated based on
ratios of NO gas and the chamber volumes. For large
fumigations, we used a flue gas monitor equipped
with a 5,000 ppm NO sensor (Kane 900Plus, Kane
International Ltd, Hertfordshire, UK) in combination
with a home-made dilution accessory. The dilution
device consists of four equal length micro-tubes
with one tube for sample gas and the other three for
nitrogen. Under the condition of equal air pressure
in the fumigation chamber and nitrogen in a foil bag,
the air sample can be diluted four times and, thereby,
a fumigation with 2.0% NO can be monitored using
the monitor with a 5,000 ppm NO sensor.
Additional details of NO fumigation procedures
can be found from Liu (2013, 2015). Liu (2015)
also presented detailed descriptions and analyses of
commercial scale NO fumigation and concluded that
NO is technically feasible and cost-effective. However,
as NO is a new fumigant with complex procedures,
industrial and scientific efforts are needed to develop
suitable equipment as well as protocols for commercial
applications of NO fumigation.

PROCEDURES OF NITRIC OXIDE
FUMIGATION
Nitric oxide fumigation needs to be conducted
under ULO conditions to minimize reaction of NO with
O2 to produce NO2 which can injure fresh products at
high concentrations. NO fumigation starts with flushing
a fumigation chamber with N2 gas to reduce O2 level
to a minimum level. For stored product fumigation,
CO2 can also be used to flush the fumigation chamber
as CO2 is unlikely to affect stored products. For most
small fumigation tests, we used ULO levels of ≤ 30
ppm O2. Initially, fumigation chambers were flushed
with N2 at a high flow rate. Once the O2 level in the
chambers close to the desired level, N2 flow rate was
reduced to below 1 L min-1. It is important to use tubing
which has low permeability to O2 such as nylon. O2
analyzers with zirconia sensors are recommended due
to their high sensitivity and longevity.
The length of time to achieve a desired ULO level
may vary greatly depending on the type of products to
be fumigated. It is relatively easy to establish ULO for
small fruits such as cherries and strawberries and leafy
vegetables. For fresh products with large solid mass
such as apples and pears, large inner cavities such as
bell peppers, it may take many hours to establish ULO
conditions because of the slow process of air exchange
to remove O2 inside the product. Use of vacuum may
accelerate the process of establishing ULO conditions
for large fruit products. For NO injection, it is easier to
fill a nitrogen-washed foil bag with NO and then take
NO samples from the bag using an airtight syringe to
inject into fumigation chambers. It is also important
to flush injection tubing with N2 prior to nitric oxide
injection.
For fumigation of packaged vegetables such as
lettuce wrapped with perforated plastic film sleeves,
the packaging material has only small holes for
ventilation and poses as a barrier for air exchange
in the process of establishing ULO conditions at the
start of NO fumigation and also in the termination
process of diluting NO with N2 flush. An effective
NO fumigation treatment for a specific pest can be
a short treatment with high NO concentration, or a

EFFICACY OF NITRIC OXIDE FUMIGATION
Nitric oxide is an effective fumigant against all
insect and mite species tested to date at different
life stages (Liu, 2013, 2015). Complete control was
achieved for all pest species tested at different life
stages (Table 1). Different insects and life stages varied
considerably in susceptibility to NO and had different
treatment times and concentration for effective control.
Small soft-body external feeding insects including
western flower thrips (Frankliniella occidentalis
(Pergande)), lettuce aphid (Nasonovia ribisnigri
(Mosley)), and longtailed mealybug (Pseudococcus
longispinus (Targioni-tozzetti)) were controlled with
1.0% NO fumigation in 4 h and with 2.0% NO
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Table 1 Summary of nitric oxide fumigation treatments that had 100% control of different pest species at specified life stages*

Species
Western flower thrips

Life stage
Larva, adult

Lettuce aphid

Nymph, adult

Long-tailed mealybug
Confused flour beetle

Nymph, adult
Larva, pupa
adult
egg
Adult
egg
Egg
Larva, pupa
egg

Rice weevil
Indian meal moth
Light brown apple moth

Codling moth
Spotted wing drosophila
Bulb mites

Egg, larva, pupa
larva
Egg, larva
larva, adult

NO (%)
0.2
2.0
0.2
0.5
1.0
2.0
0.5
0.5
2.0
1.0
1.0
1.0
2.0
3.0
5.0
2.0
5.0
3.0
2.0

Time (h)
8
2
12
9
3
2
24
8
24
24
48
24
8
12
6
48
24
8
24

Temp (°C)
2
2
2
2
2
2
20
20
10
25
25
20
2
2
2
2
2
2
20

Note
On lettuce leaves
On lettuce leaves

On grape leaves
On flour diet

On pearled barley

On artificial diet

On artificial diet
In apples
In sweet cherries
On peanuts

*Data

for western flower thrips, lettuce aphid, confused flour beetle, and rice weevil were from Liu (2013) and data for longtailed mealybug were from Liu (2015). Data for all other pest species were unpublished

for NO fumigation (Liu, unpublished).
Complete control of all pests to date at different life
stages indicates that NO fumigation has the potential
to be an effective alternative to methyl bromide
fumigation for postharvest pest control. Efficacy of NO
fumigation increases with increasing concentration,
treatment time, and temperature (Liu, 2013). These
factors can be modified to suit for different insect
species, commodities, and fumigation facilities to
find an effective treatment for specific insect species.
NO fumigation is more effective against pests than
phosphine fumigation based on the long fumigation
times and the lack of effectiveness against some pests,
especially eggs, for phosphine fumigation (Liu, 2011;
Liu et al., 2013).

fumigation in 2 h, respectively at 2°C. Western flower
thrips and lettuce aphid were also controlled with 0.2%
NO in 8 and 12 h, respectively, at 2°C (Liu, 2013).
Recent tests showed that light brown apple moth
(Epiphyas postvittana Walker) larvae and pupae were
successfully controlled in 8 h fumigation with 2.0%
NO, and eggs were effectively controlled with 3.0%
and 5.0% NO in 12 and 6 h, respectively, at 2°C (Liu,
unpublished) (Table 1). NO fumigation was also tested
on internal feeding insects in infested fruits. Spotted
wing drosophila (Drosophila suzuki Matsumura) larvae
in infested cherries were controlled in 8 h with 2.5%
NO fumigation. For codling moth (Cydia pomonella
L.) larvae in infested apples, NO fumigation treatments
of 24 h at 5.0% concentration at 2°C resulted in
100% larval mortality (Liu, unpublished). Bulb mites
(Rhizoglyphus spp.) on infested peanuts (Arachis
hypogalea, L.) were also controlled with 2% NO in 24
h at 20°C (Liu, unpublished) (Table 1). NO fumigation
was also effective against granary weevil (Sitophilus
granarius L.) adults under CO2 atmosphere with 0.1%
O2. In 12 h, small-scale fumigation tests at 25°C,
fumigation with 0.5% NO in CO2 had a significantly
higher weevil mortality of 76.8% than the 42.9%
mortality from 0.5% NO fumigation in N2, indicating
that CO2 can also be used to establish ULO conditions

SAFETY OF NITRIC OXIDE FUMIGATION TO
PERISHABLE PRODUCTS
Nitric oxide fumigation when terminated with
N2 flush was safe to all fresh vegetables and fruits
including lettuce, broccoli, cucumber, pepper, tomato,
strawberries, apple, pear, orange, and lemon in smallscale tests. In a 4 h fumigation of strawberries with
1.0% nitric oxide for controlling western flower
thrips at 2°C, the treatment resulted in significantly
higher postharvest quality with significantly firmer
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and brighter, and richer colour as compared with the
control one week after treatment (Liu, unpublished).
For delicate fresh fruits and vegetables, the additional
benefits of nitric oxide fumigation for pest control
on postharvest quality can have significant economic
impact, as it increases shelf-life and enable wider
distribution of the products. Fumigation of flower
bulbs and tubers for controlling bulb mites with or
without flush with nitrogen to dilute nitric oxide
also did not have any effects on their germination or
growth, indicating nitric oxide fumigation was safe
to propagating plant materials (Liu, unpublished).
Future studies need to determine safety of nitric
oxide fumigation in large-scale tests. However, safe
commercial application seems to be feasible given
the positive outcomes of laboratory tests and the fact
that nitric oxide fumigation has been reported in many
studies to improve postharvest quality of many fresh
products.

N2 flush (NO-N2), fumigation terminated with air
flush (NO-Air), and control. When NO fumigation
is terminated any NO in the fumigation chamber is
expected to react with O2 to produce NO2. Because
products were fumigated at low temperature and stored
at low temperature after fumigation and NO2 has a
high boiling point of 21°C, some NO2 is expected to
remain on products in liquid form and will evaporate
overtime. To measure NO2 emission rate, products
from all three treatments for each species were sealed
separately in jars and flushed with N2 to establish ULO
with ≤ 30 ppm O2 at 2°C. NO2 concentrations in the
headspace were then measured twice, one hour apart.
The measurements were converted to mgkg-1 and the
difference between the two measurements was NO2
emission rate. Nitrate and nitrite were measured in
filtered liquid from 15 g ground samples in 100 ml
water.
NO2 emissions of apples for both treatments with
and without N2 flush at the end of fumigation were
significantly higher than the control. However, there
were no significant differences in nitrate and nitrite
levels between the NO-N2 treatment and the control.
Lettuce from the treatment without nitrogen flush
(NO-Air) had significant increases in NO2, NO3-, and
NO2-. The NO2 emission rate increased over 100-fold
over that for the treatment flushed with nitrogen. For
other products, there were no significant differences
between NO-N2 and the control in NO2 emission and
nitrate and nitrite levels (Table 2). Increases in nitrate

RESIDUES OF NITRIC OXIDE FUMIGATION
IN FRESH PRODUCTS
Asparagus, broccoli, romaine lettuce, and
strawberries from 16 h fumigations with 2.0% NO
and apples from 16 h fumigation with 5.0% NO at
2°C were analyzed 24 h after fumigation for NO2
emission rate, and nitrate (NO3-) and nitrite (NO2-)
contents as residues using a NO analyzer (NOA 280i,
GE Analytical Instruments, Boulder, CO, USA). Three
treatments were used: fumigation terminated with
Table 2

Product
Apple

NO2 emission rate and NO3- and NO2- contents in fresh products at 24 h after nitric oxide fumigation

Treatment
NO-Air
NO-N2

Control
Asparagus

45.613±7.442a

1.364±0.133ab

0.030±0.014b

0.019±0.005b

0.761±0.280b

0b

58.721±8.114a

1.596±0.120a

0.495±0.157a

3.050±0.704a

2.185±0.132a

0.075±0.042a

0.387±0.052b

0.700±0.025b

0a

0.184±0.073b

0.836±0.074b

0a

NO-Air

0.499±0.165a

18.686±3.754a

0.170±0.063a

NO-N2

0.183±0.018ab

18.512±3.416a

0b

0.081±0.031b

12.258±2.307a

0b

NO-Air

112.849±20.170a

7.987±2.015a

13.452±5.189b

38.966±5.869b

0.098±0.079b

Control

14.677±13.652b

40.641±10.806b

0b

NO-Air

3.322±1.147a

6.014±0.620a

0

NO-N2

0.334±0.055b

5.299±0.765a

0

0.079±0.018b

6.162±1.061a

0

NO-N2

Strawberry

NO2- (mg per 100 g)

NO-N2

Control
Lettuce

NO3- (mg per 100 g)

NO-Air
Control

Broccoli

NO2 (mg kg-1h-1)

Control

1,643.704±395.573a

Treatments NO-Air and NO-N2 refer to nitric oxide fumigation that was terminated by flush with air and N2 respectively. For
each product, the values in each column followed by different letters were significantly different based on Tuckey HSD multiple
range tests at P ≤ 0.05 using JMP statistical discovery software (SAS Institute, 2012)
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content in the NO-Air treatment were likely due to
deposition and acidification of NO2 from the NO and
O2 reaction as the treatment was terminated by flushing
with air. The increases in nitrate also coincided with
a significant increase of nitrite in apples and broccoli.
Though the increases in nitrate and nitrite levels were
not very high as compared with their normal ranges
(Hord et al., 2009), flushing with N2 at the end of
fumigation is necessary not only to prevent injuries, but
also to avoid increases in nitrate and nitrite levels. The
higher level of NO2 emission in the NO-N2 for apple
was likely due to the large solid mass of apples and
therefore a slower process of desorption. Longer posttreatment time will likely be required for NO2 emission
to return to a normal level as in the control. The NO2
levels in the controls were likely due to baseline
variations of the instrument and might also include
a minor contribution from NO naturally produced by
the products. The significant higher nitrate level in
lettuce from the treatment without nitrogen flush was
likely due to NO2 deposited on lettuce and NO2 was
converted into nitrate. These experiments indicated that
it is necessary to terminate nitric oxide fumigations
with N2 flush to prevent injuries to products as well
as any accumulations of nitrate and sometimes nitrite
in some fumigated fresh products.

low temperature for fresh products. Therefore, NO2
will more likely to dissipate quickly and less likely
reacts with water to form HNO3 acid and increase
nitrate and nitrite levels of the stored products.
The drawbacks of NO fumigation are the complex
fumigation procedures, the added cost for an inert
gas supply such as N2, and release of NO2 pollutant
into the atmosphere, though the quantity will be very
small as compared with the large quantities being
produced from other sources such as motor vehicles
and fossil fuel power plants. However, the advantages
of nitric oxide fumigation are expected far offset its
disadvantages.
Nitric oxide is commercially available and the
cost of NO fumigation is moderate. The main cost
components are the initial acquisition costs of N2
generation equipment and fumigation chambers,
and subsequent costs of energy and equipment
maintenance. Existing fumigation chambers and
controlled atmosphere rooms, if sealed properly,
can be used for NO fumigation with minimum
modifications,e.g., adding or upgrading O2 analyzers.
Nitric oxide is a promising new alternative
fumigant for postharvest pest control. More research
and development efforts are warranted to accelerate
its commercial applications, including development of
safe and effective treatments against a wide variety of
pests on different fresh and stored products, commercial
treatment protocols and facilities, scrubbing technology
to remove nitric oxide at the end of fumigation, and
registration of nitric oxide in respective countries as
a fumigant for pest control usage.

CONCLUSION
There is an urgent need for alternatives to methyl
bromide fumigation for postharvest pest control
(Fields and White, 2002; Jamieson et al., 2009).
Nitric oxide fumigation has been demonstrated to be
effective against all insects and mites tested to date
with treatment times ranging from a few hours to two
days, and is effective against all life stages tested. Its
efficacy varies depending on pest species and their
life stages and combinations of concentration, time
and temperature. Nitric oxide fumigation can also
be conducted safely on fresh products when it is
terminated properly with N2 flush to dilute NO. NO
fumigation may also enhance postharvest quality of
fresh products such as strawberries. NO fumigation
did not have a significant accumulation of residues as
measured by increases of NO2 emission and levels of
nitrate and nitrite in fumigated fresh products.
Nitric oxide fumigation has not been studied for
postharvest pest control on stored products. However,
given its efficacy against stored product insects and
expected high tolerance of stored products to NO2 than
fresh products, NO fumigation is expected to be suitable
for postharvest pest control on stored products. Stored
products are typically dry and fumigation will most
likely be conducted at ambient temperature instead of
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Efficacy of chlorine dioxide gas against laboratory and field strains of
five stored-product insect species
XINYI E, BHADRI RAJU SUBRAMANYAM*
Department of Grain Science and Industry, Kansas State University, Manhattan, Kansas 66506, USA
ABSTRACT

The toxicity of chlorine dioxide gas at a concentration of 0.54 g/m-3 (200 ppm) was evaluated
against five stored-product insect species at 24.8°C and 29.4% r.h. Adults of phosphinesusceptible laboratory strains and phosphine-resistant field strains were exposed in vials to
chlorine dioxide for up to 34 h in the presence (10 g) or absence (0 g) of wheat (Triticum sp.).
Fumigation times required to cause complete mortality of adults of the red flour beetle, Tribolium
castaneum (Herbst); saw toothed grain beetle, Oryzaephilus surinamensis (L.); lesser grain
borer, Rhyzopertha dominica (Fabricius); maize weevil, Sitophilus zeamais (Motschulsky);
and rice weevil, Sitophilus oryzae (L.), in vials with 10 g of wheat was 26, 16, 34, 24, and
18 h respectively. In the absence of wheat, corresponding times were 15, 3, 20, 15, and 7 h
respectively. The longer exposures needed in the presence of wheat could be due to reaction of
chlorine dioxide gas with active sites on wheat kernel surfaces. No progeny was observed after
8 weeks in either control or treatment samples for T. castaneum (Herbst) and O. surinamensis.
No Sitophilus spp. progeny were produced in chlorine dioxide-treated samples. Progeny was
observed in R. dominica samples, and progeny reduction was100% compared to the control
vials after a 24 or 20 h exposure to chlorine dioxide with or without wheat respectively. This
laboratory scale study indicated that chlorine dioxide gas is effective in killing adults of five
stored-product insect species and suppressing adult progeny production.
Key words: Chlorine dioxide gas, Efficacy assessment, Fumigation, Phosphine resistant
strains, Stored-product insects
Chlorine dioxide gas was discovered in early
1800s, and was initially used as a bleaching agent
in the paper industry for pulp bleaching (Simpson,
2005). In 1950s, people started using chlorine
dioxide for drinking water treatment to inactivate
microorganisms and remove off-odors. In 1990s,
researchers gained interest in using chlorine dioxide
for disinfection of food products and to improve their
shelf-life. Gómez-López et al. (2009) summarized
several studies where gaseous chlorine dioxide
was used to inactivate pathogenic microorganisms
(Escherichia coli O157:H7, Listeria monocytogenes,
Salmonella, and Allicyclobacillusacidoterrestris)
from the surface of fruits and vegetables. Both low
and high concentrations of chlorine dioxide (1 to 18
*Corresponding

author e-mail: sbhadrir@k-state.edu

mg/L or 372 to 6,671 ppm) have been tested, and the
exposure times varied between 6 and 120 min. The
highest pathogenic log reduction was 8.04 for E. coli
O157:H7 when chlorine dioxide gas was applied at
1.6 mg/L (600 ppm) for 30 min. A few entomologists
in stored-product pest management have investigated
the possibility of using chlorine dioxide as a fumigant
to control insects (Channaiah et al., 2012; Kim et al.,
2015; Kumar et al., 2015). One paper reported the
study on the efficacy of chlorine dioxide against four
life stages of the red flour beetle, Tribolium castaneum
(Herbst) and confused flour beetle, Tribolium confusum
Jacquelin du Val (Channaiah et al., 2012). Channaiah
et al. (2012) exposed life stages of T. castaneum and
T. confusum without food and with 5 g wheat flour
in vials to chlorine dioxide dosages of 380.1, 685.6,
745.0, and 834.4 g-h/m3. The exposure times varied
only from 1.53 to 2.07 h. Mortality was the greatest

CONTROLLED ATMOSPHERE AND FUMIGATION IN STORED PRODUCTS

Table 1

Sites and years of collection of field strains of five stored-product insect species

Species

County, state

Tribolium castanesum
Rhyzopertha dominica

Commodity

Strain

Collection year

Dickinson, Kansas

Wheat

AB1

2011

Minneapolis, Kansas

Wheat

MN

2011

Chase, Kansas

Wheat

CS

2011

Riley, Kansas

Flour

RL

2007

Oryzaephilus surinamensis

Abilene, Kansas

Wheat

AB2

2011

Sitophilus zeamais

Texasa

Corn

TX

2011

Sitophilus oryzae

Texasa

Corn

TX

2011

aCounty

unknown

at the highest dosage. The mortality of eggs, young
larvae, old larvae, or adults of T. castaneum was
9.3, 100, 18.8, or 100% after exposure to 834.4 g-h/
m3 chlorine dioxide without any food. Similarly, for
T. confusum, the mortality of the four life stages was
11.1, 100, 31.3, or 100% when exposed to 834.4 g-h/
m3 chlorine dioxide without any food. Longer than
2 h exposures may be needed for effective control
of all life stages. In the present investigation, five
common stored-product insectspecies were treated with
gaseous chlorine dioxide at 0.54 g/m3(200 ppm) for
different durations. The efficacy of chlorine dioxide
was evaluated in the presence or absence of wheat.
The effect of exposure to chlorine dioxide on adult
progeny production was also studied.

Table 2 Survival (%) of laboratory and field strains of
the five stored-product insect species exposed to
discriminating doses of phosphine

MATERIALS AND METHODS
Cultures of T. castaneum were reared on organic
wheat flour (Heartland Mills, Marienthal, Kansas,
USA) fortified with 5% (by w) brewer’s yeast
(Lesaffre Yeast Corporation, Milwaukee, Wisconsin,
USA). Cultures of the lesser grain borer, Rhyzopertha
dominica (Fabricius), and rice weevil, Stiophilus
oryzae (L.) were reared on organic hard red winter
wheat (Heartland Mills). The maize weevil, Sitophilus
zeamais Motschulsky, was reared on organic corn
(Heartland Mills). The sawtoothed grain beetle,
Oryzaephilus surinamensis (L.), was reared on organic
rolled oats (Heartland Mills) plus 5% brewer’s yeast
diet. Field strains of T. castaneum, R. dominica and O.
surinamensis were collected from farm-stored grain in
Kansas, USA, whereas field strains of the S. zeamais
and S. oryzae were collected from farm-stored grain
in Texas, USA (Table 1). Laboratory strains of the five
species served as the phosphine susceptible strains,
and phosphine resistancein laboratory and field strains
(three replications and total 150 individuals for each
strain) was verified following discriminating dose
tests (Champ and Dyte, 1976). In the discriminating
dose tests, phosphine concentrations for Sitophilus
spp., T. castaneum, R. dominica and O. surinamensis

Species

Strain

Survival
(%)

Resistance status

Tribolium
castaneum

Lab
AB1
MN

0
43.0
98.0

Susceptible
Weak
Strong

Rhizopertha
dominica

Lab
CS
RL

0
64.4
27.8

Susceptible
Weak
Weak

Oryzaephilus
surinamensis

Lab
AB2

0
1.3

Susceptible
Weak

Sitophilus
zeamais

Lab
TX

0
6.7

Susceptible
Weak

Sitophilus
oryzae

Lab
TX

0
9.3

Susceptible
Weak

were 0.042, 0.042, 0.028, and 0.052 g/m3(30, 30, 20,
and 37.5 ppm) respectively. Insects were exposed to
phosphine for 20 h, and mortality was assessed after
14 d to score insects as either susceptible or resistant
to phosphine (Table 2). All cultures were reared in
the laboratory at 28°C and 65% r.h. in environmental
growth chambers. Unsexed adults of mixed ages were
collected directly from culture jars after sifting the diet
and insects through an 841-µm opening round-holed
sieve (Fisher Scientific Company, Hampton, New
Hampshire,USA).
Bioassays were carried out in snap cap vials (23
mm in diameter and 55 mm in height) that had mesh
bottoms (250 µm openings) and mesh caps with similar
size openings to ensure diffusion of chlorine dioxide
through the vials, and also to prevent insect escape.
The chlorine dioxide treatment was conducted in an
air-tight polymethyl methacrylate (PMMA) chamber
(dimensions: 0.6 m × 0.6 m × 1.0 m). Chlorine
dioxide (ClO2) gas was produced by a custom-built
chlorine dioxide generator by Pure Line Treatment
Systems, LLC (Chicago, Illinois, USA), housed inside
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a trailer. The trailer was located on the north campus
next to the O.H. Kruse Feed Technology Innovation
Center, onthe Kansas State University North Campus,
Manhattan, Kansas, USA. Chlorine dioxide gas was
produced from sodium chlorite (31% solution) via two
electrochemical reactions:

Table 3 Exposure times chosen to test the efficacy of chlorine
dioxide gas (0.54 g/m3) against strains of five storedproduct insect species in vials with and without wheat
Species

Anode (oxidation): ClO2– $ ClO2 + e–
Cathode (reduction): 2H2O + 2e– $ H2 + 2OH–

Exposure time (h) for vials
with wheat

Tribolium castanesum

10, 12, 15, 18, 22, 26

Oryzaephilus
surinamensis

3, 5, 7, 10, 16

Rhyzopertha dominica 10, 14, 16, 20, 24, 26, 28, 30, 34

These reactions produced 99% pure chlorine
dioxide gas, which was then admixed with ambient air
prior to entering the PMMA chamber where bioassay
vials were held. Chlorine dioxide concentrations were
adjusted by mixing different amounts of ambient air,
and gas concentrations were monitored by an optical
sensor converter (Control 4000, Optek®, Germantown,
Wisconsin, USA). Temperature and humidity inside
the testing chamber were monitored by HOBO© data
loggers (Model: U10-003, Onset Computer Corp.,
Bourne, Massachusetts, USA). The mean ± SE
temperature was 24.8 ± 0.6 °C (range, 17.6 to 28.8
°C) during tests. The mean ± SE humidity was 29.4
± 1.2% (range, 21.1 to 52.3%).
About 10 g organic hard red winter wheat of
11–12% moisture (wet basis) was placed in individual
vials along with 20 unsexed adults of mixed ages for
each species and strain. Vials were placed horizontally
to ensure maximum gas diffusion through the vials.
The target concentration of chlorine dioxide was 0.54
g/m3 (200 ppm). Maintaining a steady chlorine dioxide
gas concentration was difficult and there were minor
fluctuations in gas concentrations. However, the mean
concentration during the fumigation, despite these
fluctuations, was 201 ppm (range, 147 – 255 ppm).
Insects were exposed to chlorine dioxide for various
time periods (Table 3). Vials with and without wheat,
but infested with insects, were held at 28°C and
65% r.h. and sampled at the same time intervals as
chlorine dioxide exposed insects, served as the control
treatment. Prior to beginning the tests, all samples
were placed in the testing chamber, and were collected
after the intended exposure. Each species, strain, and
chlorine dioxide exposure treatment combination was
replicated three times.
After exposure to chlorine dioxide, the vials
were brought back to the laboratory and kept in
environmental chambers maintained at 28°C and 65%
r.h. For samples fumigated or not fumigated without
wheat, 10 g wheat were added prior to incubation
in the environmental growth chambers. Mortality of
insects in control and chlorine dioxide exposed vials
was checked 1 and 5 d after exposure, to determine
any delayed toxicity effects of chlorine dioxide. After

Sitophilus zeamais

10, 15, 18, 20, 22, 24, 26, 28, 30

Sitophilus oryzae

5, 7, 10, 15, 18, 20, 22, 24, 26, 28, 30
Exposure time (h) for vials
without wheat

Tribolium castanesum

5, 7, 10, 15

Oryzaephilus
surinamensis

1, 3, 5, 7

Rhyzopertha dominica 7, 10, 14, 18, 20, 24
Sitophilus zeamais

5, 7, 10, 15, 20, 24, 28

Sitophilus oryzae

5, 7, 10, 15, 20, 24, 28

mortality assessments, insects (live and dead) were
placed back into the vials and all vails were held
in environmental growth chambers for 8 weeks to
determine adult progeny production.
Mortality was calculated as a percentage based on
the number of dead insects out of the total exposed.
Mortality in treatments was corrected for control
mortality (Abbott, 1925). The control mortality
across all species and strains ranged between 0 and
20%. Progeny was transformed to log10(x+1), and
subjected to one-way analysis of variance (ANOVA),
and means were separated by Bonferroni t-tests (SAS
Institute, 2008). The actual adult progeny produced was
determined by subtracting the original number of adults
added to vials. Progeny reduction was calculated as
(1-mean number of progeny production in treatment/
mean number of progeny production in control)×100.
RESULTS AND DISCUSSION
The 1 d mortality of Sitophilus oryzae, S. zeamais,
T. castaneum and R. dominica strains was not 100%
even after the longest exposure (30, 30, 26, and 26 h
respectively). Complete mortality of O. surinamensis
strains was observed after a 16h exposure. In the
presence of wheat, the fumigation time to obtain
complete mortality after 5 d for adults of T.castaneum,
O. surinamensis, R. dominica, S. zeamais and S.
oryzae strains was 26, 16, 24–34, 18–24, and 15–18
h respectively (Table 4). In the absence of wheat,
the time to obtain complete mortality after 5 d was
15–24, 3, 18–20, 7–15, and 5–7 h, respectively
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(Table 4). Adults of O. surinamensis were most
susceptible to chlorine dioxide, followed by
S. zeamais and S. oryzae. Adults of T. castaneumand
R. dominica were least susceptible to chlorine dioxide.
Susceptibility differences among species to chlorine
dioxide may be due to their physiological differences
such as respiration and metabolic rates. Respiration
rates of insects have been linked to phosphine
resistance (Pimental et al., 2007). Pimental et al. (2007)
collected field strains of T. castaneum, R. dominica and
O. surinamensis from 17 locations in Brazil and tested
them for phosphine resistance and examined respiration
and other fitness parameters. They found that strains
with lower carbon dioxide production rate had higher
phosphine resistance levels. Lu et al. (2009) reported
carbon dioxide production in adults of T. castaneum, R.
dominica and S. oryzae after 2 h of incubation was 3.8,
4.2, 6.0 mL/g insect, respectively, which corresponded
to the order of chlorine dioxide tolerance in these three
species observed in our study. Species that had a higher
carbon dioxide production had a lower chlorine dioxide
tolerance. Chlorine dioxide, like other fumigants,
enters insect’s respiratory system, and a lower carbon
dioxide production indicates lower respiratory rate
and consequently less chlorine dioxide up-take. On
the other hand, the rate of metabolism of different
insect species may also affect their susceptibility to
chlorine dioxide. Cofie-Agblor et al. (1995) reported
that at 30°C and 14.5% r.h., the heat production of S.
oryzae, T. castaneum and R. dominica was 56.4–55.3,
39.7–38.1, and 35.3–32.8 µW/individual, which also
corresponded to the order of chlorine dioxide tolerance
shown in Table 4. Species with higher heat production
were more susceptible to chlorine dioxide.

Table 4 Exposure times required for complete mortality after
5 d for adults of five stored-product insect species
exposed to a chlorine dioxide concentration of 0.54
g/m3
Speciesa,b

Strain

Tribolium castanesum

Lab

Exposure time (h)
With
Without
wheat
wheat
26
15

AB1

26

15

MN

26c

15
3

Oryzaephilus
surinamensis

Lab

16

AB2

16

3

Rhyzopertha dominica

Lab

24

20

CS

34

18

Sitophilus zeamais

RL
Lab
TX

34
24
18

20
15
7

Sitophilus oryzae

Lab

15

5

TX

18

7

aMean

± SE control mortality was less than 10%, except for
O. surinamensis AB2 strain (11.2 ± 2.3%) and R. dominica CS
strain (14.7 ± 3.0%) in the presence of wheat. In the absence
of wheat mean ± SE control mortality of O. surinamensis
AB2 strain, R. dominica CS strain, S. zeamais TX strain, and
S. oryzae Lab strain was 12.6 ± 0.9, 16.6 ± 1.4, 26.7 ± 1.9,
and 11.7 ± 4.7% respectively.
bMortality assessments made 1 d after exposure to chlorine
dioxide did not produce 100% mortality in adults of S. oryzae,
S.zeamais, T. castaneumand R. dominica when exposed to
30, 30, 26, and 34 h respectively. Only 100% mortality in O.
surinamensis was observed at 16 h.
cLess than 100% mortality was obtained after 26 h of exposure
to chlorine dioxide. The mean ± SE mortality for T. castaneum
MN strain was 93.3 ± 6.7 %

Table 5 Mean ± SE number of progeny produced (% reduction) of Rhyzopertha dominica strains after exposure to 0.54 g/m3
of chlorine dioxide at various exposure times in vials with wheat
Hour

Lab a

CS a

RLa

0

282.0±53.9a

107.0±11.5a

105.0±40.7a

10

162.0± 43.0ab (42.6%)

55.0±16.3ab(48.6%)

22.7±8.7ab(78.4%)

14

52.7±12.7ab(81.3%)

29.7±15.2ab(72.3%)

13.7±0.3ab(87.0%)

16

58.7±40.2ab(79.2%)

6.7±3.4b(93.8%)

11.3±5.7ab (89.2%)

20

31.7±16.8ab(88.8%)

17.3±17.3ab(83.8%)

3.0±3.0b(97.1%)

24

0±0b(100%)

0±0b(100%)

0±0b(100%)

F

10.53

6.96

5.49

df

5, 12

5, 12

5, 12

P

0.0005

0.0029

0.0009

aMeans

by strain followed by different letters are significantly different (P< 0.05, by Bonferroni t-tests)
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Table 6 Mean ± SE number of progeny produced (% reduction) of Rhyzopertha dominica strains after exposure to 0.54 g/
m3ofchlorine dioxide for various time periods in vials without wheat
Laba

CSa

RLa

0

211.0±51.2a

92.3±12.5a

119.3±36.7a

5

63.3 ± 35.3ab (70%)

21.7 ± 11.1ab (76.5%)

88.3 ± 26.5ab (26%)

7

0 ± 0b (100%)

10.7 ± 2.9ab (88.4%)

14.3 ± 2.9c (88%)

10

17.7 ± 7.3ab (91.6%)

13.7 ± 7.7ab (85.2%)

20.7 ± 3.7bc (82.7%)

14

8.0 ± 8.0b (96.2%)

8.3 ± 4.4ab (91%)

18.0 ± 3.2bc (84.9%)

16

4.3 ± 4.3b (97.9%)

2.7 ± 2.7b (97.1%)

39.3 ± 15.4abc (67%)

20

0 ± 0b (100%)

0 ± 0b (100%)

0 ± 0d (100%)

F

5.93

4.89

25.30

Hour (h)

df

6, 14

6, 14

6, 14

P

0.0029

0.0068

<0.0001

aMeans

by strain followed by different letters are significantly different (P< 0.05, by Bonferroni t-tests)

Adults of T. castaneum and O. surinamensis
exposed to chlorine dioxide and incubated with
wheat for 8 weeks failed to produce adult progeny.
Adults of these two species in the control treatment
also failed to produce adult progeny. We attribute
lack of adult progeny production by surviving adults
of these species to inability of larvae to infest and
survive on whole wheat kernels, as these two species
are secondary feeders and require grain dust or
dockage (Sinha and Watters, 1985). The laboratory
and field strains of S. zeamais in the control treatment
produced a mean ± SE of 385.3 ± 30.5, and 231.7
± 21.2 adult progeny respectively. In the control
treatments, laboratory and field strains of S. oryzae
produced a mean ± SE of 344.0 ± 37.6 and 402.0 ±
9.6 adult progeny respectively. Adult progeny were
not found in any chlorine dioxide exposed insects,
regardless of the presence or absence of wheat. There
were notable numbers of progeny produced by all
R. dominicastrains in chlorine dioxide exposed vials
regardless of the presence of wheat (Tables 5 and
6). After exposure to chlorine dioxide for 24 h, the
progeny reduction of R. dominica Lab, CS, and RL
strains was100% in vials with wheat; in vials without
wheat, no progeny were produced after a 20h exposure.
The progeny production decreased significantly at
higher chlorine dioxide exposure times.

the kernel pericarp. Adults of R. dominica needed
longer exposure times (18–34 h) compared to other
insect species tested for 100% mortality regardless of
presence or absence of wheat. Progeny production was
only observed in R. dominica vials, and the progeny
reduction compared to the control reached to 100%
after 24 or 20 h chlorine dioxide exposure with or
without wheat. The laboratory findings should be
confirmed by tests under practical field conditions
such as grain bins and silos.
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ABSTRACT

Owing to their good penetration properties, fumigants are still one of the key components of
integrated pest control programmes in flour mills in many countries. Hydrogen cyanide (HCN)
is commercially available and registered in some EU countries as a biocide for mill and aeroplane
fumigation. Although it is known (mostly from laboratory studies) that HCN has good biological
activity on all pest stadia including eggs, currently there is insufficient information concerning
biological HCN efficacy in relation to the CT-products reached during the real-world flour mill
fumigations. The aim of this study was to (i) determine the extent of variation of HCN CTproducts at various floors of flour mill building during a ‘real world’ commercial fumigation, (ii)
determine HCN efficacy on 5 species of stored products pests, viz. Tribolium castaneum (Herbst),
Tribolium confusum (L.), Cryptolestes turcicus (L.), Sitophilus oryzae (L.) and Rhyzopertha
dominica (Fabricius) in the fumigated mill, and (iii) determine HCN biological efficacy on the
confused flour beetle Tribolium confusum du val exposed to fumigant under ‘naked’ (i.e. pests
enclosed in open empty vials and covered by mash lid) and ‘obstructed’ (i.e. pests enclosed in
the same vials but containing various layers of wheat (Triticum aestivum L.) flour conditions.
Although CT-products estimated for HCN were less than half of the labelled HCN rate (240 g h
m-3), 100% mortality was recorded for larvae and adults of T. confusum in all of the mill floors
and locations tested. Regardless of the floor and CT variations, all adults and larvae of exposed
T. confusum were dead. Contrary to the general belief that HCN is usually is poorly penetrative
fumigant, we found 100% mortality of T. confusum enclosed in the vials containing wheat flour.
Key words: Dust, Flour, Fumigation, HCN, Mill, Storage pests
Owing to their good dispersion properties in treated
structures and good penetration properties into treated
materials, fumigants are one of the key components
of the integrated pest control programmes in flour
and produce mills in many countries. Unfortunately,
nowadays there are only few registered insecticide
active ingredients for stored product and structural
(e.g. flour-mills) fumigation (e.g. PH3 - Mueller, 1994;
S2F3 - Chayaprasert et al., 2009). Widespread and
repeated usage of limited number of active ingredients
is connected with elevated risk of physiological
resistance. For example, resistance to commonly
used fumigant, phosphine (PH3), has been recorded
for several populations of storage pests from various
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parts of the world (Opit et al., 2012; Jagadeesan et
al., 2012). In addition, reduced ovicidal activity was
recorded for some of the currently used structural
fumigants when low dosages were applied (Ciesla
and Ducom 2010; Athanassiou et al., 2012) and/or if
temperatures were not high (Aulicky et al., 2015). If
fumigation of a particular mill is not fully effective - for
any of the above mentioned reasons- what follows is
a relatively quick pest population rebound (Campbell
and Arbogast, 2004; Buckman et al., 2013).
Hydrogen cyanide (HCN) can be considered to
be a one of few available alternatives to the major
fumigants. The HCN is currently commercially
available and registered in some EU countries as
a biocide for structural fumigation (Aulicky et al.,
2014). In the past, HCN was employed extensively as
structural fumigant in tobacco stores and flour mills
in the USA and Europe (Buttenberg et al., 1925). In

CONTROLLED ATMOSPHERE AND FUMIGATION IN STORED PRODUCTS

the 1950’s and 1960’s, HCN was tested and used
as a seed fumigant in the Czech Republic (Stejskal,
2014). Although it is not currently registered for
seed fumigation, Ren et al. (1996) experimentally
demonstrated that stored grain germination was not
diminished and may have been slightly enhanced with
hydrogen cyanide exposure. Recently, it has been
documented that HCN has good activity on nematode
Ditylenchus dispaci (Zouhar et al., 2016) infesting
semi-dry garlic. Stejskal et al. (2012), reported good
penetration of HCN through construction wood as
well as its good biological efficacy on wood infesting
pests.
It is known, mostly from laboratory studies, that
HCN has excellent biological activity against various
stored product and mill infesting pests and their
developmental stadia (Lindgren and Vincent, 1965;
Rambeau et al., 2001). However, currently there is only
limited information (Aulicky et al., 2015) concerning
biological HCN efficacy in relation to the CT-products
reached under field conditions.
A new HCN fumigation research program
(including research institutions and industry partners)
has been established in the Czech Republic, to
generate sufficient data on HCN as a mill insecticide
for registration purposes. This paper presents part of
the results that have been obtained so far within the
framework of this program.
The specific goals of this study were (i) to
determine the extent of variation of HCN CT-products
during a ‘real world’ commercial mill fumigation
at various floors of the fumigated building, (ii) to
determine HCN efficacy on 5 major pests species
of stored product pests (Stejskal et al., 2015) in a
fumigated mill, (iii) to estimate HCN biological
efficacy on larvae and adults of the confused flour
beetle, Tribolium confusum (L.) exposed to fumigant
under ‘naked’ (pests enclosed in open empty vials and
covered by mesh lid) and ‘obstructed’ (pests enclosed
in the same vials but containing 2 different layers of
wheat flour) conditions.

HCN formulation and application
For the fumigation of mills the commercially
available HCN formulation Bluefume (formerly
URAGAN D2TM) - produced by LZ Draslovka Kolin
(Czech Republic) - was used. The HCN was released
from Bluefume saturated porous disks supplied in
sealed cans. Bluefume was applied in the tested mill
by an external certified Czech fumigation company.
The dosage was 10 gm-3(1 kg per 100 m-3) that give
for 24 exposure and ideal conditions (i.e., instant HCN
release and even distribution in the mill; no leakage,
no sorption), the theoretical maximal CT product of
240 g.h.m-3.

MATERIALS AND METHODS

Biological efficacy
Bioassays (containers with pests) were placed in
central parts of the 1st to 6th floors. After exposure,
pests were transferred to the laboratory and checked
for mortality 26 h after the spaces were ventilated.
In each of the six locations (i.e. each central part of
1–6 mill floors) were two designs of bioassay. First
design—a set of 30 bioassay containers were placed
that included five replicates for each of the two life
stages tested Tribolium confusum (adults, larvae)
and three commodity combinations. The commodity

Estimation of temperature and HCN concentrations
during field fumigations
Temperature and relative humidity were recorded
separately for the 1st, 3rd and 5th floors during the
fumigation by using Gemini DATA LOGGERS
(Tinytag Plus IS Dual, Gemini Data Loggers Ltd,
United Kingdom). The data-loggers were located at
the same locations where the bioassay samples had
been placed. The 1st, 3rd and 5th floors locations
were sampled for HCN concentration remotely via
PVC-plastic tubing (diameter 6/9 mm), with sampling
devices were connected to tubing from outside of
the mill. Air samples were taken at a height of 50
cm above the locations on which the insects and the
data loggers had been placed. Concentrations of the
fumigant were monitored for two positions at each
mill floor at regular intervals. HCN CT-products were
calculated from measurements at all these points. HCN
vapour samples were taken in Tedlar bags (from mills)
and the HCN concentrations estimated using the GC
technique (Shimadzu GC-17A, RT-QPLOT, 30 m, ID
0.53 mm, GC Software Clarity DataApex; Shimadzu
Corp., Kyoto, Japan). The GC method was used to
compare the detector response from a sample with
the response from an external standard with a known
concentration. The standard we used was 0.5% vol.
HCN in nitrogen.

Biological material and strains
In our experiment we used laboratory strain of 5
species stored product pests, viz. Tribolium castaneum
(Herbst), Tribolium confusum, Cryptolestes turcicus,
Sitophilus oryzae (L.), and Rhyzopertha dominica
(Fabricius). The strains originated from cultures that
were kept at the Crop Research Institute (CRI), Prague,
Czech Republic, for >20 generations. Pests were reared
in incubators set at 26oC, 75% r.h., and continuous
darkness, on a species-specific diet.
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Table 1 Concentration time products at twelve measurement positions/check points (4 check points per 1st, 3rd and 5th floor)
of a commercial flour mill during 24 h of commercial fumigation with HCN
Check point		

1

2

3

4

5

6

7

8

9

10

11

12

Ct-product ghm-3		

75

78

60

92

95

94

54

100

88

84

67

64

Table 3 Mortality (% ± SE) of adults and larvae of Tribolium
confusum at the six floors of the flour mill and control
after the fumigation period (Insects were bio-assayed
in containers with four commodity types: ‘no flour’
and flour at two depths = 1 cm and 5 cm)

Table 2 Mortality (% ± SE) of adults of five species storedproduct pests at the six floors of the flour mill and
control after the fumigation
Species

Floor

Sitophilus oryzae

1–6
Control
1–6
Control
1–6
Control
1–6
Control
1–6
Control

Rhyzopertha dominica
Tribolium castaneum
Tribolium confusum
Cryptolestes turcicus

HCN mortality (%)
100 ± 0.00

Floor
Adults 1–6
Control
Larvae 1–6
Control

100 ± 0.00
100 ± 0.00

No floor

1-cm floor

5-cm floor

100.00 ± 0.00
6.00 ± 2.96
100.00 ± 0.00
5.00 ± 3.87

100.00 ± 0.00
8.00 ± 1.22
100.00 ± 0.00
27.00 ± 5.38

100.00 ± 0.00
10.00 ± 4.18
100.00 ± 0.00
1.00 ± 1.00

100 ± 0.00

with a commercial applied dosage of 10 gm–3 achieving
an average CT-product of 91.31 ± 6.52 ghm-3.
At the HCN concentrations reached in this
fumigation, after 24 h of exposure, all adults and
larvae of T. confusum were dead (Table 3). Mortality
was 100% regardless of the presence and the quantity
of flour. It indicates that the hydrogen cyanide is able
to penetrate flour that may cover the target insect
individuals, at least at the flour quantity and height
levels examined in this work (5 cm).

100 ± 0.00

combinations were: (i) containers without flour, (ii)
containers with 1 cm of flour, (iii) containers with 5
cm of flour. Within each container, 20 adults or larvae
(third-fourth instar) were placed. Second design – a
set of 50 bioassay plastic petri dishes that included
10 replicates for each of 5 species pests (adults of
T. confusum, T. castaneum, C. turcicus, R. dominica
and S. oryzae).

DISCUSSION AND CONCLUSIONS
The results of the present study illustrate CTproducts, distribution, and efficacy of HCN on mills
pests in a routine commercial flour mill in Central
Europe. In the Czech Republic for mill fumigation,
the recommended dosage of HCN is 10 gm-3 with 24
h exposure. This produces a theoretical maximum CTproduct of 240 ghm-3 (i.e. under ideal conditions, with
no leakage and/or absorption). Although CT-products
estimated for HCN at six floors in this particular flour
mill were less than half of the ideal HCN CT-product,
still 100% mortality was recorded for all the bioassays
containing adult pest species that may commonly
occur in mills (e.g. Tribolium castaneum, Tribolium
confusum, Cryptolestes turcicus, Sitophilus oryzae and
Rhizopertha dominica). The maximum efficacy (100%
mortality) was also observed for larvae of T. confusum
in all the mill floors and locations tested.HCN is usually
suspected to be a poorly penetrative fumigant through
thick layers of organic materials. In the laboratory
experiments, Rambeau et al. (2001) concluded that a
Ct-P of 10 ghm-3 controlled the significant pests, T.
confusum, T. castaneum and Plodia interpunctella, at
all life stages in mills and food factories. However,

RESULTS
HCN concentrations and CT-products during field
fumigations
Table 1 shows that the CT-products obtained for the
various positions and floors in the mill fumigation at an
initial dosage of 10 g m-3 HCN. The maximum HCN
CT-product obtained was 100 ghm-3 (4th position),
while the lowest HCN CT product was 54 ghm-3 (7th
position). The average CT-product was 91.31 ± 6.52
ghm-3. Thus the observed average CT-product in the
mill was less than half of the labelled HCN rate (240
ghm-3) calculated on the basis of no loss from the
initial dosage.
Biological efficacy of HCN on pests
The HCN caused 100% mortality of 5 major stored
product Coleoptera species (Tribolium castaneum,
Tribolium confusum, Cryptolestes turcicus, Sitophilus
oryzae and Rhizopertha dominica) when fumigation
was performed in a common type of commercial mill
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according these authors, to ensure HCN penetration and
to kill insects up to 10 cm deep in flour piles, the CTproduct should be approximately 60 ghm-3. In our mill
experiment, we found 100% mortality of T. confusum
enclosed in the vials containing wheat flour in layers
1 cm and 5 cm deep. Our findings are in accordance
with the findings of Rambeau et al. (2001) since the
average HCN CT-product (91 g hm-3) reached in our
experiment was higher than that reached (60 ghm-3)
in their experimental set up.
Sanitation may play an important role in fumigation
efficacy (Williams et al., 2015). Layers of dust and
flour found across a mill structure ranging from 1–5
cm represent moderately cleaned mill conditions. So,
it would be a good idea to conduct future experiment
that will cover situations with deeper dust/flour layers,
e.g. ≥10 cm. Such level of unsanitary conditions can
be usually found in old mills with complex structure
and inaccessible places for cleaning or, more rarely,
in modern flour mills with poor management.
We are convinced that the resulted presented in
this work indicate good potential of HCN (Bluefume)
for structural fumigation of flour mills.
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Fumigation potential of organic compounds against different stages of
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ABSTRACT

Insects can cause severe damage to food grain and other commodities under storage condition.
Several Coleoptera and Lepidoptera have been reported to feed on stored commodities and may
cause approximately 10% loss. The primary means of controlling insect pests in stored grain is by
fumigation with phosphine, but genetic resistance towards this fumigant has emerged across the
globe. The present study investigated the fumigation potential of 16 compounds against stored
grain pest Tribolium castaneum (Herbst) under laboratory conditions. Among all screened 16
compounds, 10 compounds, viz. 3-methyl-2-butenal, dipropyl disulphide, allylisothiocyanate,
1-bromohexane, 1-bromopentane, thioglycolic acid, sec-butyl bromide, triethyl orthoformate,
ethyl bromide and thionyl chloride, showed high fumigant toxicity against larvae and adult
of (7- day- old) T. castaneum. Allyl isothiocyanate was the most effective compound among
the all tested, causing immediate adult and larval mortality after 12 h of exposure at the lower
dosages of 0.50 to 0.75 µL L-1. Results showed level of fumigant toxicity was highly correlated
with the dosage (v/v) of chemical used for treatment. Larvae of tested insect were more tolerant
than adults. The four compounds showing the best activity with larvae and adults were selected
for study of ovicidal effects–allyl isothiocyanate, dipropyl disulphide, thionyl chloride and
thioglycolic acid. All these four compounds showed complete mortality at 10 µL L-1dosage when
24 h exposure was given. Maximum adulticide, larvicide and ovicidal activity were recorded
with allyl isothiocyanate with 100% mortality at 1.0, 1.1 and 0.50 µL L-1 respectively.
Key words: Allyl isothiocyanate, Fumigation, Organic compounds, T. castaneum, Wheat
There is a global increase in the demand of food
grains for human and animal consumption in recent
times. Population growth and rising incomes in
developing countries place pressures on agricultural
production to meet the increasing need for affordable
food. Reports indicated that, the year 2050, the world
population by will be over 9.1 billion. The biggest
challenge before agricultural research, development
and policy is how to feed them with safe food (Parfitt et
al., 2010). Measurable qualitative and quantitative loss
of food in the system after harvest has been termed as
post-harvest loss or PHL. As reported by FAO-World
Bank (2010) and Prusky (2011), 1.3 billion tonne of
food have been shattered or lost each year. Several
2Division of Agricultural Chemicals, Indian Agricultural
Research Institute, Pusa, New Delhi 110 012, India
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insect pests attack wheat (Triticum aestivum L.) grain
and wheat grain products during storage.
Tribolium castaneum (Herbst) is a cosmopolitan
pest that is known to infest 246 commodities worldwide (Hagstrum and Subramanyam, 2009), although
flour and other milled products are preferred more
(Good, 1936).Adult beetles and larvae of T.castaneum
feed on stored produces like pulses, prepared cereal
foods, dried fruits, bran, germ and flours (Atwal, 1976;
Hamed and Khattak, 1985; Dars et al., 2001).They
induce both qualitative and quantitative damage to
grain. Insect feeding causes weight loss in grains which
in turn inflicts quantitative damage (Golebiowska,
1969). Qualitative harm is because of changes in
product like deterioration in aesthetic and nutritional
qualities, high quantity of refuse in the grain heap, and
loss of functional propertiessuch as baking qualities
(Gallo et al., 1978; Vieira, 1983; Baier and Webster,
1992; Moino et al.,1998).
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Fumigation is the most widely used procedure to
control stored-product pests to prevent economic and
quality losses by providing various application methods
and penetration capability into the treated commodity.
However, it has been found to have destructive effects
on human beings. Many of them have limitations in
use due to various reasons. Methyl bromide (MB),
according to Montreal Protocol, is scheduled to be
phased out world-wide by 2015. Sulphuryl fluoride
(SF) is known to have limited efficiency on egg stages
of insects.
Currently, Phosphine (PH3) is the most widely
used fumigant worldwide ouring to its low cost and
ease of application, though resistance observed in
major pest species threatens the continued use of PH3.
In the case of phosphine, resistance is the inevitable
result of the continuous use of the fumigants in leaky
conditions, improper applications and exposures. The
number of pest populations showing resistance to
phosphine has been increasing world-wide since it
was first shown by a global FAO survey on pesticide
susceptibility in 1972, 1973 (Champ and Dyte, 1976).
In view of these problems, scientists world-wide are
looking towards alternatives for prophylactic and
curative treatment of stored commodities and some
encouraging results have been obtained in the past
studies (Koul, 2004; Rajendran and Muralidharan
2004; Chen et al., 2011). In the present investigation,
an attempt was made to search the fumigant toxicity
of some compounds against T. castaneum, insect
pests of stored grain.

flour mixed with 5% (weight/weight) brewer’s yeast.
About 300 to 400 adults were released in a rearing
glass jar (15 cm × 10 cm) containing 100 g wheat flour
media for oviposition. The adults were removed after
every four to six days and released in a fresh jar. The
insects in the jars were allowed to grow undisturbed
till the adults started emerging. Successfully emerged
adults were removed from the rearing glass jar for
bioassay tests or for breeding the next generation in
a similar way.
Bioassay technique
Bioassay tests were conducted with the candidate
materials. Adult beetles (one to three weeks old) or
two weeks old larvae were confined within plastic
cups (10 beetles/larvae per cup) inside gas-tight
desiccators that were used in exposure chambers.
Organic compounds µL L-1were poured on the filter
paper which was hanged from adhering the top surface
of air tight desiccators. To calculate the volume of
desiccators, each desiccator was fully assembled and
then completely filled with water. The weight of this
water in gram closely equals the volume in millilitres.
On the basis of the volume of each desiccator, the
correct volume of organic compound was released into
each desiccator to give the required dosage. Dosage
volumes of the organic compounds were calculated
using the source concentration, required dosage and
volume of desiccators.
All test compounds (3 Methyl-2-butenal, trans2-hexenal, Dipropyl disulphide, Allyl isothiocyanate,
Allyl bromide, 1-Bromo-hexane, 1-Bromo-pentane,
2-Bromo-pentane, 9-Ethyl iodide, Thioglycolic acid,
sec-butyl bromide, Triethyl orthoformate, Sulfuryl
chloride, Ethyl bromide, Thionyl chloride, Methyl
iodide) were screened at concentration 1, 5, 10 and
15 µL L–1. Observations were recorded at 24 h after
treatment. Total numbers of surviving (live) and dead
insects were counted in each treatment.
On the basis of their efficacy, ten best compounds
were selected for further experimental studies. These
10 compounds were tested against adult, larvae and
egg stage of test insect.

MATERIALS AND METHODS
Sixteen organic compounds (3 Methyl-2butenal, trans-2-hexenal, Dipropyl disulphide, Allyl
isothiocyanate, Allyl bromide, 1-Bromo-hexane,
1-Bromo-pentane, 2-Bromo-pentane, 9-Ethyl iodide,
Thioglycolic acid, sec-butyl bromide, Triethyl
orthoformate, Sulphuryl chloride, Ethyl bromide,
Thionyl chloride, Methyl iodide) were chosen on the
basis of their physico-chemical properties and their
probable potential for insecticidal activity.
Laboratory studies were carried out to screen
these organic compounds against stored grain insect
pest. The details of the rearing of population, bioassay
technique, and the methodology adopted for recording
observations are:

Statistical analysis
The data on mortality were subjected to Abbott’s
correction formula for the correction of mortality. LC50
values were determined using probit analysis based
computer programme STPR718.

Rearing of test insect - Tribolium castaneum (Herbst)
The test insects were reared in the laboratory
conditions as per the method reported by Bhatia and
Pradhan (1968). The culture was maintained by rearing
the insects at 30 ± 2°C and 70% r. h. on sterilized wheat

RESULTS AND DISCUSSION
Fumigant toxicity of candidate fumigant materials
against T. castaneum is presented in Table 1. All
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Fig. 1. Dosage response of compounds A, 3-Methyl-2-butenal; B, Dipropyl disulphide; C, Allylisothiocyanate; D,
1-bromo hexane; E, 1- bromo pentane; F, Thioglycolic acid; G, s-butyl formate; H, Triethyl orthoformate;
I, Ethyl bromide; J, Thionyl chloride; against T. castaneum at 24 h exposure
180

y = 16.00 + 13.04x
RT, Relative toxicity

y = 3.33 + 14.76x
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13.53
15.57

21.43
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1.92
10.10

9.41
3.12

8.12
9.20

6.73
3.44
4.21
Thionyl chloride

5.76

1.95

compounds were effective at some dosage against
Tribolium castaneum. Allylisothiocynate was found
most effective against adults, having LC50 value 0.51
mL L–1 with at 24 h exposure, followed by thionyl
chloride, dipropyl disulphide, and thioglycolic acid
(LC50 value, 6.73, 7.84 and 8.57 mL L–1 ). Fumigants
1-bromo hexane and ethyl bromide were equally
effective having LC50 of 9.43 and 9.20 mL L–1.
Compound 3-methyl-2-butenal found least effective
(LC50, 17.62 mL L–1), similar to effectiveness of triethyl
orthoformate (LC50 16.46 mL L–1).
Tested organic compounds against adult of
T. castaneum were also tested against the larval stage
of tested insect. Results depicted in Fig. 2 indicates
that Allyl isothiocyanate found most effective at 0.75
µL L-1 , causing 86.70% mortality against the larval
stage as well, followed by Dipropyl disulphide at 10
µL L-1 causing 86.67%, Thionyl chloride at 10 µL L-1
causing 80.00% and Thiglycolic acid at 15 µL L-1 ,
caused 100% mortality.
The four most fumigants against adult and larval
stage of T. castaneum, were: Allyl isothiocyanate,
thionyl chloride, dipropyl disulphide, and thioglycolic
acid, were selected to check the efficacy against the egg
stage. Fig 3 shows all four compounds were successful
in stopping the hatching of eggs.
Koul (2004) reported dipropyl disulphide and
diallyl disulphide (di-2-propenyl disulphide) were
toxic when applied topically or as a fumigant to
Tribolium castaneum adults and 8-, 12-, and 16-d-old
larvae, and Sitophilus oryzae adults. Di-n-propyl
disulphide significantly decreased the growth rate
and dietary utilization with moderate inhibition of
food consumption in both insects. Studies clearly
demonstrated that di-n-propyl disulphide could be
a potent toxicant, fumigant, and feeding deterrent
for stored grain pests, if a suitable formulation and
application procedure are developed. Similarly, Wu et
al. (2009) reported that allyl isothiocyanate fumigation
showed strong toxicity to the four species of storedproduct pests. Adult mortality of 100% of all four
pest species, recorded after 72 h exposure to allyl
isothiocyanate fumes at an atmospheric concentration
of 3 µg mL-1, showed no significant difference from
that of insects exposed to phosphine at 5 µg mL-1,
the recommended dosage for phosphine. Numerous
studies on chemicals are being considered as alternative
fumigants to methyl bromide, in according the present
study is done to check the efficacy of some organic
compounds which may lead in the future as a stored
grain fumigants.
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Dosage mortality response of organic compounds against Tribolium castaneum at 24 h exposure
Table 1

Organic compounds

4.85

Regression equation
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Fig. 2. Fumigant toxicity of organic compounds against larvae of Tribolium castaneum
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Fig. 3. Fumigant toxicity of organic compounds against eggs of Tribolium castaneum
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Forced hot-air quarantine treatment to control Acanthoscelides
pallidipennis in seeds of false indigo (Amorpha fruticosa)
B S LI, G P ZHAN, B LIU, L L REN, Y J WANG*
Chinese Academy of Inspection and Quarantine, No. 241, Huixinxijie, Chaoyang District,
Beijing 100029, P. R. China
ABSTRACT

To establish a schedule for phytosanitary treatment of the North American bruchid
Acanthoscelides pallidipennis (Motschulsky) in false-indigo (Amorpha fruticosa L.) seeds, the
dose response and confirmatory tests were conducted in a forced hot-air chamber. In the doseresponse tests, a minimum heating time required for 100% mortality of the bruchid was 80, 32,
and 24 min at temperature and humidity combinations of 56°C-70% r.h. 58°C-70% r.h., and
60°C-70% r.h. respectively. The thermal death kinetic model was used to predict the minimum
time for 99% and 99.9968% mortality at the 95% confidence level. In the confirmatory tests,
no adult emerged from an estimated 132,000 fourth stage larvae in all the seeds (24 kg) treated
at 60°C-70% r.h. for 40 min, resulting in the disinfestation efficacy of 99.9977% at the 95%
confidence level. There was no impact on the germination of the treated seeds. Therefore, the
minimum heating time of 40 min at 60°C-70% r.h. could be recommended as the phytosanitary
schedule for the controlling of A. pallidipennis in false-indigo seeds.
Key words: Acanthoscelides pallidipennis, Amorpha fruticosa, Phytosanitary heat treatment,
Thermal death kinetic

The North American bruchid, Acanthoscelides
pallidipennis (Motschulsky), is a major pest infesting the
false indigo (Amorpha fruticosa L.) seeds both in field
and postharvest storage (Gao, 1991). The infestation rate
is 20–40% in the field, as a result, an average of 65%
of the infested seeds lose their germination capacity
(Wan, 1989; Wan and Xu, 1991; Yang et al., 1992). At
present, A. pallidipennis is listed as a quarantine pest
in China, Japan and Korea, and the infested seeds must
undergo phytosanitary treatments (Wan and Xu, 1991;
Tude, 2001). However, a very high dosage is required
for achieving 100% mortality by fumigating with
methyl bromide and sulfuryl fluoride at the temperatures
below 10°C (Zhan et al., 2011), and the bruchid was
not 100% killed by phosphine fumigating with a
dosage of 4 g/m3 for 15 d at 19.4°C (Lin et al., 1988).
Therefore, an alternative quarantine treatment is needed
to be developed. High temperature forced air treatment
(HTFA) has been found to be effective for controlling
*Corresponding

author e-mail: wangyj@caiq.gov.cn

a number of post-harvest pests in commodities (Sharp,
1993; Hallman, 1994; Canovai et al., 2001; Johnson et
al., 2004). Here, we report the efficacy of HTFA against
the bruchid in false indigo seeds.
MATERIALS AND METHODS
Infested seed and testing insects
The naturally infested seeds of A. fruticosa, which
were collected from Wendeng County, Shandong,
China, were kept in a storeroom (5–13°C) for slowly
drying to the moisture content of 9.5–10.0%. Then
the infested seeds were used for the dose–response
and confirmatory tests.
HTFA chamber
A HTFA chamber (Chongqing Well Experiment
Equipment Co. Ltd, ChongQing, China) was used for
conducting all the tests. The dimension of inner holding
room was 510 mm × 760 mm × 990 mm and it could
be separated freely by stainless steel mesh plates.
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The temperature and relative humidity (–5°C–60°C,
accuracy: 0.1°C; 30–98% r.h., accuracy: ±3%) in
the holding room could be controlled precisely. The
circulating air rate was 0–2 ms-1 and was adjusted to
1 ms-1 during the treatment. Testo type K thermocouples
(-10°C–1,000°C, accuracy: ±0.3°C), which were
calibrated before each experiment, were connected
to a Testo 177-T4 data logger (Lenzkirch, Germany)
to monitor and record the temperatures.

thermal kinetic transformation. The thermal kinetic
model had the form:
(LogN0 – LogN)a = k*t+ c

…(1)

where N0 is the initial number of larvae treated, N
is the adjusted number of surviving larvae, a is a
thermal death kinetic order; t is heating time in min,
c is the intercept (Alderton and Snell, 1970; Jang,
1986). Upper and lower 95% CL were calculated for
each lethal time with the methods of Zhang (1988).
Each regression was tested for heterogeneity by using
Pearson chi-square statistic (Zhang, 1988). Data used
in the analyses included any heating time causing
mortality between 0 and 100%, and the shortest time
causing 100% mortality.
For the confirmatory tests, the mortality proportion
(1 – Pu) associated with treating a number of insects
with zero survivors is given by the equation:

Dose-response tests
The dose-response tests were designed to treat the
infested seeds at constant relative humidity of 70%
r.h., the heating time was 30, 40, 50, 60, 70, 80, 90
and 100 min at 56°C; 8, 12, 16, 20, 24, 28, 32 and 36
min at 58°C; and 4, 8, 12, 16, 20, 24, 28 and 32 min at
60°C. In each treatment, 100 g false indigo seeds were
distributed. In a single layer at the bottom of a mesh
basket and heated to the target time. Air temperature
around the seeds was recorded. After treatment, the
seeds were air cooled, weighed, and stored for 7
days at room temperature. Then, the mortality of the
bruchids was checked by counting at least 100 larvae
for each treatment.

1 – Pu = (1 – C)1/n

...(2)

where C in the confidence level, Pu is the acceptable
level of survivorship (as a proportion) and n is the
number of testing insects (Couey and Chew, 1986).
RESULTS AND DISSCUSION

Confirmation tests
To validate the Probit 9 lethal time (LT99.9968)
estimated by a kinetic model, at least 93,636 insects
should be tested with no survivor in the confirmatory
tests (Couey and Chew, 1986). A total of 24 kg infested
seeds were treated at 60°C–70% r.h. for 40 min in the 4
confirmatory tests. In each treatment, 6 kg seeds were put
onto a basket with mesh used to form a 6 cm thickness
layer, then the thermocouples were inserting into the
seed layer and fixed at the depth of 0, 20, 40, and 60
mm. After treatment, the seeds at the depth of 0–20
mm, 20–40 mm and 40–60 mm were stored separately
in a storeroom for almost 6 months to investigate the
mortality (no adult emergence) of the bruchid.

Stages of testing insects
The larval infestation rate checked by dissecting
the false-indigo seed was about 5.6%, most of the
larvae were in the final larval stage, the fourth instar.
A number of investigations have revealed that the final
larval stage may be the most tolerant stage for beetles
by heat treatment (Canovai et al., 2001; Johnson et al.,
2004; MeKasha, 2006). Therefore, the infested seeds
could be used for conducting treatments directly, and
there were 800 g seeds and more than 4,000 larvae
used for each temperature and humidity combination.
Thermal death of Acanthoscelides pallidipgennis
larvae
The thermal death kinetic order was compared and
the results showed that the 0.5 order model produced
the largest coefficients of determination (R2) values for
all the three treatments, followed by 1, 0, 1.5, and 2
orders. Thus, the 0.5 order model was used for further
calculations in this investigation.
Results from the analysis of dose-response mortality
data showed that the thermal kinetic model was well
fitted to the thermal mortality data for each temperature
and humidity combination as the coefficients of
determination were larger than 0.9 (Table 1; Fig.1).
Temperatures increases from 56 to 60°C without
constant relative humidity led to dramatic decrease

Germination test
For conducting germination tests, plump seeds
were heated to the longest heating time in the doseresponse tests, were used for the germination tests.
Each germination treatment had 4 replicates with 100
g seeds. After treatment, the seeds were immersed in
boiled water, stirred, soaked overnight and incubated
at 23–26°C for germination. The germination was
determined within 2 weeks (Xu, 2011).
Data analysis
The dose-response mortality data, adjusted by
Abbott’s formula (Abbott, 1925), were linearized by
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Table 1 Lethal times (min) obtained by the 0.5 kinetic model to achieve 99% and 99.9968% mortality for the fourth instar
larvae of Acanthoscelides pallidipgennis and germination rate at three temperature and humidity combinations*
Temperature
and humidity
combination
56°C –70% r.h.

Thermal death constants
K (±SE)
χ2
0.01556
(0.0013)
0.04744
(0.0021)
0.0586
(0.0031)

58°C –70% r.h.
60°C –70% r.h.

3.069
2.965
1.814

Lethal time (min) (95%CL)
LT99.9968
LT99
122.3
(106.5–138.2)
46.4
(43.2–49.5)
33.8
(30.8–36.9)

Control

76.9
(70.6–83.3)
31.5
(29.9–33.1)
21.8
(20.3–23.3)

R2

Germination
(Mean±SD%)

0.9679

87.8±5.9a

0.9903

85.8±6.7a

0.9891

93.7±2.3a
92.8±2.1a

*R2 is the coefficient of determination; *germination data were subjected to one-way analysis of variance (ANOVA), means
were compared by Tukey’s multiple comparison tests at the 5% confidence level
0
60°C 70% r.h.

0.2

56°C 70% r.h.

(LOGN0 LOG N)0.5

0.4

60°C 50% r.h.

0.6
0.8
1
1.2
1.4
1.6
0

20

40

60

80

Time (min)

Fig. 1. Thermal death curve for the fourth instar larvae of
Acanthoscelides pallidipgennis at three temperature
and relative humidity combinations by the 0.5
kinetic model

of LT99.9968 from 113.38 min to 32.49 min, indicating
that the bruchid larvae is very sensitive to temperature
changes (Fig. 1). Therefore, much shorter exposure time
was needed in the combination with higher temperature
(Fig. 1). The germination test (Table 1) also revealed
that there was no significant difference in germination
even when seeds were treated with the longest exposure
time in each temperature and humidity combination
(F=2.646, P=0.0967). Then, the highest temperature
of 60°C was used for the following confirmatory tests.
Confirmatory tests
To validate the estimated LT99.9968 of 33.8 (30.8–
36.9) min (Table 1), a heating time of 40 min was used
as the target heating time during confirmatory tests,
as 3–5 min was needed for the chamber to reach the
required temperature and relative humidity. The result
showed that the heating times for the temperature to
reach the desired level (60°C) decreased from the
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upper layer to bottom layer. The longest time of 35.5
to 37 min was required for the upper layer, followed
by the middle and bottom layer in all the 4 replication
tests (Table 2). The shortest exposure time of 30.5
min appeared in bottom layer (Table 2), but it is much
closer to the lower bound (30.8 min) of LT99.9968 at
the 95% CL (Table 1).
No adult emerged from an estimated 132,000
larvae in all the treated seeds, on the contrary, a total of
26,492, 22,576, and 26,280 adults were counted from
the three layers in control (6 kg) respectively. The great
number of adults present in the control indicated that
the larvae developed one more generation during the
6 months storage (Sadakiyo and Ishihara, 2011). Thus,
the estimation by thermal death kinetic model was
validated in the confirmatory tests. The disinfestation
efficacy calculated by Equation (2) is 99.9977% at the
95% confidence level (Couey and Chew, 1986). The
maximum heating duration used in the confirmatory
tests may be the minimum duration required for the
approved treatment. Therefore, an exposure time of
40 min at 60°C-70% r.h., providing the disinfestation
efficacy of 99.9977%, could be suggested as the
minimum exposure time for phytosanitary heat
treatment of fourth-instar A. pallidipennis in falseindigo seeds.
To establish a phytosanitary treatment schedule, the
commodity should be tolerant to the treatment. There
were no significant reductions in germination when the
false-indigo seeds were treated in confirmatory tests
or longer exposure times occurred in dose-response
tests, comparing with the untreated seeds (Tables 1,
2). As the fourth instar is the most developed stage
in seed and it may develop and reproduce at suitable
temperature during storage (Sadakiyo and Ishihara,
2011), the treatment schedule proposed in this study
could be used for pre-storage treatment to protect
seeds from the infestation, and providing quarantine
security of shipped seeds.
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Table 2 Number of Acanthoscelides pallidipgennis adults emerged from treated seed, exposure duration above 60°C, and
germination rate in the confirmatory tests*

No. larvae estimated
Exposure duration exceed 60°C
(min)
No. adult emerged

Germination* (Mean ± SD%)

UL
ML
BL
UL
ML
BL
UL
ML
BL

rep.1
33,000
35.5
34
32
0
0
0

Treatment replications
rep.2
rep.3
33,000
33,000
36
36
34
33.5
34
30.5
0
0
0
0
0
0
94.2 ± 2.5a
93.5 ± 3.4a
93.2± 4.2a

Control
rep.4
33,000
37
35
34.5
0
0
0

33,000
0
0
0
26,492
22,576
26,280
92.4 ± 1.8a
90.8 ± 2.4a
93.8 ± 3.7a

UL, ML, and BL means the upper, middle, and bottom layer respectively
*Germination data were subjected to one-way analysis of variance (ANOVA), means were compared by Tukey’s multiple
comparison tests at the 5% confidence level
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Efficacy of sulfuryl fluoride against major insect pests of stored
commodities in Indonesia
SRI WIDAYANTI1*, IDHAM SAKTI HARAHAP2, MOHAMAD RIVAI3,
TRIJANTI A WIDINNI ASNAN3, KETUT ADI WIBAWA4
1SEAMEO

BIOTROP, Jalan Raya Tajur Km 6, Bogor 16134, Indonesia
ABSTRACT

In Indonesia, there are lack of data on sulfuryl fluoride efficacy against major insects pest of
stored commodities. Efficacy test of sulfuryl fluoride against Sitophilus zeamais Motschulsky on
milled-rice (Oryza sativa L.), Tribolium castaneum (Herbst) on maize (Zea mays L.), Cryptolestes
sp. on wheat (Triticum aestivum L.) flour, and Lasioderma serricorne Fabricius on tobacco
(Nicotiana sp.) was conducted at the dosages of 36, 48, 72, and 92 gm–3 for 24 h and showed
100% mortality of these insects. Seven days incubation of culture media after fumigation showed
that in all dosages of fumigant treatments, i.e. 36, 48, 72, and 96 gm–3, there were no indication
of any emerged larvae, except in the treatment using T. castaneum on maize at the dosages of
36 and 48 g m-3, which showed 11 and 2 larvae respectively.
Key words: Emerged larvae, Fumigation, Mortality, Stored commodities, Test insects

The main problem when we store commodities is
insect pests which economically cause quantity and
quality losses. The preferred method for controlling
insects pests in the storage and its facilities is
fumigation. Since methyl bromide was discontinued
for commodity maintenance in storage, phosphine and
sulfuryl fluoride taken over this important role. Ease
of application, effectiveness against all respiring pest
species and non-toxic residues have made phosphine
as the main choice of fumigant (Chaudhry, 2000).
However, phosphine needs a much longer exposure
time than methyl bromide for full effectiveness.
Besides, phosphine is corrosive and cannot be applied
to commodities with high moisture content (m.c.).
Sulfuryl fluoride has properties similar to methyl
bromide such as effectiveness at quite short exposure
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3PT Rebio Mega Aranda, Jalan Taman Cimanggu Barat NI
No 13, Bogor, Indonesia.
4PT Indo Global Trade, Komplek Perkantoran Ciputat Indah
Permai Blok D32 Jalan Ir Juanda No 50 Ciputat, Tangerang Selatan,
Indonesia
*Corresponding author e-mail: s_widayanti@biotrop.org

times and can be applied to commodities with high
m.c., but unlike methyl bromide, sulfuryl fluoride
is not an ozone depleting substance. Therefore,
sulfuryl fluoride has great potential to replace methyl
bromide.
Sulfuryl fluoride has been used as structural
fumigant including their contents in the USA since
1959 (USEPA, 1993), particularly against drywood
termites, and for fumigation of post-harvest products
(i.e. tree nuts, dried fruits, cereal grain storage, milling
and processing) since 2004 (Prabhakaran, 2006).
Efficacy of sulfuryl fluoride on mixed age cultures
of Lasioderma serricorne Fabricius, Oryzaephilus
surinamensis L., Rhyzopertha dominica Fabricius,
Sitophilus oryzae L., Tribolium castaneum Herbst,
Trogoderma granarium Everts and eggs of Ephestia
cautella Walker showed that 100% mortality of T.
granarium and Rhyzopertha dominica occurred at 10
mg/L for 24 h, while the mortality of L. serricorne,
T. castaneum and E. cautella at a dosage of 40 g
m-3 for 24 h were 99.6, 98.1 and 92.7% respectively
(Sriranjini and Rajendran, 2008). Sulfuryl fluoride also
has potential for controlling two major New Zealand
forest insect pests and eight fungi – adult Arhopalus
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tristis Mulsant (15 g m-3) and its eggs (120 g m-3),
both adult and larvae of Hylastes ater Paykull (15 g
m-3) and eight fungi (30 g m-3) (Zang, 2006).
In Indonesia, sulfuryl fluoride has been
recommended as an alternative to methyl bromide
and it was first registered as Fumiguard 99 GA in 2010
to control insect pests in feed storage and milled rice
(Oryza sativa L.). There is lack of data on sulfuryl
fluoride efficacy against major insect pests of stored
commodities. Recenly, the second product of sulfuryl
fluoride, Indofum 99 GA, has been tested for its
efficacy for registration purposes. The objective of
this field efficacy test was to evaluate the effectiveness
of Indofum 99 GA (sulfuryl fluoride 99%) against
Sitophilus zeamais Motschulsky on milled rice, T.
castaneum on maize (Zea mays L.), Cryptolestes sp. on
wheat (Triticum aestivum L.) flour, and L. serricorne
(Fabricius) on tobacco (Nicotiana sp.) for registration
purposes.

Indofum 99 GA, supplied by Indo Global Trade
Company. Indofum 99 GA used in this test was
cylinderized sulfuryl fluoride weighing 20 kg. Efficacy
test of Indofum 99 GA was performed using completely
randomized design, consisted of five treatments, i.e.
four dosages of Indofum 99 GA (36, 48, 72 and 96
g m-3) and control (without fumigant), with five
replicates.
Fumigation
Fumigation chambers made of PVC pipe
framework (1 m × 1 m × 1 m) were arranged in the
warehouse based on the layout of the experiment. A
plastic jar containing1 kg sample of commodities were
placed in the centre of the chamber. The sample of
commodities were wheat flour for Cryptolestes sp.,
maize for T. castaneum, milled rice for S. zeamais
and tobacco for L. serricorne. The top of the plastic
jar was left open and each test insect culture that had
been prepared in a beaker glass was subsequently
put in the top of the plastic jar containing the related
commodities.
Plastic hose for distributing sulfuryl fluoride gas
was mounted in the centre of the chamber. The PVC
cover sheets (thickness 150 µm) were used to cover
fumigation chamber. The edges of plastic cover sheets
were sealed with sand snakes to avoid gas leakage.
Indofum 99 GA cylinder was placed on top of a digital
weighing scale with the capacity of 100 kg. Fumigation
was conducted by flowing the sulfuryl fluoride gas from
the cylinder into the chamber through the distribution
hose in accordance with each treatment dosage. The
control chambers were not treated by sulfuryl fluoride,
but only covered with PVC cover sheets. Fumigation
was conducted for 24 h and terminated by aerating
the enclosure until the sulfuryl fluoride concentration
reached the threshold limit value (TLV), then the plastic
cover sheets were removed.
Parameters observed were mortality of test
insects and the number of larvae that emerged from
the eggs 7 days after fumigation was terminated.
Sulfuryl fluoride gas was checked at 1 h and 24 h
after fumigation started using RIKEN Model FI-21
TYPE-53. After fumigation was terminated, the adult
of each test insects were removed from the test media
in the beaker glass for mortality observation. Beakers
glass containing culture media were then incubated for
7 d. After 7 d of incubation, number of eggs emerged
into larvae on each culture media were observed and
calculated. The number of larvae found in the culture
media was counted after 7 d of incubation and carried
out under microscope, because the larvae were very
small. Mortality data were analyzed using analysis

MATERIALS AND METHODS
Sulfuryl fluoride efficacy tests were conducted
in March 2016 at SEAMEO BIOTROP’s facilities
in Bogor, Indonesia. Fumigation was conducted
at Postharvest Research Warehouse, whereas for
the preparation of the test insects, observation of
insects mortality and number of insects spawns were
conducted at the Entomology Laboratory.
The average temperature and r.h. inside the
warehouse during the fumigation period were 26.6°C
and 84.1% respectively.
Preparation of test insects
The insects used for efficacy test were adults of
T. castaneum, S. zeamais, Cryptolestes sp. and L.
serricorne and their eggs. Insects used for the test
were obtained from the insect culture collection of
the Entomology Laboratory of SEAMEO BIOTROP.
Tribolium castaneum was reared on wheat flour + dried
yeast (2%), S. zeamais on milled rice, Cryptolestes sp.
on broken maize and L. serricorne on Quaker oats
(Avena sativa L.) + dried yeast (2%).
Fifty test insects were prepared in a beaker glass
with suitable culture media for each insect species.
Each beaker glass containing culture media and test
insects was covered with gauze to allow the fumigant
gas to penetrate into the beaker glass. Adults of each
test insect group had been incubated in the culture
media for one week before fumigation treatment. It
was expected that the eggs from each adult of test
insects would be present in the media. The eggs that
were laid by adults were also used for fumigation test.
The sulfuryl fluoride used in this study was
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of variance (ANOVA) continued with DMRT at 5%
significance level were performed to determine their
efficacy.

The incubation of culture media results showed that
in all dosages of fumigant treatments, i.e. 36, 48, 72,
and 96 g m-3, there were no indication of any larvae
found, except in the treatment using T. castaneum on
maize at the dosages of 36 and 48 g m-3.The number
of live larvae on dosages of 36 and 48 g m-3were 11
and 2 larvae respectively. Meanwhile, the number of
live larvae found in control culture media of S. zeamais
(milled rice), T. castaneum (maize), Cryptolestes sp.
(wheat flour) and L. serricorne (tobacco) were 85, 206,
293, 720, and 95 larvae respectively. The absence of
larvae in almost all treatments, except treatment on
dosages of 36 and 48 g m-3, indicated that the eggs
in culture media being exposed to sulfuryl fluoride
did not hatch.
All dosages of sulfuryl fluoride used in this
research were effective against adult and egg stage of
S. zeamais on milled rice, Cryptolestes sp. on wheat
flour, L. serricorne on tobacco and adult stage of T.
castaneum on maize with 24 h exposure time. Complete
mortality (100%) of egg stage of T. castaneum on maize
was achieved in dosage of 72 and 96 g m–3, although
the number of live larvae found as egg survivour
in the dosage of 48 g m–3were only 2 larvae (Tables
1, 2). This indicated that the eggs of T. castaneum
have higher tolerance to sulfuryl fluoride compared

RESULTS AND DISCUSSION
Efficacy of sulfuryl fluoride against adult stage
The results of exposing 50 adults of each insect
to sulfuryl fluoride at the dosages of 36, 48, 72, and 92
g m-3 for 24 h showed that 100% mortality occurred
for all of insects tested. There were no dead test insects
found in the control. It means that all dosages treatment
of sulfuryl fluoride were effective in controlling adults
stage of S. zeamais, T. castaneum, Cryptolestes sp. and
L. serricorne with exposure time of 24 h (Table 1).
Efficacy of sulfuryl fluoride against egg stage
Effectiveness of sulfuryl fluoride against egg stage
was assessed from the emerged larvae found in the
culture media after 7 days of incubation. In determining
the effectiveness of a fumigant against egg stage, the
initial number of eggs used were unknown. However,
it is assumed that all the adults laid their egg during
pre-treatment incubation.
The number of live larvae found in the culture
media after 7 days of incubation is shown in Table 2.

Table 1 Efficacy of sulfuryl fluoride against adults stage of Sitophilus zeamais, Tribolium castaneum, Cryptolestes sp. and
Lasioderma serricorne after 24 h exposure
Dosage (g m-3)

Corrected mortality of test insects (%)*)
S. zeamais on milled
rice

T. castaneum on maize

Cryptolestes sp. on
wheat flour

L. serricorne on
tobacco

0b

0b

0b

0b

36

100 a

100 a

100 a

100 a

48

100 a

100 a

100 a

100 a

72

100 a

100 a

100 a

100 a

96

100 a

100 a

100 a

100 a

0 (control)

*Value at the same column followed by the same letter is not significantly different based on Duncan MRT at P < 5%

Table 2 Efficacy of sulfuryl fluoride against egg stage of Sitophilus zeamais, Tribolium castaneum, Cryptolestes sp. and
Lasioderma serricorne after 24 h exposure
Dosage (g m-3)

Number of larvae found after fumigation
S. zeamais on
milled-rice

T. castaneum on maize

Cryptolestes sp.
on wheat flour

L. serricorne on
tobacco

0 (control)

85

293

720

95

36

0

11

0

0

48

0

2

0

0

72

0

0

0

0

96

0

0

0

0
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with adult and egg stage of S. zeamais, Cryptolestes
sp. and L. serricorne. Another study indicated that T.
castaneum eggs require higher dosage (48.2 g m-3)
to achieve 100% mortality with exposure time of 48
h compared to the adult, larvae, and pupae stages
(Jagadeesan et al., 2014). Bell et al. (2003) also showed
that the eggs of T. castaneum is the most tolerant to
sulfuryl fluoride compared to egg and post-embryonic
stages of Tenebrio molitor L., Ephestia kuehniella
Zeller, T. confusum Jacquelin du Val, S. granarius L.
and Liposcellis bostrichophila Badonnel.
Low rate of egg respiration and impermeability of
egg chorion caused low level of sulfuryl fluoride uptake
and caused the eggs to be more tolerant to fumigant
(Outram, 1967a,b). Enhancing the effectiveness of
sulfuryl fluoride can be done by increasing the duration
of exposure and increasing the temperature (Bell and
Savvidou, 1999). Temperature during fumigation
played an important role in T. castaneum eggs but
not in adult stage. Research at flour mills showed that
egg mortality was about 80% when mill temperature
was below 25oC, but when the temperature dropped
below 23oC, the mortality of egg decreased about 10%
(Lawrence et al., 2012).
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P (2014) Susceptibility to sulfuryl fluoride and lack
of cross-resistance to phosphine in developmental
stages of the red flour beetle, Tribolium castaneum
(Coleoptera : Tenebrionidae). Pest Management Science
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Perfecting phosphine fumigations for food grain preservation and
international trade in India
SOMIAHNADAR RAJENDRAN*
Central Food Technological Research Institute, Mysore, Karnataka 570 020, India
ABSTRACT

Bag-stack storage system along with favourable climatic conditions (25–35°C and 50–80% r.h.)
contribute to high level insect-pest activity in stored grains in India. Consequently, the number of
generations completed by pest insects in a year is relatively more than in countries with temperate
climate. As mixing of residual insecticides with food grains is not permitted, there is a greater
dependency on fumigation in preservation of food grains (estimated output for 2014-15, 257.07
million tonnes inclusive of 18.43 million tonnes of pulses). In this context, phosphine evolved
from aluminium phosphide formulations has been playing a crucial role in food grain protection
since 4 decades. Of late, its role in quarantine and pre-shipment (QPS) treatments is increasing
owing to global restrictions on the use of methyl bromide, a familiar fumigant.
Deficiencies in current fumigation practice with phosphine have been examined and factors
responsible for occasional failures to achieve 100% insect mortality in grain fumigations and
incidence of insect resistance to the compound have been analyzed. To set right the situation,
improvements with reference to storage practices for bagged-grains, selection of gas-proof
sheets/covers, floor sealing, application rates appropriate for the type of cereal grain, insectpest and its tolerance to phosphine and target terminal phosphine gas concentrations to be
achieved are discussed. Significance of monitoring phosphine concentrations in all fumigations
in order to ascertain the success of treatment has been emphasized. Responsibility of the
grain storage as well as pest control agencies and regulatory bodies in implementing good
phosphine treatment practices for effective grain protection for pre-shipment consignments
has been indicated.
Key words: Bag-stacks, Grain fumigation, Improved protocols, India, Phosphine, QPS
applications
Insect pests are the major biotic depredating agents
responsible for loss in quality and quantity of food
grains and other stored products. Controlling insect
pests is, therefore, important to ensure food security
of the nation and to meet the quality demands of
international market in trade. In this regard, fumigation
is a key component of pest control measures applicable
to food grains during storage. Similarly, international
trade is largely dependent on fumigation by way of
quarantine and pre-shipment (QPS) treatments for the
supply of insect-free products. Phosphine evolved from
aluminium phosphide tablet and powder formulations
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is the primary fumigant used for food grain preservation
in India.
The present paper describes current grain storage
and fumigation practices in India and examines the
causative factors for occasional control failures and
incidence of insect resistance to phosphine. Strategies
have been put forth to perfect the fumigation practice
for judicious exploitation of phosphine in stored grain
protection as well as in QPS treatments.
CURRENT GRAIN STORAGE AND
FUMIGATION PRACTICES
In India, nearly two-thirds of total cereal grains
produced (238.99 million tonnes in 2014–15) is
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retained by farmers for own use. The balance, the
marketable surplus, is largely handled by public
sector comprising Food Corporation of India (FCI),
Central Warehousing Corporation, State Warehousing
Corporations, State Civil Supplies Corporations and
Cooperative Sectors and to a limited extent by private
sector such as National Bulk Handling Corporation
Ltd, National Collateral Management Services Ltd,
and Adani Agri Logistics Ltd. India exports about
6% (14.64 million tonnes excluding Basmati rice)
of total grain produced and the quantity of cereal
grain imported (0.55 million tonnes in 2014–15) is
negligible.
Food grains held in central pool [primarily rice,
(Oryza sativa L.) and wheat (Triticum aestivum L.)
and limited quantity of coarse cereals] vary from 38
(April 2014) to 63 (June 2014) million tonnes, average
being 48 million tonnes. Bag-stack storage system in
conventional warehouses (covered godowns) of 5,000
metric tonnes storage capacity is the common practice.
In addition to indoor storage, wheat and paddy in jute
bags are held in open storage as cover and plinth (CAP)
for 6 to 12 months to overcome shortage of storage
space in covered godowns. Originally, bulk storage
in concrete or metal silos by the FCI is very limited
(0.46 million tonnes). In recent times, more warehouses
have been built up to expand storage capacity to an
extent of 12 million tonnes under new schemes such
as Private Entrepreneurs Guarantee Scheme 2008.
Furthermore, it has been planned to expand silo storage
capacity up to 2 million tonnes in the near future. As
storage loss is relatively high in labour-intensive CAP
storage, the latter is discouraged; to a certain extent
silo-bag storage of wheat has replaced CAP storage
in Madhya Pradesh state.
Grain storage at farmer level is mostly in traditional
storage structures, underground or above ground.
Lately, food grains are stored by farmers in bins and
in bags in small godowns.
Insect pest activity in food grains has been
encountered from harvesting stage and thereafter, in
all types of storages. Major beetle pests in stored food
grains include the rust-red flour beetle, [Tribolium
castaneum (Herbst)]; the rice weevil, Sitophilus oryzae
(L.) and the lesser grain borer, Rhyzopertha dominica
(Fabricius). The Khapra beetle, Trogoderma granarium
Everts is confined to hot and dry climatic zones coupled
with unhygienic storage conditions in North India.The
germ eaters Cryptolestes spp are quite sensitive to dry
conditions and hence, observed in local spots of caked
grain and high moisture areas (e.g. bottom layers of
grain stacks). Among moth pests, the almond moth/
Tropical warehouse moth, Ephestia cautella (Walker)
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Fig. 1. Phosphine concentration profiles in wheat (m.c.
10-13%) stacks under previously (> 10 times) used
gas-proof covers fumigated at 3 AlP tablets/tonne
at 24–34°C (Explanations: Data are average of 3
(PVC), 30 (MLCL), 3 (HDPE woven) and 18 (LDPE)
stacks/replicates;gas concentrations measured with
Bedfont EC 80 or Porta Sens II phosphine monitor,
(1–2,000 ppm measuring range)

is prevalent whilst the rice moth, Corcyra cephalonica
(Stainton) is restricted to hot climatic regions. Severe
infestation of psocids is noticed in the warehouses
along the coastal region and in the North East with hot
and high humid climate conditions. For India, there are
many invasive pests of quarantine significance such as
the larger grain borer, Prostephanus truncates (Horn),
the bean weevil, Acanthoscelides obtectus (Say) and
the Indian meal moth, Plodia interpunctella (Hübner)
(Dev et al., 2005).
Aluminium phosphide tablet formulation
containing 56% active ingredient is routinely used for
sheeted fumigation of grain bag-stacks; a few grainstorage agencies use powder (granular) formulation
in sachet. Four brands of indigenous aluminium
phosphide preparations are used. Food grains in metal
silos by some of the private agencies are fumigated by
on-site generation of phosphine from 77.5% aluminium
phosphide granular formulation using indigenous
phosphine generators.
Sheeted fumigation of individual grain stacks
under tailor-made gas-proof cover by governmentstorage agencies or with appropriate size sheets
by approved pest-control agencies is the standard
practice. Earlier, low-density polyethylene (LDPE)
sheets/covers were commonly used for grain stacks
held indoors and outdoors. However, laboratory as
well as field studies conducted by the Central Food
Technological Research Institute (CFTRI), Mysore,
revealed that low-priced LDPE are prone to develop
pin-holes easily and/or damaged by repeated handling
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operations under warehouse conditions. In contrast,
polyvinyl chloride (PVC) sheets and multilayered cross
laminated film (MLCL) though expensive proved to be
functionally better than other sheet types and noted to
retain gas impervious property relatively for a longer
period (Fig. 1).
Sand snakes of different sizes are generally used
for floor sealing of stacks during sheeted fumigations.
Occasionally sand directly, mud and paper strips are
used by a few storage agencies.
In stack treatments, phosphine dosage is calculated
in a simple way based on tonnage of the stack rather
than volume of the enclosure basis by all grain-storage
agencies. Furthermore, differences in recommended
phosphine application rates and exposure period
between organizations, i.e. manufacturers of aluminium
phosphide formulations, users (central and state grainstorage agencies) and regulatory bodies were noted.
Grain storage in bag-form in jute sacks favours
spillage and cross-infestation. In addition, hot and
humid climatic conditions promote rapid insect
multiplication that the numbers of generations
completed by stored grain insect-pests in a year are
more necessitating repetitive phosphine fumigations.
The frequency of fumigation of grain stacks with
phosphine depends on the need or the level of
infestation observed but it is known to be once in 3
months, on an average, for a stack during storage.
For grain fumigation by farmers in their
traditional storage structures, use of 10 g pouch has
been recommended. However, detailed studies on
functional deficiencies of the rural storage structures
for phosphine fumigation and ways to improve their
gas tightness are lacking.
There are national regulations with respect to
fumigant formulations (The Insecticide Rules, 1971 and
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Fig. 2. Variations in phosphine concentration profiles due to
sorption factor in food grain stacks under new LDPE
covers treated at 3 AlP tablets/tonne at 24–34°C
(Explanations: Data are average of 4 for milled
rice, parboiled; 17 for wheat; 3 for milled rice, raw
and 1 for paddy rice stacks/replicates (m.c. of the
grains ranged from 10–13.5%); gas concentrations
measured with Bedfont EC 80 or Porta Sens II
phosphine monitor (1-2,000 ppm measuring range)

the Insecticides (Amendment) Rules, 2015 issued under
the Insecticide Act, 1968) and their application (NSPM
22) (Anon. 2011), dosage schedules for quarantine
treatments (The Plant Quarantine (Regulation
of Import into India) Order, 2003) and tolerance
limits in food grains (Food Safety and Standards
(Contaminants, Toxins and Residues) Regulations,
2011 under the Food Safety and Standards Act, 2006).
As per the latter, no phosphine residues are permitted
in food grains when issued for human consumption.
This is in contrast with Codex Alimentarius (of FAO/
WHO) limit of 0.1 ppm phosphine in whole grains.

Table 1 Suggested phosphine dosages and target terminal concentrations for effective grain fumigation
Food grain

Pest type

A l l c e r e a l s All insects except
except paddy Khapra beetle, T.
rice
granarium
Phosphine-resistant
i n s e c t s a n d T.
granarium
Paddy rice

7

Temperature
(°C)

Dosage (g
phosphine/m3)

Minimum exposure
period (days)

Target end
concentration of
phosphine (ppm)

≥ 25

3

7

500

10–24

3

10

500

≥ 25

6

10

1,000

10–24

6

14

1,000

All insects except
Khapra beetle, T.
granarium

≥ 25

4-8

7

500

10–24

4-8

10

500

Phosphine-resistant
i n s e c t s a n d T.
granarium

≥ 25

4-8

10

1,000

10–24

4-8

14

1,000
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IMPROVED FUMIGATION PRACTICES

grain-stacks treatments to develop resistance to the
fumigant. Unfortunately, any control failure in routine
fumigations is not diagnosed since cross-infestation is
regular under the existing storage system.
Based on extensive laboratory and field
experiments, revised phosphine dosages along with
target terminal concentration to be achieved for
controlling normal susceptible and phosphine-resistant
insects in India have been arrived. The recommended
target end concentration for controlling normal insectpests is 500 ppm minimum; when there is occurrence
of phosphine-resistant insects the target terminal
concentration must be ≥1,000 ppm (Table 1). It may
be noted that European and Mediterranean Plant
Protection Organization (EPPO) has lately revised
phosphine dosages for the control of various stored
product insect pests (EPPO, 2012a, b). To establish
whether phosphine concentration inside the enclosure
is at the target level or not, it is necessary to use
phosphine gas monitors (1–2,000 ppm measuring
range). There is a need for all major grain storage
depots in India to equip with phosphine-monitoring
devices to enable technical staff to ascertain whether
fumigations conducted in their warehouses reach the
required standards or not, i.e. retention of target gas
concentration till the end of exposure period.
It is unfortunate that the introductory or old
recommendation of 3-day exposure period is still
considered in fumigations using aluminium phosphide
formulations and practiced in some situations and by a
few agencies. It has been well established that it takes
24 to 74 h for aluminium phosphide tablets or pouches

Phosphine is a cost-effective low dosage (≤
10 g/m3) fumigant with least effect on the quality
of fumigated grains. Consequently, in spite of the
deficiencies in the current storage and fumigation
practices, phosphine fumigant has helped preservation
of food grains economically. Nevertheless, there
has been increasing concern among grain storage
agencies and regulatory authorities on occasional
control failures either due to improper fumigations or
occurrence of phosphine-resistant insects. Hence the
necessity has arisen to adopt improved strategies in
phosphine fumigations, so as to retain its effectiveness
in food grain protection and to expand its role in QPS
treatments.
Phosphine dosage though appears to be simple,
in reality, it is intricate by commodity sorption,
pest type and temperature factors. For example,
paddy rice is exceptionally sorptive (due to physical
sorption by the husk) to phosphine as revealed by
gas-concentration profiles in field experiments and
requires increased phosphine dosage (Fig. 2). Dosages
not adjusted to these factors, shorter exposure periods,
use of substandard fumigation sheets/covers and poor
floor sealing over the years have lead to repeated
exposure of insect pests to sub-lethal phosphine
concentrations. Poor maintenance of gas concentrations
during routine phosphine treatments in some of the
grain-storage centres has been reported (Rajendran,
2007). Evidently, there has been continued selection
pressure on stored grain insect pests when exposed
to sub-optimal phosphine concentrations in routine

Table 2 Approved phosphine dosages for QPS treatment of food commodities
Commodity

Country

Dosage

Exposure period

Major target pests

Export from India \pre-shipment fumigation)
2 g phosphine/m3

7 days at >15°C

Araecerus fasciculatus Deg Geer, Coffeebean weevil

3AlP tablets/tonne

3 days

T. granarium

5g

phosphine/m3

5 days

T. granarium

Sorghum bicolor New Zealand
(L.) Moench (for
feed)

2g

phosphine/m3

5 days at 25-29°C; 4 T. granarium, Alphitobius laevigatus
days at ≥30°C
(Fabricius), Black fungus beetle, Latheticus
oryzae Waterhouse, Longheaded flour
beetle, Corcyra cephalonica (Stainton),
Rice moth

Peanuts

Vietnam

4 g phosphine/m3

10 days

T. granarium, Caryedon serratus
(Olivier), Peanut bruchid

Cumin

Ecuador

3 AlP tablets/tonne

Not specified

T. granarium

Barley, maize

Iran

Rice
Maize, soybean

Malaysia

Import (quarantine fumigation)
Almonds

USA

1http://phytosanitarysolutions.com

40 g phosphine/1000 7 days
ft3 (1.4 g/m3)
(Accessed12 April 2016)
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Ephestia kuehniella Zeller, Mediterranean
flour moth
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to liberate maximum level (>80%) of phosphine
depending on r.h. (primarily) and temperature
(Rajashekar et al., 2006; Xiancheng, 1994). Obviously,
fumigation period of 3 days is inadequate as phosphine
liberation from tablets/powder formulation will be
under progress, and achievement of insecticidal gas
concentration throughout the enclosure is yet to take
place. In such a situation, tolerant egg and pupal
stages will survive and eventually, the resultant insect
population will be selected as phosphine-resistant
ones. An exposure period of 7 days or more is insisted
to ensure 100% mortality of all life stages of stored
grain insect-pests.
To achieve the target concentrations, besides
dosage, the quality of gas-proof sheet/cover deployed
and proper floor sealing are significant. MLCL or
PVC sheets/covers are preferred over other types.
Although quality-conscious grain storage agencies
have already discontinued the use of LDPE sheets,
several other agencies are yet to switch over to PVC
or MLCL sheets for phosphine fumigations. During
fumigation of bag-stacks, it is recommended to use
always standard size (15-20 cm diameter and 1- 1.2
m length) sand-snakes for effective floor sealing.
Hygienic conditions and level of housekeeping
influence the extent of insect infestation in grain stacks
as well as storage premises and hence, dictating the
need for repeated phosphine treatments. Repetitive
fumigations with exposure of insect pests to suboptimal phosphine concentrations mean more and
more selection pressure on insect population favouring
development of resistance. Housekeeping is important
in pest management that it could curtail the resident
insect population and hence, restrict the infestation
pressure for repeated fumigation.
Phosphine is a high vapour pressure (29,260 mm of
Hg at 25°C) fumigant and grain treatment under leaky
conditions in traditional rural storages could easily
lead to resistance development. Unless the storage
structures have a polyethylene liner to retain phosphine,
successful disinfestation cannot be guaranteed.

especially at the diapausing stage are tolerant to any
chemical control measure and consequently, higher
fumigant doses are recommended to control the pest
(EPPO, 2012b). For pre-shipment fumigation of
Indian consignments, phosphine doses and exposure
period vary as dictated by the regulatory body of
importing country (Table 2). For instance,Vietnam
recommends a dose of 4 g phosphine/m3 for 10 days for
cereals, pulses, and oilseeds from India and Malaysia
recommends 5 g phosphine/m3 for 5 days for maize
and soybean [Glycine max (L.) Merr.] consignments.
Generally for onshore quarantine treatments, methyl
bromide is recommended as per the Plant Quarantine
(Regulation of Import into India) Order, 2003.
Nevertheless, for almonds [Prunus dulcis (Mill) D.
A. Webb] from the USA, quarantine treatment with
phosphine is allowed upon arrival at an Indian port.
Phosphine is likely to play a significant role in QPS
treatments in India in view of increasing restrictions
on the use of methyl bromide in international trade and
owing to non-availability of any registered alternative
fumigant such as sulfuryl fluoride.
CONCLUSION
Notable changes in fumigation technology have been
observed globally for the past two decades. In contrast
to the static system as in conventional fumigation of
bag-stacks and whole warehouses with aluminium
phosphide formulations, direct supply of phosphine
using on-site phosphine generators, and continuous
flow and recirculation systems with phosphine delivered
from cylinder sources have been developed. Moreover,
cyliderized ethyl formate formulations have come up
as methyl bromide substitutes for specific treatments
(Ryan and De Lima, 2014).
In India, as grain in bag form continues to be
the primary storage system, no significant changes in
fumigation practice with phosphine have taken place.
It is time to revamp the current practice adequately
to meet the challenges such as insect resistance and
higher market demands (zero tolerance for insects) in
international trade. Way forward, occasional control
failure and phosphine-resistance issues can be tackled
by: (i) adopting revised application rates of aluminium
phosphide tablets/sachets and exposure periods, so
as to achieve desired target terminal concentrations,
(ii) pursuing good storage and fumigation practices,
so that the number of phosphine treatments to the
same bagged grain is reduced to a minimum to avoid
selection pressure, and (iii) occasionally using an
alternate fumigant (e.g. sulfuryl fluoride or ethyl
formate) if available/permitted to break resistance. It
is a joint responsibility of the grain storage agencies,

PHOSPHINE IN QPS TREATMENTS
Khapra beetle, T. granarium is an important
quarantine pest for several countries and hence,
there is a particular concern about the presence of
Khapra larvae in export consignments in international
trade. There have been occasional restrictions on
certain food and feed commodities from India (e.g.
maize (Zea mays L.) by Vietnam, peanuts (Arachis
hypogaea L.) by Russia, rice by China, Russia and
the USA) by importing countries due to interception
of Khapra larvae at destination ports. Khapra larvae
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commercial pest control operators and regulatory
bodies to implement good fumigation practice
for sustained effective use of phosphine for grain
protection and QPS treatments.
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Fumigant recirculation in Aynalikavak pavilion
A GURAY FERIZLI*, M EMEKCI
Department of Plant Protection, Faculty of Agriculture, Ankara University, 06110 Ankara, Turkey
ABSTRACT

Aynalikavak Pavilion (Istanbul, Turkey) holds a special place among 18th century architectural
works with its Audience Hall, its gesso mozaic windows, interior walls inscribed with fine
examples of Ottoman calligraphy and other decorations such as the imperial monogram of Selim
III, 28th Sultan of Ottoman Empire. Aynalikavak pavilion is one of the last and outstanding
buildings of classical Ottoman Structure with its two storey facing the sea and one storey body
facing the land. The building constructed from a mix of wood and stone has a volume of 5,000
m3. Valuable old sculptures of wood, furniture, paintings on wood or with wooden frames,
as well as parquet floor material are all very susceptible to damage by wood-boring insects.
Wooden materials used both structure and furniture heavily infested with wood-boring common
furniture beetle, Anobium punctatum (De Geer). It was decided to fumigate the building after
restoration. Disinfestation of historical building by re-circulating of a gaseous fumigant through
the building— fumigation technique. Before fumigation, the building was covered with PE film
to make more gas tight structure. Unique re-circulation system was set up outside of the building.
To verify the efficacy of the application, several pieces of heavily infested wooden samples
were kept inside the building during the fumigation. Additionally, vials including mix cultures
of Rhyzopertha dominica (Fabricius), Lasioderma serricorne (Fabricius), Tribolium confusum
Jaquelin Du Val, and T. castaneum (Herbst) were also placed at different locations ofthe building
during the fumigation. Fumigation was carried out using sulfuryl fluoride for three days. At the
end of exposure, the concentration × time product (ctp) reached to 3,800 ctp. Then, the building
was aerated using recirculation system. After aeration, wooden samples were taken and kept in
glass cabinets for 3 months to observe any insect activity in the laboratory. Both wood samples
and test insect results showed that sulfuryl fluoride successfully eradicated the furniture beetle.
Key words: Anobium punctatum, Furniture beetle, Pavilion fumigation, Sulfuryl fluoride

The architecture of Istanbul describes a large
mixture of structures, which reflect the many
influences that have made an indelible mark in all
districts of the city. The architecture inside the city
proper contains buildings, statues, and functional
constructions which came from Byzantine, Genoese,
Ottoman, and modern Turkish sources. The city has
many architecturally significant entities. Throughout
its long history, Istanbul has acquired a reputation
for being a cultural and ethnic melting pot. As a
result, there are many historical mosques, churches,
synagogues, palaces and pavilions in the city. Of these,
12 Ottoman palaces in Istanbul serve as museums
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under the administration of Department of National
Palaces of Turkish Grand National Assembly. Artifacts
made of wood and wood-containing structures often
suffer from extensive damage caused by wood-boring
insects that over time can reduce large volumes of
wood to hidden networks of sawdust-filled channels.
The common furniture beetle, Anobium punctatum
De Geer (Coleoptera: Anobiidae), is a widespread
pest of wood in temperate regions, favoured by high
levels of relative humidity (Hansen and Jensen, 1998).
Historical Palaces in Istanbul (Turkey) are infested with
the furniture beetle (Anobium punctatum), because of
the favourable conditions such as high humidity and
temperature. Thus, it is a common pest of wooden
objects and wooden parts of the Palaces. Precious old
sculptures from wood, paintings with wooden frames as
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Table 1 Numbers and the ages of laboratory reared test insect species according to the developmental stages used for fumigation
Insect species

Developmental stages
Eggs
*

Larvae

Pupae

Adult

Lasioderma serricorne

1-3 d (50)

Mature (25)

1-3 d (20)

5-10 d (25)

Tribolium castaneum

1-3 d (50)

Mature (25)

1-3 d (20)

5-10 d (25)

Tribolium confusum

1-3 d (50)

Mature (25)

1-3 d (20)

5-10 d (25)

Trogoderma granarium

1-3 d (50)

Mature (25)

1-3 d (20)

5-10 d (25)

1-3 d (50)
Mature (25)
Rhyzopertha dominica
* Test individuals number; figures in parentheses indicate numbers

1-3 d (20)

5-10 d (25)

well as furs and skins in museums are very susceptible
to damage by insects that are able to digest cellulose.
Wood-infesting beetles are difficult to control
because their immature stages feed within wood, and
usually remain undetected by conventional inspection
methods. The larvae feed and grow within the wood
creating a network of tunnels closely packed with frass
(fine dust). The main sign of activity is fine dust of
wood under the wooden objects, which was common
in the Palace.
Methyl bromide had been the most frequently used
of the museum fumigants and many safe and effective
treatments had been carried out all over the world
(Bond, 1984). However, it is reactive and fumigation
will produce chemical changes in objects. Objects
such as wool and horsehair may give off a very strong
smell after treatment. Methyl bromide has been banned
because it is an ozone-depleting gas. Thus, sulfuryl
fluoride as an alternative to methyl bromide is now
being used for fumigating buildings.
The importance of the damage caused by the
pests to Palaces has led to formation a project that
financially supported by Turkish Republic Prime
Ministry State Planning Organization (SPO). In this
context, the structure of the AynalikavakPavilion was
fumigated. Below given fumigation was the example
of the fumigation with recirculation in Turkey for the
museum disinfestations using sulfuryl fluoride.

fumigant retention properties of the structure. In order
to seal the building steel frame were set-up from the
outside. There was gap of one meter between the frame
and the building wall. Two sheets of polyethtlene
material were used to seal the buildings. Sleeves were
closed with the sand snakes.
Because of fire risk of fan electricity inside the
building, re-circulation fans outside of the building
were used to gas introducing, sucking, distributing
and also aeration. Thus, electricity was cut off inside
the building during the fumigation. Recirculation
system consisted of two pumps (2,500 m3/h) and a
gas evaporation chamber (3 m3). System sucks inside
air and introduces it into the evaporation chamber,
then extends mixed air inside the building using
PVC ductwork. Sulfuryl fluoride was released into
the evaporation chamber using steel-pipe connections.
For the sucking air from the building and
introducing air-mixed sulfuryl fluoride PVC flexible
pipes (40 cm diameter) were used outside of the
building. Inside the building, sucking pipes (40 cm
diameter) extended to each floor including ground.
Main introducing pipes inside the building extended
to each floor including roof except basement. For
each level, main pipe extended to each room using
appropriate connection and pipe (10 or 20 cm
diameter). When the re-circulation system was started
to work, air was sucked mainly from the ground floor
using pipes (40 cm diameter). Sucked air pushed to the
first floor and also roof. In each room, gas introduction
was measured and tried to equalize according to the
volume using sealing tape to the open end of the pipe.
Before fumigation, gas distribution to everywhere
inside the building was secured. Fumigant gas did not
introduce to the basement, but all openings between
each floor including the roof-stair door were kept open
during the fumigation. So, it was expected that gas
was naturally moved into the basement, though there
was only sucking pipe in the basement to prevent
accumulation of the fumigant.
Before fumigation, gas-monitoring lines were
extended to the outside from different locations of

MATERIALS AND METHODS
Aynalikavak Pavilion building constructed from a
mix of wood and stone is a historical Palace in Istanbul
(Turkey), with a volume of 5.000 m3, composed of
two floors. Valuable old sculptures of wood, furniture,
paintings on wood or with wooden frames, as well
as parquet floor material are all very susceptible to
damage by wood-boring insects (Reichmuth et al.,
1993). The main pest of this building was the furniture
beetle, Anobium punctatum. Damage was very serious
on the wooden parts.
Fumigation of the building was carried out with the
re-circulation system. Building was sealed to improve
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Table 2

Mortality (%) of the life stages of test insects after fumigation

Insect species

Developmental stages
Eggs

Larvae

Pupae

Adult

Lasioderma serricorne

100

100

100

100

Tribolium castaneum

100

100

100

100

Tribolium confusum

100

100

100

100

Trogoderma granarium

100

100

100

100

Rhyzopertha dominica

100

100

100

100

the building. For the effectiveness tests, heavily
infected wood piece collected from exchanged parts
in carpenter’s workshop were placed at different
locations of the building. For laboratory-reared
test insects, eggs, larvae, pupae and adult stages of
Trogoderma granarium Everts, Rhyzopertha dominica
(Fabricius), Tribolium castaneum (Herbst), Tribolium
confusum (Jaquelin Du Val) and Lasioderma serricorne
(Fabricius) were used for evaluate of the effectiveness
of the application (Table 1).
After preparation of the re-circulation system,
fumigation was started with sulfuryl fluoride at
between 70 and 45 g/m3during the fumigation for
82 h of exposure. At the beginning, 350 kg sulfuryl
fluoride was introduced in two hours of application.
The measured gas concentration was reached to 70
g/m3sulfuryl fluoride. Whenever gas concentration
decreased to 45g/m3, additional gases was introduced
to keep desired concentration during fumigation inside
the building. Re-circulation system was kept working
during gas introduction and equalization inside the
building. When the concentration of fumigant inside
the building equalized after introduction, system was
kept switched off till another gas introduction.
After 82 h exposure period, sucking pipes were
separated from re-circulation system and extended
to elevated level for the aeration. Though, air from
inside was sucked from the building through the gas
introducing pipes to the aeration pipe. System was kept

Concentration (g/m3)

80

Top-up

Ground floor

70

1st Floor

working for 2 h, the gas concentrations inside were
decreased to 10 g/m3. Then, the cover of the building
was opened as well as windows and door opened
during the aeration for the night. After 8 h, aeration
system was restarted for an hour and the building was
checked and secured to re-entry.
RESULTS AND DISCUSSION
During the last decades methyl bromide was used
to eradicate pests in artifacts in museums. After the
phase out of methyl bromide, sulfuryl fluoride is used
in controlling wood-boring insects, mainly Anobium
punctatum (Bess and Ota, 1960; Meikle and Stewart,
1962; Binker, 1993). Thus, we used sulfuryl fluoride for
the fumigation of structure of the historical building.
With passive application of sulfuryl fluoride, gas
build-up started slowly in structure, and it reached
the maximum level and then decreased because of
leakage. The rate of decrease varies depending on gas
leakage for the structural fumigation. With forced-air
re-circulation, gas introduction into the structure can
be increased and there will not be much difference
in concentration between each floor. In our study,
the gas release into the structure was very quick, and
gas concentration between each level in the building
was not different from each level, because of unique
re-circulation. The temperature during fumigation
was around 24oC. In the present study, recorded gas
concentration values were plotted against the exposure
period (Fig 1). Concentrations built up to a maximum
in 2 h of the treatment as gas added (Fig 1). The decay
in gas concentration in the structure was 27% between
8 and10 h of the fumigation. In the present study
because of our strategy to keep the gas concentration
stable, gas addition to the building was repeated till
to end of fumigation. Thus, we could not calculate
half loss time.
After fumigation, heavily infected wooden pieces
were kept in a ventilated class enclosure for 3 months.
Visual abservation showed there was no fine dust of
wood under the wooden pieces. Moreover, mortality
was also determined by cutting the wood piece to
find larvae. Both observation showed that fumigation
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Fig 1. Sulfuryl fluoride concentrations (g/m3) during
fumigation of the Aynalikavak Pavilion
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was successful. After fumigation, test insect samples
were kept for a week in controlled condition of the
laboratory, and mortality was determined. The results
showed complete mortality (Table 2).
Wood for construction, as artifacts and other
purposes can be infested and attacked by insects being
capable to digest wood. Our study showed that wood
pests can be controlled by using sulfuryl fluoride.
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Fumigation with phosphine — still an important tool for successful
stored product protection in the future?
G JAKOB1*, J ALLEGRA1, C ATHANASSIOU2, V SOTIROUDAS3
1Detia

Degesch GmbH, Dr.-Werner-Freyberg-Str. 11, D 69514 Laudenbach, Germany
ABSTRACT

The most important active ingredient worldwide used for controlling stored-product pests is
phosphine gas. Through its positive properties with regard to eco-toxicity as well as its good
penetration properties and the associated excellent effectiveness against stored-product pests,
phosphine has become indispensable for successful stored-product protection over decades.
Nevertheless, recent data indicate that some major stored-product insect species, in some
parts of the world, have developed increased tolerance to this agent. In this regard, questions
are raised whether and to what extent phosphine can still be used successfully in stored product
protection in the future. To resolve this issue, the goal of the described tests was to determine
data on sufficient dosage and exposure time which would show the conditions under which
successful fumigation can be performed and how further development of insect resistance can
be counteracted.
Hence laboratory experiments were conducted to determine the limiting concentrations in
insect strains comprising grain weevil [Sitophilus granarius (L.)] and flour beetle [Tribolium
castaneum (Herbst)] which result in the complete control of all insect life stages. In subsequent
fumigation tests under practical conditions, it was shown that insufficient concentrations and short
exposure times can frequently be regarded as the main reason for unsuccessful fumigation and
therefore contribute to the risk of the development of reduced mortality caused by phosphine. A
successful fumigation depends on various parameters such as properties of the product or object
to be fumigated, sufficient sealing, temperature and moisture conditions, insect species and its
tolerance status and insect life stage. As a consequence, both dosage/exposure time and monitoring
of gas concentration play a significant role in fumigation to reduce all kinds of uncertainties
caused by these parameters. Recommendations for better fumigation practices in regard to gas
monitoring and minimum dosages/exposure times are given in this work. Moreover, in order to
get an impression about the status of insect tolerance to phosphine in Europe, a program which
already started in Greece, has been extended to several European countries. The program consists
of sampling of insect strains and its screening regarding their sensitivity towards phosphine.
Key words: Exposure time, Gas monitoring, Limiting gas concentration, Phosphine,
Phosphine tolerance in Europe, Sitophilus granarius, Tribolium castaneum
There are various factors which must be taken
into consideration in order to successfully exterminate
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insects using phosphine.
It is generally known that various species of
insects exhibit very different degrees of sensitivity to
phosphine with regard to its efficacy. Even among the
same species, their sensitivity varies, depending on the
developmental state they are in. It has been proven that
larger quantities of PH3 or a longer exposure time are
necessary to kill insects in the resting stages, such as
pupae and eggs, than larvae or adults (Mueller, 1998).
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In addition, it is important to keep in mind that in
practice, fumigation can generally not be performed
under ideal temperature and moisture conditions. This
is especially true for the temperature under practical
conditions, as it is often significantly below 20°C
and varies between day and night. However, low
temperatures often cause the metabolism of insects
to slow down significantly and since this reduces
the effectiveness of the phosphine as a result, higher
concentrations are needed for extermination in practice
than under laboratory conditions.
In light of the increased tolerance against
phosphine gas among insect strains, which has been
frequently observed in recent years and described in
depth in scientific literature, dosage levels must be
high enough to prevent the development of additional
resistant insect strains (Opit et al., 2012).
With respect to the risk of insufficient concentrations
and the resulting decreased efficiency, it is also difficult
to assess the effects of factors such as the varying
permeability of goods or gas loss due to leakage in
fumigated objects.
The experiments described here demonstrate the
differences in the sensitivity of two selected storage
pests to phosphine under standardized laboratory
conditions. These experiments could also confirm the
differing sensitivity to gas of these pests at various
stages of development. Finally, an experiment set
up under practical conditions using quantitative
measurements could demonstrate the importance of
adequate dosage and appropriate exposure time for
successful fumigation.
The experiments under practical conditions also
demonstrated the incredible importance of functioning
gas monitoring for the success and effectiveness of
fumigation.
In order to obtain an overview of the possible
tolerances of insects in Europe to phosphine, a
screening project previously conducted in Greece
was started in several other European countries. The
procedure and objectives of this project are described
briefly.

previously described conditions.
The tests were carried out in 0.5 m³ gas-tight
chambers at a temperature of 20°C and a r.h. of
65%. The results of each experiment were assured
to be comparable based on the defined laboratory
conditions. The development of gas over the fumigation
period could be continuously monitored using gas
concentration measurements at specified intervals.
The tests were carried out using two storage pests
that generally cause significant problems, namely the
grain weevil [Sitophilus granarius (L.)] and the red
flour beetle [Tribolium castaneum (Herbst)].
The goal of the efficiency test was to control
all developmental stages. Therefore, a breed mix
(growing medium with egg, larvae, pupae and adult
stages) was used. Since the number of imagines in
these breed mixes can sometimes not be sufficient,
a certain number of adult insects were to be planted
as well. This facilitated meaningful results for all
developmental stages.
A bag product (Detia bag) was used as a fumigation
product in the experiment. In order to allow the
experiments to be comparable, a consistent exposure
time of 4 days (96 h) was chosen. In order to approach
the gas concentration limit for surviving imagines of
the two insect species, the exposure time could be
shortened to 1–2 days (24–48 h) as needed (Table 1).
The insects were inserted in permeable containers
and placed in the chambers along with the fumigation
product in the calculated quantity. After the
predetermined periods of time, the gas concentration
Table 1 Phosphine concentrations tested at 20°C and 65%
r.h.
PH3 concentration Exposure time Developmental stage
(ppm)
(hours)
of insects

MATERIALS AND METHODS
The laboratory experiments described here are to
be used as a basis for determining the concentrations
required to definitely kill all developmental stages
of the selected insect species with normal sensitivity
after a predefined exposure time. For this purpose, the
animals were tested in a concentration series in the
laboratory regarding their sensitivity to phosphine.
By defining a 100% mortality rate, the ‘lethal limiting
gas concentration’ could be determined under the
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24

Imagines

50

48

Imagines

50

96

Imagines, pupae,
larvae, eggs

100

96

Imagines, pupae,
larvae, eggs

200

96

Imagines, pupae,
larvae, eggs

400

96

Imagines, pupae,
larvae, eggs

600

96

Imagines, pupae,
larvae, eggs

800

96

Imagines, pupae,
larvae, eggs

1000

96

Imagines, pupae,
larvae, eggs
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was measured in the chambers. Following the prespecified exposure times, the chambers were ventilated,
the containers with the insects were removed, and the
mortality was measured based on the number of dead
insects. Breed mixes not exposed to gas served as a
control group. All breed mixes were subsequently
kept at breeding conditions (25–27°C; 50% r.h.) and
examined weekly for the hatching of new insects.

Table 3 Phosphine concentrations at which 100% killing of
all developmental stages of various beetle species is
achieved (exposure time: 96 hours)at 20°C and 65%
r.h.

RESULTS AND DISCUSSION
The results of the experiments using only imagines
illustrate the fact that a phosphine concentration of 50
ppm over an exposure time of 24 h is sufficient to reach
100% mortality of T. castaneum imagines. However,
surviving S. granarius beetles could be observed under
these conditions. However, the majority of these were
irreversibly damaged.
After an exposure time of 48 h at 50 ppm, there
were also no surviving insects observed among
S. granarius imagines. This result is presented
schematically in the following Table 2 without showing
the individual analyses.
The results of the experiments following treatment
of breed mixes revealed that hatching T. castaneum
beetles could still be observed at a phosphine
concentration of 50 ppm over a period of 96 h based
on the hatch rate after incubation. However, there
was no more hatching after treatment with 100 ppm
for 96 h, meaning 100% mortality was achieved in
this situation.
Surviving variants of S. granarius were observed
up to a tested gas concentration of 800 ppm. Though
the number of hatching beetles was low compared to
the control groups, one can still not assume a 100%
success rate for this concentration. All developmental
stages of this pest were not completely killed until a
gas concentration of 1000 ppm.
The hatching time points of both T. castaneum
and S. granarius beetles after incubation revealed
that most surviving animals were in the pupal or egg
stage. This confirms the conclusion that these stages
are the most tolerant to phosphine.
Table 3 shows the results for both pests in
schematic form.

All imagines dead

Surviving imagines

All imagines dead

All imagines dead

Sitophilus
granarius

50

Surviving stages

Surviving stages

100

Completely
killed

Surviving stages

200

nt

Surviving stages

400

nt

Surviving stages

600

nt

Surviving stages

800

nt

Surviving stages

nt

Completely killed

These experiments clearly show that there is a great
difference in the sensitivity to phosphine of individual
species and of the development stages within the
species. While for T. castaneum, it appeared possible
to destroy 100% of all developmental stages with
relatively low concentrations of gas, this goal could
not be reached for S. granarius, which is much less
sensitive, even with concentrations of 1000 ppm and
exposure times of four days.
Imagines of both species can be fully destroyed
even with rather low doses of 50 and 100 ppm, while
some of the other developmental stages required much
higher quantities to reach the extermination goal.
This is particularly apparent for S. granarius: While
complete extermination of imagines could be achieved
at a concentration of 50 ppm and an exposure time
of 48 h, 1000 ppm over an exposure time of 96 h is
required in extreme cases for the other developmental
stages (Table 3).
Though only few insects from the individual
developmental stages survive, these of course form
the source of a new infestation. Furthermore, they
represent a great risk for developing resistance to
the active substance. If the least-resistant insects are
continuously selected and can reproduce, increasing
doses and exposure times will be needed in the
future to successfully exterminate these insects using
phosphine.
The experiments here were carried out using
insect strains with normal sensitivity to phosphine.
Temperature, relative humidity, and gas concentrations
can be optimally set to fumigation conditions
under laboratory conditions. Considering that gas
concentrations of as much as 1000 pm are required
in these circumstances to exterminate 100% of pests,
it becomes clear that much higher doses must be used

Exposure time Tribolium castaneum Sitophilus granarius
(h)
48

Tribolium
castaneum

1000
nt, Not tested

Table 2 Exposure time at which imagines from different
beetle species survived at a concentration of 50 ppm
at 20°C and 65%.r.h.

24

PH3 concentration
(ppm)

207

CONTROLLED ATMOSPHERE AND FUMIGATION IN STORED PRODUCTS

in practice to achieve complete killing of all storage
pests and their developmental stages.
This assumption was confirmed by a practical
experiment in containers under the suboptimal
fumigation conditions which frequently occur in
practice. At the same time, breed mixes of T. castaneum
and S. granarius were tested in containers filled with
bagged goods (different grain flours) at a dose of 5 g
PH3/m³ over an exposure time of 5 days.
It could be observed that the mathematically
theoretical gas concentration of 3500 ppm was not
achieved despite apparently adequate sealing. At the
time of the maximum gas concentration, the measured
values were only in the range of 2000 ppm. This
clearly demonstrates the importance of measuring
gas concentrations in practice. This is very frequently
neglected, since it is assumed that the dosage always
provides a sufficiently high gas concentration.
However, as is obvious, gas losses caused by leaks must
always be expected in fumigation in practice despite
good sealing measures. The absorption by products
or slow penetration caused by the boundaries of the
objects being fumigated are examples of sources of gas
loss which always cause the actual gas concentration to
be lower than the theoretically possible concentration.
The results of this experiment show that complete
killing of all developmental stages of T. castaneum
was achieved with an exposure time of 5 days at
the specified dosage. Although it was possible to
exterminate the active stages of S. granarius with no
problems, isolated hatched beetles were again observed
after the breed mixes were incubated, and thus 100%
killing of all developmental stages of this insect
species could not be achieved under the prevailing
conditions. Nonetheless, the low hatch rate compared
to the control variant indicates that phosphine is still
effective, and that the selected dosage of 5 g PH3/
m³ at an exposure time of 5 days should be adequate
for successful fumigation under more favourable
conditions. However, the dosage and exposure time are
in a borderline area which may not completely meet the
required degree of effectiveness in case of unfavourable
fumigation conditions. In this experiment, two issues
were likely the primary factors responsible for the
inadequate effectiveness against S. granarius. First, the
increased permeability of the fumigated containers. As
described above, only gas concentrations of approx.
2000 ppm could be achieved, though 3500 ppm should
be mathematically possible. Second, the temperature
was only between 10º and 15°C at times during the
fumigation phase. These relatively low temperatures
also influenced the decreased sensitivity of the insects
tested. However, because the specified experimental

conditions are certain to occur in fumigation in practice,
it is clear that experimental parameters for the size of
the dose and the length of the exposure time used in
this experiment are absolutely necessary under such
conditions in order to ensure that successful fumigation
can be carried out.
CONCLUSION
It can be concluded that various parameters
important for fumigation with phosphine in practice,
such as properties of the product to be fumigated;
sufficient sealing; temperature and moisture conditions;
insect species and its resistance status; insect
development state, are frequently not taken into
adequate consideration. For this reason, dosages which
are too low and exposure times which are too short
are frequently chosen, which may lead to the selection
of tolerant strains among the surviving insects in the
worst-case scenario.
Tolerance and resistance are often discussed in
cases of failed fumigation with surviving insects,
though it can frequently be assumed that inadequate
consideration of the factors listed above is also
responsible for inadequate effectiveness. Because
appropriate gas monitoring is also frequently neglected,
it is often impossible to determine why fumigation
was not successful.
Taking the experiments described here into
consideration, it is not surprising that adequate
effectiveness is not always guaranteed at the frequentlyused doses ranging from 1 to 2 g PH3 per m³. It is easy
to speak of increased tolerance and resistance in case
of failed fumigation, although other parameters could
be responsible for the lower effectiveness.
In order to now obtain a factual overview of the
general status of insect tolerance to phosphine in
Europe, a programme initiated in Greece was expanded
to several other European countries. The first step of
this project, which is planned for three years, is to
collect and subsequently test different storage pests
for their tolerance to phosphine.
For this purpose, insect samples were gathered
in organised form from fumigation companies in
Germany, France, Italy, Spain, Hungary, Great Britain,
Poland, Czech Republic, Bulgaria, and Turkey. These
insect strains shall be bred at the University of Thessaly
in Greece, and their tolerance status to phosphine
compared with strains with normal sensitivity shall
be tested using various testing methods.
The different testing methods shall be verified
in a subsequent step. This is to provide the option of
better classifying the factor of tolerance to phosphine
in the future.
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Improved procedures for fumigating grain storages with
phosphine in Indian warehouses
I C CHADDA1*, SUJEETHA R P J ALICE2, K ALAGUSUNDRAM2
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ABSTRACT

An experiment was conducted jointly by a team of Central Warehousing Corporation (CWC)
and Indian Institute of Crop Processing Technology (IICPT) in food-grain warehouses of CWC
in 2 states, viz. Tamil Nadu and Andhra Pradesh, using Multi Layered Cross Laminated (MLCL)
sheets and different methods of floor-sealing on the mortality of rusty grain beetle [Cryptolestes
ferrugineus (Stephens)]. Survival of C. ferrugineus was noticed in treatment with 3 tablets for
7 days despite mean phosphine concentration up to 1,995 ppm at average temperature of 33ºC.
This might be due to short exposure and also resistant population. However, complete mortality
was recorded with 10-day exposure even with lesser concentration of phosphine. Hence 3 tablets
with longer exposure are needed wherever C. ferrugineus population is abundant.
Key words: Fumigation, Grain storage, Mortality, PH3, Rusty grain beetle
In India, the food grains are generally stored
in jute bags. More than half a dozen pests are very
common in storage. It is estimated that about 65% of
the total produce is held by the farmers for food, feed
and seed purpose, which is stored with unscientific
method. The balance marketable surplus is supplied
to central pool via procurement, which is held by
public/private domain. Though major share of grain
storage is with public sector, storage with private sector
has also picked up momentum. Non-observance of
proper handling and pest-control methods may result
in considerable qualitative and quantitative losses.
Various factors like type of storage structures, methods
of application of prophylactic and curative treatments,
biotic and abiotic factors contribute to maintain health
of the stock. Large harvest, poor market demand, food
security during and off-season processing are some
of the factors that force farmers and traders to store
grains and oilseeds (Alagusundaram, 2009).
Fumigation plays a major role in control of stored
grain pests because of their unique characteristics and
the great adaptability of the fumigation techniques.
Fumigants can often provide effective, economical
2Indian
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control where other forms of pest control are not
feasible. Stored products require an ideal fumigant
to be applied as a gas and achieve penetration within
the grain mass. Effective fumigation requires that
phosphine gas at lethal concentration is held in stacks
long enough to kill all stages of the target pests.
Loss of measurable phosphine gas results due to
absorption by grain, penetration through fumigation
sheets and leakages through holes and gaps. Control
of insect population necessitates precise phosphinefumigation control and accurate gas concentration
measurements. The recent phase out of methyl
bromide has left phosphine as the only economically
and environmentally viable fumigant for the industry.
Aluminum phosphide has achieved a key status in
the International market. India is entirely dependent on
phosphine as the fumigant for disinfesting grain stacks,
as it is low-priced, easy to apply and does not affect the
quality even after repeated applications. Now-a-days,
phosphine resistance is documented in every part of the
world due to poor fumigation practices (Fitzapatrick
and Brash, 2003).The resistance to phosphine occurs
because of improper application of phosphine tablets,
exposure of insect populations to sub-lethal dosages or
due to poor fumigation covers, floor-sealing materials
and also due to failure to monitor the gas concentration.
To prevent the development of resistance, it is essential
to avoid applications with sub-lethal doses (Fields
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and White, 2002) and use quality-fumigation covers
(Rajendran, 2001). The factors that are responsible for
unsatisfactory bag-stack fumigations include lack of
training and management awareness, failure to monitor
gas and poor fumigation techniques (Van Graver and
Annis, 1992)
Of late, many relevant reports have been
published on phosphine resistance of rusty grain
beetle [Cryptolestes ferrugineus (Stephens)] (Jiang,
1995; Liu et al., 2003; Liu, 2004; Wang et al., 2004;
Yan et al., 2004). The efficacy of phosphine is not
satisfactory to keep C. ferrugineus under control in
the high temperature and humidity conditions, where
C. ferrugineus can survive at phosphine concentrations
below 200 ppm (Lu et al., 2005). Some resistance
strains could be killed effectively only, when phosphine
concentration reaches 550 ppm for 45 days (Pang et
al., 2002). Thus, it is essential to develop alternative
methods for the control of this pest.
The recent development of very high resistance
to phosphine in rusty grain beetle, C. ferrugineus,
threatens the sustainability of phosphine  —  a key
fumigant worldwide to disinfect stored grain (Nayak
et al., 2013; Kaur and Nayak, 2014). The aim of the
present study was to test the feasibility of retaining
fumigant at a sufficient concentration for long enough
to control known C. ferrugineus population with shortand long-exposure period, including resistant insects.

tonnes of aluminium phosphide tablets was applied by
placing the tablets in paper plates below the wooden
dunnages and finally floor-sealing materials like sand
snakes ( three-fourths area was filled with sand) and
surgical tape were used to prevent the leakage of gas.
Raw rice with 3 replications each was used in all the
stacks for fumigation. The PH3 concentration was
measured using UNIPHOS PH3 monitor. Cryptolestes
ferrugineus was used as a test insect. Known number
of insects of mixed age group, were released in plastic
vials with sufficient food materials (flour, broken rice
and yeast). The vials were covered with a muslin cloth
and secured with a rubber band. The vials were taken
out after termination of fumigation and observed for
mortality. The vials were kept for 3 months to note
the emergence of adults. The treatment details are
given in Table 1.
RESULTS AND DISCUSSION
The results from different study locations revealed
that, PH3 gas concentration was uniformly distributed
in all the 3 layers in all treatments. The day-wise
concentration at Thanjavur warehouse with different
treatments ranged from 839 to 1,772 ppm (Fig. 1). The
highest PH3 concentration of 1,772 ppm was recorded
with T1,T2 and T3 on day 3. The mean concentration
of phosphine in T1, T2, and T3 was 1,544, 1,410 and
1,398 ppm, respectively. The terminal concentration in
T1 with 7 days exposure and T2 with 10 days exposure
and T3 with 10 days exposure with application of
surgical tape for sealing was 1,397, 942 and 839
ppm, respectively. This concentration was sufficient
to cause complete mortality. In Thanjavur, complete
mortality was observed in all the treatments except the
control. At Thanjavur, the treatments T1 and T2 were
also tried with 2 tablets per tonnes instead of normal

MATERIALS AND METHODS
Bag-stack fumigations of raw rice (Oryza sativa
L.) stacks using aluminium phosphide tablets were
undertaken. The experiment was conducted in
warehouses situated in coastal belt of India comprising
2 states, Tamil Nadu (Thanjavur, Trichy) and Andhra
Pradesh (Machlipatnam, Rajahmundry). A stack size
of 30’×20’ was maintained for the study. New Multi
Layered Cross Laminated covers of 200 GSM were
used as a fumigation cover. Transparent hose of 0.5
cm (diameter) was suspended from top, middle and
bottom layers up to the floor level for monitoring
phosphine gas, and the terminal ends of the tubes
were secured very tightly. The dosage of 3 tablets per

Phosphine concentration (ppm)

Thanjavur (Day-wise concentration)

Table 1 Treatment details
Treatment

Particulars (Alp
3 g tablets)

Exposure
period
(days)

Method of
sealing

T1

3 tablets/MT

7

Sand snakes

T2

3 tablets/MT

10

Sand snakes

T3

3 tablets/MT

10

Surgical tape

T4

Control

-

No fumigation

2000
1500
1000
500
0
Day1

Day2
T1

Day3
T2

Day5

Day7

Day10

T3

Fig. 1. Phosphine concentration profiles during fumigation
of rice at Thanjavur. Details of treatment are given
in Table 1.
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Table 2

Mean and terminal phosphine concentration (ppm) and mortality (%) at different locations

Treatment
Thanjavur
Trichy
Rajahmundry
Machlipatnam
no.
Mean Terminal Mortality Mean Terminal Mortality Mean Terminal Mortality Mean Terminal Mortality
T1

1,544

1,397

100

1,458

1,250

74.71

1,995

1,976

56.18

554

139

73.4

T2

1,410

942

100

1,753

1,217

100

1,901

1,419

100

471

183

100

T3

1,398

839

100

1,684

1,116

100

1,792

1,161

100

733

191

100

T4

0

0

09

0

0

07

0

0

04

0

0

06

Details of treatments are given in Table 1
Machlipatnam (Day-wise concentration)

Phosphine concentration (ppm)

2500
2000
1500
1000
500

T1

T2

Phosphine concentration (ppm)

0

1500
1000

Axis
T1

Day5

Day7

Day10

Title
T2

0
Day1

Day2

Day3

Day5

Day7

Day10

T2

T3

of 56.18% was noticed despite mean and terminal PH3
concentration of 1,905 and 1,976 ppm. The day-wise
PH3 concentration with different treatments (Fig. 3)
indicated the range from 1,161 to 2,000 ppm. The
trend of complete mortality in T2 and T3 was similar
at Machilipatnam warehouse as recorded at other
locations despite low mean and terminal concentration.
The day-wise PH 3 concentration with different
treatments (Fig. 4) indicated the range from 183 to
1,120 ppm. The average mortality in T1 was just 73.4%
even at mean and terminal PH3 concentration of 554
and 73.4 ppm, respectively. No significant variation in
mortality was noticed in top as well as bottom layers in
any of the treatments, indicating uniform distribution
of PH3 in the stack. The mortality in control (T4) was
4–9%, probably because the temperature in all locations
ranged from 30º to 35ºC and humidity was 55–70%.
When phosphine was introduced as a fumigant, it
was considered that an exposure period of 72 h was
adequate. Subsequent studies, however, revealed that
if the fumigant is to be effective against resistant as
well as susceptible insects, a longer exposure period
(>5 days) is required (Rajendran, 2007).
The retention of gas was found satisfactory at
all the places and it is sufficient to kill the insects;
however, it was surprising to get overall low phosphine

2000

Day3

500

Fig. 4. Phosphine concentration profiles during fumigation
of rice at Machlipatnam. Details of treatment are
given in Table 1.

Rajahmundry (Day-wise concentration)

Day2

1000

T1

T3

Fig. 2. Phosphine concentration profiles during fumigation
of rice at Trichy. Details of treatment are given in
Table 1.

Day1

1500

D

ay
1

ay
7
D

D

ay
5

ay
3
D

D

ay
2

ay
1

0

D

Phosphine concentration (ppm)

Trichy (Day-wise concentration)

T3

Fig. 3. Phosphine concentration profiles during fumigation
of rice at Rajahmundry. Details of treatment are
given in Table 1.

3 tablets. Phosphine concentration in these treatments
was between 755 and 1,328 ppm which also caused
complete mortality.
The mortality of C. ferrugineus with different
exposure periods in Trichy warehouse showed that
the highest mortality was observed in T2 and T3 but
in T1 treatment the mean mortality was 74.7% despite
mean and terminal PH3 concentration of 1,458 and
1,250 ppm. The day-wise concentration with different
treatments (Fig 2) ranged from 1,067 to 2,000 ppm.
At Rajahmundry, complete mortality was
observed in T2 and T3, but in T1 the mean mortality
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concentration at Machilipatnam, probably due to
leakage of gas through the enclosure. Quality Multi
Layered Cross Laminated fumigation covers along
with air-tight floor sealing (sand snakes and surgical
tapes) was found efficient in managing the pests. The
lack of ideal air-tight conditions for fumigation in
leaky structures increases the frequency of phosphine
fumigation (Lorini et al., 2007).
Bengston et al. (1997) demonstrated sources
of ineffective phosphine treatments of bag-stacks
of milled rice in woven polypropylene bags. The
authors showed that poor results could occur when
sealing and other operating procedures are not up to
the standard. Poor fumigation practice include use of
sheets having holes, and two or more sheets placed
by simple overlap, rather than rolling together up to
a meter length, leading to rapid loss of phosphine.
Mills (1986) observed that the EPPO
recommendations on exposure period as well as
concentration may not be adequate for the control
of resistant population of Rhyzopertha dominica
(Fabricius), C. ferrugineus (Stephens), Tribolium
castaneum (Herbst) and Oryzaephilus surinamensis
(L.). The author suggested that application of
sequential dosing and slow-release formulation may
be effective against resistant insects. In tests against
resistant C. ferrugineus, Bell et al. (1990) observed
that insect mortality was more with rising phosphine
concentration than with falling concentration. Alice et
al. (2014) reported that complete mortality of insects
Sitophilus sp. and R. dominica was observed with
2 or 3 tablets and/short or longer exposure periods.
However, few populations of C. ferrugineus survived
in treatment with 3 tablets for 7 days. Control failure
due to occurrence of high-level phosphine resistance in
milled rice stack against insect populations including
Cryptolestes spp., was also reported (Rajendran and
Narasimhan, 1994; Rajendran and Muralidharan,
2000). Nayak et al. (2000) determined that a target
phosphine concentration of 1,450 ppm with 6 days
exposure or 720 ppm with 11 days exposure is
necessary for controlling phosphine-resistant psocids.
At Trichy, Machlipatnam and Rajahmundry
survival of C. ferrugineus were noticed in T1, i.e.
treatment with 3 tablets for 7 days despite higher mean
concentration upto 1,995 ppm at temperature ranging
from 30º to 35ºC.This indicates that C. ferrugineus is a
difficult pest to be controlled under normal conditions
with 7 days of exposure. This could be because of
presence of resistant strains. Under similar conditions
at Thanjavur, complete mortality was recorded with
a mean PH3 concentration of 1,544 (T1) and 1,048
ppm (T1 with 2 tablets). This indicates availability

of suspetible strains at Thanjvur. However, complete
mortality was recorded in all locations in treatments
T2 and T3 after 10 days exposure. Thus, it is evident
that it is not only the concentration but longer exposure
period that is also necessary to control resistant
populations of C. ferrugineus. Application of quality
fumigation covers and effective sealing are important
in successful fumigation.
The treated insect vials were kept under observation
for further emergence of adults. The data revealed that
there were no emergence of insects in the treated
vials collected from different locations even after 6
months of storage, whereas insects emerged from the
untreated control.
CONCLUSION
Three tablets with longer exposure (10 days)
are needed wherever C. ferrugineus population was
abundant. Quality multi layered cross laminated
fumigation covers along with air-tight floor sealing
(sand snakes and tape sealing) was found to be efficient
in managing the pests. However, tape sealing was found
to be suitable to maintain the warehouse in hygienic
condition irrespective of its cost.
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Review and prospect for development of food grain fumigation
machineries in India
B L DINESHA*, H SHARANAGOUDA, N UDAYKUMAR, K B SANKALPA, N C MADHUSUDAN
Department of Processing and Food Engineering, College of Agricultural Engineering,
University of Agricultural Sciences, Raichur, Karnataka 584 104, India
ABSTRACT
The objective of this study was to review the development history of food grain fumigation machinery
in India. The study described the present situation of food grain fumigation machinery for the warehouses
and silos and the development of future food grain fumigation technology. Double-recycling fumigation
and aeration system, and side combing circulating fumigation system can be used for warehouse. Grain
fumigation machinery in grain silos includes circulating fumigation system equipment in large grain
silos and automatic phosphine pellet dispenser. These fumigation machineries include air inlet box, air
outlet box, recycling pipes, fan, plastic film cover on food grain pile, monitor measurement for grain
temperature and control system, PH3 generator, manual AlP dispenser, air direction transfer, gas sampler
and moving vehicle. India is going into 21st century, the science and technology are forging ahead and
will bring about changes day after day. Grain fumigation machinery in silos developed towards new and
high technology. General developing trend of Indian food grain industry is toward two poles— one is
food grain distribution system with high speed, large capacity, unobstructed fast and convenience and
another is more stable grain reservation.

Key words: Aeration, Double-recycling fumigation, Fumigation machinery, Food grain
storage, Pellet dispenser
Estimated Indian food grain output for 2014-15 has
been indicated as 257.1 million tonnes (238.6 million
tonnes of cereal grains and 18.43 million tonnes of
pulses) (Table 1). About one-third of wheat (Triticum
aestivum L.) and rice (Oryza sativa L.) produced is
procured by central and state grain storage agencies
for the central pool for public distribution throughout
the year and as a reserve stock towards food security.
Though pulses come under the category of food grains
as per IS 2813:1995, their storage period is short,
they are never held as buffer stock and are consumed
domestically and India generally imports pulses (4.6
million tonnes in 2014–15) to meet the domestic
demand. Grain procured is stored mainly as 50 kg bags
and bag-stacks are held in conventional warehouses
or godowns (total covered storage capacity about 72.4
million tonnes as of 2014) of the Food Corporation of
India (13.0 million tonnes), the predominant storage
agency responsible for maintenance of buffer and
operational stocks and supporting agencies such as
*Corresponding

author e-mail: dinirbdgtc@gmail.com

Table 1. Production of food grains in India
Commodities

Production in million tonnes
2013–14

2014–15

Rice

106.65

103.04

Wheat

95.85

95.76

Maize

24.26

22.97

Pearl millet

9.25

7.91

Sorghum

5.54

4.83

Finger millet

1.98

1.89

Barley

1.83

1.77

Other millets

0.43

0.46

245.79

238.63

Total

the Central Warehousing Corporation (8.68 million
tonnes), state warehousing corporations (25.57 million
tonnes), cooperative sectors (15.34 million tonnes) and
state civil supplies corporations (9.8 million tonnes).
As there is a shortage for permanent storage structures,
about 15.7 million tonnes of food grains (wheat and
rice) have been stored temporarily outdoors as Cover
and Plinth (CAP) storage (Rajendran, 2016).
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Table 2

Fumigants approved by the Registration Committee under the Insecticides Act, 1968

Fumigant

Formulations

Aluminium phosphide

56% 3 g Tablets*; 56% Powder*, General purpose fumigant for various stored products (6%
15% 12 g Tablets, 6% Tablets
tablets used for rodent burrow fumigation)

Methyl bromide*

Comments

10g Pouches

Used at farm level
Used in on-site phosphine

77.5% Granules

generators

99% Technical,

For quarantine and pre-shipment

98% with 2% Chloropicrin (w/w) (QPS) use only
Ethylene dichloride and 3:1 mixture (v/v)
Used for small-scale/ farm level fumigation
Carbon tetrachloride
*Restricted use, i.e. to be used by Govt. approved agencies under expert supervision only. Other registered fumigants in India
include 56% magnesium phosphide plates (for export tobacco fumigation) and 96% sodium cyanide (for cotton bale treatments).

Food grains held in both temporary and permanent
storage structures, indoors or outdoors, are vulnerable
to insect infestation. Insect pest activity is generally
high due to favourable climatic conditions, i.e. >25°C
and >50% r.h., in the country and infestation problem
is acute in storage centres located in coastal region.
Type of pests attacking food grains varies according to
commodity and climatic conditions (Table 2). The rust
red beetle, Tribolium castaneum (Herbst) is common
but occurs more in milled rice than in rice. Khapra
beetle infestation is restricted to extreme climatic
regions, viz. Punjab, Haryana, Bihar and Uttar Pradesh.
Notorious pests such as Prostephanus truncatus, the
larger grain borer and Plodia interpunctella, the Indian
meal moth have been noticed in some of Indian grain
storage centres (Bell, 2000).
As mixing of residual insecticides with food grains
is not permitted in India from the beginning, we are
greatly dependent on fumigants in the preservation
of food grains. Supplementary control measures in
grain storage premises include space sprays (fogging
and misting) and hard surface sprays with contact
insecticides such as deltamethrin, malathion and
pirimiphos methyl (Rajendran and Sriranjini, 2008).
There is a very important problem related to the
needs of peoples lives and improvement of living
standard that makes grain production, storage,
processing and sales fast development. Application
of fumigants to kill insects in stored grain. It is the
most effective way to ensure safe storage and decrease
losses of stored grain. The use of fumigants has been
done in India for several decades, but the development
of grain fumigation machinery is just a new thing
in recent years. With the continued development in
Indian grain industry, grain fumigation machinery has
made great progress. It is playing the increasingly
important role in foundation and perfection of Indian
grain distribution system, keeping grain quality,

decreasing grain loss and raising grain distribution
efficiency (Anon, 2016).
DEVELOPMENT AND APPLICATION OF
CHEMICAL FUMIGANTS
The history of applying chemical fumigants to
prevent and kill insects in stored grain has been several
decades or more than 100 years. Carbon disulfide
(CS2) was first applied to grain fumigation in France
in 1854. Chloropicrin and methyl bromide were used in
France in 1917 and 1932. Hydrogen phosphide (PH3)
began to be used in Germany in 1935. The principle
of fumigation is that poisonous steam produced by
easy-evaporate chemical fumigants are mixed in air
and reaches a certain concentration. This gas enters
the insect’s body through respiratory system or insect
cuticle. After sometime, the insects are poisoned to
death. At present, fumigants widely used in India
are mainly hydrogen phosphide, methyl bromide,
chloropicrin, ethylene oxide, carbon disulfide, etc.
Methyl bromide began to be produced in China in
1954 and was applied for grain fumigation in 1955.
Pellets of aluminium phosphide (AlP) were developed
in 1963. The pellet and powder of AlP were widely
used in grain industry. Now AlP is the fumigant more
used and produced in India (Anon, 2009).
At present, there are only four registered fumigants
in India (Table 2). However, for treating food grains,
phosphine (AlP solid and powder formulations) and
ethylene dichloride- carbon tetrachloride (EDCT QPS)
mixture have been approved. Methyl bromide is allowed
only for quarantine and preshipment (Anon, 2011).
PRESENT SITUATION OF GRAIN
FUMIGATION MACHINERY IN WAREHOUSES
Warehouse are about 80% of total grain storage in
India, most of which are used for reservation. Because
of poor seal, less machinery’s and insufficient technical
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3

2

1

4

5

Fig. 1. Double-recycling fumigation and aeration system (1, grain surface; 2, outlet networks; 3, inlet pipe
networks; 4, fan; 5, sealing valves; 6, PH3 generator)

knowledge of labours, fumigation used before was
mainly manual operation in warehouses. There were
many difficulties for fumigation in flat warehouses,
so that the development of fumigation machinery was
very slow. The fumigation machinery having better
effect includes side combing circulating fumigation
system used for flat warehouse and double-recycling
fumigation and aeration system (Ababa, 2004).

control system. For inside recycling system, air blown
by fan pushed fumigation gas into grain pile, then
passed through the recycling pipe and entered fan
inlet again. After 2–3 times of circle, fumigation gas is
evenly distributed inside the grain pile. Switch off fan
and seal the grain pile to get a goal of killing insects in
grain pile. For outside recycling system, suitable dry
and cool air is drawn into grain pile through air inlet
box. Then the air absorbing heat and damp is removed
from grain pile through outlet box by this means, the
aim to drop the temperature and moisture content of
stored grain is achieved. The practice for many years
has proved that, double-recycling fumigation and
aeration system has good effect for killing insects in
grain pile and for ventilation to drop temperature and

Double-recycling fumigation and aeration system
Double-recycling fumigation and aeration system
was developed on the basis of thin plastic film cover
(Fig 1). It namely consists of air inlet box, air outlet
box, recycling pipes, fan, plastic film cover on grain
pile, monitor instrument for grain temperature and

3
A
4

2
1

D
E
5

D

B

C

Direction of ventilation in outside recycling
Direction of fumigation in inside recycling

Fig. 2. Side combing circulating fumigation system. A, Inlet; B, outlet; C, inlet of recycling pipe; 1, fan; 2, connecting
pipe; 3, wall; 4, porous board; 5, mangle gas box
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Circulating fumigation system equipment in large
grain silos
Circulating fumigation equipment for large grain
silos consists of vapourizer, valves, airtight fan,
recycling pipe, dust remover, air inlet and outlet
(Tan, 1992). The working principle of the equipment
is as follows: vapourizer, valves, air-tight type fan,
recycling pipe, dust remover, and air inlet outlet, and
silo are connected together to form a close recycling
circuit (Fig 3). Before fumigation, open all valves
on recycling circuit formed with silo 501 and close
others. Switch on the fan and open the valve of
fumigant bottle. Fumigant (methyl bromide, PH3 or
carbon dioxide, etc.) was introduced into vapourizer
to form fumigation gas and was blown into grain
pile from the bottom of silo. Fumigant gas went up
along whole section of silo through grain pile and
escaped out of grain surface by the action of fan, the
gas containing fumigant returned to the inlet of fan
again through recycling pipe and dust remover. Thus,
a circle was ended. A scale measured the amount of
fumigant applied. While the given amount was reached,
the valve of fumigant bottle was closed after several
cycles, fumigant gas was evenly spread in grain pile.
Switch off the fan, close upper and lower valves of
silo 501 and keep silo 501 to be sealed. Then, open
upper and lower valves of silo 301, start fan, measure
the amount of fumigant applied, close valves and
seal the silo. Fumigation was carried out silo by silo,
until all silos to be fumigate were fumigated. After

moisture content of stored grain. It has the good benefit
in saving manpower and energy. It is a big progress for
grain storage technology in warehouse (Lailin, 1994).
Side combing circulating fumigation system used in
warehouse
It consists of two parts— main equipment and pipe
networks. Main equipment includes fan, PH3 generator,
manual AlP dispenser, air direction transfer, gas
sampler and moving vehicle. Pipe network comprises
inlet pipe network, outlet networks and sealing valves.
Sealed grain pile is also a component of the system.
Inlet and outlet networks are formed by connecting
steel pipes installed in equal distance on both inside
of flat warehouse. The pipes must be located under the
surface of grain pile. The pipes are sealed at one end,
and there are many small holes on pipes. The form
of installed system is like a comb. Pipe networks are
guided out of warehouse and connected with main
equipment by ball valve (Liu, 1997). The flowchart
and connection of whole system is shown in Fig. 2.
GRAIN FUMIGATION MACHINERY IN
GRAIN SILOS
Grain is usually stored in piles very high, so that
natural diffusion of the fumigant gas is very slow
and cannot evenly spread in the grain pile. Control
of insects in grain silos had been very difficult for a
long time. Only after a variety of special fumigation
machines were developed, fumigation in grain silos
and safe storage of grain may be guaranteed (Renkang,
1992). They all showed very good results in killing
insects in grain silos.

1
2
3

Fig. 3. Circulation fumigation equipment for large grain
silos. l, Gas outlet; 2, valves; 3, recycling pipe; 4,
silos; 5, gastight fan; 6, vapourizer; 7, dust remover;
8, fumigant; 9, scale; 10, air inlet

Fig. 4. Multi-function aeration and fumigation system. 1,
Fumigation fan; 2, silo; 3, multi-function aeration
and fumigation apparatus
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being sealed for 48 h, open upper and lower valves
of silo 501, start fan, open inlet and outlet valves of
fumigation equipment and exhaust fumigant gas in silo
and recycling pipe out of silo. Silo 501 was ventilated
for 2 h. Next, close upper and lower valves of silo
501, open upper and lower valves of silo 301. Then
the silo 301 is also ventilated in 2 h. Fumigation and
ventilation were earned out as mentioned above silo
by silo. After the last fumigated silo was ventilated,
fumigation was finished (Wenge, 1996).

∑

∑

Automatic phosphine pellet dispenser
It is a new fumigation machine used in grain
silos. The machine is mainly comprised pill container,
mechanism for putting in order and numeral delivering
system (Yaoxi, 1984). This machine is installed at
proper place on the intake conveyer on top of grain
silos. When entering grain, pills will automatically
go out from the machine according to given dosage,
fall in the conveyer and enter in silo along the grain
stream silo is sealed after loading grain. AlP pills
absorb damp in grain pile and produce phosphine
gas. Fumigation will be finished after one month.
Then open the ventilation hole on top of silo to pull
out exhaust gas when concentration of PH3 in silo is
lower than a given value (0.05 ppm), the stored grain
may be taken out (Fig 4).
Automatic AlP pellet dispenser used for silo
fumigation has more advantages: simple equipment,
convenient use and less investment. Its drawback is
longer fumigation time. If it is used in coordination with
fan, fumigation time will be shortened (Zhang, 1996).

∑

but also keep high operation efficiency of grain
distribution system.
Low dosage fumigation method can be used for
flat warehouse and reservation warehouse with
normal air tightness. This technique combined
with controlled atmosphere (to reduce the content
of oxygen and addition of carbon dioxide) will
restrain the activity, reproduction and spread up
to kill insects and keep grain quality.
For long term stored grain, protectants may be
used to prevent insect infection.
Some controlled atmosphere warehouse should be
built. They will apply the technique of removing
oxygen by filling nitrogen or carbon dioxide to
control active growth of insects and mold. This
technique will not only keep grain quality, but also
reduce the amount of fumigant applied, which is
very beneficial for environment protection.
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DEVELOPMENT TREND OF GRAIN
FUMIGATION MACHINERY IN THE FUTURE
Science and technology are forging ahead and will
bring about changes day after day. Grain fumigation
machinery also developed towards new and high
technology. General developing trend of Indian grain
industry is towards two poles. One is grain distribution
system with high speed, large capacity, unobstructed
fast and convenience. Another is more stable grain
reservation. In order to fit the need of these trends,
the development of grain fumigation machinery should
pay attention on following points:
∑ To construct fast fumigation facility with good air
tightness at grain terminals and transfer depots with
large throughput. This facility should be used in
both silos and squats. Once insect damage happens,
fumigation can be done in time to prevent infection
by insects, especially quarantine insects. It will
not only ensure safety of agricultural products,
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Effect of ozone gas on degradation of organophosphate and
pyrethroid pesticide residues in whole wheat (Triticum aestivum)
grains during storage
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ABSTRACT

An experiment was conducted to study the effect of Ozone gas on degradation of
organophosphate and pyrethroid residues in whole wheat (Triticum aestivum L.) grains during
storage. Ozone (O3) concentration was applied at 60 µmol/mol and times of exposure were 120
and 180 min. Humidity (moisture content – m.c. and water activity - aw) was determined. Storage
silos and wheat grains (before and after compounds of both pesticides groups spiking) were
prepared and pesticides after O3 gas treatment were analyzed. Fenitrothion content decreased
(54%) following O3 treatment after 180 min of exposure (at m.c. of 20% and aw of 0.9). Similarly,
after the same O3 treatment with exposure times of 120 and 180 min, the deltamethrin residues
significantly reduced to 83 and 85% in the wheat grains at lower m.c. and aw (12% and 0.6). On
the other hand, the grains with higher humidity (m.c. 20% and aw 0.9) revealed better results,
corresponding to reductions of 87 and 90%. The residues of bifenthrin also decreased after 180
min of exposure with 47% reduction. In the same experimental conditions, the pirimiphos-methyl
residues, exhibited 77% reduction. After O3 gas treatment, by-products of pirimiphos-methyl
containing different molecular mass were identified by LC-MS. The O3 gas was effective in
degrading the pesticides and is a strong oxidizer that has shown potential in grain storage (as
GRAS) in order to ensure food quality and safety.
Key words: Organophosphate, Ozone, Pesticides residues, Pyrethroid, Wheat
Pesticides are used worldwide in agriculture
and urban environments in preventing or destroying
biological contaminants. They are commonly applied to
grains in the storage units, as liquid formulations, on the
conveyor carriers prior being stored in silos to prevent
insect infestation (Embrapa, 2015). However, they are
persistent in the grains and their products as residue,
have been linked to adverse health effects in living
organisms (Lozowicka et al., 2014). Organophosphate
(fenitrothion and pirimiphos-methyl) and pyrethroid
(bifenthrin and deltamethrin) pesticides are some
examples of pesticides widely used on wheat (Triticum
aestivum L.) grains in the storage units. Therefore, to
ensure food safety, maximum residue limits (MRLs)
*Corresponding author e-mail: vildescussel_2000@yahoo.co.in

and storage security intervals have been set for the
control of pesticide residues, since agricultural crops
cannot be sold if they contain pesticides exceeding
the residual limit (Brazil, 2009).
For wheat grains, the MRL under Brazilian
regulations is 1.0 mg/kg for fenitrothion and
deltamethrin. The storage-interval periods are about
30 and 120 days for deltamethrin and fenitrothion
respectively. In addition, the MRL is 0.6 and 10.0 mg/
kg for bifenthrin and pirimiphos-methyl respectively.
The storage security-interval periods are approximately
30 days for both pesticides (Brazil, 2009).
Since insecticidal residues are persistent in the
grains, it is necessary to develop methods to remove
pesticides from grains. Application of O3 gas is
considered to be a potential chemical method for
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removing residual pesticides for food industry because
it decomposes to molecular oxygen without leaving
residues, and it is considered safe by the US Food
and Drug Administration (FDA, 1982).The O3 is a
powerful antimicrobial agent owing to its potential
oxidizing capacity and used used as disinfectant for
microorganisms and viruses, odour and taste removal,
and decomposition of organic matter (Khadre et al.,
2001). Ozonation has been widely investigated for the
removal of pesticides and extensively implemented on
stored grains to control the development of insects,
fungi and toxins (Ikeura et al., 2013, Mcdonough et
al., 2011, Scussel et al., 2011, Savi et al., 2014).
The aim of this work was to study the O 3
application gas as a possibility to remove pesticide
residues (widely used on wheat grains) in the storage
units, as well as to evaluate their degradation byproducts.

bag and stored at 4ºC.The samples were artificially
contaminated with a solution (100 µl) of each pesticides
(1,000 mg/l) and spiked on wheat grains (50 g),
separately and in triplicates. Then, it was stirred for
2 min and left to stand for 30 min.
In order to know the moisture content (m.c.), the
wheat grains were subjected to drying in an oven (105 ±
5°C) up to constant weight through gravimetric method
(AOAC, 2005). Besides, the water activity (aw) was
performed in Aqua-Lab 4 TE equipment.
Ozone gas treatment in storage silos
The silos were made with vinyl polychloride
tubes containing only two apertures: one for the input
of O3 gas and the other for the output. The artificial
contaminated grains were packaged in the top part of
the silos, on the polyamide screen surface. The bottom
part of the silos was filled with 350 g wheat grains.
The O3 gas generated was applied into the pilots silos
at 60 µmol/mol concentration up to 180 min, keeping
one silo as Control (Group C:no O3 gas). The O3 gas
generator system followed the procedures detailed
by Giordano et al. (2012) and Savi et al. (2014) with
minor modifications. The compressed air pump was
connected to an air impurities remover to filter the
room air. Afterwards, the air filtered was conducted to
the adjusted flow meter for 1 l/min. The O3 generator
used (5 a 60 µmol/mol) was the corona discharge
process. The control chamber (without O3 gas) was
ventilated with ‘room air’ in the same flow. The O3
gas concentration was measured by the iodinemetric
test, according to APHA (1999).

MATERIALS AND METHODS
Fenitrothion, deltamethrin, bifenthrin and
pirimiphos-methyl were obtained from Sigma Aldrich
Chemicals (St. Louis, MO, USA); acetonitrile and
methanol with LC grade, dichloromethane and
phosphoric acid were purchased from Vetec (Duque de
Caxias, RJ, Brazil). The Milli-Q water was obtained
from Synergy (Millipore, USA) and the solid phase
extraction (SPE) columns Strata-X (200 mg/6 ml)
from Phenomenex (Madrid, Avenue, Torrance, USA).
Determination of pesticides was carried out
by the high-performance liquid chromatography
(HPLC) Shimadzu (Kyoto, Japan), equipped with an
isocratic pump (LC-20AT), column oven (CTO-20A),
prominence communication bus module (CBM20A), degasser (DGU-20A), autosampler (SIL-20A)
and a detector diode array (DAD) (SPD-M 20A).
Chromatographic separations were performed on a
C18 reversed-phase column (250 × 4.6 mm, 4µ),
Synergi Fusion-RP 80A (Phenomenex). The LC-MS
experiments were carried out in a micrOTOF II mass
spectrometer (Bruker Daltonics, Massachusetts, EUA)
equipped with an ESI source and interfaced to a
Prominence UFLC system (Shimadzu). MS data were
collected in positive ion mode.

Pesticides analysis after ozone treatment
Whole samples of wheat grains were analyzed
using SPE Strata-X column for clean-up step and LC/
DAD for detection, as per D’Archivio et al. (2007),
with some modifications. Briefly, each artificially
contaminated wheat sample was ground with LC-grade
acetonitrile (60 ml). The mixture was stirred for 1 min,
followed by filtration and cleaning by SPE Strata-X
column (previously conditioned with dichloromethane,
acetonitrile and milli-Q water). The column was washed
with LC-grade water:methanol (95:5, v/v) and the
pesticides were slowly eluted with 1 ml 100% LCgrade acetonitrile and 1 ml 100% LC-grade methanol.
The evaluate was evaporated to dryness using a heating
block at 40ºC with gentle nitrogen stream and the dry
residue was then redissolved with 500 µl mobile phase
(acetonitrile : acidified water 0.1% H3PO4, 50:50,
v/v for fenitrothion; acetonitrile : water, 92:8, v/v for
deltamethrin; and acetonitrile:water, 85:15, v/v for
bifenthrin and pirimiphos-methyl). The extract (50 µl) was

Artificial contamination of samples before ozone
treatment
About 50 kg wheat grains were collected from
vertical silos (stored for three months) in 2014
post-harvest, from Brazilian Agricultural Research
Corporation (Embrapa Wheat). Samples were received
after cleaning and drying (up to a maximum of 60ºC)
steps in the storage unit, packed in a polyethylene
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Table 1 Effect of gas ozone in the fenitrothion residue degradation in wheat grains with moisture content of 12% and 20% and
aw of 0.6 and 0.9
Wheat grains
humidity

Ozone gas
Time of exposure

Control (without O3)

Treatment (60 µmol/mol)

Reduction (%)

120
180

3.9 ± 0.1
4.6 ± 0.1

4.0 ± 0.07
4.0 ± 0.8

0
0

120
180

3.0 ± 0.3
3.3 ± 0.2

2.6 ± 0.2
1.6 ± 1.2*

0
54

Fenitrothion (mg/kg)

m.c.: 12%
aw: 0.6
m.c.: 20%
aw: 0.9

* Statistically significant when compared to Control group (P < 0.05) by Bonferroni post-test
Table 2 Effect of gas ozone in the deltamethrin residue degradation in wheat grains with moisture content of 12% and 20%
and aw of 0.6 and 0.9
Wheat grains
humidity

Ozone gas
Time of exposure

Control (without O3)

Treatment (60 µmol/mol)

8.4 ± 1.9
9.8 ± 1.0

1.4 ± 0.3*
1.5 ± 0.4*

Reduction (%)

Deltamethrin (mg/kg)

m.c.: 12%
aw: 0.6

120
180

m.c.: 20%
120
9.3 ± 1.4
1.2 ± 0.3*
aw: 0.9
180
10.7 ± 0.3
1.1 ± 0.1*
* Statistically significant when compared to Control group (P < 0.05) by Bonferroni post-test

injected onto the LC/DAD System set at wavelengths of
270, 233, 190 and 275 nm for fenitrothion, deltamethrin,
bifenthrin and pirimiphos-methyl. The mobile phase was
delivered at a flow constant rate of 0.8, 1.0 and 1.4 ml/
min for pirimiphos-methyl, fenitrothion and deltamethrin
and bifenthrin respectively.The dry residue of the samples
containing pirimiphos-methyl also was redissolved with

83
85
87
90

500 µl mobile phase LC-MS grade and inject into the
LC/MS MicrOTOF system.
Data were statistically analysed using analysis of
variance followed by Bonferroni post-test. The data
were expressed as mean ± standard deviation and
the values of P<0.05 were considered statistically
significant.

Table 3 Effect of gas ozone in the bifenthrin residue degradation in wheat grains with moisture content of 12% and 20% and
aw of 0.6 and 0.9
Wheat grains
humidity

Ozone gas
Time of exposure

Control (without O3)

Treatment (60 µmol/mol)

1.6 ± 0.1
2.0 ± 0.1

1.4 ± 0.1*
1.6 ± 0.4*

Reduction (%)

Bifenthrin (mg/kg)

m.c.: 12%
aw: 0.6

120
180

m.c.: 20%
120
1.3 ± 0.4*
1.5 ± 0.3
1.9 ± 0.2
aw: 0.9
180
1.0 ± 0.3*
* Statistically significant when compared to Control group (P < 0.05) by Bonferroni post-test.

0
0
0
47

Table 4 Effect of gas ozone in the pirimiphos-methyl residue degradation in wheat grains with moisture content of 12% and
20% and aw of 0.6 and 0.9
Wheat grains
humidity

Ozone gas
Time of exposure

Control (without O3)

Treatment (60 µmol/mol)

8.6 ± 1.9
9.3 ± 1.6

3.9 ± 1.0*
3.7 ± 0.6*

Reduction (%)

Pirimiphos-methyl (mg/kg)

m.c.: 12%
aw: 0.6

120
180

3.3 ± 0.8*
9.0 ± 1.3
11.7 ± 0.6
2.7 ± 0.9*
* Statistically significant when compared to Control group (P < 0.05) by Bonferroni post-test
m.c.: 20%
aw: 0.9

120
180
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55
60
63
77
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O3 gas

180 min of exposure with 20% m.c. and 0.9 aw (Table
3). On the other hand, in the same experimental
conditions, the pirimiphos-methyl residues showed
at 77% reduction (Table 4).
With the exposure times of 120 and 180 min, the
pirimiphos-methyl residues significantly reduced to
3.9 ± 1.0 mg/kg and 3.7 ± 0.6 mg/kg (Control: 8.6 ±
1.9 and 9.3 ± 1.6 mg/kg), indicating reduction of 55
and 60% in the wheat grains that presented lower m.c.
and aw (12% and 0.6). On the other hand, the grains
with higher m.c. and aw (20% and 0.9) exhibited a
decrease in pesticide contents to 3.3 ± 0.8 and 2.7
± 0.9 mg/kg with 120 and 180 min of O3 exposure
(Control: 9.0 ± 1.3 and 11.7 ± 0.6 mg/kg), reduction
being 63 and 77%.
The by-products of pirimiphos-methyl were
identified through different regions of chromatogram
by the LC-MS. It was possible to observe peaks at
278.1 and 306.1 m/z. The 306.1 m/z should correspond
to the [M+H]+ form of the remaining pirimiphosmethyl content, while the 278.1 m/z correspond to its
by-products (Fig 1). The reaction of this pesticide with
O3 gas is mainly related to H20 abstraction leading to
an N-dealkylated product, which MW=277.1 m/z and
an acetaldehyde molecule (Yang et al., 2015).
According to results, it was possible to observed
that the presence of higher humidity in the grains
enhances the O3 degradation effect, increasing its
efficiency even under shorter exposure times (Ikeura
et al., 2013). The humidity presence is important for
O3 reactivity with grain because the water solubilizes
O 3 and increases the contact between gas and
contaminated grains with pesticide residues.
Freitas et al. (2014) also reported that O3 was
effective in removing residues of bifenthrin and
pirimiphos-methyl. The highest efficiency was for
pirimiphos-methyl with degradation rate of 88%.
Other also reported potential of O3 in pesticide residue
degradation in grapes, citrus fruits and vegetables
(Gabler et al., 2010; Kusvuran et al., 2012; Ikeura et
al., 2013).
The concentration and exposition time of the O3
gas used in this study (60 µmol/mol, 120–180 min)
did not show significant changes of physical and
chemical characteristics of wheat grain, such as the
carboxyl and carbonyl content, X-ray diffraction, lipid
peroxidation, protein analysis, microstructural analysis
and finally seed germination (Savi et al., 2014). In
addition, Trombete et al. (2016) demonstrated that
ozonation, when applied under the conditions of 10
to 60 mg/l, from 2 to 5 h of exposure, also did not
cause any negative impact on the wheat quality, taking
into account parameters of alveography, as well as
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Fig. 1. By-product (278.1 m/z) formed after degradation of
pirimiphos-methyl by ozone gas treatment.

RESULTS AND DISCUSSION
The LC/DAD method for pesticides
chromatographic separation and the validation
parameters (linearity, limit of detection - LOD, limit
of quantification - LOQ, reproducibility, repeatability
and recovery) were quite adequate. Under the
chromatographic conditions the retention time (Rt)
was 14 ± 0.5 min, 6.0 ± 0.5 min, 9.0 ± 0.5 min and
4.2 ± 0.5 min for fenitrothion, deltamethrin, bifenthrin
and pirimiphos-methyl respectively. Linearity was
confirmed using the calibration curve for each
pesticide concentration, which was linear at 0.08–1
mg/l for fenitrothion and deltamethrin and 0.1–10
mg/l for bifenthrin and pirimiphos-methyl, with a
correlation factor equal to 0.991, 0.992, 0.996 and
0.998 respectively. The LOD and LOQ were 0.01 and
0.2, 1.2 and 1.4, 0.3 and 0.6 and 0.8 and 2.1 mg/kg
for the 4 pesticides respectively. The mean recovery
of the extraction method for the concentrations of 100
and 1,000 mg/l were 80 and 93, 82 and 85, 85 and 91,
88 and 98% respectively.
The fenitrothion content decreased significantly by
the O3 treatment (60 µmol/mol) only after 180 min of
exposure (54% of reduction), with m.c. of 20% and
aw of 0.9 (Table 1). However, the same O3 treatment
with a exposure time of 120 and 180 min, deltamethrin
residues significantly reduced to 1.4 ± 0.3 and 1.5 ±
0.4 mg/kg (Control: 8.4 ± 1.9 and 9.8 ± 1.0 mg/kg),
indicating a reduction of 83 and 85% in the wheat
grains that exhibited lower m.c. and aw (12% and 0.6).
On the other hand, the grains with higher m.c. and aw
(20% and 0.9) revealed reduction in pesticide to 1.2
± 0.3 and 1.1 ± 0.1 mg/kg with 120 and 180 min of
O3 exposure (Control: 9.3 ± 1.4 and 10.7 ± 0.3 mg/
kg), indicating reduction of 87 and 90% (Table 2).
The residues of bifenthrin decreased (47%) after
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farinography, gluten content, chemical composition,
mineral and sensory profiles.

Quim Nova 37: 238–243.
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Influence offumigation with high concentrations of ozone
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on table grapes. Postharvest Biological Technology 55:
85–90.
Giordano BNE, Nones J, Scussel VM (2012) Susceptibility
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contamination to ozone gas treatment during storage.
Journal of Agriculture Science 4: 1–10.
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and quality of persimmon leaves. Food Chemistry 138:
366-371.
Khadre MA, Yousef AE, Kim JG (2001) Microbial aspects
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Science 66: 1242–1252.
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chlorothalonil pesticide residues from citrus by
usingozone. Journal of Hazard Matter 241–242: 287–300.
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GB, Abzhalieva AB, Sarsembayeva NB, Alihan K
(2014) Pesticide residues in grain from Kazakhstan and
potential health risks associated with exposure to detected
pesticides. Food Chemistry and Toxicology 64: 238–248.
Mcdonough MX, Campabadal CA, Mason LJ, Maier DE,
Denvir A, Woloshuk C (2011) Ozone application in a
modified screw conveyor to treat grain for insect pests,
fungal contaminants and mycotoxins. Journal of Stored
Products Research 47: 249–254.
Savi GD, Piacentini K, Bittencourt KO, Scussel VM
(2014) Ozone treatment efficiency on F. graminearum
& deoxynivalenol degradation and its effects on
whole wheat grains (Triticum aestivum L.) quality and
germination. Journal of Stored Products Research 59:
245–253.
Savi GD, Piacentini K, Scussel VM (2015) Ozone treatment
efficiency in Aspergillus and Penicillium growth
inhibition and mycotoxin degradation of stored wheat
grains (Triticum aestivum L.). Journal of Food Processing
and Preservation 39: 940–948.
Scussel VM, Giordano BN, Simao V, Manfio D, Galvao
S, Rodrigues MNF (2011) Effect of oxygen-reducing
atmospheres on the safety of packaged shelled Brazil
nuts during storage. International Journal of Analytical
Chemistry 2011: 1-9.
Trombete F, Minguita A, Porto Y, Freitas-Silva O, Freitas-Sá
D, Freitas S, Carvalho C, Saldanha T, Fraga M (2016)
Chemical, technological and sensory properties of wheat
grains (Triticum aestivum L.) as affected by gaseous
ozonation. International Journal of Food Prop. doi:10.1
080/10942912.2016.1144067
Yang B, Wang Y, Shu J, Zhang P, Sun W, Li N, Zhang
Y (2015) Theoretical study onthe atmospheric
transformation mechanism of pirimiphos-methyl initiated
by O3. Chemosphere 138: 966–72.

CONCLUSION
The O3 gas treatment can reduce the pesticides
levels in the grains at efficient concentrations for
degradation, with no grain-quality alteration. As O3 gas
is internationally generally recognized as safe (GRAS)
and does not leave residues in food, could be a promising
method of decontamination in industries and storage
units during the wheat grain storage, in order to avoid
contamination and ensure food security to the consumer.
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Field and storage fungi inactivation and mycotoxins
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ABSTRACT

Grains and nuts controlling and decontamination strategies regarding fungi (field: Fusarium; storage:
Aspergillus/Penicillium) and mycotoxins (field: deoxynivalenol, fumonisins, zearalenone and storage:
aflatoxins, Ochratoxin A, citrinin) using ozone (O3) gas during storage were evaluated. Samples were
treated with O3 at different concentrations and exposure times keeping one as Control Group (C: no
O3). Fungi O3 susceptibility was evaluated by colony counting and mycotoxins determined by liquid
chromatography with different detectors, accordingly. The paddy rice (Oryza sativa L.), naturally fungi
contaminated exhibited their growth reduction (O3 treated 40 ppm; 30 min) to 99.9%. Similarly, O3 gas
decontamination behaviour was observed in stored wheat (Triticum aestivum L.) and maize (Zea mays
L.), including toxin in wheat. The O3 gas successfully inactivated fungi (A. flavus and A. parasiticus)
spores of whole Brazil nut day one after application. Aflatoxins were not detected in any of the gas treated
nut samples after the application (method LOQ: 1.34 μg/kg). The same occurred to cocoa beans. O3 gas
is internationally recognized safe and does not leave residues in food. It could be a promising method
for fungi inactivation and toxin degradation (either solely or in combination with other decontamination
methods) in storage units and industries to prevent food security and safety problems.

Key words: Cocoa, Fungi, Grains, Mycotoxins, Nuts, Ozone gas, Security, Safety
Food producing areas, worldwide, are mainly
concentrated in regions where excess rainfall and
high temperatures occur which induce biological
contamination (insects, fungi and mycotoxins). To
control these contaminants, pesticide application can
be performed both in the field and storage grains.
However, if applied inappropriately, it can also
turn as a contamination problem (pesticide residues
persistence). Moreover, some contaminants are
resistant to milling and heating processes and may
remain in the food products, thus can enter in the
food chain.
The increasing concern on environmental
safety and human health, has stimulated the
development and/or improvement of non-aggressive
food decontaminantion atmosphere in order to avoid
and/or minimize their application impact (Armor,
2Storage and Prototypes Drying Laboratory, Technological
and Exact Sciences Center, Western Parana State University, Jardim
Universitario, Cascavel, PR, Brazil.
*Corresponding author e-mail: vildescussel_2000@yahoo.co.in

1999; Giordano et al., 2012; Savi and Scussel, 2014;
Savi et al., 2014a; 2014b, 2015).
An oxidant, acceptable from the environmental/
health point of view must have the following
characteristics: (a) to react specifically with the living
organism/compound to be destroyed/degraded; (b) not
form toxic by-products (with toxicity equal to or higher
than the target contaminant) and (c) be easy to obtain
(Christ et al., 2016).
The green method that has been shown its
decontamination efficiency to post-harvest high (fruits/
vegetables) and low (grain/nuts/pulses) humidity
food, without leaving residue is ozone (O3), both as
gas and in the liquid form (Sarig et al., 1996; Kells et
al., 2001; Sharma et al., 2002, 2003, 2004; Di Renzo
et al., 2005; Bataller et al., 2002, 2012).
The aim of this study was to evaluate grain
and nuts controlling and decontamination strategies
with respect to fungi (field: Fusarium; storage:
Aspergillus/Penicilium) and some mycotoxins (field:
deoxynivalenol - DON, fumonisins - FBs, zearalenone
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Table 1
Food

Maize

Fungi inhibition by ozone gas in naturally contaminated and inoculated grains and nuts
O3 treatment

Concentration
(ppm)

Time
(min)

Flow
(l/min)

20/40/60

30/105/180

1.0

Storage
(days)

Fungi
TFC (CFU/g)

30

Inhibition
(%)

Genera and species
(isolated/identified/
studied)

Culture
media

NG

100

NP

PDA

F. graminearum

PDA

Initial

After O3

10×102

40/60

30/60/120/180

1.0

NA

48×10

ND

100p

40/60

30/60/120/180

1.0

NA

44×10

5.35×101

87.8

A. flavus;
A. parasiticus;
P. citrinum;
F. vrticilioides;
A. flavus; P. citrinum

PDA

Rice
(paddy)

10/20/40

30.0

1.0

NA

3×105

1.4×102

99.9

Aspergillus;
Penicillium;
Acremonium;
Alternaria

PDA

Brazil
nuts (inshell)

10

90.0

NI

NG

100

A. flavus; A.
parasiticus

PDA

10/14/31.5

180/300

NI

180

4.83 log

NG

100

A. flavus; A.
parasiticus

MEA

20/40/60

30/105/180

NI

30

5.6×102

NG

100

A. flavus

PDA

Wheat
(whole)

Cocoa
(postferment)

1/30/60 1.83×104

NP, not performed; NI, not informed; NG, no growth; PDA, potato dextrose agar; MEA, malt extract agar;TFC, total fungi count.

– ZON and storage: aflatoxins - AFLs, ochratoxin A
- OTA, citrinin - CTR) using ozone (O3) gas during
storage.

F. graminearum

MATERIALS AND METHODS
Decontamination trials were performed in pilot
silos loaded with respective grains (paddy rice, whole
wheat, maize) and nuts (in-shell Brazil nuts and postfermentation drycocoa).
They were divided into two main Groups: O3
treated and control (no O3), which were timing exposed
to gas treatments at different concentrations (Tables
1 and 2).
Fungi susceptibility to O3 was evaluated by colony
counting (total spores load on grains/nuts) according
to APHA (1999) and mycotoxins (DON, FBs, ZON
and storage: AFLs, OTA, CTR) determined by liquid
chromatography with different detectors, accordingly
(Scussel et al., 2011; Giordano et al., 2013; Savi
et al., 2014a, b). Fungi microscopic degradation
(spores germination inhibition) and gas effect on
grain (germination and lipid oxidation) were also
investigated (Savi and Scussel, 2014; Savi et al., 2015).

a.1

a.2
A. flavus

b.1

c.1

RESULTS AND DISCUSSION

P. citrinum

b.2

c.2

Fig 1. Effects of ozone gas (60 µmol/mol, 120 min
exposure) on fungi conidia germination. [Conidia
germination of groups control (a.1, b.1 and c.1) and
treated (a.2, b.2 and c.2)]

Tables 1 and 2 show the O3 treatment conditions,
storage days and its effect on fungi and toxins,
respectively. While the naturallyfungi contaminated
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Table 2. Aflatoxins and others mycotoxins degradation in naturally contaminated and inoculated grains and nuts
Food
Type

Toxins

O3 treatment

Weight AFLs initial (µg/kg)
(kg)

Silo
(L)

Artificial

Natural

Bulk

AFLs

Conc Time Storage
(ppm) (min) (days)

Method applied

Degradation (µg/kg)

Inctiva- Detection
tion
(%)

LOD*
and
LOQ**

AFB1 AFB2 AFG1

AFG2

AFL
stotal

12.51 41.06 47.96

37.81

42.90
(CTR)

94.6
/ 84.5
80.0/
81.0

LC/
FLD

0.26 &
3.1 /
0.002 &
0.02 /
0.28 &
1.41 /
0.005 &
0.03

Wheat
(whole)

0.35

231.9
/265.8
239.9 /
199.4

NA

2

40/60

30 –
180

NA

Brazil
nut (inshell)

10

NA

10.6

0.26

10

90

1.0–60

NI

NI

NI

NI

<0.36

100

LCMSn

NI / 0.36

2

NA

5.2

14.1

14/
31.5

60 –
300

1.0–
180

ND

ND

ND

ND

ND

100

LC/
FLD

NI &
0.5 / NI
& 0.17 /
NI & 0.5
/ NI &
0.17 /NI
& 1.34
AFGtotal

0.35

1065.10

DON

2

40/ 60 30 –
180

NA

NA

NA

NA

NA

NA

100

LC/
UV

67 / 119

0.35

173.5

CTR

2

40/ 60 30 –
180

NA

37.81

42.90

75.3

LC/
FLD

0.2 & 1.2
CTR

Other Toxins
Wheat
(whole)

12.51 41.06 47.96

AFLs, Aflatoxins; LOD, limit of detection; LOQ, limit of quantification (AFB1; AFB2; AFG1; AFG2 respectively); LC/FLDMS-UV, liquid chromatography with fluorescence or mass or ultraviolet detectors; DON, deoxynivalenol; CTR, citrinin; NA,
not applicable; &, and

paddy rice showed fungal growth reduction after O3
application (40 ppm; 30 min) to 99.9% (from 3×105
to 1.4×102 CFU/g), the field (Alternaria) and storage
(Aspergillus, Penicillium) fungi were still detected and
growing in Group C.
Similarly, O3 gas behaviour was observed for
stored wheat and maize decontamination. Regarding
wheat, the gas also showed strong effect on conidia
(fungi spores) germination as seen in Fig1 for field
and storage (Fusarium graminearum, Aspegillus flavus,
Penicillium citrinum) and on different mycotoxins
(DON, ZON, FBs and CTR) degradation.
The whole in-shell Brazil nuts at O3 concentrations
(10, 14, 31.5 ppm) and time (5 h exposition) was
able to successfully destroy fungi to NG (no grow),
including the A. flavus and A. parasiticus species,
since day one after application. Independent of the
O3 concentrations applied, AFLs were not detected
in any of the gas treated nut samples since day one
of application up to the method LOQ of 1.34 μg/kg.

The natural toxin contamination level was low (ca. 5
ppb). The same occurred to cocoa beans.
CONCLUSION
As O3 gas is internationally recognized safe
and does not leave residues in food, it could be a
promising method for fungi and toxin inactivation
and degradation (either solely or in combination with
other decontamination methods)in storage units and
industries to avoid problems of food security and safety.
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Antifungal efficiency of ozone on cocoa beans (Theobroma cocoa)
inoculated with Aspergillus flavus
H H KREIBICH, D CHRIST, J SILVA, S GIOVANA, MARIA, V M SCUSSEL*
Laboratory of Mycotoxicology and Food Contaminants, Food Science and Technology Department,
Center of Agricultural Sciences, Federal University of Santa Catarina,
P.O. Box 476, Florianopolis, SC, Brazil
ABSTRACT

The antifungal properties of ozone (O3) gas on Aspergillus flavus L. strain inoculated in dry
cocoa beans (Theobroma cocoa L.) was investigated by applying a factorial design (22), with
gas concentrations of 20, 40 and 60 µmol/mol, exposure times of 30, 105 and 180 min and 30
days storage. Trials were carried out with two main cocoa groups, viz. Control group (C –no gas
treated) and O3 treated group (I, II and III - for the 3 gas concentrations, respectively). The O3
gas was applied into the silos through an inlet aperture, left standing inside the silos (for three
exposure times) and then cocoa portions had the gas antifungal efficiency, humidity and lipid
stability variation measured (both, just after application at day zero and after 30 days of storage).
As expected, a fungal reduction was observed with the increasing of the O3 concentration (Groups
I to III) and gas exposure time. The response surface showed a 88% inhibition in spores of A.
flavus immediately after the maximum gas concentration and time of exposure reached cocoa
beans, followed by total inhibition as the time of storage increased (when compared to Group
C). The cocoa moisture content (previous 6.7%) reduced after treatment (6.1%) and the O3 gas
conditions showed no lipid oxidation in cocoa bean during the storage period. In the present study,
the most effective treatment obtained was in group III (60 μmol/mol concentration) at the longer
O3 exposure (180 min), as the response surface revealed 100% inhibition in spores of A. flavus.
Key words: Aspergillus flavus, Cocoa, Contamination, Ozone gas, Theobroma cocoa
Cocoa (Theobroma cocoa L.) trees are grown in
very warm and humid tropical climates— environment
that allows their proper growth and development of
desirable fruit/seed composition. However, these
conditions (high temperature and humidity) may lead
to spoilage and toxigenic growth of fungi (Ostovar and
Keeney, 1973; Schwan and Wheals, 2004; Kreibich
et al., 2014, 2016 a,b). Apart from their deteriorative
influence and consequent reduction in cocoa bean and
chocolate sensory-quality, the presence of toxigenic
fungi strains is also of health concern (regarding toxins
formation). Aspergillus, Penicillium and Fusarium
produce toxic secondary metabolites (mycotoxins) in
food. Several of them are mutagenic, teratogenic, and
carcinogenic for humans and animals (IARC 1993,
Scussel 2002, 2004).
*Corresponding author e-mail: vildescussel_2000@yahoo.co.in

Decontamination methods that apply heat
(sterilization) can cause the development of undesirable
compounds, nutrient loss, toxic side reactions and
changes in the physical, mechanical and chemical
properties. Therefore, there has been a growing interest
on developing different procedures, such as ultraviolet
radiation or the application of microwaves, which are
expensive treatments, lead to food alterations and low
consumer acceptance (Copetti et al., 2011, Codex
Alimentarius Commission 2013).
A green method that has been studied, showing
good results is the application of ozone (O3) (Calvo
et al., 2007; Savi and Scussel 2014; Savi et al., 2014
a,b; Savi et al., 2015; Christ et al., 2016). The O3 gas,
besides sanitizing stored grains and nuts, is robust
and safer than the conventional procedures and acts
on a large number of microorganisms (Graham et
al., 2011; Giordano et al., 2011; 2012). It controls
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Table 1 Factors levels applied in the cocoa ozone gas and exposure time experimental design
Factora
O3 concentration (µmol/mol)
O3 exposure time (min)
aozone, b

factorial design

Levels (2)b

Symbol
O3
T

-1

0

+1

20

40

60

30

105

180

(22)

Table 2 Levels of ozone Aspergillus flavus spores decontamination in dry cocoa bean at different gas and time conditions

O3a treatmentb
Concentration
(µmol/mol)

Time
(min)

20e
60g
20 e
60 g
40f
40 f
40 f

30 e
30 g
180 e
180 g
105f
105 f
105 f

Aspergillus flavus
Countc (×10 CFU/g)
Reductiond (%)
Control*
Zeroδ
30th
56
37
55
42
51
39
53
40
51
47
50
43
53
35

O3 treatment
Zeroδ
30th
25
5
14
2
16
3
7
NG**
17
2
20
2
18
1

Storage (Day)
Zeroδ
30th
55.4
86.5
74.5
95.2
68.6
92.3
86.8
100.0
66.7
95.7
60.0
95.3
66.0
97.1

Humidity
m.c. (%)
Zeroδ 30th
6.0
6.3
6.9
6.4
6.8
6.4
7.5
5.7
6.4
6.3
6.5
5.5
6.9
6.2

Zeroδ
0.61
0.61
0.49
0.52
0.53
0.56
0.51

Aw

30th
0.66
0.65
0.61
0.60
0.53
0.57
0.61

aozone; b,

II;

gGroup

22 factorial design; cmean; defficiency; mc, moisture conten t; aw, water activity; eGroup; I fGroup
III; *no gas treatment; **no growth; δDay

fungal growth, degrading mycotoxins and pesticide
residues in raw and processed foods, either at postharvest stage or in the industry (without reducing the
nutritional value) (Ong et al., 1996; Mendez et al.,
2003; Tiwari et al., 2010; Mcdonough et al., 2011;
Scussel et al., 2011; White et al., 2013; Savi and
Scussel 2014; Savi et al., 2015).
Considering the difficulty that dry cocoa bean
producers and importers face on fungi development
during storage and long-term transport (ship), an
experiment was conducted to study the O3 gas
atmosphere as a method for inactivation of A. flavus
(at different concentration and time of exposure) during
storage of dry post-fermentation cocoa beans.

by measuring each sample in the Aqua lab apparatus at
25°C, and rancidity according to the official method of
the Ministry of Agriculture (MAPA, 1981).
The main effects and the interactions of variables
on responses, determining the significant factors (P <
0.1) and adjusting a model (Eq. 1) to correlate variables
and their responses. The significant coefficients of the
model were evaluated by the “t” test, and the data
were subjected to an analysis of variance (ANOVA)
to verify the statistical validity and predictive ability
of the models obtained for the answers.
y = b0 + bi Xi + bjXj + bjXiXj

(Eq.1)

where b0, mean/intercept; bi, bj, bij, the model of regression
coefficients; Xi, O3 concentration and Xj, exposure time:
independent factors evaluated in coded values.

MATERIALS AND METHODS
The samples dry post-fermentation cocoa beans (14
kg from 2014 harvest) were utilized for study. Antifungal
property of O3 gas was investigated by applying a
factorial design (22), utilizing gas concentrations (20,
40 and 60 µmol/mol), time of exposure (30, 105 and
180 min) and 30 days storage. Trials were carried out
with two main Groups of cocoa (O3 treated: I, II and III
for each gas concentration, respectively and Control:
C– not gas treated), as per Giordano et al. (2011). The
humidity (m.c.) was determined by the AOAC gravimetric
method 31.1.02 (AOAC, 2005), water activity (a.w.)

RESULTS AND DISCUSSION
The data obtained after O3 treatment showed
that the gas reduced the load of fungal spores and
inactivated the spores. It was dependent on the
concentration and time of exposure applied. Effect of
O3 gas on total fungal load on cocoa beans (Groups I,
II and III) was evaluated at day 0 and after 30 days of
storage, together with humidity (m.c., aw) under the
factorial design (22), and are shown in Tables 1 and
2 and Fig. 1 and 2.
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(a)

(b)

Fig. 1. Response surface of O3 concentration (20, 40, 60 µmol/mol) and time of exposure (20, 105, 180 min) in cocoa
Aspergillus flavus inoculated on (a) total load (CFU/g) inhibition and (b) total reduction (%) at day zero.

Effect of O3 gas on total load of A. flavus
CFU/g reduction (Day zero): The effect of O3
gas on the fungi spore inactivation (CFU/g) showed
good reduction in spores since the effect at day zero,
was significant. An increase in the concentration of
O3 from 20 to 60 µmol/mol decreased fungi spores
(Table 2). Increase in the cocoa bean ozonation time
(from 30 to 180 min) also showed fungi reduction. The
mathematical model (Eq. 1) to estimate the total counts
in CFU/g depending on the O3 concentration (bi=5.0),
the exposure time (bj=4.0) and mean (b0=16.7) was
found to be predictive test by “F”, with a correlation
coefficient (r2) of 0.89. The surface response (Fig 1a)

represents the model.
Efficiency: The fungal spore inactivation efficiency
of the O 3 was significant. Increasing the gas
concentration (from 20 to 60 µmol/mol) increased
the fungal strain degradation of 18.7%. Similarly,
increasing the exposure time of ozone (from 30 to 180
min) decreased A. flavus degradation, i.e. 86.8% when
compared to Group C (Table 2). The mathematical
model for estimating the gas efficiency depending
on the O3 concentration (bi=9.4), the exposure time
(bj=6.4) and mean (b0=68.3) was found to be a
predictive by the test “F”, with a correlation coefficient
(r2) of 0.82. The surface response represents the model

(a)

(b)

Fig. 2. Response surface of O3 concentration (20, 40, 60 µmol/mol) and time of exposure (20, 105, 180 min) in cocoa
Aspergillus flavus inoculated on (a) total load (CFU/g) inhibition and (b) total reduction (%) at day 30.
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(Fig 1b). Our results confirm the findings of Ciccarese
et al. (2007), Scussel et al. (2011), Alencar et al. (2012),
El-Desouky et al. (2012), Giordano et al. (2012), Savi
et al. (2014b) in other food types (peanuts, Brazil nuts,
pea and wheat).
CFU/g reduction (day 30): The effect of O3
concentration (-3.0) and exposure time (-2.0) on
fungal spore inactivation was significant. Increase
in the concentration of O3 from 20 to 60 µmol/
mol, resulted in a reduction from 4.0 × 10 to 1.0 ×
10 CFU/g, (3 × 10 CFU/g spores destruction) and
then with an increase of the ozonation time (from
30 to 180 min), there was also a reduction from 3.5
× 10 to 1.5 × 10 CFU/g. The mathematical model
for estimating the total counts depending on the O3
concentration (bi=1.5), the exposure time (bj=1.0)
and mean (b0=2.14) was found to be predictive test
by “F”, with a r2 of 0.88. The surface response (Fig
2a) represents the model.
Efficiency: After 30 days of storage, the viable
spores reduced 5.6% (Concentration O3) and 3.3
(Time), (significant for the “t” test). Increasing the
concentration of O3 from 20 to 60 µmol/mol increased
the efficiency of 5.6%. In addition, also with the
longer ozonation exposure time (from 30 to 180 min),
it registered spore inactivation efficiency (increasing
3.3%), i.e.100% degradation compared to Group
C (Table 2). These findings confirm the results of
Ciccarezi et al. (2007), Giordano et al. (2011, 2012),
Alencar et al. (2012), El-Dzouky et al. (2012), Savi
et al. (2014b) in nuts and grains. The mathematical
model for estimating the efficiency depending on the
concentration of O3 (bi=2.8), the exposure time (bj=1.7)
and mean (b0=95.9) was found to be predictive test
by “F”, with a r2 of 0.88. The surface response (Fig
2b) represents the model.

of 0.55 after the O3 treatment and 0.6 after 30 days
of storage, did not differ between treatments in both
periods of time (P <0.1).
Lipid stability to O3: The data obtained with Kreiss
test indicated that O3 treated cocoa showed no lipid
oxidation. The analysis was repeated after 30 days of
storage, and the samples, again showed no rancidity
development. Others studies on O3 decontamination
utilizing products containing high lipid contents (Brazil
nuts and peanuts) also reported no changes in lipids
stability (Scussel et al., 2011; Giordano et al., 2012;
Alencar et al., 2011; Chen et al., 2014).
CONCLUSION
Aspergillus flavus can be efficiently destroyed by
the O3 gas under the conditions of 60 μmol/mol and
180 min. No lipid oxidation was recorded within the 30
days after the O3 application. The effect of increasing
O3 concentration was higher than the increase on
exposure time for the destruction of A. flavus in the
cocoa beans substrate. Perhaps this is the first work
that has assessed the effect of O3 on A. flavus in cocoa.
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Effect of ozone gas on water activity conditions during extruded food
storage and fungi spores inactivation
J R SILVA*, C E SOARES, H H KREIBICH, M N PEREIRA, G S MARIA, C RUNTZEL, V M SCUSSEL
Santa Catarina Federal University, 476, Florianopolis – SC, Brazil
ABSTRACT

The antifungal properties of ozone (O3) gas exposure, as well as its use to control/reduce
water activity (aw) were evaluated in stored-extruded food. The O3 gas was applied at two
concentrations (40 and 60 μmol/mol) and exposure times (60 and120 min) then stored for three
months. Samples were collected at day zero, and each 30 days of storage. It efficiently inhibited
the fungi colonies development (to NG: no growth), led to slight sample aw reduction (0.62 to
0.58) as well as m. c. (8.85 to 7.99%). Regarding the food extrusion characteristics and moist
release during gas application and through the storage, it was observed that factors such as (a) the
extrusion process pores/bubbles formed (number/size/distribution) and the (b) gas flow stream
applied, behaved as moist (a) channels release and (b) transport mean respectively. In contrary,
the lipid content (a final product fat coating applied) had an opposite moist effect by blocking
some of those pore channels. The current experiment showed that O3 gas atmosphere was effective
in controlling fungi growth (antifungal propriety) which is one of the main problems associated
to food deterioration, as well as moist reduction (m.c. and aw) parameters that are used by the
extruded food industry to extend the shelf life and reduce deterioration of the final products.
Key words: Extrusion, Fungi, Ozone, Storage, Water activity
There has been a constant search in the food
industry to apply processes that prolong shelf life. The
techniques that prevents and/or slows down spoilage
are a combination of parameters (mainly reduction of
water activity – aw and moisture content –m.c.), which
may act synergistically to inhibit or retard the growth
of microorganisms (fungi, yeast, bacteria). The main
processes known are heating, pressure (both inactivate
enzymes and destroy living organisms) and/or modified
atmospheres (gases application), either separately or
in combination (Leistner, 1992).
The development of fungi is one of the major
problems of stored vegetable based dry foods, despite
whether they are raw or processed. It is known that
fungal spores are much more resistant to adverse
processes and storage conditions (moisture and
temperature) than its vegetative (mycelia) form.
However, when exposed to adequate conditions, they
can develop (even the field ones – Fusarium genera)
*Corresponding author e-mail: vildescussel_2000@yahoo.co.in

leading to deterioration of stored-food (Lorini, 2008).
Starchy vegetables, such as cereals (rice, maize,
wheat, barley and oats) have been utilized as ingredients
(energy source) in mixed/extruded food and reported
susceptible to fungi deterioration during storage. That
condition lead to quality and safety reduction, including
possible toxins production if toxigenic strains are
present (Scussel et al., 2011).
The extrusion process is a technique applied by
the food industries (both for human and animal) in
order to alter texture, facilitate nutrients absorption
and improve flavour. The extrusion also keeps and
improves food safety regarding m.c. and aw reduction
(< 9%).Therefore it prolongs the storage period by
slowing down growth of microorganisms and food
deterioration (Krabbe, 2009). Extrusion is considered
a high-temperature and short-time (HTST) process,
combined with pressure, moisture and mechanical
work. The food standing time in the extruder is from
1 to 2 min. When high pressure is applied to the food
in a short time, it can influence the characteristics of
final product such as size pores (empty spaces) and
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nutritional profile (Bhandari et al., 2001).
Ozone (O3) gas is a known powerful oxidizing
agent and disinfectant. It has been studied to
improve food quality and avoid quantitative losses by
microorganisms spoilage (Palou et al., 2002; Savi and
Scussel, 2014; Christ et al., 2016; Kreibich et al., 2016).
Some studies have reported O3 m.c. reduction, however
the most important humidity factor (microorganisms
growth wise) is the aw (inherent to food compounds
water bound).
Considering that there are no reports in the
literature to our knowledge on the O3 gas application
in extruded pet foods (a high pressure -34–37 atm and
temperature - 120°C cooked vegetable and animal
ingredients mix) as a decontamination method, the
aim of this study was to investigate that effect of gas
on extruded dogs food aw in controlling development
of fungi spores at the day of application (day zero)
and throughout the storage period.

100 mm

50 mm

250 mm

150 mm

MATERIALS AND METHODS
Sample
Extruded dry food (kibbles) for dogs, sold in bulk
(5 kg) with m.c., aw and fungi load of 8.85%, 0.62 and
2×10 CFU/g respectively. Table 1 shows the ingredient
types, their decreasing quantity of inclusion order and
the proximate composition.

Fig. 1. Ozone treatment silo scheme, showing the lower
(gas inlet) and upper (gas outlet) openings with
dimensions

Pilot silos
A total of 7 silos built with polyvinyl chloride
material, dimensions of 250 mm × 100 mm (height
× diameter respectively) and two openings: one for
O3 gas inlet at the bottom of the silo and the other to

Sample preparation for O3 application
Different portions (25g) of dry extruded food
were separated for the O3 gas application and further
storage. They were divided into three Groups as: I and
II Group (O3 treated, at concentrations of 40 and 60

exit at the top of the silo (Fig. 1).

Table 1 Animal and vegetables ingredients of extruded food and its proximate composition
Food group

Extruded food ingredients
Type

Product

Group

    Proximate composition
Ordera

Parameter

(%)

Animal
Meat

Flour

Protein

1

CPc

17.82

Viscera

Meal

Protein

2

EEHAd

7.16

6

CFe

2.42

MMf

11.71

MCg

8.33

Chicken

Oil

Lipid
Vegetable

Cornb

Ground

Carbohydrate

5

Rice

Broken

Carbohydrate

4

Bran

Fibre

8

Bran

Fibre

7

Ground*

Carbohydrate

3

Ground

Carbohydrate

9

Wheat
Beans
aDecreasing

quantity of inclusion order (1-12); bwhole; ccrude protein; dether extract in acid hydrolysis; ecrude fiber; fmineral
matter; gmoist content; *pre-cooked (biscuit)
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SURFACE O3 TREATED

Smooth oily
surface

Ingredient
particles

small size
pores

CROSS SECTION

moist

Kibble outer
oily surface

Large size
pores
extrused
ingredients

pores

moist
kibble cross
section

moist

pores
(a.1)

Starch
gelatinized

(a.2)

(a) Stereo microscopy

SURFACE O3 TREATED
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Ingredient
particles
Moist
release
small & homogeneous

Vegetable ingredient
particles
Starch gelatinized

pores (distribution)
(b.1)

(b.2)

(b) Scanning electron microscopy

Fig 2. Extruded kibbles ozone treated micrographs (a) stereo (a.1) surface and (a.2) cross section [5/7 ’×’] and (b) scanning
electron (b.1) surface and (b.2) cross section [30 ‘×’].

Water activity and moisture content determination
Water activity (aw) of sample portions was
measured utilizing an aw Meter (at 25ºC) according to
Aqualab (2011) and the moisture content (m.c.) was
measured by the gravimetric method as described by
AOAC (2005).

ppm, respectively, n=2) for two gas exposure times
(60 and 120 min, each) and C Group (Control, no O3
treated, n=1).
O3 treatment
The gas was applied according to Giordano et
al. (2012). Briefly, by connecting the ozonator at
the lower silo opening (gas inlet) O3 was allowed
to pass through the extruded food samples inside
(with its exit at the top gas outlet), until reaching the
pre-established O3 concentrations. After application,
silos were completely closed and stored for 90 days
(at room temperature). [The O3 gas concentrations
measurement was carried out by titration (iodine
test) according to APHA (1999) in the O3 generator
output.]

Mycological tests
The colonies enumeration technique was applied
to evaluate fungal total load according to Silva et al.
(2010). The results were expressed as colony forming
units per gram (CFU/g).
Stereo microscopy (SM) and scanning electron
microscopy (SEM)
Sample of whole kibbles were cut in cross and
length sections with a thin saw for SM observation
(pores characterization and distribution) and after 40
nm layer gold coated, they were SEM evaluated (pores
dimensions and ingredients identification) (Scussel et
al., 2012).

Sample collection
Samples were collected just after the gas
application (day zero), and after 30, 60 and 90 days
of storage for analysis.
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Table 2 Ozone gas effect on water activity, moisture content and fungi inhibition in extruded food for dogs
O3 treatmenta

Humidity

Total fungi load (× 10 CFU/g)

awb/mcc
Group

I

40

II

60

Control
aOzone

Conc. Time Prior gas
(µmol/ (min) treatment
mol)

No O3

Day
Zero

Storage (Day)
30th

60th

90th

Prior gas Day
treatment Zero

Storage (Day)
30th 60th 90th

60

0.62/8.85 0.60/8.01 0.61/8.76 0.61/8.77 0.63/8.82

NGd

NG

NG

NG

120

0.58/7.99 0.58/8.74 0.59/8.74 0.60/8.75

NG

NG

NG

NG

60

0.58/8.00 0.58/8.66 0.60/8.68 0.64/8.80

NG

NG

NG

NG

120

0.57/7.98 0.58/8.53 0.62/8.56 0.62/8.78

NG

NG

NG

NG

20

60e

NAf

0.62/8.84 0.62/8.85 0.63/8.88

2.0

2.0

2.0

2.0

120e

NA

0.62/8.84 0.62/8.84 0.63/8.86

2.0

2.0

2.0

2.0

gas; bwater activity; cmoisture content; dno grow; eair; fnot applicable

Antifungal properties
The O 3 gas also efficiently inhibited the
development of fungal colonies from 2.0 CFU/g to NG
(no growth) throughout the storage period (Table 2).
It is important to note that there are no reports on O3
gas application in extruded food as a decontamination
method. However, O3 gas has been used in food
and grains for that purpose. Giordano et al. (2012)
observed the destruction of fungi 4.83 CFU/g to NG,
in Brazil nuts, corroborating our results. In another
study, O3 gas was effective against the growth of fungi,
especially after 120 min at concentration of 60 µmol/
mol in wheat grains (Savi and Scussel, 2014). Several
studies have shown that the O3 gas reduces fungal
population, corresponding to an effective method for
grains disinfestations and disinfection (Guzel-Seydim
et al., 2004; White et al., 2010). Due to powerful
oxidizing capacity, the O3 gas is very effective in
destroying microorganisms and, target organisms has
reduced chance to develop resistance to O3 across
(Khadre et al., 2011).

RESULTS AND DISCUSSION
Data obtained from the O3 gas applications effect
on extruded food aw and antifungal proprieties, showed
some moist release and effective fungi inactivation.
Tables 1 and 2 present the gas effect on humidity (aw
and m.c.) with fungal load control and Fig. 2 the SM
and SEM dry extruded food characteristics that can
induce moist release.
O3 effect on extruded food humidity and antifungal
properties
Extruded food fungal growth is inhibited at
aw lower than 0.60, which can be controlled with
drying. The same for m.c. (≤ 10%) in order to prevent
undesirable microorganisms growth, such as fungi
and yeasts (Andersson and Hedlund, 1990). However,
excessive drying can result in ingredients loss such as
antioxidants and other thermolabile components thus
reducing the palatability and needs to be controlled
(Krabbe, 2009; Rokey et al., 2012).
Food humidity: In the present study, aw was of
0.62, slightly higher prior O3 application; however, it
reached 0.58 after that. The same happened for m.c.
(8.85 to 7.99). By using O3, the aw and m.c. parameters
remained below the recommended, thus safe fungi
wise. The application of O3 gas in controlling those
moist parameters was reported by Rodrigues et al.
(2015) and reported the effects of modified atmosphere
(O3) application on rice (Oryza sativa) mycobiota and
the distribution of moist (aw and m.c.) to enhance
the safety during storage. From applications of three
different O3 concentrations (10, 20 and 40 mg/l) for
1.6 minutes of ozonized gas stream over 30 min rest,
the m.c. and aw showed slight reductions from 0.67
to 0.63 and 12.03 to 11.61%, respectively.

Effect of O3 on extruded food characteristics and
humidity alterations
Extruded food composition versus lipid content
and coating : As for humans, the main nutrients to
sustain life and optimize the performance of pets
include proteins, fats, carbohydrates, fibre, vitamins
and minerals (França et al., 2011). Table 1 shows
the extruded details of food ingredients and the
proximate composition. Regarding proteins, these
nutrients come from meat (bovine/pork/fish/poultry
– flour) and eggs (powder). The samples utilized in
the current study had 17.8% protein, accomplishing
the recommended level, which is easily extrusion
cooked. The carbohydrate content (energy source) that
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suffers gelatinization during extrusion (aggregates/
encapsulates other ingredients) is present in high
percentages (40 to 55). They come from cereals such
as corn (plain and extruded grain, starch and germ
meal), rice (whole, broken grain), sorghum [Sorghum
bicolor (L.) Moench], wheat (Triticum aestivum L.)
(bran) and barley (Hordeum vulgare L.) (whole grain)
(Twomey et al., 2003). Despite that, the current study
samples had in its composition only corn (ground),
wheat (bran/ground) and rice (broken/bran) – highly
susceptible fungi deterioration/contamination.
Regarding lipids (fat/oil), they play important
functions on dogs extruded food, as they provide
energy, essential fatty acids and taste. According to
Willard (2003), animal lipids are more palatable than
the vegetables ones, being most of them from chicken
(saturated fatty acids) and fish (poli-unsaturated fatty
acids). As far as lipid content and humidity release are
concerned, samples utilized present 7% lipid, which
are added as a fluid fat coating (called chicken oil) at
the extrusion process end (Carciofi, 2008).High lipids
levels (≥ 6 to 7%) control expansion of extruded food
(the reason of adding them at the final step) (AAFCO,
2003; Cheftel, 1986). The fat coating behaves as a
protection layer for humidity loss. It was observed
that when the kibbles surface was applied with lipid
led to some pore/bubbles blockage (reducing moist
release/fungi spores development).
Extruded food morphology and humidity release:
Depending on the ingredients composition, extruded
foods may have different texture properties, such
as airiness, crispiness and hardness. Fig. 2 shows
the ingredients (vegetables and animals) alterations
post-extrusion (morphology) and the pores/bubbles
(crunchy/crispness characteristics) formation.
Carbohydrates × humidity – The expanded starchy
material is inversely proportional to the extruded
humidity. The water has an opposition effect on
expansion, acting as a starch material plasticizer
(reduces viscosity and dissipates mechanical energy) in
the extruder (Ding et al., 2005).The product becomes
denser and bubbles formation is reduced. In a study,
increasing water level in the cooking dough resulted
in more fluid, compromising the starch gelatinization
(decreased the dough bubbles, lead to more compact
and dense kibble, thus harming the texture and
crispness (Murakami, 2010). It is important that the
kibbles oil bath is carried out while they are still hot
(Riaz, 2003; Rokey et al., 2012). The Fig. 2 shows
the difference among the pores/bubbles produced on
the surface (oil coated) and inside kibbles (low lipid
content). They were of smaller size (mean: 232 µm
×120 µm, length × width respectively) than the ones

extrusion produced inside the kibbles (mean: 435 µm
× 250 µm).
CONCLUSION
The effect of concentration and time of O3 gas
treatment were found effective on the extruded food
on the main inner moist condition (food substrate wise)
to control fungi growth start up (spores development).
These findings can contribute to the prevention of
microorganisms, thus improvement of extruded food
safety. O3 gas may be a promising green method to be
applied in the storage and packaging of such a food
type. This is the first work regarding usage of O3 gas
application in extruded dogs food as decontamination
method.
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Application of ethyl formate with nitrogen in controlling fruit and
vegetable insect pests in perishable commodities
J O YANG1*, M G PARK1, Y C JEONG2, B H LEE2
1Animal

and Plant Quarantine Agency, Gimcheon, Republic of Korea
ABSTRACT

Ethyl formate fumigation, as an alternative of methyl bromide has been developing and
commercializing on exported and imported fruits and vegetables in Korea. Fumigation with
cylinderized ethyl formate, with relatively short exposure fumigation time, shows effectiveness
against target pest and less damage to the commodities than methyl bromide. However, to
expand its commercial use to various commodities, costs of fumigant and fumigation need to be
competitive to current methyl bromide treatment. In this paper, we report that new application
technology of ethyl formate (Fumate) was applied with specially designed vapourizer with
nitrogen as a carrier gas. This new technology showed reduce fumigation costs and was found be
safe to fumigator as well as protect ozone layer and resulted in reduced greenhouse gas (carbon
dioxide) emission.
Key words: Ethyl formate, Fruit and vegetable fumigation, Nitrogen, Quarantine
Methyl bromide (MeBr) is a fumigant which is
broadly used in quarantine and pre-shipment (QPS)
in South Korea. However, due to ozone depletion
properties, it has been slowly replaced by other
chemicals such as ethyl formate (EF), phosphine
gas (PH3) and combination treatment EF with PH3,
which was recently used on imported pineapples in
Korea. Moreover, MeBr fumigation has revealed
acute and chronic health impact on fumigators and
related workers during fumigation and post-fumigation
process especially at low temperature (< 13°C) because
MeBr slowly released from fumigated commodities
at cooling storage and packing place and due to
inadequate ventilation process. For this reason, Animal
and Plant Quarantine Agency in Korea recommended
safety guidelines, such as extension of aeration time
and improving ventilation facilities, etc. to fumigator
and related worker.
Ethyl formate (EF), one of the alternatives, has
been developed as stored dry fruit fumigant in Australia,
and its successful use had been reported in Australia
and South Korea since 1980 (Agarwal et al., 2015,
2Institute

of Agriculture and Life Science, Gyeongsang,
National University, Republic of Korea
*Corresponding author e-mail: Joyang12@korea.kr

Lee et al., 2016). The advantage of use of EF is its of
short fumigation period, low toxicity on mammals and
environments, and rapid breakdown with no residues
(Haritos et al., 2003; Lee et al., 2016). Moreover,
The Food and Drug Administration (FDA, 2004) has
reviewed the use of EF as a flavouring agent and has
generally recognized it as safe (GRAS). Though high
dosage of EF treatment caused slight phytotoxic on
some fresh commodities like cut flower and strawberry,
properly adjusted treatment could prevent damage of
commodity (Agarwal et al., 2015). Fumigation with
cylinderized EF, which was commercialized in Korea,
shows effectiveness against target pest in various
perishable commodities, and commercial acceptance
in terms of relatively similar fumigation time and less
damage to the commodities than MeBr. However, to
expand its commercial use in future, costs of fumigant
and fumigation need to be competitive to current MeBr.
Liquid EF with nitrogen gas operated vapourizer was
applied on export apples for eradicating eucalyptus
weevil, Gonipterus platensis in Australia (Agarwal et
al., 2015). Herein, we introduced this new application
technology of ethyl formate (Fumate) in Australia
and South Korea, operated with specially designed
vapourizer with nitrogen, as safe carrier gases, and
was evaluated on imported oranges. This new EF
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Table 1 Ethyl formate applied with specially designed vapourizer with N2 as safe carrier gas on imported oranges (29% loading
ratio, w/v) against four target pests
Trt. (5 ± 1ºC)
Application

EF with
N2 using
special
vapourizer

Mortlity (Total dead No./Total tested No.)

Applied
dose (g/
m3)

Time
(h)

CMB

TSM

Eggs

Nymph
+ Adult

Nymph

Adult

Nymph

Adult

Nymph

Adult

34.2

4

-

100%
(156/156)

-

-

-

-

-

-

43.2

4

-

100%
100%
(163/163) (680/680)

100%
(85/85)

100%
100%
100%
100%
(470/470) (140/140) (660/660) (415/415)

68.5

4

-

100%
100%
(167/167) (720/720)

100%
(85/85)

100%
100%
10%
100%
(620/620) (210/210) (490/490) (310/310)

71.1

4

100%
100%
(334/334) (150/150)

-

CA

-

GPA

-

-

-

-

CMB, Citrus mealybug; GPA, green peach aphid; CA, cotton aphid; TSM, two-spotted mite

application technology could promote to replace the
current MeBr use and high cost of cylindered EF
fumigation.

29% f.r w/v of fruits) located in sites of Animal and
Plant Quarantine Agency (QIA). Two schedule doses
(35 and 70 g/m3) of EF was vapourized with heated
N2 gas through the nitrogen heater, which fitted in
vapourizer (temperature: 65 ± 5°C, N2 gas pressure:
2.5 ± 5 bar) and discharged through the stainless gas
line into the metal chamber. Imported oranges were
fumigated for 4 h at 5°C. Concentration of EF gas
was monitored by GC-FID and gas concentration
collected at time interval of 1, 2 and 4 h in chamber
was calculated by equation. At the completion of the
4 h fumigation, the metal chambers were opened and
aerated for 1 h in a 20 ft container.

MATERIALS AND METHODS
Fumigants
Fumate (Ethyl formate 99%) was received from
Safefume Inc. South Korea and is under the registration
process in Australia and South Korea.
Insects and commodity
Citrus mealybug (CMB, Planococcus citri Risso)
was reared at laboratory condition –25°C temperature
with 16:8[L:D]h photo period. Other insects, green
peach aphid [GPA, Myzus persicae (Sulzer)] and cotton
aphid (CA, Aphid gossypii Glover) were reared on hot
pepper (Capsicum sp.) plants, and two-spotted mites
[TSM, Tetranychus urticae (Koch)] was reared on bean
plants at same rearing conditions. At the completion
of the 4 h fumigation, the treated insect samples were
removed from metal chamber and reared at 25 ± 2 °C
and 55 ± 5% r.h. The mortality of egg, nymph and
adult were noted after storage in incubator for 24 and
72 h at 25 ± 2°C. For assessment of phytotoxicity,
fumigated imported oranges (navel) were stored 3
different storage conditions (5, 15, 5→15°C) for 2
weeks and sugar content (%), redness ratio (Hunter
a* / b*), the index (0–5 scales) of external phytotoxic
damage were measured.

RESULTS DISCUSSION
Efficacy of ethyl formate on tested pest and
assessment of phytotoxic damage on imported
orange
The efficacies of 4 different small scale applications
of EF using vapourizer to CMB, TSM, CA and GPA
are shown in Table 1. Based on current applied dose
(70 g/m3) of EF, phytotoxic damage on imported
oranges was accessed and results are given in Table 2.
CONCLUSION
In this trial, we have evaluated four different small
scale fumigation of EF applied specially designed EF
vapourizer with nitrogen on imported oranges, which
is mostly fumigated with MeBr in Korea. With regard
of these results, the 4 h fumigation applied 70 g/m3
ethyl formate with nitrogen, which has an important
role in terms of non-flammable fumigation conditions
and better air circulations in fumigation chamber,
could be a competitive to MeBr on imported oranges

EF vapourizer application with nitrogen as safe
carrier gas
Small scale EF fumigation on imported oranges
was performed in metal fumigation chamber (0.5 m3,
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Table 2 Assessment of phytotoxic damages on imported oranges exposed to 70 g/m3 of ethyl formate applied EF vapourizer
with N2 as safe carrier gas for 4 h at 5±1°C, 14 d after treatment
Dosage (g/m3)
Untreated
Ethyl formte (70
g/m3) with N2

Sugar content ± SE (%)

Redness ratio2

External damage3

L.T.

13.0±0.4 ab

0.42a

0

R.T.

12.8±0.2 a

0.46 a

0

L.T.→ R.T.

13.3±0.6ab

0.47 a

0

L.T.

12.5±0.4 a

0.38 a

0

R.T.

12.6±0.3 a

0.43 a

0

L.T.→ R.T.

11.2±0.3b

0.34 a

0

Fumigation time (h) Storage condition

4

1Storage

2Redness

conditions: L.T (Low temperature, 5±1°C), R.T. (Room temperature, 15±5°C);
ratio = Hunter a* / b*;
score: 0 (none), 1 (slight), 2 (moderate), 3 (severe); 4Means in a column followed by same letter are not significantly
different at 5% level
3Damage

in respect of efficacy and phytotoxicity as well as
environmental protection and improving worker safety.
To expand its commercial use, this new technology,
operated with specially designed vapourizer, could
be better potential option than current liquefied CO2
with EF formulation in cylinder in terms of cost and
less CO2 emissions in atmosphere.

Entomology 108(6): 2566–2571.
Haritos VS, Damcevski KA Dojchinov G (2003)
Toxicological and regulatory information supporting
the registration of Vapormate™ as a grain fumigant
for farm storages. (In) Stored Grain in Australia: Proc.
Aus. Postharvest Tech. Conf. Canberra, Australia, 25–27
June, pp 3-198.
Lee BH, Kim HM, Kim BS, Yang JO, Moon YM, Ren
Y (2016) Evaluation of the synergistic effect between
ethyl formate and phosphine for control of Aphis
gossypii (Homoptera: Aphididae). Journal of Economic
Entomology 109(1): 143–147.
FDA (1984) Title 21, subchapter B - Food for human
consumption. CFR Part 184. Title 21, Sec. 184.1295.
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ABSTRACT

Ethyl formate has been recently studied as an alternative to phosphine and methyl bromide
for the fumigation of stored products and as a structural disinfectant. The compound has been
found to have a quick action and breaks down to safer chemicals.Under the current study, three
experiments were performed to test efficacy of ethyl formate in controling psocids on grain
and also as a structural treatment. The trials were conducted at a farmer’s site with a natural
infestation of psocids in grain and in empty silo. Firstly, ethyl formate was applied to the surface
of infested wheat (Triticum aestivum L.) and barley (Hordeum vulgare L.), with the aim of
testing its efficacy in situation where insect infestation was localized. Secondly, it was applied
to infested empty silos. Thirdly, it was applied to infested walls, floors and rails. In each case,
ethyl formate was applied as a solution in water, without additives. In each experiment after
treatment 100% disinfestation was achieved. But as expected, because of the large number of
psocids in the structures and in the grain, the disinfested grain became reinfested. The workspace
concentration even during spraying, was detected to be below Threshold Limit Value of 100
ppm and v/v. The highest air concentration in grain or in silos was less than 4% of the lower
flammability limit of ethyl formate. Samples for residue testing in wheat and barley were taken
24 h after application. Residues in treated grain were below the detectable limit of GC-FID. It
can be concluded that ethyl formate can be safely used for disinfestation, and is an alternative
to dichlorvos, phosphine and methyl bromide in many situations.
Key words: Ethyl formate, Fumigation, Grain, Psocids, Structural disinfestation
There are many fumigants, such as carbon
disulphide, chloropicrin, dichlorvos, ethylene oxide
and methyl bromide have been eliminated for use
as commercial fumigants due to unfavourable
properties, especially with regards to chemical
residues, work safety and environmental issues
(Banks and Desmarchelier,1984; Banks, 1990;
UNEP, 2006). Dichlorvos has been, and continues
to be, widely used as a space or as a structural
spray to disinfest structures. An alternative would
provide a strategy to minimize resistance. Second,
there are potential problems with dichlorvos in the
2 Stored Grain Research Laboratory, Academy of State
Administration of Grain, № 11 Baiwanzhuang Street, Xi Cheng
District, Beijing, 100037, P. R. China
*Corresponding author e mail: y.ren@murdoch.edu.au

areas of residues on grain and occupational health
(Banks and Desmarchelier, 1984; Bond, 1984;
Banks 1990).The increasing use of phosphine in
preference to residual insecticides and resistance has
been accompanied by an increase in the proportion
of infestations due to psocids (Rees, 1998). Rees
has also demonstrated the movement of Liposcelis
decolor Pearman between grain and structures,
including grain under SIROFLO® fumigation in
open-cell structures, and has evaluated trapping
procedures for estimating changes in populations in
grain and in structures. The number of psocids in
structures near grain cells, such as rails and catwalks,
varies with diurnal conditions, and their exposure to
phosphine is minimal. It is therefore necessary to
control insects in structure if fumigation in open-top
cells is to remain viable. The alternative is control
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failure, due to inadequate exposure to phosphine,
and an increased probability of development of
resistance, associated with inadequate dosing of large
populations. There is now an urgent requirement
for the development of a fumigant which can
kill all stages of insects quickly, particularly for
structural surface and headspace treatment, and is
economic in comparison with existing methods.Ethyl
formate is an old fumigant and originally has been
developed to use for cereal grain fumigation and
successfully used for package fumigation of dried
fruits and was evaluated for grain protection in the
1980s (Muthu et al., 1984).Ethyl formate has been
re-evaluated as a potential replacement for at least
some uses of dichlorvos based on considerations
of low mammalian toxicity, rapid loss of residues,
solubility in water and natural presence in foodstuffs
and in the environment (Desmarchelier, 1998).
Commercial-scale trials with ethyl formate (90 mg
L–1) on wheat Triticum sp., completely killed mixed
aged cultures of Rhyzopertha dominica (Fabricius)
as well as adults and larvae of Tribolium castaneum
(Herbst) (Desmarchelier et al., 1998) In contrast,
previous laboratory and commercial-scale trials on
wheat, barley, oats, field peas and canola have shown
that the internal larval stages of Sitophilus oryzae
(L.) are difficult to control with EF (Desmarchelier
et al., 1998; Mahon et al., 2003). Ethyl formate is
one of the potential options to alternative of MeBr
on agricultural commodities because of its fast
kill, which is almost the same as MeBr, and safety
for fumigators and customers (Ren and Mahon
2006). The aim in work reported in this publication
was to assess ethyl formate as an alternative to
dichlorvos.
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143
139

141
surface
treated

Criteria for evaluation
The main criteria of evaluation of the potential of
ethyl formate were worker safety, residues and efficacy
against insects. The criteria for workspace safety
were the extent to which workspace concentrations
approached or exceeded the Threshold Limit Value
(TLV) of 100 parts per million, v/v and the extent to
which in-bin and other concentrations approached the
lower flammability limit of 2.7% (approximately 89 g
m-3).The criteria for success with regards to residues
were values after treatment with ethyl formate that
were indistinguishable from those in the controls and
residues less than the experimental Maximum Residue
Limit for these trails of 1 mg kg-1. The criteria for
efficacy against insects were reduction in population
numbers. This was based on a comparison between
populations in treated and untreated situations, where
such a comparison was possible, and by a comparison
of population before and after each of the three types
of treatment (admixture to the grain surface, space
sprays and structural sprays).
Cell configuration and selection of experimental
cells at Port Giles.
The cell configuration in Block 1 is shown in
Fig. 1. On inspection of the site in Blocks 1 and 2,
it was decided to evaluate structural treatments in a
group of adjacent cells, cells 149,157 and 162, with
an end wall adjacent to cells 161 and 162. The cells
chosen for evaluation were those where the infestation
appeared heaviest, as judged by a semi-quantitative
count of psocids on the rails. The only empty cells in
the complex were cells 159 and 235 (in Block 2); these
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144
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surface
treated
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Grain surface
treated cell

Empty cell

Fig. 1.

Cell configuration in the trails at port Giles
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were therefore selected for trials on ethyl formate as
a space spray. The cell chosen for surface treatment,
cell 141, was selected on the basis of being the full
cell nearest the infested complex. All cells containing
grain had been fumigated with phosphine, or had been
under fumigation for 3 weeks, with the exception of
cell 161, which were a half-empty cell containing grain
previously fumigated at another site.

formate at the bottom part of the cell. The amount
applied was considerably less than the experimental
permit of 110 g m-3, calculated across the whole cell,
but was close to that amount, if the volume was defined
as the surface area (66 m2) times a depth of 100 mm.
Ethyl formate was applied, for reasons of safety,
only from the area between the rails (the catwalk) such
that it was applied only to approximately one-third of
the bottom of the cell area. As there was no grain in
the empty cells, samples could not be taken for residue
testing. Besides, entry to cells was restricted as it was
a confined space.
Application to metal rails and concrete floors: In
preliminary trials, ethyl formate was sprayed on psocids
on rails in a 2% solution in water. Insects were also
sprayed with water. The method of assessment was
to mark out an area of less than 0.5 m containing 50
psocids, to spray the rails 2–3 m on either side of the
marked area, and to count psocids in the marked area at
intervals of time after application. On this assessment,
psocid number was greatly reduced after application
with ethyl formate, and to a more marked degree than
after application with water. In the main experiment,
metal rails and concrete floors were sprayed with a
2% solution, v/v, of ethyl formate in water. The area
sprayed was the area able to reach from the catwalk
around 10 cells, each of diameter 8.5 m. It included
the outer rim of each cell, all rails, both horizontal
and vertical, and various columns, light fittings, etc.
The spray was applied to below run-off, at a rate of
approximately 2.5 L/100 m2 (0.45 g m-2). The spray
was repeated 5 times, with assessment after each time,
with the aim of assessing the effect of repeated space
sprays, as is widely used with dichlorvos. The amount
of structure sprayed was only a small proportion of
the total structure.

Measurement of chemical concentrations
Measurements of concentrations on ethyl formate
in air: Ethyl formate concentrations in air were
measured with Drager tubes for ethyl acetate (LF
0211).The limits of detection are approximately 40
ppm. Measurements of residues of ethyl formate on
wheat and barley: Samples for residue determination
were taken with bottom-emptying probes, to a depth of
1.5 m, based on standard industry sampling procedure.
Grain was divided, and packed in jars which were
sealed with lids. Grain was sampled from each of the 10
cells as shown in Fig.1, provided that the cell was full
so that it was safe to take samples, and 3 samples from
each bin which was surface-sprayed with ethyl formate.
Samples were taken 24 h after end of experiments,
kept cool, flown to Canberra and extraction solvent
added within 24 h of taking of sample. The method of
analysis was as per Desmarchelier et al. (1999), and
involved extraction with aqueous propanol, followed
by determination of ethyl formate in the headspace over
the solvent by Gas Chromatography, after extraction
periods of both 24 and 48h. The level of detection was
set by the natural level (and/or interference), which is
approximate 0.1 mg kg-1 on aged samples of wheat
and barley, but up to 3 mg kg-1 on freshly-harvested
barley and wheat. It is believed that natural levels of
ethyl formate in grains are high at time of harvesting,
and then decline, though it is also possible to regard
natural levels as due to interfering chemicals.

Biological assessments
General procedures: The methods of assessment
were based on procedures developed to measure psocid
population on grain and in structures (Rees, personal
communication). The methods were:
∑ Counting of psocid numbers in marked areas. The
areas examined were 10 mm of hand rails and an
area of 200 mm × 100 mm on three floor of the
catwalk.
∑ Leaving cardboard traps (150 mm × 100 mm) for
defined periods, shaking out the psocids into boxes
and counting. Traps were placed on the surface
of grain, on the bottom of empty cells and on the
catwalk.
∑ Sampling grain with a bottom-opening probe,
sieving and counting insects.

Application of ethyl formate
Application to the surface of grain: Ethyl formate
was applied to the surface of wheat in each of two
2,000 tonne bins from a 5 L spray, containing an
8% solution, v/v, in water. The amount applied was
10 L per 25 m2 of wheat, to give a nominal application
of 29 g m-2. The experimental permitted 110 g m-3,
calculated over a depth of 0.5 m. On this method of
calculation, the applied rate was 58 g m-3.
Application to empty cells: Ethyl formate was
applied to the base of empty cells by funneling 10 L
of aqueous solution through a plastic pipe of 5 mm
diameter. The concentration was 4%, v/v, in cell 159
and 8%, v/v, in cell 235. The aim was to apply ethyl
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Psocids were counted, in each assessment method,
twice daily, at times of high numbers, between 6 am
and 7 am and between 8 pm and 9 pm.
Assessment of application to the surface of grain in
two cells: One method of assessment was to measure
natural level of psocid infestation before and after
spraying, using both cardboard traps on the surface
of the wheat and bulk grain probes. In addition,
grain samples were taken with a spraying. Grain was
sieved and number of live and dead psocids counted
and recorded.Insects in cardboard surface traps were
counted in bins before application of ethyl formate,
and also in neighbouring bins. Traps were removed
from all bins immediately before spraying, and replaced
60 min after spraying. Trap numbers were assessed for
a further period, in both treated and neighbouring bins.
Assessment of efficacy of space sprays in empty
cells: Psocid numbers in cardboard traps at the bottom
of cells were counted before and after application of
ethyl formate. There were no control untreated empty
cells, because none were available in the complex.
Assessment of efficacy of structural sprays on
metal rails and concrete floors: Psocid numbers were
assessed before and after spraying by three methods.
One method was to count psocid numbers at specified
points on rails. Insects on 30 sampling positions on
rails were counted twice daily. A second method
was to count psocids in cardboard traps on the floor
between silos. Ten traps were counted twice daily. A
third method was to count number of live psocids on
the floor.
Assessment by in-situ bioassays: Infested rails were
sprayed with ethyl formate, the structure was left 3–4
min until it was nearly dry. Psocids were transferred
from the middle of a sprayed rail to vials, and counted
after approximately 1 and 24 h. For control, psocids
were transferred to vials before spraying, and numbers
counted.

Residues of ethyl formate (ppm)

4

3

Before spray ETF
After spray ETF

2

1

0

141

153

149

158

162

Bin number

Fig. 2. Residues of ethyl formate and/or interfering
substances before and after application.

was a natural level of ethyl formate and/or interfering
substance in each bin before and after application as
shown in Fig. 2. There was a natural level of ethyl
formate and/or interfering substance in each bin before
application. This level, after application and a 24 h
withholding period, was not significantly different
from the level before application. The residue from
treatment, that is, difference between values of ethyl
formate and/or interfering substance before and after
application, was less than 1 mg kg-1 in each cell.
Biological efficacy
Efficacy of application to the surface of grain: Data
for insect numbers before and after surface spraying
of wheat are shown in Fig. 3. Insects were found in
cardboard surface traps and in grain probes at all
times before fumigation. No live insects were found in
either cardboard traps or in grain probe samples after
fumigation, although 2 dead psocids were found in
a grain probe sample after treatment. In neighboring
(untreated) cells, numbers in cardboard traps remained
relatively constant before and after the time at which
the experimental bins were treated. No grain probe
samples were taken in the neighboring (control) bins.
Efficacy of application as a space spray in empty
cells: Insect numbers in cardboard traps in empty cells
before and after fumigation are shown in Figs. 4, 5
and 6. The number after fumigation declined to zero,
but re-infestation subsequently occurred.
Efficacy as structural spray on rails and floors: The
efficacy of ethyl formate as a disinfestant was tested
in two ways. One method involved transferring insects
after spraying of rails to containers, and counting the
number dead and alive. The second method consisted
of counting insect numbers before and approximately
12 h after a series of sprays, conducted twice daily.

RESULTS AND DISCUSSION
Measurement of chemical concentrations
Workspace concentrations: No concentration
in the workspace was detected, at a detection limit
of approximately 40 ppm (less than the TLV). This
applied even to concentrations taken near the face
of an operator during spraying of structures and of
grain surfaces.
In-bin concentrations: The highest recorded value
was 1,000 ppm, v/v. This value, 0.1% v/v, is less than
4% of the lower flammability limit of 2.7%, v/v.
Residues: Residues and/or interfering substances
before and after application are shown in Fig. 2. There
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Insect numbers in grain probe traps and cardboard surface traps before and after surface spraying of cell 141
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Fig. 4. Insect numbers in cardboard traps at the bottom of empty cell 159 before and after application of 10L

Assessment from changes in population on rails
and in cardboard traps: The number of psocids found
on rails and in cardboard traps before and during
a series of sprays, conducted twice daily, is shown
in Fig. 6. Before spraying, the number found near
dusk and dawn were greater than those found during
daylight hours. This result is in agreement with a more
extensive study (Rees, 1998).The number of insects

Interpretation of the first method of assessment is
relatively straightforward, whereas interpretation of
the second method of assessment is complex, and a
full interpretation is not possible.
Assessment from in-situ bioassays: For the treated
samples, all psocids died, from a total of 6 replicates
each containing approximately 200 insects. Control
mortality was low, but was not precisely assessed.
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Fig. 5. Insect numbers in cardboard traps at the bottom of empty cell 235 before and after application of 10L of a 4%
solution of ethyl formate in water
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Fig. 6.

Numbers of psocids in cell 149 from rail counts and in grain surface cardboard traps before and after

in surface cardboard traps did not greatly change
subsequent to spraying of the structure. The number
of insects in surface cardboard traps depends on a
number of factors, related to population density and
environmental factors. However, one would not expect
a structural disinfectant to have a significant effect on
numbers in traps on grain surfaces (unless a significant
proportion of insects in a grain mass had migrated to
the structure at time of spraying). During a series of
twice-daily spraying, the number of insects on rails
declined (Fig. 6). In addition, the number of insects
found in cardboard traps between bins also declined
(Figs. 7 and 8). Where initial psocid numbers had been

relatively low, e.g. cells 149, psocid numbers on rails
and on floor traps fell to zero. Where numbers had
started at much higher level, psocid numbers declined,
but still remained high.
CONCLUSION
Thus, ethyl formate can be used as disinfectant,
because it can be applied safely as a spray in water,
because workspace concentrations did not exceed
the TLV, it disinfests and residues after application
were indistinguishable from those before application.
Ethyl formate met the selected assessment criteria
in 3 situations, namely application to the surface of
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Number of psocids in floor cardboard traps near star cell 157

the chemical used), and this general argument should
be considered before routine space spraying is
adopted.At the 1997 meeting of the working party on
grain protection, it was suggested that ethyl formate
could fulfil many of the functions that are, or were,
performed by dichlorvos. This general contention has
been supported by the data.
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Vacuum hermetic fumigation for food grains storage
SUNIL KUMAR*, DEBABANDYA MOHAPATRA, NACHIKET KOTWALIWALE, K K SINGH
ICAR–Central Institute of Agricultural Engineering, Bhopal, Madhya Pradesh 462 038 India
ABSTRACT

Deregistration of chemical fumigants in stored agricultural produce makes it urgent to find
alternative solutions for the safe and durable storage. The ozone layer depletion and developing
chemical resistance in pest due to continuous application of methyl bromide (MB) and phosphine
(PH3), respectively, are the major reasons of phasing out of chemical methods. To overcome
this global problem, a large number of potential alternative methods have been suggested but
limitations prevent direct replacement. These methods include controlled atmosphere (CA),
modified atmosphere storage (MAS), temperature manipulation, hermetic storage, pressure
manipulation (hyperbaric and hypobaric) and combination of these technologies as hurdles to
pest. The previous research proved that hermetic storage of agriculture produce in flexible bag
could be an attractive non-chemical and environment benign technology. It can be used in three
manners, i.e. organic storage, fumigation with inert gas and vacuum hermetic fumigation (VHF).
The vacuum of 50 ± 10 mm Hg was developed inside the hermetic bag which was maintained
to this limit using periodic use of rotary vane vacuum pump. Research evidences proved that
egg stages were the most resistant stage in insects which take 46 h in Trogoderma granarium
(Everts) for LT99 on 55% r.h. and 30°C interstitial condition. The lethal time for LT99 in all stages
of insects (i.e. egg, larva, pupa and adult) increases with the reduction in temperature up to a
certain limit. The advantages of this approach of vacuum fumigation in flexible bags involve no
toxic chemical and short exposure time to LT99 in comparison to phosphine in same conditions.
Key words: Food protection, Fumigation, Hermetic, Low pressure storage, Non-chemical
insect control, Vacuum, VH-F
Rapid population growth is one of the major global
issues. It is expected to reach 8.1 billion in 2025 and
9.6 billion in 2050 (UN Report, 2015). The depleting
and limited resources had diverted the research towards
the food safety in future. Storage is the major unit
operation in the food chain from farmer to consumer
table. It is important to store the food in such an
environment which plays as safeguard against biotic
and abiotic components responsible for the post-harvest
losses (Somavat et al., 2014). A survey conducted all
over India, reveals that about 2.8–4.7% post-harvest
losses of cereals (wheat, paddy, maize, pearl millet and
sorghum) occur during various unit operations (Nanda
et al., 2012). In addition, to improve the efficiency
of the storage some chemical fumigants have to be
used. Globally, methyl bromide and phosphine are the
major fumigants used in the grains storage. Methyl
*Corresponding
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bromide is an ozone depleting substance (ODS);
continuous use of phosphine has developed chemical
resistance in the insects (Ahmad et al., 2013). In the
era of information technology, the consumer is well
aware and demands for the residue free and organic
food. Consumer resistance against the use of chemical
fumigants in stored products and international trade
treaties increase the focus to find green and residue free
technology. A number of technologies in combinations
or alone has been tested or are under testing for the
organic storage of food. Controlled atmosphere (CA)/
modified atmosphere storage (MAS), temperature
manipulation, hermetic storage, pressure manipulation
(hyperbaric and hypobaric), safe fumigants of botanical
derivatives and combination of these technologies;
each have certain merits and limitations restricting
direct replacement for the existing chemical methods
(Kucerova et al., 2013). The previous research has
proved that hermetic storage of agriculture produce
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Table 1. Atmospheric pressure and their equivalent partial pressure of oxygen expressed in mm Hg and in percentage
Vacuum, mm Hg

760

600

500

400

300

200

100

50

Oxygen, mm Hg

159

125

105

84

63

42

21

11

Oxygen, %

20.9

16.5

13.8

11.0

8.3

5.5

2.8

1.4

Source: Finkelman et al. (2004)

in flexible bag could be an attractive non-chemical
and environment benign technology. It can be used in
three manners, i.e. organic storage, fumigation with
inert gas and vacuum hermetic fumigation (Navarro
et al., 2012).
Earlier vacuum hermetic fumigation was
abandoned due to unavailability of flexible container
for the maintenance of negative pressure. Evolution
of technologies enabled to maintain vacuum inside the
flexible structure using the vacuum pump periodically
(Finkelman et al., 2003). The maintenance of vacuum
below 100 mm of Hg helps preserve the quality and
quantity of the non-crushable commodities. This
ensures 99% mortality of the insects and pests in
storage ecosystem (Finkelman et al., 2002). This
technology is used for quarantine purpose in infested
grains as well as prevention of insect proliferation. In
this review, suitability of vacuum hermetic fumigation
for storage of grains and future prospects are discussed
briefly.

large scale storage (Navarro et al., 2001; Jonfia – Essien
et al., 2010). There is a provision of one directional
valve and a quick release hose at the base or bottom
of bag used to connect vacuum pump with 1.5” pipes.
The non-crushable commodities can be stored in bulk
or stack of bags on pallets inside the structure. The bag
shrinks over the material under vacuum and shaped
as stored material (Finkelman et al., 2004). Several
studies showed that VH-F has potential of being used
for quarantine and pre-shipment (QPS) treatments as
a safe alternative to MB with similar exposure time
for insect control (Finkelman et al., 2002).
Under vacuum, insect control was caused by the
low partial pressure of oxygen in storage ecosystem
(Table 1), resulting in hypoxia and also dehydration
due to removal of water vapour (Adler et al., 2000).
Research evidences proved no significant role of the
vacuum itself in insect control (Finkelman et al., 2004).

VACUUM HERMETIC FUMIGATION

Finkelman et al. (2002) observed that all life stages
of Ephestia cautella (Walker) and Tribolium castaneum
(Herbst) were controlled in the infested cocoa beans
(Theobroma cocoa L.) stored under 55 ± 10 mm Hg
at 30°C and 55 ± 3% r.h. The lethal time needed to
obtain 99% mortality (LT99) for all life stages of insect
varied between 8 and 96.3 h, for at storage temperature
of 18º and 30°C (Table 2). The result also revealed
that the egg stage of both the species was the most
resistant stage at both 18°C and 30°C temperature.
The time for LT99 was reduced to about one-third on
increasing the temperature from 18º to 30°C.
Finkelman et al. (2002) conducted a field trial
with 15 m3 capacity of Volcani CubeTM for cocoa
beans infested with E. cautella and T. castaneum.

INSECT CONTROL IN VACUUM HERMETIC
FUMIGATION

Vacuum is maintained in the three-layer ultra-low
permeability PVC based, sealed, flexible and mobile
innovative storage system, equipped with an airtight
zipper (Navarro et al., 2001). Using flexible bags, it was
practical to maintain sufficiently low pressures (below
100 mm Hg absolute pressure) necessary for 99%
insect mortality (LT99) using a commercial vacuum
pump (Navarro et al., 2001). Rotary-vane, oil lubricated
vacuum pump with oil type filter should be used to
avoid the problem of corrosive outgassing of vapours
from stored commodity. Commercially, these flexible
bags are now available in international and national
market as ‘VolcaniCubesTM’, ‘GrainProCocoonsTM’,
MegaCocoonsTM or TranSafelinerTM for small and

Table 2. The effect of 55±10 mm Hg at 18/30°C and 55 ± 3% r.h. on all stages of Ephestia cautella and Tribolium castaneum
Development stages

LT99 at 18°C, h

T. castaneum

E. cautella

LT99 at 30°C, h

T. castaneum

E. cautella

Egg

96.3

148.8

53.0

40.7

Larva

36.8

43.6

<28.0

<28.0

Pupa

71.8

26.2

<38.0

<8.0

29.9

76.7

<28.0

<10.0

Adult
Source: Finkelman et al. (2002)
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Table 3 Influence of carbon dioxide concentrations on LT99 of Trogoderma granarium larvae at three different temperatures
with 25–29 mm Hg
Temperature, °C

CO2 concentration, %

60

70

80

90

30

38

29

-

29

40

24

28

20

-

15

17

15

10

45
Source: Navarro et al. (2002)

Pressure maintained at 23–75 mm Hg resulted complete
mortality in three days’ exposure at 28.0 ± 0.5°C and
65% r.h. inside the cube. In another study by Finkelman
et al. (2004), the effect of 50 ± 5 mm Hg at 30°C
and a r.h. of 55% on six important stored-product
pests: Trogoderma granarium (Everts), Lasioderma
serricorne (Fabricius), Oryzaephilus surinamensis (L.),
T. castaneum, E. cautella and Plodia interpunctella
(Hübner) revealed that lethal time is different for
different insects and the exposure times needed to
obtain LT99was 46 h, 91 h, 32 h, 22 h, 45 h, and 49
h respectively. Additional results proved that egg was
the most resistant stage in all species of insects at
lower temperatures or at higher relative humidity. Low
temperature or high humidity prolonged the exposure
times needed to achieve 99% mortality in insect.
Navarro et al. (2002) investigated the combination of
various treatments of CO2, and temperature along with
vacuum to increase the effectiveness of disinfestation
and concluded that by increasing CO2 concentration,
the effectiveness decreased (Table 3). As the CO2
concentration increased from 60% to 90%, LT99
time decreased to about 10 h at 45°C, whereas at
35ºC the LT99 value was 29 h. For E. cautella and
O. surinamensis under the same conditions, the LT99
values were 3 h and 9 h for the most resistant pupae
and egg non-mobile stages respectively. The LT99 value
for L. serricorne adults exposed to low pressures (25
mm Hg) at 30ºC was 15 h, and in case of T. granarium
larvae it was 172 h. Sensitivity of the most resistant
stage of the most resistant insect species determined the
treatment or exposure time to low pressure (Navarro
et al., 2002).
In a similar work, Kucerova et al. (2013) found that
there were significant differences in the susceptibility
to low pressure (vacuum) between the adult stages
of Tribolium castaneum and S. granarius insects.
T. castaneum was approximately 10 times more
susceptible to low pressure than S. granarius. The lethal
exposure times (LT99) for adult T. castaneum were
15.1 h at 25°C and 30.8 h at 15°C. In case of adult S.
granarius, values of LT99 were 160.1 h at 25°C and
274 h at 15°C. A higher temperature under a constant

vacuum (1 kPa) significantly shortened the exposure
time (LT99) necessary to reach 100% mortality in the
tested beetles (Kucerova et al., 2013). The eggs of
E. cautella, P. interpunctella, Rhyzopertha dominica,
and T. castaneum were exposed to pressures of 50,
75, 100, 200 and 300 mm Hg at 5, 15, 22.5, 30, and
37.5ºC, respectively, for times ranging from 12 to 168
h in a glass chamber. In all four species, the mortality
of eggs increased with the increasing exposure time
and temperature. Low temperatures and high pressures
were observed to be least effective for killing eggs in
comparison with high temperatures and low pressures
combinations in all species investigated (Mbata et al.,
2004). In a similar laboratory experiment by Mbata
and Philips (2001), on eggs, larvae and pupae of T.
castaneum, P. interpunctella and R. dominica at 32.5
mm Hg at 25, 33, 37 and 40°C for times ranging from
30 min to 144 h in rigid glass chambers. Pupae stages
of T. castaneum and R. dominica were more tolerant
to vacuum than larvae. Higher temperatures and low
pressure resulted in further significant reduction in
lethal time values.
CONCLUSION
The concept of using vacuum hermetic storage
was proved effective in prevention and disinfestations
of infestation in stored commodity. Exposure time for
complete mortality of insects was less in comparison
to phosphine fumigation for same quantity. It is a
residue free, safe for storage workers and non-target
organisms, environment benign and portable vacuum
storage technology. VH-F has potential to replace
existing toxic fumigants with high level of consumer
acceptance and satisfaction. The vacuum of below
100 mm Hg was to be maintained inside bag using
rotary vane vacuum pump. Research on combinations
of CO2, pressure and temperature showed 99% insect
control with minimum exposure time. High level
of carbon dioxide and lower temperature decreased
the exposure time. Egg stages of insects were the
most resistant stage. It is adopted in more than 40
countries and possibly to expand even more rapidly
in the future.
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Emerging global technological challenges in the reduction of
post-harvest grain losses
SHLOMO NAVARRO*, HAGIT NAVARRO
Green Storage Ltd., Argaman St. 5, Rishon Letsion, 7570905, Israel
ABSTRACT

The grain industry is facing serious problems of storage shortage due to the unprecedented
quantities to be stored in various climates. The modern grain industry in economically developed
hot climate countries has been looking for storage solutions in large bulks. However, lack of
experience particularly in hot climates and lack of adequate storage facilities may result in adverse
results. In addition, even under ideal storage conditions, the grain industry is facing storage
problems related to insect and mite contamination due to the restrictions placed on the use of
chemical pesticides. Strict limitations have been placed on pesticide registration by regulatory
agencies because of the adverse effects of pesticide residues in grain and the environment.
Consumer demand for chemical-free and insect contamination-free products is a general trend
with which the grain industry finds it difficult to conform. In addition, in many countries, insects
in particular have been developing resistance to contact insecticides and to the conventionally
used phosphine gas. This paper reviews the emerging global technological challenges in the
reduction of post-harvest grain losses. Phosphine fumigation is a common treatment where three
important points deserve attention: (a) sufficient gas tightness, the lack of which leads to insect
resistance; (b) sufficient exposure time for complete control; and (c) prevention of gas from
diffusing into the working area. In general, silos are not sufficiently gas tight unless they were
specially constructed for fumigation or have been retro sealed. To prevent gas loss, adequate
sealing is essential and before treatment, a pressure test for evaluating the sealing efficiency of
the structures should be performed. For adequate distribution of phosphine gas, use of Closed
Loop Fumigation (CLF) to circulate the fumigant is discussed. The most common non-chemical
alternative for storage of cereals is the use of aeration systems during the winter and refrigerated
aeration in the summer with the objective to achieve temperatures of less than 18°C to reduce
insect activity. In temperate and cold climates, the most common non-chemical alternative to
pesticides for cereal grain stored in bulk is the use of aeration systems during the winter that
can effectively reduce the grain temperature. During summer, mechanical refrigeration, using
large chilling units, provides an excellent solution for quality maintenance of grain. However,
aeration using ambient air has a limited effectiveness in tropical climate areas.
Key words: Aeration, Bulk storage, CLF, Condensation, Gas distribution, Grain storage,
Postharvest systems
Grain industry in developing countries has faced
the need to store large quantities of grain in various
climates (Naik and Kaushik, 2011). In the past,
developing nations mostly characterized as being in
hot climates and the storage of cereals characterized as
bag storage. The modern grain industry in economically
*Corresponding

author e-mail: snavarro@013.net

developed hot climate countries has been looking
for storage solutions in large bulks. In hot climate
countries, use of bulk storage has mostly been for
only very short-term storage. Attempts to store in large
bulks, particularly in metal silos resulted in significant
losses due to condensation related mold activity,
heating and insect damage. Storage sites built in hot
climates still remain empty in a number of countries
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where adequate solutions to the condensation problems
have not been met.
In many hot climate countries, phosphine is
still the most widely used fumigant. One of the
important aspects of phosphine fumigation that
needs understanding is to perform the fumigation in
sufficiently gastight structures— fumigation should be
carried out only in gastight structures. Maintaining a
metal silo just for fumigation of about up to 10 days
under a hot climate is a technological challenge.
The most common non-chemical alternative in the
cereal storage is the use of aeration systems during
the winter and refrigerated aeration during the summer
with the objective to achieve temperature of less than
18oC for reducing insect activity (Navarro and Noyes,
2002). There is increased interest in refrigerated
aeration for bulk-stored cereals to reduce the potential
of commodity contamination by insects. However,
aeration using ambient air in tropical climates has
an extremely limited scope. Although most silo
manufacturers from developed countries supply the
silos with aeration equipment, the grain handlers
find it difficult to use them in hot climate countries.
There is an even worst situation when grain for feed
is stored at high humidity in metal silos. Application
of fungistatic agent to control fungi development
encourages storage of higher moisture grain than the
permissible limit, which in turn increases the danger
of deterioration.
Among the new gaseous application technologies
that have successfully replaced fumigants are the
manipulation of modified atmospheres (MAs)
(Navarro, 2012). Bio-generated MAs, termed also
hermetic storage, is based on the principle of generation
of an oxygen-depleted, carbon dioxide-enriched
interstitial atmosphere caused by the respiration of
the living organisms in the ecological system of a
sealed storage. For long-term storage systems, as well
as intermediate storage of grain in bags or in bulk,
suitable plastic structures have been developed and
applied. These niche applications of MAs have resulted
in very promising application treatments with market
acceptability, serve as models for global challenges
for new application methods.
The objective of this paper is to analyze the
emerging global technological challenges in relation
to the use of bulk storage of grain in hot climates with
the scope of reduction of post-harvest grain losses.

food storage, especially for storage of grain (Shukla,
2014). The positive impacts of public-private
partnerships in this sector could have a positive impact
given the inefficiencies in grain storage and the large
proportion of post-harvest wastage, especially in the
handling and storage of grain in developing countries.
While the economic efforts made by the World
Bank and countries involved in these developments
have been valuable in many sectors, there has been
little use of private sector efficiencies in grain storage
investment. Globally, only a few projects have been
successfully implemented in this sector, with other
projects being explored in various countries.
According to McKee (2013) over 99% of Indian
government grain is still stored in 50-kg bags in stateowned warehouses or in the open air. According to
some official estimates, storage losses were 10% or
more in such facilities. McKee (2013) indicated that
a movement is gaining momentum in India that will
revolutionize both the modalities and technology of
government grain storage.
Shukla (2014) in a brief overview of countries that
included: India, Pakistan, Oman, Nigeria, Zambia and
Philippines has reported on the trends in grain storage
from bag to bulk. He indicated a significant shortage of
adequate modern wheat (Triticum aestivum L.) storage
capacity in India—estimated to be 10 million tonnes.
The Punjab area, being the highest food producing state
in India, has a storage shortage of 7 million tonnes.
In another World Bank document, Shukla and Gupta
(2014) indicated that many developing countries have
little experience within the public or private sector of
establishing, or operating and maintaining, large scale
silo storage. Stringent requirements relating to running
of silo projects have the potential to become a major
barrier in such projects for the implementation of the
construction and operation of silos.
In view of this transition of bag to bulk storage,
several important technological aspects need
consideration: (a) use of appropriate aeration and
grain cooling methods where the climate permits
use of cold ambient air; (b) preventing condensation
inside the metal silos in hot climates; (c) retention of
fumigants in the newly constructed metal silos; (d)
use of Closed Loop Fumigation (CLF) to circulate
the fumigant for insect control.
CONDENSATION IN LARGE BULKS
Because of its self-insulating properties, grain
loaded into storage during summer harvest retains
the initial harvest temperatures for several weeks in
cool weather in autumn. For safe storage through the
winter and spring months, grain temperatures must be

TRANSITION FROM BAG TO BULK IN HOT
CLIMATES
Increase in global food production in unprecedented
quantities of cereals and oilseeds resulted in increased
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lowered during the summer and autumn and maintained
at low levels which will suppress insect and mold
reproduction and growth.
As the ambient temperature drops during the cool
season, the surface (and peripheral) layers of the grain
become considerably cooler than the internal grain
mass. Temperature gradients are established in the grain
bulk which create convection currents that circulate
air through the inter-granular spaces. The cold dense
air settles along the outer walls and the warmer air
(which contains more moisture than cool air) moves
upwards towards the colder upper surface of the
grain bulk. In this way, moisture carried by warm air
may “migrate” to the cooler surface grain, where the
aircools to reach high equilibrium relative humidity,
even “dew point”and deposits excess moisture, slowly
increasing the grain moisture content in the upper parts
of the grain bulk.
Moisture migration is a slow convection air
movement process that occurs in a grain mass when
sufficient temperature differentials exist between the
outside and middle of a grain mass which occur during
a period of several weeks or months. Slow moving
convection air causes moisture to slowly accumulate in
the coldest grain layers. In extreme cases (particularly
in the colder months), condensation of water may occur
on the grain, or under the roof causing rapid mold
(and sometimes bacterial) spoilage. One of the typical
symptoms of this phenomenon is the “crusting” over
of the grain surface or a ring of mould around the top
layer where water has run down under the roof. Surface
crusting should be taken as a warning sign indicating
that action must be taken to prevent further damage.
The more damaging aspect of moisture migration is
not the amount of damaged grain, which is usually
small in proportion to the grain bulk, but mixing of
damaged with undamaged grain during bin unloading
due to funnel flow. Mixing may reduce the quality of
a significant part of the entire grain volume.
In addition to discoloration, mustiness, and
decreases in germination, the potential for production
of mycotoxins in micro flora damaged grain should
also be considered. This is the most significant aspect
of micro flora damage that has received worldwide
attention by mycologists and nutritionists since the
mid-sixties.
An important objective of grain aeration, especially
in subtropical and temperate climates in which
diurnal or seasonal temperature fluctuations occur,
is to maintain uniform grain temperatures. Thus, a
major purpose of aeration is not only cooling grain to
lower temperatures, but the prevention of “moisture
migration” by maintaining uniform temperatures

throughout the grain mass.
Moisture migration occurs in warm, subtropical
climates, as well as in cooler temperate climates in
which ambient temperatures may fluctuate widely
between day and night, and may be much colder than
the stored grain during winter. Moisture migration
can be prevented by the elimination of temperature
gradients throughout the grain bulk by aeration with
ambient air during cool weather at low aeration rates.
Grain temperatures should be measured throughout
the aerated bulk at frequent intervals (i.e. bi-weekly
or monthly) to check grain temperature uniformity.
Under-roof condensation is a different natural
process than moisture migration within the grain bulk.
Condensate that drips on the grain involves moisture in
humid air which accumulates in the head-space above
the grain bulk which condenses on the undersurface
of the bin roof. This natural condition which is acute
in hot climates is the primary factor limiting the
introduction of bulk handling technology in tropical
developing countries.
For example, there have been several attempts to
adopt metal silos or bins for storage of paddy (rice)
in the Philippines. However, headspace moisture
condensation caused grain spoilage accompanied
by insect infestation and hot spots, even during
short storage durations of three months (de Padua,
1974). Similar occurrences of headspace moisture
condensation in metal silos have been reported in other
ASEAN countries (Abdulkadir and Joyosuparto, 1979;
Shamsuddin, 1979). Experimental work carried out on
storage of paddy (Oryza sativa L.) in the Philippines
demonstrated that moisture condensation in metal
silos could be significantly reduced by using aeration
systems to maintain uniform grain temperatures and
ventilate bin headspaces (NAPHIRE, 1990). By using
aeration equipped bins, low moisture paddy could be
successfully stored for one year without significant
loss in quality.
Roof headspace exhaust fans operated by
humidistat control would be desirable for controlling
headspace humidity in steel bins or silos in tropical or
subtropical climates. Repeat 24 h cycle timers may be
a simple alternative to humidistat control. The timer
could be set to turn roof exhaust fans on and off at
the times each day when bin roofs normally cool and
headspace relative humidity rises.
In subtropical and temperate climates, if grain
bulks are stored at high temperatures and are not cooled
before cold weather, moisture may condense on the
underside of the bin roof. Warm grain (10–11% mc
(is OK in my experience), stored in metal bins can
cause condensation during the night even in relatively
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warm weather in sub-tropical and temperate climates.
This condition occurs when heat from the roof radiates
to the cold night sky, chilling the roof metal until
headspace air reaches dew point or below, causing
moisture to condense on metal roof panels and drip on
surface grain. Proper aeration can minimize the risk of
headspace moisture condensation. Cooling the surface
grain by aeration will tend to lower headspace dew
point temperatures, reducing condensation.

considerably increased to 5 g/tonne. With a nominal
dosage of 2 g/tonne, the expected initial concentration
in the enclosure, after the gas is completely released
may be as high as 1,000 ppm. However, this
concentration is theoretical, and may only be attained
in extremely gastight conditions. Phosphine release
from tablets or pellets is a matter of time, under ideal
conditions, only 75% of the maximum theoretical
concentration is released after 24 h and 85% after
48 h at 25°C (Ducom and Bourges, 1992). Meanwhile,
gas loss due to leakage counteracts to reduce the gas
concentration. Most grain storage structures suffer from
a lack of sufficient gastightness. Those leaks lead to
increase of gas loss due to the exposure of the structures
to changing day and night temperatures. During the
day, the energy absorbing surface causes expansion
of the air that contains the gas and thus it is released
to the atmosphere (Fig. 1a) and during the night, the
air-gas mixture contracts due to cooling and in this way
the gas concentration is diluted (Fig. 1b). The same
effect occurs due to changes in atmospheric pressure,
when the pressure is low it causes gas loss (Fig. 2a)
and during high pressure (Fig. 2b) air infiltration into
the bin causes a reduction of fumigant concentration
(Navarro, 1997).

RETENTION OF FUMIGANTS IN SILOS
Phosphine fumigation
It is a common treatment where three important
points deserve attention: sufficient gastightness, the
lack of which leads to insect resistance; insufficient
exposure time for complete control; and prevention
of gas from diffusing into the working areas.
In general, silos are not sufficiently gastight unless
they were specially constructed for fumigation or retro
sealed. For fumigation, adequate sealing is essential
and before a treatment, a pressure test for evaluating
the sealing efficiency of the structures should be
performed (Navarro, 1998).
Sealing silos before grain loading is not generally
considered practice except in Australia where the
standards for sealing for insect control were established
(Standards Australia, 2010). Silo designs are engineered
to hold the grain in storage and prevent damage from
external effects like rain, winds, and to certain extent
rodents and birds. Engineers engaged with designing
silo structures are very seldom requested to consider
the possibility of designing a silo that can hold the
fumigant gas. Newly constructed silos in developing
countries in Asia and Africa should consider the option
of silo gastightness design according to the climatic
constraints of the geographical location of the silos.
Such options need to be based on research, education,
experience and know-how. The planned large-scale
facilities will be challenged by those external climatic
factors for their ability to maintain the storability of
the grain in those silos for the designed length of time.
In some countries, grain immediately after it is
received in the pit is dosed using a phosphine dosimeter
for applying pellets. The recommended dosage is
about 5 g phosphine/tonne at temperature above 15oC.
This dosage is appropriate provided the gas is well
distributed and retained in the bin.
In some cases, the dosimeter for phosphine is
located at the base of the elevator. Although in principle
the general rule is to keep a minimum dosage of
2 g/tonne for 7 days but for several considerations
including lack of gastightness, this dosage is in practice

Day

Heated air expands
(a)

Night

Cooled air contracts
(b)

Fig. 1. Effect of temperature changes on gas loss; during the
day (a) on expansion and at night (b) on contraction
causing reduction of fumigant concentration
At low atmospheric pressure

At high atmospheric pressure

Inside atmosphere moves out External atmosphere moves in
(a)
(b)

Fig. 2. Effect of atmospheric pressure changes on gas loss;
during the low pressure (a) on gas loss and during
high pressure (b) on air infiltration into the bin
causing reduction of fumigant concentration
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Gas tightness of structures for gaseous treatments
Rigid structures can withstand the positive
pressures exerted on them during the test for
gastightness without changes in volume. Rigid
structures may be constructed of concrete, metal or
a combination of the two. For modified atmosphere
(MA) treatments, the structures must be equipped
with a pressure relief valve in order to avoid structural
failure under extreme and sudden pressure variations.
A general precaution for rigid structures: In
conducting the pressure tests, care should be taken
to carefully monitor the pressure applied, especially
within the rigid structures, so as not to exceed the
pressure limits this structure can withstand. A small
blower used to pressurize the structure can eventually
produce enough pressure to cause structural damage.
This is particularly important in large stores. It is
always advisable to seek the advice of a civil engineer
regarding the structural soundness of the storage before
conducting pressure tests.

To minimize the thermal influence, tests should
be carried out preferably before sunrise and in still
weather. A pressure of 250 Pa may be taken as an
upper limit, but for some structures even this pressure
may cause poor seals to open. Welded steel cells and
concrete silos may be able to stand 500 Pa, but higher
pressures are usually unnecessary.
Comparative tests with variable pressure tests
were carried out to determine the infiltration of O2
and loss rate of CO2, PH3, and methyl bromide from
exposed (EX) and shaded (SH) empty structure of 7.5
m3 capacity in relation to half-life pressure decay time
(min) (Table 1). The suggested maximum infiltration
rate for modified atmospheres is 0.5% O2/d increase.
The suggested maximum loss rate for CO2 is 2%/d. PH3
loss should not exceed 100 ppm/d. Methyl bromide loss
of 1.0 g m-3/d was considered acceptable. For methyl
bromide, the shaded structure was tested in October
and the exposed structure was tested in November,
when ambient temperatures were lower than in October
(Navarro and Zettler, 2001).
For controlled atmosphere storage in Australia,
with structures of 300 to 10,000 tonnes capacity, a
decay time of 5 min for an excess pressure drop of
2500–1500 Pa or 1500–750 Pa or 500–250 Pa was
regarded satisfactory (Banks et al., 1980). According
to Banks and Annis (1980), this range of pressures
was chosen so that it is the highest usable without
unduly stressing the storage fabric of the store. They
commented also that above 10,000 tonnes capacity,
pressure testing is difficult to carry out satisfactorily,
as it requires very stable atmospheric conditions. From
analysis of the data presented by Banks et al. (1980),
it would appear that for storages with capacities in the
range of 1,600–1,900 tonnes in MA with an initial CO2
concentration of about 60–85% for an average decay
time of 11 min, the daily decay rate was about 4%
CO2. With similar range of initial CO2 concentration

Gas permeation through the rigid structure
membrane
Gas loss through the structural membrane during
gaseous treatments is an important phenomenon.
Concrete walls, plaster and plastic liners permit
gas permeation and gas exchange. Pressure tests, as
described below are not capable of measuring the
degree of such losses.
Comparative results with variable pressure test :
In variable pressure test, the structure is pressurized
to a value above atmospheric, using a fan. The air
supply is then shut off and the pressure is allowed to
fall by natural leakage to a new value. The time taken
to fall from the high (positive or negative) pressure
serves as a measure of the degree of sealing. Time
elapse to half the pressure is usually considered for
comparisons of gastightness level.
Table 1

Infiltration of O2 and loss rate of CO2, PH3, and MB from exposed (EX) and when shaded (SH) empty structure of
7.5 m3 capacity in relation to half-life pressure decay time (min). The suggested maximum infiltration rate for modified
atmospheres is 0.5% O2/d increase. The suggested maximum loss rate for carbon dioxide is 2%/d. PH3 loss should not
exceed 100 ppm/d. MB loss of 1.0 g m-3/d was considered acceptable. For methyl bromide the shaded structure was
tested in October and the exposed structure was tested in November, when ambient temperatures were lower than in
October (Navarro and Zettler, 2001)

Minutes for halflife pressure decay

Infiltration rate
(% O2/d)

Loss rate
(% CO2/d)

PH3 loss
(ppm/d)

MB loss in
(g m-3/d)

EX

SH

EX

SH

EX

SH

EX

SH

1

1.60

1.15

6.65

5.00

220

145

1.95

2.05

2

1.35

1.05

5.45

4.20

190

120

1.70

1.85

3

1.15

0.95

4.40

3.45

175

100

1.45

1.55

4

0.95

0.70

3.30

2.70

155

75

1.15

1.25

5

0.80

0.50

2.20

1.95

130

52

0.93

1.10
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in a structure of 150 m3 capacity, daily gas loss was
correlated to different levels of pressure decay times
(Navarro et al., 1998). Their comparison resulted in
a pressure decay time of 3 min for a daily decay rate
of about 4% CO2.
The influence of hermetic storage on controlling
insects was examined using small scale 15, 30 and 52
m3 capacity sealed plastic structures for outdoor storage
of wheat, paddy and corn (Zea mays L.) (Navarro et al.,
1995). Pressure decay rates were compared with daily
CO2 decay rates. Within these structures, successful
insect control was obtained with <1% CO2 daily decay
rate which was equivalent to 5 min half-life pressure
decay time. Similarly, comparative data were obtained
using hermetic bunker storages of about 19,000 m3
capacity, where successful results were obtained when
the half-life pressure decay was about 9 min (Navarro
et al., 1984).
According to Banks and Annis (1984), daily
ventilation rates tolerable in various insect control
processes are estimated as 2.6% for hermetic storage,
5% for N2 based MA, 7% for CO2 based CA, and 10%
for phosphine fumigation. Based on the proportion of
ventilation rates, this would account for ventilation
rates for fumigation using phosphine being two fold of
N2 based MA , and the latter being as much as twice
at hermetic storage.

surfaces, or added to a small percentage of grain
conveyed from one bin into another bin with dosage
added to conveyors during transfer of a portion of the
grain (2 to 5% of bin capacity) into the treated bin.
Recirculated phosphine achieves uniform
distribution throughout the grain bulk much faster and
more predictably than was possible with conventional
probe fumigation that relied on diffusion and convection
air currents. A 0.075 kW (0.10 HP) recirculation blower
that delivers 353 m3/h through the grain in an 8,100
tonne welded steel storage bin was used. The flow rate
of 0.043 m3/h/tonne, created one gas exchange per
12 hours, and proved satisfactory to mix and achieve
relatively uniform gas distribution with 4 to 6 air
exchanges in 2 to 3 days (Cook, 1980). The rate of
0.36 m3/h/tonne is about 1.4 hours per air exchange
or 17 air changes per day. Cook (1980) preferred to
use between 0.090 and 0.048 m3/h/tonne, which are
equivalent to 5.6 to 10.4 hours per air exchange, or
2.3 to 4.3 air changes per day.
CONCLUSION
∑
∑

PHOSPHINE RECIRCULATION

∑

Phosphine has been used as a fumigant in pellets
or tablets and traditionally probed 1 or 2 m deep in the
grain. During conventional fumigation, grain surfaces
are either plastic tarped or roof openings are sealed.
In steel bins, about 75% of the dosage is surface
probed and 25% is placed in base aeration ducts. In
silos, automatic dispensers drop a calculated number
of pellets or tablets per 35 m3 onto grain conveyed by
belt conveyors or elevator legs during grain transfer to
storage units. This is now an illegal use of phosphine
in Australia – it has been removed from the label (C.
Newman Personal information).
Because phosphine gas is explosive in sealed
compartments at concentrations above 17,900 ppm,
researchers have been reluctant to test phosphine
in recirculation systems like those used for methyl
bromide. Compared to conventional probe/ tarp
fumigation methods, or automatic pellet dispensing
into concrete silos to fumigate while turning grain,
‘closed loop fumigation’ (CLF) is performed without
removing the grain from the silo (Noyes et al., 1998).
Aeration fans, vents, conveyors, and down spouts are
primary openings to be sealed prior to use of CLF.
In dosing for CLF, fumigant can be spread on grain

∑

∑
∑

∑

There is an increasing economic development
accompanied by demand for bulk storage of grains
particularly in hot climate areas.
The transition from bag to bulk increased the
demand for bulk storage in warehouses, but also
in metal silos.
Long term bulk storage of grain in hot climates
needs additional research, development, technological know-how and experience to prevent grain
losses.
Large bulks should be equipped with appropriate
aeration and grain cooling systems and where the
climate permits, use of cold ambient air should be
implemented.
In hot climates, preventing condensation inside
the metal silos poses a technological challenge.
In newly planned silos, provisions should be made
for appropriate gastightness necessary for the retention of fumigants. Such gastightness should not
obviate the possibility of implementing aeration
technology. Sealable aeration vents have been
designed and are in use in Australia.
For effective fumigation of large bulks, in addition
to proper gastightness, they should be equipped
with closed loop fumigation to circulate the fumigant for insect control.
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Influence of hermetic storage on the survival and damage caused
by Sitophilus oryzae on maize (Zea mays) and Caryedon serratus on
groundnut (Arachis hypogaea)
T MADHUMATHI1*, P V KRISHNAYYA2
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Bapatla, Andhra Pradesh 522 101 India
ABSTRACT

Experiments on Sitophilus oryzae (L.) and Caryedon serratus (Olivier) were conducted
during (2009–12) at Bapatla, Andhra Pradesh, India under laboratory conditions (32+1°C and
75% r.h. Maize (Zea mays L.) and groundnut (Arachis hypogaea L.) stored in Magik bags
(Coramandal fertilizers Ltd., India). The results showed zero adults, zero per cent insect damaged
grains and zero grain weight loss up to six months of storage. Maize stored in Super bags (Grain
Pro Ltd., Philippines) also recorded zero infestation, but grain stored in jute bags and plastic
containers recorded 0.507 to 20.82% and 0.506 to 13.77% weight respectively. The number of
C. serratus beetles on groundnut that emerged, ranged from 136.33 (Super bag) to 366 beetles
(thin netted single layer jute bag). The pod damage caused by C. serratus was 0.75% (super
bag) to 10% (thin netted single layered jute bag) at 30 d and increased to 85.4% to 100% at
180 d. The percentage viability and germination of groundnut kernels was 100% when stored
in Magik bags at 180 d followed by 72% (Super bag ), 70% (Nylon bag) and about 50% in the
other bags (cloth and jute).
Key words: Caryedon serratus, Hermetic storage, Jute bags, Magik bags, Nylon bag,
Sitophilus oryzae, Super bags
Conservation of food grains from damage
and depredations by all forms of pests is of prime
importance not only from the economic point of view
but also for the health and general improvement of
living conditions. In India, the annual storage losses
were estimated as 13.98 million tonnes of food grains
worth ` 68,450 million (1,023 million US$). Every
year food grain losses due to insects alone account for
nearly ` 12,750 million (190.55 million US$) (Mohan
and Kavitharaghavan, 2008). Rice weevil [Sitophilus
oryzae (L.)] causes losses of 57.0% in raw rice,
49.0% in parboiled rice and 19.0% in wheat (Banerjee
and Nazimuddin, 1985) and losses due to peanut
beetle [Caryedon serratus (Olivier)] were 77.1% in
groundnut pods and 67.8% in kernels (Kumari et al.,
2002). To avoid health and environmental hazards,
*Corresponding author e-mail: madhumathi.tirumalasetty@
gmail.com

hermetic storage is gaining importance in storage pest
management. Hermetic storage systems rely on the
atmosphere within the grain, being modified through
respiration of the grain, insects and fungi. The oxygen
content in the atmosphere within the grain bulk needs
to be reduced to less than 3% and the carbon dioxide
content increases to a level where aerobic respiration
is minimized (Diep et al., 2006).
MATERIALS AND METHODS
An experiment was conducted during 2009-12 in
the Department of Entomology, Agricultural College,
Bapatla, Andhra Pradesh, India under laboratory
conditions of 32±1°C and 75% r.h., to study the
influence of hermetic storage on S. oryzae and C.
serratus.
Sitophilus oryzae
Disinfested maize kernels (500 g) were filled into
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plastic containers (500 g capacity), jute bags lined with
Magik bags, jute bags lined with Super Grain bags
and gunny bags made of jute. Ten pairs of freshly
emerged adult weevils (one day old) were released
into the grain container and tightly closed. Six sets
of the treatments were made in five replications to
examine the effect of hermetic storage at monthly
intervals for six months storage period. The first set
was opened after one month; likewise the second after
two months, the third after three months, the fourth
after four months, the fifth after five months and the
sixth set after six months.

count was recorded in maize stored in jute bag alone
being 2.6, 6.6, 12.6, 24.8, 37.6 and 39.0 at one to
six months respectively. Maize in plastic container
revealed a weevil count of 1.6, 5.6, 11.2, 20.4, 28.4
and 29.0 at one month to six months storage periods
respectively. These were significantly different from
each other (Fig. 1; Table 1). Hermetic storage systems
rely on modifying the atmosphere within the grain
through respiration of the grain, insects and fungi. In
hermetic systems, the oxygen content in the atmosphere
surrounding the grain inside the grain bulk is reduced,
often to less than 3.0% and the carbon dioxide
content increases to a level where aerobic respiration
is minimized (Diep et al., 2006). Bailey (1965) also
reported that the mortality of five insect species of
Rhyzopertha dominica (Fab.), Tribolium castaneum
Herbst., Oryzaephilus surinamensis (L.), Cryptolestes
ferrugineus (Steph.) and the larvae of Trogoderma
granarium Everts was due to oxygen depletion (anoxia)
and not by the accumulation of carbon dioxide. Storey
(1978) also reported 100% mortality of adults with two
days exposure on Callosobruchus maculatus at 1% O2,
9–10% CO2, the balance nitrogen. Decline in oxygen
levels to 0.8, 0.6, 0.4 and 0.0% in maize with 14, 15,
16 and 17% m.c., respectively, was also reported by
Martha et al. (2006). Similarly, in this experiment
there were no live weevils in hermetic storage jute
bags, i.e. jute bags lined with Superor Magik bags,
compared to an enormous increase in weevils with
heat development by fifth and sixth months of storage
in jute bag and plastic containers.
Population development of S. oryzae, measured
by a count and weight method, was zero per cent in
maize stored in jute bags lined with Magik and Super
bags (hermetic storage) after one to six months storage

Caryedon serratus
The treatments were Magik bags, Super Grain
bags, nylon bags, cloth bags, polythene lined cloth
bags, polythene lined thin netted jute bags, thick netted
double layered jute bags, thin netted double layered
jute bags, thick netted single layered jute bags and thin
netted single layered jute bags (control) were tested
similarly against C. serratus.
The observations were recorded on number of
adults emerged, weight loss (%) and seed or pod
damage (%). Viability (%) and germination (%)
of groundnut seeds were also recorded by a 0.5%
tetrazolium test against the infestation of C. serratus.
RESULTS AND DISCUSSION
Effect of hermetic storage on Sitophilus oryzae
Maize in hermetic storage of jute bags lined
with Magik and Super bags recorded zero weevils
during one to six months after storage period which
were significantly different from storage in plastic
container and jute bag alone. The highest weevil
100
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Super bag
60 d
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Per cent weevilization of maize due
to S. oryzae by count

Fig. 1. Effect of hermetic storage of maize on losses caused by Sitophilus oryzae
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Table 1

Effect of hermetic storage of maize on losses caused by Sitophilus oryzae

Storage structure

Storage period
30 d

60 d

90 d

120 d

150 d

180 d

Per cent weight loss of maize due to S. oryzae*
Plastic container

0.506
(4.04)a

1.34
(7.34)b

4.53
(12.25)b

7.60
(15.98)b

11.36
(19.69)

13.77
(21.78)b

Magik bag

0.00
(0.00)b

0.00
(0.00)c

0.00
(0.00)c

0.00
(0.00)c

0.00
(0.00)c

0.00
(0.00)c

Super bag

0.00
(0.00)b

0.00
(0.00)c

0.00
(0.00)c

0.00
(0.00)c

0.00
(0.00)c

0.00
(0.00)c

Jute bag

0.507
(3.99)a

2.61
(10.16)a

8.77
(17.17)a

9.49
(17.90)a

14.79
(22.60)

20.82
(27.14)a

SEm (+)

0.26

0.26

0.44

0.41

0.27

0.21

CD (P=0.05)

0.80

0.78

1.33

1.23

0.81

0.63

Per cent weevilization of maize due to S. oryzae by weight
Plastic container

2.83
(9.64)a

34.53
(35.99)b

52.21
(46.27)a

66.24
(54.48)b

82.48
(65.26)b

87.41
(69.2)b

Magik bag

0.0
(0.0)c

0.0
(0.0)c

0.0
(0.0)b

0.0
(0.0)c

0.0
(0.0)c

0.0
(0.0)c

Super bag

0.0
(0.0)c

0.0
(0.0)c

0.0
(0.0)b

0.0
(0.0)c

0.0
(0.0)c

0.0
(0.0)c

Jute bag

2.08
(8.26)b

35.45
(36.54)a

53.76
(47.16)a

80.78
(64.01)a

86.57
(68.51)a

89.77
(71.4)a

SEm (+)

0.31

0.16

0.47

0.29

0.21

0.44

CD (P=0.05)

0.94

0.47

1.41

0.87

0.65

1.33

Per cent weevilization of maize due to S. oryzae by count
3.33
(10.49)a

38.02
(38.07) a

58.30
(49.78)a

74.96
(59.99)b

90.50
(72.1)b

92.40
(74.0)b

Magik bag

0.0
(0.0)c

0.0
(0.0)b

0.0
(0.0) b

0.0
(0.0)c

0.0
(0.0)c

0.0
(0.0)c

Super bag

0.0
(0.0) c

0.0
(0.0) b

0.0
(0.0)b

0.0
(0.0)c

0.0
(0.0)c

0.0
(0.0)c

Jute bag

2.63
(9.30)b

37.80
(37.94)a

56.86
(49.33) a

90.39
(71.97)a

93.20
(75.0)a

96.80
(79.7)a

SEm (+)

0.3

0.16

0.35

0.47

0.41

0.29

CD (P=0.05)

0.9

0.49

1.06

1.42

1.24

0.87

Plastic container

Values in parentheses are transformed values In each column values with similar alphabet do not vary significantly at P=0.05
* arc sine transformation

period. This was significantly different from storage
in plastic containers and jute bags alone. The highest
weevil increase by count, 3.33% and by weight, 2.83%
was recorded in maize in plastic containers. This was
significantly different from jute bag alone recording
2.63 and 2.08% weevil increase by count and weight
method at 30 d respectively. Weevil increase in

jute bags alone by weight was 35.45% significantly
higher than that of plastic containers at 34.53%, but
it was similar to the increase of weevil by count in
jute bag and plastic containers of 37.80 and 38.02%,
respectively, at 60 d.
Weevil infestation of maize by count (58.30 and
56.8%) and by weight (52.21 and 53.76%) was similar
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at 90 d in plastic containers and jute bags respectively.
Again there was a significant difference in insect
population numbers by count in plastic containers
(74.96, 90.5 and 92.4%) and by weight (66.24, 82.48
and 87.41%) compared to weevil development in jute
bag alone with 90.39, 93.2 and 96.8% by count and
80.78, 86.57 and 89.77% by weight at 120, 150 and
180 d respectively (Table 1; Fig. 1).
Development of S. oryzae on maize in plastic
containers and jute bags were similar by count and
weight method however, from the fourth month
onwards there was significantly higher population in
jute bags alone upto six months of storage period. Khan
et al. (1976) also made an interesting observation that
paddy seeds under vacuum storage (2×10-3 to 5 mm
Hg) remained completely free from insect damage
while those under normal atmosphere sustained
considerable damage (about 4 % of the seeds damage).
There was also a reduction in seed m.c. in vacuum
storage from the initial 13.73 to 7.85%, whereas the
same initial m.c. was more or less maintained by the
seeds stored under normal atmosphere during a storage
period of 360 days.
The weight loss (%) in maize was zero when
stored in jute bags lined with Magik and Super bags
during one to six months storage period and were
significantly different from jute bags alone with 0.50,
Table 2

Effect of hermetic storage of groundnut on
Caryedon serratus
Adult emergence: Groundnut pods stored in Magik
bag recorded zero adult emergence during one to six
months of storage, which was significantly different
from storage in all other types of bags. Groundnut
pods stored in all different types of bags also recorded

Effect of hermetic storage of groundnut on adult emergence of Caryedon serratus

Storage bags
Magik bag
Super bag
Nylon bag
Cloth bag
Polythene lined cloth bag
Polythene lined thin netted jute bag
Thick netted double layered jute bag
Thick netted single layered jute bag
Thin netted double layered jute bag
Thin netted single layered jute bag
  SEm±
  CD (P=0.05)

2.61, 8.77, 9.49, 14.79 and 20.82% weight loss as
well as in plastic containers where the weight loss
was 0.50, 1.34, 4.53, 7.6, 11.36 and 13.77% at one to
six months storage period (Table 1; Fig. 1). Similarly,
Caliboso et al. (1999) also reported minimum weight
loss of rice and maize stacks with high seed viability
and no aflotoxin development during the six months
of hermetic storage period. Thilakarathna et al. (2006)
reported 0.4% weight loss in a ferro-cement bin and
2.1% weight loss in control after six months of storage.
The materials used for storage result in hermetic
conditions by depleting existing oxygen and increasing
carbon dioxide from respiration by insects and grain
(Bailey, 1965) resulted lower insect infestation without
affecting the germination of the seed (Diep et al.,
2006; Jolli et al., 2005). These studies indicate further
investigations into the bio-chemical and biophysical
reasons behind the successful penetration of gases
through packing material used in storage.

30 d
0
(0.00)
0
(0.71)
0
(0.71)
0
(0.71)
0
(0.71)
0
(0.71)
0
(0.71)
0
(0.71)
0
(0.71)
0
(0.71)
NS

60 d
0
(0.71)a
15.33
(3.97)b
17.67
(4.25)b
82.67
(9.11)f
37
(6.11)bcd
31
(5.38)bc
50.33
(6.77)cde
68.33
(8.28)ef
63
(7.96)def
78
(8.80)ef
0.68
2.01
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Storage period
90 d
120 d
0
0
(0.71)a
(0.71)a
26.33
59.67
(4.99)b
(7.65)b
23.33
79.0
(4.84)b
(8.88)b
187.5
249.33
(13.60)d
(15.71)d
53.67
107.0
bc
(7.29)
(10.34)bc
68.67
118.33
(8.29)c
(10.83)bc
82.33
212.33
(9.09)c
(14.57)d
82.67
169.67
(9.10)c
(12.87)cd
87.33
169.67
(9.35)c
(12.89)cd
161.67
206.33
(12.43)d
(14.19)d
0.87
1.03
2.56
3.03

150 d
0
(0.71)a
115
(10.72)b
127
(11.26)b
322.67
(17.91)d
210.67
(14.43)c
217.67
(14.71)cd
242
(15.46)cd
241.67
(15.41)cd
239.67
(15.34)cd
299
(17.30)cd
1.04
3.06

180 d
0
(0.71)a
136.33
(11.69)b
195.33
(13.98)bc
350
(18.71)d
229.33
(15.10)c
237
(15.36)c
278.33
(16.62)cd
283.67
(16.73)cd
283.33
(16.70)cd
366
(19.23)d
0.91
2.68
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Table 3

Effect of hermetic storage of groundnut on% pod damage (by count) caused by Caryedon serratus

Storage bags

Storage period
30 d

60 d

90 d

120 d

150 d

180 d

Magik bag

0
(0.00)a

0
(0.00)a

0
(0.00)a

0
(0.00)a

0
(0.00)a

0
(0.00)a

Super bag

0.85
(0.49)a

9.92
(5.69)ab

42.92
(16.16)ab

55.33
(33.64)b

68.67
(43.42)b

82.67
(55.84)b

Nylon bag

0.81
(0.46)a

12.64
(7.26)b

55.76
(34.69)bc

90
(65.77)c

95.33
(73.06)c

100
(90.0)c

Cloth bag

11.52
(6.62)b

31.19
(18.22)e

75.47
(49.75)c

100
(90.0)d

100
(90.0)d

100
(90.0)c

Polythene lined cloth bag

5.78
(3.31)ab

16.11
(9.28)bcd

58.33
(40.96)bc

98.67
(84.58)d

100
(90.0)d

100
(90.0)c

Polythene lined thin netted jute bag

5.55
(3.19)ab

15.35
(8.84)bc

57.27
(36.95)bc

92.67
(72.08)c

100
(90.0)d

100
(90.0)c

Thick netted double layered jute bag

5.46
(3.13)ab

26.04
(15.17)cde

68.16
(45.21)bc

100
(90.0)d

100
(90.0)d

100
(90.0)c

Thick netted single layered jute bag

11.23
(6.45)b

27.42
(15.92)de

73.07
(47.60)bc

100
(90.0)d

100
(90.0)d

100
(90.0)c

Thin netted double layered jute bag

4.53
(2.59)ab

26.67
(15.49)cde

70.15
(44.57)bc

100
(90.0)d

100
(90.0)d

100
(90.0)c

Thin netted single layered jute bag

13.41
(7.74)b

34.97
(20.48)e

84.09
(58.78)c

100
(90.0)d

100
(90.0)d

100
(90.0)c

  SEm±

1.70

3.16

9.61

4.01

1.22

0.58

   CD (P = 0.05)

5.03

9.32

28.34

11.83

3.59

1.73

zero beetle emergence up to 30 days of storage and
was not significantly different from other treatments
(Table 2). The reason behind this is the duration of
the life cycle of C. serratus, which is about 45 days
for adult emergence. Super bags recorded a minimum
number of adult emergence of C. serratus at 15.33,
26.33, 59.67, 115 and 136.33 at 60, 90, 120, 150 and
180 d. This was similar to nylon bags, polythene lined
thin netted jute bags and polythene lined cloth bags
which recorded 17.67, 23.33, 79.0, 127 and 195.33; 31,
68.67, 118.33, 217.67 and 237; 37, 53.67, 107, 201.67
and 229.33 beetles respectively. In the remaining
storage bags—thick netted double and single layered
jute bags and thin netted double and single layered
jute bags—there were more than 50 to 78 adults of
C. serratus emerged at 60 d, maximum being 278.33
to 366 at 180 d.
Pod damage % (by count): Pod damage (by
count method) increased in all types of bags with the
increase in storage period except in Magik bag which
gave complete protection against pod damage from
attack of C. serratus up to 180 days of storage and
was significantly superior and different from all other
types of storage bags (Table 3).

Though all types of storage bags recorded no adult
emergence at 30 d, varying levels of pod damage
were recorded in different bags caused by C. serratus
larvae, which will bore into the pods immediately
after hatching.
Pod damage by count was the minimum in nylon
bags and Super bags at 30 d, recording 0.81 and 0.85%
and 12.64 and 9.92% at 60 d, which were similar to
each other. Thin netted and thick netted double layered
bags, polythene lined thin netted bags and polythene
lined cloth bags recorded 4.53, 5.46, 5.55 and 5.78%
at 30 d; and 26.67, 26.04, 15.35 and 16.11% pod
damage at 60 d respectively. Thick netted single
layered bag, cloth bag and thin netted single layered
bag recorded the maximum pod damage of 11.23, 11.52
and 13.41% at 30 d; and 27.42, 31.19 and 34.97% at
60 d, respectively, which were similar to each other
and also with polythene lined cloth bags, polythene
lined thin netted bags, thick netted and thin netted
double layered bag. More than 50% pod damage by
count was recorded in all types of bags except Super
bags with 42.92 at 90 d. The pod damage by count
was 100% in all the bags after 120 d, except Super
bags with 82.67% at 150 d.
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Table 4

Effect of hermetic storage of groundnut on per cent pod damage (byweight) caused by Caryedon serratus

Storage bags

Storage period
30 d

60 d

90 d

120 d

150 d

180 d

Magik bag

0
(0.00)

0
(0.00)a

0
(0.00)a

0
(0.00)a

0
(0.00)a

0
(0.00)a

Super bag

0.75
(0.43)

5.98
(3.43)ab

39.16
(23.06)ab

61
(38.37)b

76.92
(50.72)b

85.4
(58.94)b

Nylon bag

0.75
(0.43)

10
(5.74)ab

52.67
(32.46)bc

89.02
(63.63)c

93.92
(70.46)c

100
(90.00)c

Cloth bag

10.91
(6.27)

29.41
(17.15)de

77.17
(51.30)bc

100
(90.0)d

100
(90.0)d

100
(90.0)c

Polythene lined cloth bag

3.91
(2.24)

19.25
(11.12)bc

57.33
(39.75)bc

98.88
(85.03)d

100
(90.0)d

100
(90.0)c

Polythene lined thin netted jute bag

5.33
(3.07)

16
(9.21)bc

50.33
(31.27)bc

95.21
(76.57)d

100
(90.0)d

100
(90.0)c

Thick netted double layered jute bag

3.61
(2.07)

22
(12.76)cd

58.33
(37.39)bc

100
(90.0)d

100
(90.0)d

100
(90.0)c

Thick netted single layered jute bag

9.42
(5.41)

23.16
(13.99)cd

59.5
(37.29)bc

100
(90.0)d

100
(90.0)d

100
(90.0)c

Thin netted double layered jute bag

3.5
(2.01)

22.91
(13.26)cd

64.17
(40.00)bc

100
(90.0)d

100
(90.0)d

100
(90.0)c

Thin netted single layered jute bag

10
(5.77)

34.83
(20.39)e

85.33
(59.00)c

100
(90.0)d

100
(90.0)d

100
(90.0)c

1.81

9.03

4.13

1.78

1.01

5.34

26.64

12.17

5.28

2.98

  SEm±
   CD (P = 0.05)

NS

Pod damage % (by weight): Magik bags recorded
no pod damage (0%) (by weight) up to the sixth month
of storage (Table 4). The pods in different storage
bags did not show any significant difference between
them for pod damage by weight at 30 d. Minimum
pod damage of 0.75% was observed in Super bags and
nylon bags. The maximum damage was recorded in
thin netted single layered bags and cloth bags, with 10
and 10.91% damage respectively. The remaining thin
netted and thick netted double layered bags, polythene
lined cloth bags, polythene lined thin netted jute bags
and thick netted single layered bags recorded 3.5, 3.61,
3.91, 5.33, 9.42% damage respectively. The lowest pod
damage (5.98%) was recorded in Super bags at 60 d
which was similar to nylon bags (10%), polythene
lined thin netted jute bags (16%) and polythene lined
cloth bags (19.25%). Thick netted and thin netted
double layered bag and thick netted single layered
bag recorded 22, 22.91 and 23.16% pod damage and
were similar to each other and also to with polythene
lined cloth bag, polythene lined thin netted jute bags
and cloth bag (29.41). The highest percentage of pod

damage (34.83) was recorded in thin-netted single
layered bags, being at par with cloth bags. More than
50% damage was observed in all the bags except in
Super bags (39.16%). Pod damage of 100% by weight
was recorded in all the bags after 120 d, except in
Super bags with 85.4% at 150 d.
Weight loss (%): A similar trend was recorded for
percentage weight loss. Magik bags recorded zero per
cent weight loss up to sixth month of storage, but it
increased for all other types of bags with the increase
in storage period (Table 5). Super bags recorded the
minimum weight loss of 0.06, 0.29, 5.03, 10.62, 15.72
and 22.75% at 30 to 180 d and was similar to that
recorded in nylon bags with 0.02, 0.86, 7.29, 14.65,
31.11% at 30 d to 180 d. Polythene lined thin netted
jute bags, thick netted double layered bags, polythene
lined cloth bags, thin netted double layered bags,
thick netted single layered bag and thin netted single
layered bag recorded 0.28, 0.29, 0.47, 0.69, 1.19,
2.04 and 1.94 % weight loss respectively. Upto 5.55,
39.41, 43.18, 53.0 and 59.03% weight loss due to C.
serratus was observed in the remaining bags at 60,
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Table 5

Per cent weight loss caused by Caryedon serratus in different storage bags
Storage period

Storage bags

30 d

60 d

90 d

120 d

150 d

180 d

Magik bag

0
(0.00)a

0
(0.00)a

0
(0.00)a

0
(0.00)a

0
(0.00)a

0
(0.00)a

Super bag

0.06
(0.037)a

0.29
(0.17)a

5.03
(2.88)a

10.62
(6.9)b

15.72
(9.04)b

22.75
(13.22)b

Nylon bag

0.02
(0.01)a

0.86
(0.49)ab

7.29
(4.18)ab

14.65
(8.43)b

31.11
(18.15)c

47.94
(28.74)c

Cloth bag

1.94
(1.11)c

4.49
(2.57)cd

33.21
(19.39)cd

43.85
(26.10)c

53.00
(32.02)d

59.03
(36.31)c

Polythene lined cloth bag

0.47
(0.27)a

2.14
(1.22)abc

23.50
(13.63)bcd

36.78
(21.58)c

48.34
(28.92)d

52.94
(32.06)c

Polythene lined thin netted jute bag

0.28
(0.16)a

1.64
(0.94)abc

14.49
(8.34)abc

36.78
(21.58)c

46.00
(27.39)d

49.82
(29.90)c

Thick netted double layered jute bag

0.29
(0.17)a

4.08
(2.34)cd

25.44
(14.81)bcd

36.61
(21.48)c

51.03
(30.71)d

53.12
(32.17)c

Thick netted single layered jute bag

1.19
(0.68)b

3.37
(1.94)bcd

27.47
(16.20)cd

37.72
(22.16)c

51.70
(31.13)d

53.53
(32.39)c

Thin netted double layered jute bag

0.69
(0.39)ab

3.5
(2.03)bcd

30.65
(17.94)cd

36.89
(21.65)c

51.85
(31.30)d

57.38
(35.03)c

Thin netted single layered jute bag

2.04
(1.17)c

5.55
(3.18)d

39.41
(23.34)d

43.18
(25.69)c

52.65
(31.89)d

57.75
(35.30)c

SEm±

0.12

0.52

3.36

1.65

1.76

2.51

CD

0.37

1.53

9.92

4.87993

6.29

7.39

Values in parentheses are angular transformed values In each column values with similar alphabet do not vary significantly
at P=0.05
Table 6

Effect of hermetic storage of groundnut viability of groundnut kernels

Storage bags

Storage period
30 d

60 d

90 d

120 d

150 d

180 d

100a

100a

100a

Magik bag

100

100a

100a

Super bag

100

98a

92.67b

83.33b

74b

72b

Nylon bag

100

94b

88.67bc

78c

72.67b

70b

Cloth bag

100

90c

82.67e

72.67d

62.67c

52c

Polythene lined cloth bag

100

93.33b

84cde

71.33d

64.67c

51.33c

Polythene lined jute bag

100

93.33b

86.67cde

73.33cd

64.67c

52c

Thick netted double layered jute bag

100

93b

84cde

75.33cd

65.33c

51.33c

Thick netted single layered jute bag

100

91.33bc

82.67de

75.33cd

61.33c

53.67c

Thin netted double layered jute bag

100

89.33c

82.67cde

74.67cd

65.67c

52.67c

Thin netted single layered jute bag

100

88.67c

81.33de

70.67d

62.67c

50.67c

0.94

1.47

1.49

1.78

1.48

2.78

4.35

4.39

5.25

4.36

  SEm±
  CD (P=0.05)

NS

90, 120, 150 and 180 d.
Raghuram (2010) reported complete protection of
maize stored in Magik bags and Super bags up to six
months of storage with respect to number of weevils

emerged, grain damage by count and weight method
and % weight loss. He also recorded a maximum
number of weevils, highest maize grain damage and
weight loss in jute bags.
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Similar results were observed in the present
experiment when groundnut pods were stored in
Magik bags only. But groundnuts stored in Super
bags recorded 15.33 to 136.33 number of adults, 0.85
to 82.67% pod damage by count, 0.75 to 85.4% pod
damage by weight and 0.06 to 22.75% weight loss in
one to six months storage period. This may be due
to high inter-granular space between groundnut pods
compared to that of maize grains. Moreover, the beetles
were able to make holes in the Super bags but not in
Magik bags. Anandhi et al. (2007) also recorded the
maximum number of adults and per cent weight loss
in jute bags, followed by jute bag lined with polythene
and muslin cloth bags and 100% infestation in all
three types of bags. Mishra et al. (2008) also reported
that polythene bags, jute bags and polythene coated
jute bags were less effective and recorded a higher
percentage weight loss in pods.
Viability (%) and germination (%): Pods stored
in different types of bags showed 100% germination
and viability at one month of storage and decreased
with the increase in storage period except in case of
Magik bags which maintained 100% viability and
germination throughout the storage period up to six
months, may be owing to complete protection from
C. serratus (Table 6).
Super bags showed 98, 92.67, 83.33, 74 and 72%
viability at 60 to 180 d, being significantly different
from other types of storage bags. The remaining bags
also showed 62.67 and 50.67% viability up to 150
and 180 d.
Super bags showed the highest germination of
96.67, 92.33, 82.33, 74.0 and 71.67% next to Magik
bags at 60, 90, 120, 150 and 180 d. The remaining
bags showed 61.33 to 72.67% and 50.67 to 69.33%
germination upto 150 and 180 d respectively.
Germination and viability of groundnut kernels
were 100% when pods were stored in Magik bags
where there was no infestation and damage by C.
serratus. However, germination and viability of
kernels reduced with the increased pod damage due
to C. serratus in Super bags and conventional storage
bags. Diep et al. (2006) reported maintenance of the
highest germination in hermetic bags, with an average
germination of 96%. Jolli et al. (2005) reported
inhibition of germination in cloth bags in accordance
with the level of infestation.
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ABSTRACT

A laboratory scale study was done to store pearl millet [Pennisetum glaucum (L.) R.Br.] and
sorghum [Sorghum bicolor (L.) Moench] in hermetic conditions. The effectiveness of hermetic
storage of millets was assessed for control of rice weevils [Sitophilus oryzae (L.)] at three levels
of grain m.c. (10, 12, and 14% w.b.) and two types of storage containers, PVC bin and grain bag.
Storage trials were conducted for a period of 3 months on grain bulks of size 15 kg. The insects
were introduced within the bulk and mortality of insect samples was monitored by means of
insect cages at 30, 60 and 90 d. For both pearl millet and sorghum, oxygen depletion and carbon
dioxide elevation were maximum at 1.7% and 19.4%, respectively, on the 90th day for grain at
14% m.c. The creation of hermetic conditions was found to be not as strong in grain bags in the
same period (11.4% O2 and 12.7% CO2). Increasing the m.c. from 10 to 14% resulted in a higher
rate of gas exchange. In both types of containers, complete mortality of insects were reported at
90 d, though the mortality was faster in PVC containers at 30 and 60 d at all moisture contents
when compared to grain bags. No significant change in grain quality was observed in the grain
bulks stored under hermetic conditions.
Key words: Hermetic, Pearl millet, Rice weevils, Storage, Sorghum
In recent years, the production and consumption
of millets have increased globally as they are regarded
as a health enhancing cereal. About 11 million tonnes
of millets were produced in India in 2015, with
sorghum [Sorghum bicolor (L.) Moench] and pearl
millet [Pennisetum glaucum (L.) R. Br.] among the
most important millet crops economically. Storage
of raw un-dehusked millet grain for about a year is
generally problem free if kept cool and dry. However,
it is important to gather information on the mechanics
of hermetic storage system, as some of the traditional
methods of storing millets in steel drums are essentially
airtight and hermetic in nature. Multilayered polythene
hermetic bags are available commercially for storing
grain on a small scale. An investigation is needed to
determine if polythene bags and traditional airtight
systems are effective in creating hermetic conditions
and killing target organisms. Millet growers recently
have organized themselves into larger entities such
*Corresponding

author e-mail: ganapathy.s@tnau.ac.in

as producer companies to achieve the benefits of
scale and look for adoption of new technologies for
bulk handling and storage of grain. The potential of
airtight storage for commercial adoption on a large
scale requires investigation.
A laboratory study of hermetic storage of pearl
millet and sorghum was undertaken for a period
of 90 days using rice weevils [Sitophilus oryzae
(L.)] as target pests. Specifically the study aimed at
verifying the development of modified atmospheric
conditions for the selected millet grains in two types
of storage structures and at 3 moisture levels (10,12
and 14% mc).
MATERIALS AND METHODS
The sorghum and pearl millet, were drawn from the
grain harvested in November 2014 and were supplied
by a local trader in Coimbatore of southern India.
The grains were cleaned free from dust and foreign
matter using a specific gravity separator. The initial
moisture content (m.c.) of pearl millet and sorghum
when procured was 11.5% (w.b.). The m.c. of these
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grains was stabilized to 10, 12 and 14% (w.b.) for
experimentation.
Two types of storage structures, rigid PVC bin
and grain bag, were used in the study. The grain bags
are referred as International Rice Research Institute
(IRRI) Super bag commercially and are supplied by
Grain Pro in Mumbai. The PVC bin was fabricated
using a hollow PVC pipe and covered at both ends
with caps (Fig. 1a). The bin was 0.16 m in diameter
and 0.80 m high. Provisions were made at three levels
for monitoring the gas concentrations and mortality of
insects. The sampling locations were marked as C1,
C2 and C3, respectively, and were located at 0.20 m,
0.40 m and 0.60 m from the top of the bin. At each

location, Teflon coated silicon septum or septa were
positioned and supported by a brass nut. At 90° to the
gas septum, sampling holes were drilled in the bin wall
for insertion of insect cages (Fig. 1b). The insect cage
was made of PVC pipe of 0.019 m diameter and 0.2
m long with wire-mesh windows and the ends were
sealed with cork. The sampling holes at three locations
were closed with end caps.
The hermetic grain bag fits as a liner inside
existing storage bags (e.g. woven polypropylene or
jute bags) as shown in Fig. 2a.The bags act as a gas
and moisture-proof barrier, which guards against the
ingress of water vapour while retaining low oxygen
and carbon dioxide levels created by the respiration of
the commodity and insects. The grain bag is a 3-layer
co-extruded plastic with thickness of 0.078 mm, and
a permeability of 3 × 10-6 m3 m-2d of oxygen and 8
× 10-3 kgm-2d of water vapour. They are sealed using
nylon ropes and placed inside the woven bags as
shown in Fig. 2b.
About 100 adult insects of S. oryzae per kg of
grain were introduced into the grain samples used
in the experiments. Cleaned grain was conditioned
to have three levels of moisture 10,12 and 14%. The
insect cages with 20 adult rice weevils and 25 g of
grain were pushed into the grain bag. Using these
cages the mortality of insects was monitored in the
storage period at 30 d intervals up to 90 d. The gas
concentrations within the bin and bag were tested at
an interval of 3 days using MAP analyser (Make:
PBI Dansensor Model: checkmate). The temperature
and humidity inside the grain were monitored using
electronic meters (OM-43 internal sensors).
The grain quality change was estimated in terms
of protein content and the viability of grain was tested
at the end of the storage trials.

Fig. 1. (a) PVC bins with ports for gas sampling; (a) and
(b) Insect cages

Fig. 2. Hermetic grain bags containing pearl millet (a);
wovenpolythene bags with grain bags inside (b).
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Fig. 3. Changes in grain moisture during storage at the top, middle and bottom of PVC
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RESULTS AND DISCUSSION

Moisture content played a significant role on the
level of CO2 accumulation in both pearl and sorghum
grains in PVC bins and the trend was similar in grain
bags. Our results are similar to the results reported by
Hyde and Oxley (1960) and Asanga and Mills (1986),
who had stated that grain m.c. influenced significantly
the CO2 concentration in the stored grain bulk. This
result indicates that microorganisms play a significant
role at high moisture content, though in this study
no visible moulds were observed during the storage
period of 90 days. The CO2 generation in the stored
grain bulk is mainly from the respiration of insects
and other microorganisms and the contribution of grain
respiration is insignificant.

Establishment of hermetic conditions
Overall there was an increase of 1.5% moisture
in all the grain samples tested (Fig. 3a, b). There was
also an incremental change in temperature above the
ambient level; however, the relative humidity of the
storage space was found to be lower by about 10%
during the entire period of storage. The temperature
of grain in the grain bag was lower than that of PVC
bins. The temperature and humidity recorded inside the
grain bin and bag are shown in Fig. 4a, respectively,
against the ambient temperature and humidity.
Airtight storage resulted in rapid depletion of O2
and accumulation of CO2 in the inter-granular space
(Figs. 5, 6). The CO2 accumulation followed similar
trends in both pearl millet and sorghum in PVC bins.
In grain bags, the hermetic conditions (O2 depletion
and CO2 accumulation) achieved were less severe.

Mortality of insects
At the end of the storage trial at day 90,, insect
mortality was 100% in all the grain samples tested both
in bins and bags, though 90% mortality was detected at
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Fig. 4. Grain and ambient temperatures during storage (a); and relative humiditiy of grain and atmospheric air during
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Fig. 6. Oxygen depletion and CO2 generation in millets stored in grain bags (a) pearl millet; (b) sorghum

the 60th day in most of the samples (Figs. 7 and 8). At
the 30th day about one-third of the insects were killed
in pearl millets for both the types of storage whereas,
45–50% of the insects were killed in sorghum. Oxygen
depletion to 7% from the initial value appears to be an
important factor in causing insect mortality though the
atmosphere detected at the end of 60 days of storage
were generally lethal to the rice weevils. This is in
accordance with the results reported by Hyde (1962).
The mortality pattern is not significantly different from
each other in case of PVC bins and grain bags. The
new adult emergence was found to be 150–170% in
the first 30 days and about 40% at the end of 60 days
as revealed by the cage samples.

potential. At the end of 3 months of storage, significant
weight loss was recorded for both the grains at 14%
m.c. (w.b.) in PVC bins as well as grain bags. The
weight loss was about 27% maximum for pearl
millets and sorghum stored in grain bags whereas the
maximum loss was about 20% for both the grains at
the end of 90 days of storage in PVC bins. There was
no significant difference in weight losses among the
treatments at 30 and 60 days of storage (Fig. 9)
There was no significant difference in the protein
content of pearl millet and sorghum when stored up to
60 d in PVC bins or grain bags at all levels of moisture
content tested. However, there was a reduction in
protein content of about 0.5% in pearl millet stored up
to 90 d in both the types of storages. In sorghum stored
for 90 days, the protein content was slightly reduced
by about 0.15%. The seed germination tests done by
standardized procedure using wet paper towel method

Grain quality
The grain quality was assessed in terms of weight
loss, change in protein content and germination
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Fig. 7. Mortality of rice weevil (S. oryzae) adults stored in PVC bins (a) pearl millet; (b) sorghum
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indicated that there was a significant interaction between
grain moisture and storage period on the viability of
seeds. Overall a fall in viability of 20% was observed
with sorghum stored at 14% m.c. in a grain bag for 90
d. The reduction in viability of seeds was about 17%
in pearl millets stored for 90 d (Fig. 10).

adults were observed with no significant changes
in grain quality aspects such as protein content and
viability. However, there was a significant weight loss
in the grains stored under hermetic conditions. The
grain bag was successful in controlling the infestation
though the atmosphere generated was less lethal when
compared to PVC bins.

CONCLUSION
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Comparative evaluation of quality changes in stored wheat (Triticum
aestivum) in hermetic bags and conventional storage methods
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AICRP on PHET, Hisar Centre, Department of Processing and Food Engineering COAE&T,
Chaudhary Charan Singh Haryana Agricultural University, Hisar, Haryana 125 004, India
ABSTRACT

The efficacy of hermetic bags for storing wheat was compared with conventional grain storage
structures such as steel bins and gunny bags. A qualitative analysis of moisture content, thousand
kernel weight, germination percentage, sedimentation value, protein content, gluten content,
gluten index, mold count, insect infestation and pasting characteristics were conducted on the
wheat stored in all structures in respect to the time stored. Moisture content of the hermetic bags
became constant after three months but in case of steel bins and gunny bags, the moisture content
responded to changes in ambient conditions. It is suggested, hermetic bags can be a solution for
preventing storage losses in India and an additional benefit is that no chemical fumigants are
required which makes them environmentally acceptable.
Key words: Hermetic bags, Quality analysis, Wheat

The use of grain bags (Silo bags) to store grain
for human consumption has been adopted successfully
in recent years in Asia, Africa and Latin American
countries (Bartosik, 2011 ). Silo bags are widely used
in Argentina for storing wheat, soybeans, corn, and
sunflower. Silo bag usage in Argentina has increased
from 5 million tonnes in 2000 to 40 million tonnes in
2008 (Darby and Caddick, 2007; Villers et al., 2008,
Abalone et al., 2011). Earlies studies showed that
treatments based on reduced oxygen and high carbon
dioxide (CO2) contents are technically suitable to
control arthropod pests in durable commodities and
protect a quality product without pesticide. In recent
decades, the demand for pesticide free safe food has
increased. Hermetic bags have a potential to meet
consumer demand, up to 10-15%. It is also called
‘sealed storage’ or ‘airtight storage’ or ‘hermetic
storage’ or ‘harvest bag’ or ‘grain sausage’ (Darby
and Caddick, 2007; Villers et al., 2010).
Bag storage is largely practised in the trade
godowns– (flat covered storage managed by private
buyers) and food corporation of India (FCI )for 25 to
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500 tonnes, mainly because of ease in handling and
transport. Bagged grain should be stacked on racks,
at least 30 cm from the walls of the warehouse and
separated sufficiently enough to allow for inspection
and cleaning. Infested bags can be segregated and
treated. Bags made of paper or paper laminated to
cloth or cartons of fiber board offer more resistance to
insect penetration than cotton or jute bags. Although
storing grains in bags is not ideal, it is one of the
most common methods of storage. Often, the bags
themselves serve as a source of infestation.
Silos are usually constructed of steel or reinforced
concrete and comprise high cells of various crosssections placed side-by-side. They have inlets and
hoppers for loading and unloading respectively.
Mechanical equipment is also provided for loading
and unloading large capacity silos. These silos range
in size from 20 to 2,000 tonnes capacity (sometimes
10,000 tonnes). Silos have the advantage that they can
be more easily sealed for fumigation and less grain
is spilt or wasted.
It was found by Anankware et al. (2012), that
bags and steel silos failed to preserve the quality
of stored materials in hot humid areas and needed
additional chemical methods for the prevention of
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rodents and insect infestation. The adverse effects
of pesticide residues in food and the environment
resulted in the imposition of limitations on pesticide
registration by regulatory agencies (Villers et al.,
2008). Consumer demand for chemical free and insect
free products increased attention to the use of nonresidue technologies for the protection of stored grain
(Darby and Caddick, 2007; Navarro, 2012). Among
the new gaseous application technologies that have
successfully replaced fumigants are the manipulation
of modified atmospheres through the use of hermetic
bags, for insect control and for quality preservation
of stored materials. Experiments revealed that sound
wheat stored in a non-punctured bag that meets an
equilibrium moisture limit of 12% is expected to
maintain all processing quality parameters for 9 to 12
months storage (Darby and Caddick, 2007).
Hermetic bag storage has been adopted in 40
countries to store a number of commodities (Villers
et al., 2010).This study was established to observe
the significance of new hermetic bag techniques
to minimize post-harvest losses and maintain the
quality of the stored product under typical Indian
conditions and to provide safe and quality products
to the consumer.

the required amount of water and mixed thoroughly
thereafter.Four hermetic bags of one tonne capacity
each (Grain safe IITM, GrainPro Inc.) were placed
on a metallic frame table 75 cm × 75 cm × 150 cm
(L×W×H) specially designed with a rat proof guards
on each leg (Figs 3 and 4). The board of the table has
a hole in the center for the drain tube of the bag. Forty
gunny bags of 50 kg capacity 84 cm × 50 cm × 20 cm
each were used. These bags were stacked in two piles
of 20 bags each, 15 cm above the ground surface on
wooden crates. Two steel bins were purchased 2 m in
height and 1 m dia of 1 tonne capacity. These had three
sampling holes on its outer surface, top, bottom and
middle and were made airtight by application of wheat
dough. They have one hole in the top for the Sensor
USB cables and were sealed with silicone sealant. A
mounting rod was used for the sensor placement inside
the structures. It was designed using PVC pipes and
fittings and provision was made to make it airtight by
using silicone sealant (Fig. 2), to prevent the vertical
movement of air inside the mounting rod. Each
mounting rod had three sensors, top (T/RH), middle
(T/RH/CO2) and bottom (T/RH). The sensors at top
and bottom section of the rod were the same, reading
relative humidity (RH) and temperature (T) (Track-ItTM
Temperature and Humidity Data Loggers, MicroDaq.
com, Ltd., Contoocook, NH). The middle sensor can
read carbon dioxide (CO2) (K-33 BLG 30%, CO2.
Meter.com, Ormond Beach, FL) and relative humidity
(RH) and temperature (T). Studies showed that CO2
distribution was almost uniform in the small-scale
hermetic bags (where length of cross section is less
than three meters) (Gaston et al., 2009). Therefore
only one CO2 sensor was installed in a sensor rod The

MATERIALS AND METHODS
The wheat (Triticum aestivum L.), variety ‘WH
711’ (8 MT) was used in this study, which was procured
from the university farm. Three different storage
techniques: Hermetic Storage, Metallic bin and Gunny
Bags (grain bags made of woven jute) were used. To
obtain the desired moisture content in wheat, it was
spread uniformly on the floor and then sprinkled with
1m
1.2 m

USB
T/RH Sensor

USB
T/RH Sensor

USB

1.9 m

CO2 Sensor

T/RH Sensor

2m
CO2 Sensor

CO2 Sensor

T/RH Sensor
T/RH Sensor

T/RH Sensor
1.2 m
a. Hermetic bag

b. Metallic bin

Fig. 1. Sensor installation inside the structures
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Table 1
Merthods & Experiment Name

Overview of the experimental setup
Start date

Stored capacity

Moisture content (w.b.)

Hermetic Storage

H1

24 July 2013

1 tonne

11.53%

Hermetic Storage

H2*

24 July 2013

1 tonne

11.80%

Hermetic Storage

H3

29 July 2013

1 tonne

13.43%

Hermetic Storage

H4*

29 July 2013

1 tonne

13.42%

Metallic Silo

S1

22 July 2013

1 tonne

11.76%

Metallic Silo

S2

22 July 2013

1 tonne

11.70%

Gunny Bag Pile

B1

26 July 2013

1 tonne

12.23%

Gunny Bag Pile

B2

26 July 2013

1 tonne

12.26%

*Deliberate introduction of 80 adult specimens of Rhyzopertha dominica on 13 August 2013

sensors inthe top and bottom section have a built-in
energy cell andthe middle sensor is powered by an
external battery through a wire cable. The measured
data were recorded by a built-in memory card on
the sensors. Each sensor was connected with USB
cables which were conducted outside the structure
to transfer data to a laptop. The PVC fittings have a
number of holes for facilitating flow of gases inside
the rod for respective measurements. Each sensor rod
was tested on computer before placement inside the
structure (Fig.2).
Sensor placement in hermetic bag/ steel bins/
gunny bags: Hermetic bags were placed on the table
shaped metallic frame of angle iron (1.5m×1.5m×0.75
m) and a drain tube (Fig. 4) from the bag was pulled
through the center hole of the wooden sheet placed
on the table. The tube was closed with wooden sticks
and rubber bands and then it was rolled and tightened
by plastic tapes. Sensor rods were placed inside the
bags and then filled with wheat up to the brim (Fig.
4). The zip of the bag was fastened by a key. One side
of the zip was used as an outlet for USB cables and
sealed completely by using silicone sealant.
During filling, the bag expands, therefore, the
bags were put in a propathene wrapper to maintain the
original volume. To prevent rats attacking the bag, rat
guards were tied to the each leg of the metallic frame.
The sensor rod was placed at the center of the bag after
testing. The steel bin was filled with wheat up to the
brim (Fig. 5). The USB cables from the sensors were
taken out through a top orifice and whole structure’s
infiltrations or leak points were sealed with wheat
flour paste in order to obtain some airtightness. The
sensors in strong plastic boxes were put in the middle
of the gunny bags which were then filled with wheat.
The gunny bags were tied around the neck of the bag
and the USB cables were conducted outside the bag
through the top. All filled gunny bags were stacked
on the wooden crates in two piles (Fig. 6).

The experimental design and related information
presented in Table 1.
Manual insect infestation
To test the effectiveness of hermetic storage, 160
adult specimens of Lesser Grain Borer (Rhyzopertha
dominica) were inserted inside two hermetic bags
by piercing a small hole in the top surface on 13
August 2013. Eighty insects were inserted into bags
H 2,11.80% m.c. and H 4,13.42% m.c. (Fig.6). The
hole was patched with PVC strip and silicone sealant.
Sampling procedure
A sample of wheat was taken from three layers
of the individual structures at top, bottom and center,
with a sampling probe (Fig.3) and then mixed together
to make a representative sample. These samples were
sealed in plastic zipper bags for further qualitative
analysis. The closed sampling probe was inserted
inside the structures and then opened to simultaneously
sample from all layers. Wheat samples were collected
at the beginning of the experiment and then at intervals
of 30 days from all structures. Samples were collected
vertically in the hermetic bag and horizontally in both
steel bins and gunny bags piles. The sampling orifices
of the hermetic bag were patched with a piece of PVC
(same material as hermetic bag) and silicone sealant,
due to failure of the glue provided with the hermetic
bag. In the steel bins rubber plugs were used for the
closure of the sampling orifices.
Method for quality analysis
Moisture content was estimated in samples using
AOAC method (1995). A Standard Germination
test was carried out by taking 100 seeds of each
treatment combinations replicated × 3 and were tested
in the laboratory. The final count of germination
was recorded on the eighth day and the number of
normal seedlings counted and expressed as percent
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Fig. 2. Sealing middle and top section of the sensor rod1 with silicon sealant2, testing of sensor rod3, schematic diagram
of the sensor rod4 and assembled sensor rod5.

Fig. 3. Sampling probe in the gunny bag1, steel bin2 and
hermetic bag3
Fig. 4. Table shaped metallic frame 1 , sensor rod
installation2, final experimental set up with rat
cone3 and drain tube4 of the hermetic bags.
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Fig. 5. Sensor rod installation1, sealing of leak points - joints with wheat flour paste2 and final experimental setup3 of
the steel bins.

Fig. 6. Sensor rod installation in a gunny bag1, Gunny bags piles on wooden crates2 and manual insect infestation3 of
the hermetic bag.

germination. Insect infestation was carried out by
identifying the damaged grains found in one hundred
kernels by visual inspection and the results are shown
as a percentage.

13.4% and 13.4% reduced to 8.1%, 8.5%, 9.2% and
9.3% in all the hermetic bags respectively (Fig.1).
Moisture content reduction was greater in wheat with
initial high moisture content.The first three months
showed the maximum drop in the m. c. but with the
onset of winter, the level stabilized. Moisture content
changes in steel bins and gunny bag piles respondedto
changes in ambient relative humidity. This change was
greater in gunny bag piles than the steel bins (Fig. 4)
The m. c. of gunny bag piles was 12.2% and 12.3%
on filling, which was reduced to 8.3% in both piles
in nine months. Initial m. c. of steel bins was 12.2%
and 12.3% on July, which came down to 8.3% in both
bins at the end of experiment .

RESULTS
Carbon dioxide (CO2) concentration was recorded
by the sensors inside all the structures. The CO2 buildup
behavior of all hermetic structures was almost the
same. Carbon dioxide started building during August
and September, but then a fall was experienced until
January in all four hermetic bags. It again started
building in February and reached the highest CO2
concentration of 9.696%, 8.702%, 9.843% and 9.295%
inall four hermetic bags respectively. The average CO2
concentration was 3.81%, 3.46%, 4.53% and 4.56%
in all four hermetic bags, respectively in nine months.
The highest CO2 concentration was 10.58% and
15.59% in metallic bins (Fig. 1). The starting concentration was about 2.5% (October) but later it increased due
to development of the insects inside the structure. Gunny
bag piles were exposed to the outside environment, so the
maximum CO2 concentration was 1.956% and 1.368%
in gunny bag piles respectively (Fig. 1).

Effect of storage on germination of grains
Germination test is the best indication of seed
viability. A gradual reduction in germination percentage
was observed for all the three structure in this study
but the reduction was more in gunny bag piles and
steel bins as compared to hermetic bags. During
storage of nine months, there was a significant loss
in the germination of grains in all structures. Initial
germination percentage was 96 which decreased to
87, 88, 87 and 86 in hermetic bags respectively, but
it was 80, 82, 75 and 72 in steel bins and gunny bags
piles, respectively. The minimum standard germination
recommended for wheat is 85%. Hermetic storage

Effect of storage on moisture content of wheat in
structures
The initial m. c. of hermetic bags 11.7%, 11.8%,
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was the only structure where germination remained in
this limit. The germination of high and low moisture
hermetic wheat storage remained the same in nine
months. The reduction in germination percentage
was more rapid in warmer months of storage under
all storage techniques.

Gaston et al. (2009) reported that major moisture
difference was experienced in April due to highest
ambient temperature (39.48%) which provided drive
for moisture migration and condensation towards the
peripheral layers of the hermetic bags. During sampling
in March and April, water accumulation was observed
on the inner surface of the patching material,which
proved condensation of moisture in peripheral layers of
hermetic structures. During prolonged storage, extreme
variations in grain temperatures (e.g. exceeding 50º
C and falling below 0ºC) can lead to grain moistures
drying out by over 1% and moistening up to 3% in
hermetic storage.
The stored wheat in gunny bag piles and steel
bins maintained equilibrium moisture content with
the ambient air condition (Lukow et al., 1995). In
April the temperature was highest and r.h. was less
as compared to the last months of storage, this caused
the grain to lose moisture from the kernels. The
germination capacity of stored wheat grain reduces
with time (Sawant et al., 2012). Seed germination
during storage was not only influenced by temperature,
grain moisture content, relative humidity and insect
infestation, but also by the type of structures (Villers
et al., 2008; Navarro, 2012).
Generally with each 1% increase in moisture
content, between 5 and 14% m. c. there is a halving
of seed life, also for each 5°C increase in temperature,
from 0 to 50°C, seed life is halved (Lukow et al., 1995).
In this study moisture content difference was up to 2%
inside hermetic bag storage but there was no difference
on the germination percentage. Germination was almost
the same after nine months duration in all the bags
under hermetic storage. Rapid reduction in germination
of gunny bags piles and steel bins in warmer months
revealed that higher temperature and higher relative
humidity increases the insect activity and resulted in
a reduction of germination percentage. In hermetic
bags, constant moisture content of wheat after three
months storage and modified atmosphere preventing
insect infestation were the reasons formaintaining good
germination.Literature states that carbon dioxide (CO2)
concentration, air tightness, exposure time, insect
species, type of structure, temperature and relative
humidity are the primary factors that influence the
mortality of insects in storage (Driscoll et al. 2000;
Darby and Caddick, 2007; Villers et al. 2008; 2010).
This was the reason behind the absence of insects in
the hermetic bag without manual insect infestation
and of 100% mortality in hermetic bags withmanual
insect infestation.
Steel bins and gunny bag piles had severe
insect infestation because these structures provide a

Effect of storage on insect infestation inside the
structure
During storage of nine months, not a single insect
was found alive in the four hermetic bags of low and
high initial moisture content. In the gunny bags piles
and steel bins, infestation of Rhyzopertha dominica
was detected in September and October respectively.
The insect infestation intensity was calculated by visual
inspection of damaged grain. The infestation rate was
higher in August and September during the storage
period. The damaged grain percentage was greater in
gunny bag piles in comparison with steel bins. The
damaged grain percentage was 2.33, 2, 8.33 and 7.6
in metallic bins (two) and bags (two) respectively.
No damaged grain was found in the hermetic bags.
DISCUSSION
The effect of ambient temperature and relative
humidity (RH) decreased with grain depth. The
temperature of all layers in all structures corresponded
to the changes in the ambient temperature. The middle
and bottom layers of hermetic bags were cooler than
the ambient temperature. But in steel bins and gunny
bag piles the middle and bottom layers were warm in
comparison with ambient conditions, most probably due
to insect infestation and microbial contamination. The
CO2 level is a function of respiration rate of the grains
and airtightness of the structures. The respiration rate
of grain is governed by water availability, temperature,
oxygen concentration, microbial contamination,
mechanical damage andthe conditions and period of
previous storage and by mite and insect infestation
(Lacey et al. 1990; Abalone et al. 2011).
Wheat is a hygroscopic bio-material, tends to move
into equilibrium with the ambient atmosphere, which
may cause increase or decrease in the moisture content
of the stored grains. But ambient conditions affected
only the gunny bag piles and steel bins in comparison
with hermetic bags. Hermetic storage is an airtight
structure and it prevented interaction of wheat with
ambient atmosphere. The values of moisture content
remained lower than safe level during the complete
storage period. After three months of storage, the
moisture content of the wheat in hermetic storage tried
to be in equilibrium with the air in the head space and
it became constant till April.
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favourable environment for proliferation. Populations
of all insect species will develop at grain temperatures
between 15° and 35°C approximately (Driscoll et al.,
2000). The reduced insect infestation in steel bins
was due to some modified atmosphere achieved by
restricting air infiltration.
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Effect of vacuum storage of wheat (Triticum aestivum) grain on the
granary weevil, Sitophilus granarius and wheat quality
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ABSTRACT

In laboratory experiments, 30 adults of the granary weevil, Sitophilus granarius (L.) were
transferred onto 1.3 kg wheat (Triticum aestivum L.) grain in open 2 l vacuum bags. The grain
had an initial m.c. of 9.5, 12.5, 14.0 and 15.5%. Beetles were allowed to feed and oviposit for
7 days before drawing a vacuum in the vacuum bags used for this purpose. The vacuum aimed
for was 50%, reducing the ambient oxygen content from 20.9% to about 10.5%. For each tested
parameter, three bags were flushed with nitrogen to restore ambient pressure and again vacuumed
once, twice or three times to further reduce the initial oxygen content to 5.3, 2.6 and 1.3%
respectively. Bags were subsequently stored at 20°C for 3, 6 , 12 or 24 months. Only one beetle
was found to have survived three months of storage and no survivors were found after longer
storage periods. Grain quality was not affected by the presence of weevils nor the initial residual
oxygen content, while initial moisture content had a marked effect. It is therefore possible that
the reduced pressure and resulting oxygen content interfered with insect movement, feeding,
and respiration. Vacuum storage in flexible bags could be a suitable method for pest prevention
of sufficiently dry stored products even if a moderate infestation had already occurred.
Key words: Control, Grain quality, Moisture content, Pest prevention, Vacuum
During storage of grain, nuts, pulses or other
harvested goods there is a risk that pest insects will
infest the product. This may cause considerable loss.
Hermetic bags are an advantage for dry products
but hermetic storage may lead to molds if moisture
contents are high or increase due to the respiration
of pests. Besides, such bags may be punctured by
hatching beetles, weevils or last-instar larvae of
moths in search of a pupation site before the oxygen
inside the bag is consumed. It may therefore be
useful to apply a vacuum to reduce residual oxygen
content at the beginning of the hermetic grain
storage. Other authors have reported the potential
of hermetic or vacuum grain storage (Navarro and
Donahaye, 1985; Navarro et al., 2002;Villers et al.,

2MaxRubner-Institut,Federal Research Institute for Nutrition

and Food, Institute for Quality and Safety in Grain, Detmold,
Germany.
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2006). In a project on pest-proof long-term grain
storage (Adler et al., 2012; Adler and NdomoMoualeu, 2013, 2015) we intended to investigate
the following questions:
1. What effect has vacuum storage on wheat (Triticum
aestivum L.) grain of different moisture contents?
2. What effect has vacuum storage on this grain with
varying levels of moisture if the oxygen content
at the start of the storage is reduced by flushing
with nitrogen?
3. Do adult granary weevils, Sitophilus granarius L.
survive vacuum storage and can they puncture the
plastic liner?
4. How does a moderate infestation of granary weevils influence grain quality under vacuum storage?
5. Could vacuum storage be a viable alternative for
long-term storage of grain?
MATERIALS AND METHODS
A total of 200 vacuum bags were procured and
a machine to draw a vacuum was rented out from
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After adding weevils the bags were sealed. Seven
days after placing weevils onto the grain, a vacuum
of 0.5 bar (50 kPa) was drawn (Fig. 1).
In other bags a vacuum was drawn, then they
were flushed with nitrogen to ambient pressure and
again a vacuum was drawn to reduce residual oxygen
content to approx. 5%. This procedure was repeated
to achieve 2.5% or 1.3% residual oxygen contents, to
test the effect of different initial oxygen contents on
the survival of weevils and the resulting grain damage.
Grain samples were subsequently stored for 3, 6, 12,
and 24 months.
After storage, grain samples were checked for
residual oxygen contents by taking a sample with a gas
syringe and inserting it into a Toray oxymeter. Bags
were then opened, the grain checked for surviving
weevils and then forwarded to MaxRubner- Institut
(MRI) for testing grain quality. For this purpose grain
was inspected visually and subsequently tested by
a human sensory panel of at least five trained staff
comparing the smell of whole grain, grist still warm
from the mill, grist in an olfactory glass, and grist
in an olfactory glass with some boiling water added.
Furthermore, germination rate and germination time

Fig. 1. Sample of 1,300 g wheat grain in vacuum package

Vacqpack Company, from the Netherlands. Granary
weevils came from a culture at 20 ± 1°C and 65 ±
5% r.h. kept at the Julius Kühn-Institut Berlin. Thirty
young adult weevils at up to two weeks after hatching
were counted into glass vials, irrespective of sex and
then placed into a bag with wheat grain that had been
stored at different relative humidities to reach the
grain moisture content of 9.5, 12.5, 14, and 15.5%.

Sensoric Results: Wheat after 24 months vacuum storage
without weevils, JKI-storage

Sample: Raw wheat

m.c.
9.5%
12.5% m.c.
14.5%. m.c.
15.5% m.c.

IV.
grain/typical
grain/old

Boiled grist/off

grain/stuffy

Boiled grisr/stuffy

Boiled grist/old

I.

grain/off

grist/typical

Boiled grist/tyical

III.

grist/old

glass/off

grist/stuffy

glass/stuffy
glass/old

grist/off
glass/typical

Intensity: 0 = not noticable; 1, very weak; 2, weak; 3, medium; 4, strong; 5, very strong

Fig. 2. Sensory results of wheat after 24 months of vacuum storage without weevils
288

II.

CORNEL S ADLER, AGNÈS F NDOMO-MOUALEU, JENS BEGEMANN, KLAUS MÜNZING

were determined in samples of 100 grains for each of
the storage parameters mentioned above.

100
90

RESULTS AND DISCUSSION

80

Moisture content [%]

Germination (%)

During experimentation we found the vacuum bags
70
provided did not have an automatically closing valve
60
and as soon as the vacuum was established it needed
to be sealed with an adhesive sticker. This may have
50
reduced the reproducibility of our experiments.
40
The vacuum bags when opened after the shortest
storage period of three months did not reveal visible
30
damage caused by granary weevils and no survivors
20
were found. The grain samples were sent to MRI for
quality testing. At MRI, one weevil was found alive
10
from the 480 weevils inserted into the bags initially.
0
(30 × 4 different m.c. × 4 different oxygen contents).
0 month
3 months 6 months 12 months 24 months
However, the presence of weevils or residual oxygen
Storage duration
content did not affect the grain quality. The main
Moisture content [% dw]:
factor determining grain quality was moisture content
9, 5
12, 5
14, 0
15, 5
(Fig. 2).
Fig. 3. Germination rate of wheat without weevils stored
One result that may be important for grain storage
under vacuum at different moisture contents
was that at 14% m.c., germination rate was below 90%
within six months of storage. In the European Union,
oxidize parts of the wheat germ or lower regions in
grain storage at m.c. up to 14.5% is recommended
the grain leading to a ‘stuffy’ odour (Fig. 4).
(Codex Alimentarius, 1995). Together with a reduced
Grain of 15.5% m.c. developed a scent described
germination rate the time required for germination
as ‘old’ and also slightly ‘off’. This may have been
increased from 26 h to 64 h. Based on this finding,
caused by the higher metabolic activity of the wheat
it would be advisable to dry grain further if longer
germ leading to exhaustion of some of the energy
storage periods are to be expected. Grain of 12.5%
reserves within the tested grain kernels (Wilkin and
m.c. maintained a high germination rate (Fig. 3) and
Stenning, 1989). Such an interpretation is supported
low germination times. Extremely dry grain (9.5%
by the observation that oxygen levels in bags with
m.c.) also maintained
its germination capacity
25
Water load:
but developed a slightly
1 = Filled capillaries,
curved water
‘stuffy’ odour (Fig. 2).
Water in continuous phasesurface
no
storage
stability
This could have been
2 = Partly filled
20
capillary, non
caused by oxidation
continuous water
of wheat germ oil in
surface
3 = Monomolecular
the depth of the grain,
Moulds/mites,
high
storage
risk
15
load on capillary
while at higher moisture
0,65
wall
14,3
contents the access of air
4 = Partial
Stable storage (moisture)
monomolecular load
0°C
is reduced in grain pores
2
rm
on capillary wall
the
10
o
s
containing more water.
i
on
i
t
p
sor
Münzing (2013) reported
Range of
De
oxidation
that micro-capillaries of
1
3
2
4
wheat grain are more
5
or less loaded with fine
Microcapillaries
water droplets depending
on their moisture
0,0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9
1,0
content. At extremely
a -Value [-]
low moisture oxygen
may enter through these
Fig.4. Relevance of micro-capillary water load in wheat grain (modified from Münzing
open capillaries and then
1995, 2013)
w
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high-moisture grain were always close to zero.
We found little damage caused by granary weevils
under vacuum and it is postulated that although only
30 adults and some eggs were present in a bag, the
vacuum and insect respiration may have led quickly
to critical oxygen levels interfering with insect water
production, locomotion, and feeding. Another reason
may have been that the flexible plastic liner of the
vacuum bag maintained some pressure on the grain
making insect movement more difficult (Fig. 1).

2013.
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CONCLUSION

We conclude that vacuum storage could be
valuable for long-term storage of sufficiently dry
stored products even if a moderate infestation is
already present.
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Computer simulation of gas concentration in the interstitial
atmosphere of a soybean (Glycine max) silo bag for typical agricultural
areas of Argentina
ALIEN ARIAS BARRETO, RITA ABALONE1,2, A GASTÓN1,2*
1Fac.

de Cs. Exactas Ingeniería y Agrimensura. UNR. IFIR (CONICET/UNR)
ABSTRACT

A validated mathematical model was used to determine the change in concentration of CO2 and
O2 in a silo bag holding soybean [Glycine max (L.) Merr.] from autumn to summer for a typical
agricultural region in the North (Sáenz Peña, Chaco Province), Center (Pergamino, Buenos Aires
Province) and South (Balcarce, Buenos Aires Province) of Argentina. Initial moisture content
(m.c.) of grain was set to 13, 15 and 17% w.b. and bagging temperatures to 15ºC and 25ºC. In
Balcarce and Pergamino, with moderate and intermediate climate, winter CO2 reference values
ranged from 1 to 3% V/V for dry and slightly wet (13 and 15% w.b.) soybean and increased to
2–5% V/V for wet soybean (17% w.b.). In Sáenz Peña, with sub-tropical climate, winter CO2
reference values ranged from 2.3 to 8% V/V. Values of O2 concentration below 1% V/V were
attained in a soybean silo bag only under sub-tropical climatic conditions (Sáenz Peña). Under
temperate and intermediate climate, insect activity would be limited in silo bags as grain mean
temperature remained below 15ºC during most of the storage period, while under subtropical
climate insect control would mainly depend on the interstitial gas concentration.
Key words: Atmosphere composition, Grain storage, Hermetic storage, Modeling, Soybean,
Silo bags
Grain storability in silo bags is based on CO2
detection according to a protocol developed by The
National Institute of Agricultural Technologies of
Argentina (INTA), Balcarce Experimental Station
(EEA) (Bartosik et al., 2008). This protocol compares
the measured CO2 concentration with a reference
value, which represents adequate storage conditions.
Gas concentration in grain bags depends on the
respiration of the grain ecosystem (grains + microflora
+ insects), the entrance of external O2 to the system,
and the loss of CO2 to the ambient air. The transfer of
gases depends on the gas partial pressure differential
and the effective permeability of the plastic cover
(openings and natural permeability of the plastic layer
to gases). Experimental field tests and numerical results
demonstrated that this reference level is affected by
grain temperature and moisture content (m.c.) and
2CIC-

UNR. Fac. de Cs. Exactas Ingeniería y Agrimensura.
UNR, Av. Pellegrini 250. (2000) Rosario. Argentina
*Corresponding author email: analiag@fceia.unr.edu.ar

permeability of the plastic layer of the silo bag to
O2 and CO2. Grain temperature change depends
on climatic condition of the region, so reference
concentration values differ from one agricultural
area to another (Bartosik et al., 2008; Cardoso et al.,
2008; Abalone et al., 2011a; 2011b; Arias Barreto et
al., 2013).
Based on previous works (Gastón et al., 2009,
Arias Barreto et al., 2013), Arias Barreto (2016)
adapted the model to simulate storage of soybean
[Glycine max (L.) Merr.] in silo bags. The model was
validated by comparison of predicted temperature,
m.c. and gas concentration with experimental data
(Rodriguez et al., 2001; Cardoso et al., 2008). The
rate of O2 consumption and CO2 production due to
grain respiration were calculated as a function of
temperature, grain m.c. and O2 interstitial concentration
(Ochandio, 2014).
In this work, the mathematical model was used
to determine the reference levels that corresponds to
three typical agricultural regions of Argentina: one
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was implemented in COMSOL Multiphysics 4.3a and
solved by the finite element method. Fig. 1 shows the
calculation domain, which represents a cross section
of the silo bag.
Heat and water vapour released during respiration
was modeled by the complete combustion of a typical
carbohydrate. Soybean respiration was modelled
according to correlations developed by Ochandio
(2014).

with sub-tropical climate in the North (Sáenz Peña,
Chaco Province), second with intermediate climate in
the Centre (Pergamino, Buenos Aires Province) and
third with moderate climate in the South (Balcarce,
Buenos Aires Province). The evolution of O2 and
CO2 concentration during nine months, from April
to December, was simulated in the silo bag holding
soybean at 13, 15 and 17% w.b. for initial bagging
temperatures of 15°C and 25°C.

For 13% w.b. moisture content

MATERIALS AND METHODS

YCO
2
R
YO
2
R

Silo bags
Silo bags are 60 m long, 2.70 m diameter and
230-250 microns thick plastic bags. The bags are made
of a three-layer plastic, black on the inside and white
on the outside with UV stabilizers. The plastic layers
are a mixture of high density (HDPE) and low density
polyethylene (LDPE). Approximately 200 tonnes of
grains (wheat, corn and soybean) can be held in a bag;
farmers usually store their production in bags for six
to eight months.

=
=
=
=

– 1.020 – 0.0878 O2 + 0.0512Tc + 0.00676Tc O2
0.914
...(1)
0.972 + 0.124 O2 – 0.0437Tc – 0.0105Tc O2
0.962
...(2)

For 15% w.b. moisture content
YCO
2
R
YO
2
R

=
=
=
=

0.595 – 0.492 O2 + 0.00925Tc + 0.0258Tc O2
0.959
...(3)
0.468 + 0.229 O2 – 0.0454Tc – 0.0200Tc O2
0.984
...(4)

For 17% w.b. moisture content
YCO
2
R
YO
2
R

Mathematical modelling
A coupled PDE (Partial Differential Equation)
system in terms of temperature T, grain m.c. W, O2
and CO2 concentrations is derived from the energy
and mass balances for the grain and air phases in
a control volume. The balances take into account
heat, water vapour, oxygen consumed and carbon
dioxide released by respiration of the grain ecosystem.
A detailed description of the model is presented
elsewhere (Gastón et al., 2009; Abalone et al., 2011a;
b; Arias Barreto et al., 2013). Gas transfer through the
plastic layer was modeled by defining an equivalent
permeability of the plastic to O2 and CO2. Equivalent
permeability of the plastic layer to O2 was set equal to
9.75 10-8m3md-1m-2at-1 and to CO2 equal to 3.22 10-7
m3md-1m-2at-1, average plastic thickness L to 240 µm,
effective diffusivity to CO2 and O2 to 3.97 10-6 m2s-1
and 5.22 10-6 m2s-1, respectively, soybean porosity to
0.34 and tortuosity to 1.53. The mathematical model

=
=
=
=

–5.813 – 0.577 O2 + 0.379Tc + 0.0420Tc O2
0.918
...(5)
0.617 + 0.888 O2 – 0.0687Tc – 0.0712Tc O2
0.976
...(6)

Compared to wheat (White´s et al., 1982), at 15°C
and maximum O2 concentration, the rate of respiration
of soybean is 1 to 3 orders of magnitude, lower than
that of wheat. For the other combinations of moisture
content (13–17% w.b.) and temperature (25–35°C), on
average, it is about 4-fold lower.
Definition of initial bagging conditions and
weather data for simulation
The model was applied to analyze the storage of
soybean in a silo bag from April to December (nine
months). Initial grain m.c. was set to 13, 15 and 17%
w.b. and initial bagging temperatures to 15ºC and
25ºC. Climatic data corresponding to 1999–2004 years
were considered for Balcarce (37.84S; 58.26W), in the
Southwest of Buenos Aires Province; to 2001–2006
years for Pergamino (33.85S; 60.93W), in the North
of Buenos Aires Province and to 2001–2006 years for
Sáenz Peña (26.78S; 60.45 W), in Chaco Province.

Planes of incidence
for solar radiation

Grain

RESULTS AND DISCUSSION
Annual mean temperature and solar radiation
were compared at the three locations (Fig. 2). Usually,
soybean is stored in silo bags during autumn (90th day).
In this period, mean ambient temperature in Sáenz
Peña is about 5ºC higher than in Pergamino and 7ºC

Soil

Fig. 1. Cross section of the silo bag and discretization
domain
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Fig. 2. Comparison of mean ambient temperature and solar
radiation of agricultural areas
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Fig. 3. Grain mean temperature evolution at Balcarce,
Pergamino and Sáenz Peña. Initial temperature:
(a) 15ºC ; (b) 25ºC . Initial moisture content: 17%
w.b.

higher than in Balcarce, while in winter is about 7ºC
and 10ºC higher respectively. Solar radiation in Sáenz
Peña during autumn and winter was about 13 and 30%
higher than in Pergamino and Balcarce, respectively.
The evolution of the mean temperature of the
silo bags for 15°C (a) and 25°C (b) initial bagging
temperature and 17% w.b. initial m.c. is illustrated in
Fig. 3. Simulation results for 13 and 15% w.b. were
almost identical. It can be observed that in Balcarce
and Pergamino after 30–45 days of storage, grain mean
temperature decreased and remained below 15°C until
the beginning of the warm season. In contrast, in Sáenz
Peña grain mean temperature was above 15°C during
the whole storage period. Fig. 4 compares mean grain
temperature and average ambient temperature at each
location. Regardless of the initial bagging temperature,
during winter mean grain temperature was very similar
to average ambient temperature. During the warm
season, grain temperatures increased following the

ambient pattern but remained always below average
ambient temperature.
According to Ochandio (2014), respiration of
soybean is very low below 15°C and increased by
3 to 10-fold at 25°C, depending on m.c. Therefore,
as will be shown, the effect of climatic conditions
produced significant changes in the reference levels
of O2 and CO2.
Results for each bagging condition and location
were averaged over the six years. Figs. 5 and 6 show the
change of mean gas concentration for 15ºC and 25°C
initial bagging temperature respectively. As a general
trend, in Balcarce and Pergamino, with moderate and
intermediate climate, CO2 concentration was very low
during autumn and winter and increased during the
last two months, as respiration was activated with the
warming up of the silo bag. The effect of initial grain
temperature is reflected on the fast initial accumulation
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Fig. 5. Gas concentration evolution at Balcarce, Pergamino and Sáenz Peña. Initial temperature 15ºC (a) 13% w.b.
(b) 15% w.b. (c) 17% w.b.
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Fig. 6. Gas concentration evolution at Balcarce, Pergamino and Sáenz Peña. Initial temperature 25ºC (a) 13% w.b.
(b) 15% w.b. (c) 17% w.b.

of CO2 and consumption of O2 during the first month
(Fig. 6), followed by a decay of CO2 and a recovery
of O2 due to gas transfer with the ambient. It can also
be observed, that for slightly wet and wet soybean,
the rate of increase of CO2 was higher by the end of
spring in Balcarce and Pergamino than in Sáenz Peña.
This is because of the lower O2 level achieved in this
location, which slows down the rate of respiration. On
an average, O2 level remained above 6% V/V. Only in
Sáenz Peña, with sub-tropical climate, O2 was almost
consumed after two months of storage in the wet silo

bag (17% w.b.).
Reference values of CO2 for winter and spring were
selected from Figs. 5, 6 and summarized in Tables 1, 2.
An increase of 10ºC in ambient temperature and 30%
in solar radiation between the northern (Sáenz Peña)
and southern location (Balcarce), produced on average
an increase of 5% V/V points in the concentration of
CO2 for slightly wet and wet soybean. The difference
between the winter and spring reference values ranged
from 3 to 5% V/V points, depending on the grain
initial condition.
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Table 1 Estimated reference level of CO2 for winter and end of spring in a soybean silo bag. Initial grain temperature 15°C
Winter reference value
(around 120th day)
m.c.

Spring reference value
(end of storage)

13% w.b.

15% w.b.

17% w.b.

13% w.b.

15% w.b.

17% w.b.

Balcarce

<0.3

<0.3

1.0

1.1

2.5

4.6

Pergamino

<0.3

0.6

2.0

2.7

5.7

6.7

Sáenz Peña

1.6

4.9

6.0

4.5

7.5

8.5

Table 2 Estimated referential level of CO2 for winter and end of spring in a soybean silo bag. Initial grain temperature 25°C
Winter reference value
(around 120th day)
m.c.

Spring reference value
(end of storage)

13% w.b.

15% w.b.

17% w.b.

13% w.b.

15% w.b.

17% w.b.

Balcarce

0.8

2.1

3.8

1.2

2.9

4.6

Pergamino

1.0

2.8

4.9

2.6

6.0

6.8

Sáenz Peña

2.3

7.0

7.9

4.2

7.9

9.0

It is important to remark that the simulations
carried out assumed a silo bag without structural
damage. Abalone et al. (2011b) demonstrated by
computer simulation that the presence of small
perforations altered considerably the transfer of O2
and CO2 through the plastic layer. Also, as perforations
are not selective, changes in the reference values of
O2 were more pronounced than those of CO2. It is
highly probable that a silo bag in the field may have
such perforations (Cardoso et al., 2012) and therefore
the O2 concentration be higher than the predicted one.
Also, although storage was simulated from April to
December (270 days), soybean is not usually stored
in silo bags for such a long period.
Though in Argentina soybean does not have

frequent insect infestations, some speculations
regarding the effect of typical temperature and modified
atmosphere conditions in silo bags could be derived.
Fig. 3 showed that the mean temperature of the silo
bags, remained below 15ºC most of the storage period
under temperate and intermediate climate. These results
indicate that for these climatic conditions of Argentina,
insect activity would be limited for dry and moist grain
because mean grain temperature decreases below 17ºC,
preventing insect infestation. CO2 level (>20%V/V)
that can be toxic to insects were not achieved. Oxygen
concentration to arrest insect development would
only be attained for moist soybean under sub-tropical
climate conditions.
In a previous work (Arias Barreto et al., 2013),

Table 3 Comparison of estimated reference level of CO2 for winter in a soybean and wheat silo bag
Grain type

Soybean

Wheat

m.c.

13% w.b.

15% w.b.

17% w.b.

12% w.b.

14% w.b.

16% w.b.

Gas

CO2%V/V

CO2%V/V

CO2%V/V

CO2%V/V

CO2%V/V

CO2%V/V

Pergamino

1.0

2.8

4.9

4.6

13

> 14

Sáenz Peña

2.3

7.0

7.9

6

> 14

> 14

Balcarce

0.8

2.1

3.8

4

11.7

> 14

Table 4 Comparison of estimated reference level of O2 for winter in a soybean and wheat silo bag
Grain type

Soybean

Wheat

m.c.

13% w.b.

15% w.b.

17% w.b.

12% w.b.

14% w.b.

16% w.b.

Gas

O2 %V/V

O2 %V/V

O2 %V/V

O2 %V/V

O2 %V/V

O2 %V/V

Pergamino

17.5

10

4.5

15

3

~ 0 (Ac)

Sáenz Peña

10.5

4

~ 0.5

13

~ 0 (Ac)

~ 0 (Ac)

Balcarce

18

12

6

Ac: Anaerobic conditions attained
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the reference level for a silo bag holding wheat from
summer to winter ( January–July, 180 days of storage)
were obtained for the same agricultural areas. Initial
bagging conditions were 12, 14 and 16% w.b. initial
m.c. and 25 and 40°C initial grain temperature. For
comparison, Table 3 and Table 4 show the reference
winter values of CO2 and O2 for wheat and soybean
for 25°C initial bagging temperature. Reference
values for wet and slightly wet wheat are considerably
higher than those for soybean. The higher respiration
rate of wheat compared to soybean and the higher
average temperature of the wheat silo bag during
summer (which ranged from 20 to 25°C) favoured the
accumulation of CO2. Table 4 shows that anaerobic
conditions, which are beneficial for conservation of
wet grain, were attained in a soybean silo bag only
under sub-tropical climatic conditions (Sáenz Peña).

validation. Journal of Stored Products Research 47(4):
268–275.
Abalone R, Gastón A, Bartosik R, Cardoso L, Rodríguez J
(2011b) Gas concentration in the interstitial atmosphere
of a wheat silobag. Part II. Model sensitivity and effect
of grain storage conditions. Journal of Stored Products
Research 47(4): 268–275.
Arias Barreto A, Abalone R, Gastón A (2013) Analysis
of storage conditions of a wheat silobag for different
weather conditions by computer simulation. Biosystems
Engineering 116(4): 497–508.
Arias Barreto A (2016) Modelización de fenómenos de
transporte en el almacenamiento hermético de granos.
Predicción de condiciones de almacenamiento seguro
para silos bolsa [Modelling transport phenomea in
hermetic storage of grains. Prediction of safe storage
conditions for silobags]. Dissertation. Universidad
Nacional de Rosario.
Bartosik RE, Cardoso ML, Rodríguez JC (2008) Early
detection of spoiled grain stored in hermetic plastic bags
(silobags) using CO2 monitoring. In: Proc 8th Int Conf
on Controlled Atmosphere and Fumigation in Stored
Products, China, pp 550–554.
Cardoso L, Bartosik R, Campabadal C, de la Torre, D
(2012) Air-tightness level in hermetic plastic bags (SiloBags) for different storage conditions. Proc 9th Int Conf
on Controlled Atmosphere and Fumigation in Stored
Products, Turkey, pp 583–589.
Cardoso ML, Bartosik RE, Rodríguez JC, Ochandio D
(2008) Factors affecting carbon dioxide concentration in
interstitial air of soybean stored in hermetic plastic bags
(silobag). In: Proc 8th Int Conf on Controlled Atmosphere
and Fumigation in Stored Products, China, pp 565–568.
Gastón A, Abalone R, Bartosik R, Rodríguez J (2009)
Mathematical modelling of heat and moisture transfer
of wheat stored in plastic bags (silobags). Biosystems
Engineering (104): 72–85.
Ochandio D (2014) Tasa respiratoria de granos de soja
(Glicyne max) almacenada herméticamente [Respiration
rate of soybean grains (Glicyne max) hermetically
stored]. Master Dissertation, Universidad Nacional de
Mar del Plata.
Rodríguez JC, Bartosik RE, Malinarich HD, Exilart JP,
Nolasco ME (2001) Almacenaje de granos en bolsas
plásticas: Sistema silobag. Informe final de soja. [Grain
storage in plastic bags. Silobag System. Soybean Final
Report]. EEA INTA Balcarce. http://www.inta.gov.ar/
balcarce/info/documentos/agric/posco/granos/silobag.
htm
White N, Sinha R, Muir W (1982) Intergranular carbon
dioxide as an indicator of biological activity associated
with the spoilage of stored wheat. Canadian Journal of
Agricultural Engineering 24(1): 35–42.
White NDG, Jayas DS (1993) Effectiveness of carbon
dioxide in compressed gas or solid formulation for the
control of insects and mites in stored wheat and barley.
Phytoprotection 74: 101–111.

CONCLUSION
Results showed that reference levels of O2 and CO2
depend on initial moisture content and bagging grain
temperature. In Balcarce and Pergamino, with moderate
and intermediate climate, CO2 concentration was very
low during autumn and winter, in the range 1–3% V/V
for dry and slightly wet soybean, but increased to 2–5%
V/V for wet soybean. In Sáenz Peña, with sub-tropical
climate, winter CO2 reference values ranged from 2.3
to 8% V/V, for an initial bagging temperature of 25°C.
Low O2 concentration values, which are beneficial for
conservation of wet grain, were attained in a soybean
silo bag only under sub-tropical climatic conditions
(Sáenz Peña).
As grain mean temperature remained below 15ºC
during most of the storage period under temperate and
intermediate climate, insect activity would be limited
in silo bags. Under subtropical climate conditions, the
effect of temperature would be limited, and insect
control would mainly depend on the interstitial gas
concentration, a lethal atmosphere would only be
achieved during storage of wet soybean.
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ABSTRACT

Historically, storage insect pest management at commercial level has heavily relied on
chemical control methods, centred on phosphine fumigation. Insect tolerance and/or resistance
to phosphine have been reported globally. The Grain Marketing Board (GMB) of Zimbabwe
is exploring alternatives to fumigants for pest management and is considering hermetic grain
storage using GrainPro Cocoons™. The objective of the current study was to determine (a) the
effectiveness of chemical-free hermetic storage of maize (Zea mays L.) using GrainPro Cocoons™
against storage insect pests compared to conventional phosphine fumigation and (b) the effect
of the technology on grain quality during storage compared to existing practice. A field study
was conducted in Zimbabwe at two large-scale storage sites, operated by GMB. There were two
main treatments, namely hermetic cocoon and conventionally fumigated stack. Grain sampling
was done at setting-up and at termination after four and eight months at the respective sites.
Samples were analysed for moisture content, adult insect species and population, and percentage
grain damage. Samples were also graded for quality according to Zimbabwean standards. There
was insignificant live insect infestation in samples collected at termination at both sites in the
cocoon. Live Cryptolestes ferrugineus (Stephens) was present in the fumigated stack samples
after eight months of storage. Grain moisture content was maintained below 11.5% in both
treatments. Damage levels in both the treatments were found below 1.5% and 2.5% after four
and eight months of storage, respectively. There were no significant differences between the
cocoon and fumigated stack for grain damage, while significant differences were recorded for
moisture content and insect density (P<0.05). However, stored grain at termination for the two
sites was maintained at Grade A (best grade) regardless of treatment. Results show that hermetic
storage using cocoons can be an equally effective alternative to conventional fumigation against
stored-maize insect pests.
Key words: Chemical-free pest management, Conventional phosphine fumigation, ryptolestes
ferrugineus, Hermetic grain storage, Sitophilus zeamais, Storage-maize insect pests
Chemicals have been the most commonly used
method for management of stored-product insect
pest world over (Collins, 2006). Fumigants are
the widely used option for disinfestation of dry
2Grain

Marketing Board, Dura House, P.O. Box CY77,
Causeway, Harare, Zimbabwe.
3GrainPro Philippines Inc. Subic Bay Gateway Park, Phase
1, Subic Bay Freeport Zone 2222, Philippines.
*Corresponding author email: mvumibm@agric.uz.ac.zw

agricultural commodities at commercial level (Nayak,
2012a). Phosphine and methyl-bromide (MB) were
the most commonly used fumigants. The Montreal
Agreement to phase out MB worldwide by 2015, left
disinfestation of dry agricultural commodities solely
reliant on phosphine. As compared to other fumigant
options, phosphine offers numerous advantages –
broad spectrum, low cost, easy to handle and free of
chemical residues (Chaudhry, 1997; Collins, 2006;
Nayak, 2012a). Given the major challenge associated
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with all chemical treatments where development of
tolerance and/or resistance among targeted species is
inevitable, phosphine has not been spared. Resistance
to phosphine in field insects was first detected in an
FAO global survey carried out during 1972-73 (Champ
and Dyte, 1976). Over the years, studies have shown
an increase in phosphine resistance frequency and
severity (Chaudhry, 1997; Collins, 2006; Opit et al.,
2012; Bajracharya et al., 2016).
In Zimbabwe, the Grain Marketing Board (GMB)
is responsible for the strategic grain reserves of the
country where staple grains are stored to cushion
against production shortfalls thus ensuring adequate
grain supply while imports are being mobilised. Pest
management at the parastatal is centred on phosphine
fumigation in concrete silos and on the stacks under
tarpaulins. They also use residual insecticidal sprays on
the tarpaulin surface and joints to limit re-infestation
after fumigation. The parastatal buys grain from
smallholder farmers, who constitute the majority of
staple grain producers in Zimbabwe. Given reports of
indiscriminate use of phosphine against grain storage
insect pests by smallholder farmers (Muchechemera,
2015), who lack knowledge, infrastructure and safety
wear required to carry out a successful fumigation,
there is a high risk of insects developing tolerance
and/or resistance to phosphine. This is the only
available effective storage insect pest control option
for GMB. Should strong resistance occur, it would be
catastrophic not only for GMB but also for the nation
at large as it would be a direct threat to national food
security. It is essential for the parastatal to explore
equally effective alternatives as back up to existing
fumigation practice.
Alternative pest management methods have been
explored at a global scale, over the years, with the use
of hermetic storage among the effective, sustainable
and environmentally benign options (Navarro,
2012). Principles behind hermetic storage including
gas hermetic fumigation (G-HF) were explained by
Navarro (2012). Hermetic storage enables storage of
dry agricultural commodities for both short and long
term without the use of any chemicals. Modern large
scale hermetic storage facilities consist of mainly
flexible liners known as GrainPro Cocoons and Silo
bags. Use of these hermetic plastic liners in comparison
to conventional storage practices for storage of various
grains is well-documented outside Africa (Navarro et
al., 2002; Darby and Caddick 2007; Sabio et al., 2006;
Bartosik et al., 2012). The GMB needs to consider
hermetic storage as an alternative to existing practice.
However, this would require empirical evidence which
validates performance of the technology under local

conditions taking into account the influence of biophysical factors.
Trials were therefore conducted to investigate
the effectiveness of hermetic storage using GrainPro
Cocoons™ under Zimbabwean conditions. The
objectives were to determine (a) the effectiveness of
chemical-free hermetic specific storage of maize (Zea
mays L.) using GrainPro Cocoons™ against storage
insect pests compared to existing phosphine fumigation
practice, and (b) the effect of the technology on grain
quality during storage compared to existing practice.
This paper reports preliminary results of on-going
research in Zimbabwe.
MATERIALS AND METHODS
Sites and test grain
Storage trials were conducted at two GMB depots,
viz. Marondera and Bindura in Zimbabwe, for four
and eight months, respectively. Marondera (mean
annual temperature 16.7°C and rainfall 900 mm) has
cool sub-humid climate conditions, while Bindura
(mean annual temp 19.4°C and rainfall 847 mm)
experiences relatively warmer sub-humid conditions.
Newly harvested shelled maize hybrid grain delivered
by farmers to GMB during the 2014-15 storage season
was used for the trials. ‘Pioneer PHB 30G19’ variety
was used at Marondera depot, while ‘Seed Co SC727’
variety was used at the depot in Bindura.
Storage technologies and experimental layout
Trials evaluated the performance of hermetic and
non-hermetic storage (standard practice) facilities.
At each site, there were two treatments, GrainPro
Cocoon ™ (hermetic) and conventional fumigated
stack (non-hermetic).
Hermetic storage: A single 20 tonne capacity
GrainPro Cocoon™ was installed outdoors at each
site. It is made of flexible PVC as specified by JonfiaEssien et al. (2008). Before installation, the ground
was first cleared of all sharp objects that might damage
the plastic liner and compromise its hermeticity. In
Marondera, hard compacted ground with a 3 cm layer
of sand spread on top was used, while in Bindura, there
was a tarred surface. The hermetic GrainPro Cocoon™
consists of a bottom and top section brought together
and sealed using a gas-tight zipper. The procedure of
loading grain involved spreading the bottom section
on the ground and stacking bagged grain inside. The
grain was then stacked systematically in alternate
layers of complete length-wise or breath-wise tiers
(criss-cross stacking) to ensure stack stability. During
stacking, polypropylene bags loaded with 50 kg grain
298

ALEX A CHIGOVERAH, BRIGHTON M MVUMI, CHARLES MUCHECHEMERA, JOEL V DATOR

were marked at each of the three levels: bottom (bottom
layer), middle (1 m height) and top (top layer). Grain
was sampled from the marked bags and placed at the
four corners and middle giving a total of five bags per
level and a total of 15 marked bags within the whole
stack. The grain was stacked to the recommended
height and dimensions of the loaded cocoon were 4.4
m × 3.4 m × 2 m, length (L), width (W) and height
(H), respectively. After loading to capacity, the gastight zipper was closed and a sun-filtering shade was
pitched 50 cm above the cocoon for protection from
direct exposure to sunlight (ultraviolet radiation).
Non-hermetic storage: Bagged maize grain was
stacked at each of the sites on timber dunnage. The
stack was constructed in a similar manner to the
hermetic stack and marked bags were positioned
similarly at each of the three levels. The dimensions
of the stack were 4.6 m (L) × 4.4 m (W) × 1.6 m (H).
The stack at each site conformed to GMB management
practice of phosphine fumigation under tarpaulins at
11 pellets/tonne of maize grain (GMB, Harare, 2010).
Normal practice also involved use of a residual spray,
Actellic 50 EC®, being sprayed on the surface of the
tarpaulins to control re-infestation after the fumigation
at intervals determined by the depot inspector. The stack
in Marondera was fumigated once for the 4 months

storage period, while in Bindura, it was fumigated twice
within the eight months of storage. No residual spray
was used in Marondera, but applied twice in Bindura.
Grain sampling and sample assessment
Sampling was done during storage facility
loading to determine the quality of incoming grain,
and at termination; which was after four months for
Marondera and eight months for Bindura. During
sampling, 1 kg grain was withdrawn from the marked
polypropylene bags using short sampling probes. This
means that at each site 15 samples were taken from
each of the two treatments – GrainPro Cocoon™
and fumigated stack. Composite samples were also
collected from the marked bags for quality grading
according to GMB standards.
Collected samples were taken to the laboratory at
the University of Zimbabwe for analyses. The samples
were weighed and then sieved to separate grain from
insects. Sieved insects were counted and recorded by
species. Grain moisture content of samples was then
measured using a GMK-303 CF digital moisture meter
(GrainProInc, Subic Bay, Philippines). Sieved samples
were sterilized by freezing in a freezer, to arrest further
insect development before assessment. The samples
were assessed for insect induced damage.
3

Cryptolestes ferrugineus
Sitotroga cerealella
Mean live insect population/kg

Mean live insect population/kg

3

Sitophilus zeamais
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Fig. 1. Temporal mean live adult insect population/kg at a) Marondera (left) and b) Bindura (right) during the 2014/15
storage season (n=15) (*means zero adult insects/kg)
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Table 1 Comparison of means for total insect population/kg over time at Marondera and Bindura GMB depots
Total (live + dead) insect population/kg at Marondera
Initial (baseline)

Final ( 4 months)

Total
S. zeamais
S.
insects/kg
cerealella

Treatment × Time interaction

S.
zeamais

S.
cerealella

GrainPro
Cocoon™

1.5±0.50

0.2±0.09

2.6a

3.6±1.19

0

3.6±1.19a

2.6a

Fumigated
stack

0.9±0.30

0

1.8a

2.67±0.50

0

2.67±0.50a

1.8a

Total
insects/kg

Total (live + dead) insect population/kg at Bindura
Initial (Baseline)
S.
zeamais

Final ( 8 Months)

C.
T.
ferrugineus castaneum

Total
insects/kg

S.
zeamais

C.
T.
ferrugineus castaneum

GrainPro
Cocoon™

0.1±0.06

0

0

0.1±0.06a

2.8±1.45

0

Fumigated
stack

0.4±0.16

0

0

0.4±0.16a

3.6±1.68

2.8±0.87

Treatment
× Time
interaction

Total
insects/
kg
2.8±1.45a

1.5a

1.7±0.0.37 8.2±1.81b

4.3b

0

Means within a column for each site are compared and separated using LSD test (P<0.05) and different alphabetical letters
indicate significant differences. ANOVA output F1,56=0.486 (not significant) at Marondera; ANOVA output F1,56=0.01 (significant)
at Bindwal

Data management and statistical analyses
Data were organized in MS Excel to calculate adult
insect population/kg and percentage grain damage.
Following failure to meet normality assumptions,
data were transformed using arcsine square root for
percentage grain damage and log (X+1) for insect
population/kg (de Muth, 2014). Statistical analysis
was then performed in GenStat 14 using ANOVA.
Where significance was found, the LSD test was used
to separate treatment means.

zeamais Motschulsky (Coleoptera: Curculionidae)
and Sitotroga cerealella (Olivier) (Lepidoptera:
Gelechiidae) (Fig 1). The low initial live insect
population was a result of newly harvested grain
being used for the trials. At termination, live insect
population was reduced to less than one insect/kg
in the cocoon and undetectable in the fumigated
stack in Marondera and in the cocoon in Bindura.
The primary live insect infestation was less than the
economic threshold of 2 adult insects/kg throughout
the storage period at both sites. Live Cryptolestes
ferrugineus (Stephens) (Coleoptera: Cucujidae) was
present in the fumigated stack at termination after
eight months of storage. This can be attributed to
either reduced efficacy of phosphine against the
insect species or incoming live infestation. Cases
of resistance or tolerance to phosphine by C.
ferrugineus have been reported elsewhere (Nayak
et al., 2010; Nayak et al., 2012b; Tay et al., 2016).

RESULTS AND DISCUSSION
Insect population and spectrum
The grain had an initial live insect population
of less than 2 adult insects/kg in Marondera and
less than one adult insect/kg in Bindura, regardless
of treatment. The live adult insect species present
initially were primary insect pests, Sitophilus

Table 2 Comparison of treatment means over time for percentage grain damage at two GMB depots (n=15)
Site

Storage period (months)

Treatment

% Mean grain damage (± SEM)

Marondera

4

GrainPro Cocoon™
Fumigated stack

Bindura

8

Initial

Final

0.2 ± 0.04a

1.0 ± 0.12a

0.04a

0.16a

0.2 ±

GrainPro Cocoon™
Fumigated stack

1.2 ±

0.4 ± 0.10a

1.7 ± 0.32a

0.05a

0.35a

0.5 ±

1.9 ±

ANOVA
F1,58 = 0.89
F1,58 = 0.559

GMB, Grain Marketing Board. Means within a column for each site are compared and separated using LSD test (P<0.05)
and different alphabetical letters indicate significant differences.
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Table 3 Mean grain test density over storage time and grading according to GMB standards (n=3)
Site

Storage period
(months)

Treatment

Initial

Final

Marondera

4

GrainPro Cocoon™

74.4 ± 1.32

74.7 ± 0.22

Fumigated stack

76.6 ± 1.31

76.4 ± 0.46

GrainPro Cocoon™

75.0 ± 0.45

71.9 ± 0.38

Fumigated stack

75.1 ± 0.38

71.7 ± 0.34

Bindura

8

Mean test density (kg/hl) (± SEM)

Grade
A
A

1 kg/hl = 10 kg/m3.

Initial total (live and dead) insect population was
also low at less than 2 insects/kg at both sites. There
was an increase in the total insect population on
termination at both sites (Table 1). Sitophilus zeamais
was the predominant primary insect species at both
sites. Secondary pests, C. ferrugineus and Tribolium
castaneum (Herbst) (Coleoptera: Tenebrionidae) were
also present in the fumigated stack at termination after
eight months of storage in Bindura. The presence of
secondary insect pests can be attributed to inability of
the non-hermetic fumigated stack to restrict incoming
infestation, unlike the insect-proof hermetic Cocoon™.
Efficient hermetic storage facilities restrict movement of
insects within the storage media thus preventing entry
of insects from outside. Treatment × time interactions
were not significant for treatment comparisons for
Marondera, while for Bindura the differences were
statistically significant (P<0.05). Overall, both
treatments managed to suppress insect development at
both the sites. The results show that hermetic storage
using Cocoons™ can be used as a resistance breaker
to eliminate phosphine resistant insect populations in
phosphine resistance management programs.

between treatments at both sites. Grain damage was less
than 1.4% at Marondera after four months of storage
and less than 2.0% at Bindura after eight months of
storage in both the GrainPro Cocoon™ and fumigated
stack. Low damage levels can be attributed to low
insect activity during storage since insect population
and grain damage are positively correlated. Both
treatments were effective in suppressing grain damage
and there were no significant differences for treatment
comparisons (P>0.05). Navarro et al., 2002 reported
effectiveness of flexible plastic liners in suppressing
insect induced cereal grain damage (maize, wheat and
paddy) for up to eight months of storage in tropical
countries.
The grain had a test density of more than 70 kg/
hl (or 700 kg/m3) throughout the storage period at
both the sites. The maize maintained its quality during
storage, as indicated by the grade at termination (Table
3). This shows that both treatments were effective in
preserving grain quality in storage. The good quality
can be attributed to a constant low insect population
maintained during the storage. Grain damage due
to insect infestation results in grain weight loss (de
Groote et al., 2013) which has a negative effect on
grain test density. Hermetic storage revealed that it
can be used as an alternative to existing GMB practice
without compromising the quality of stored grain. Our
results support findings by Jonfia-Essien et al. (2008)
and Guenha et al. (2014).

Grain damage and quality
The initial grain damage was less than 0.6% at
both sites (Table 2). There was an increase in grain
damage with time on termination at all sites regardless
of treatment. There were no significant differences
Table 4

Comparison of treatment means over time for percentage grain moisture content at two GMB depots (n=15)

Site

Storage period
(months)

Treatment

Marondera

4

GrainPro Cocoon™

% Mean grain moisture content
(±SEM)*

Fumigated stack
Bindura

8

Initial

Final

11.3 ± 0.04a

11.2 ± 0.08b

0.06a

0.13a

11.1 ±

GrainPro Cocoon™
Fumigated stack

9.9 ±

10.6 ± 0.07a

10.9 ± 0.12b

0.04a

0.10a

10.7 ±

10.4 ±

ANOVA

F1.58 < 0.01
F1.58 = 0.03

GMB, Grain Market Board. Means within a column for each site are compared and separated using LSD test (P<0.05) and
different alphabetical letters indicate significant differences.
301

CONTROLLED ATMOSPHERE AND FUMIGATION IN STORED PRODUCTS

Grain moisture content
The maximum moisture content permissible by
GMB is 12.5%. The grain moisture content was below
the recommended level throughout the storage period
at both sites (Table 4). The low moisture content can
also be attributed to low insect activity. Insects are
known to convert carbohydrates to metabolic water and
heat during aerobic respiration (Murdock et al., 2012),
which is associated with accumulation of moisture
in storage. However, there were changes in moisture
content in both the cocoon and fumigated stack. The
change was more pronounced in the fumigated stack
than the Cocoon™ at Marondera. This is because
non-hermetic facilities allow interaction of stored
grains with the dynamic atmospheric conditions which
results in changes in moisture content. In addition,
the trial in Marondera was terminated during the dry
season, whereas that in Bindura was terminated just
after the wet season. Continuous exposure of stacked
grain to sunlight can result in a reduction in grain
moisture content under tropical climates (Kennedy
and Devereau, 1994). Grain stored in the cocoon
maintained higher moisture content levels than the
fumigated stack. This can be attributed to the ability
of the hermetic cocoon to restrict interaction of stored
grain with external environmental conditions. There
were significant differences (P<0.05) between the
two treatments for grain moisture content at both
Marondera and Bindura depots (Table 4).
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Comparative field trials of hermetic storage and modified atmospheres
of milled rice (Oryza sativa) in tropical climates
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ABSTRACT

Hermetic storage prevents grain losses and enables preservation of quality and quantity while
eliminating the need for contact pesticides or fumigants in storage. Due to respiration of the
living organisms in the milled rice (Oryza sativa L.) ecosystem, the oxygen levels in hermetic
storage typically drop to below 3%. This paper describes works on the effect of hermetic storage
on quality control in stored milled rice. Two sets of trials were carried out: in Shuwaikh, Kuwait
and East Java, in Indonesia. In Kuwait, one cocoon containing 300 tonnes of basmati rice was
stored under hermetic storage (HS), and another cocoon of 300 tonnes of basmati rice was stored
under CO2 based modified atmospheres (MA) for 75 d. In the second set of trials, two cocoons
each containing 150 tonnes of milled rice in bags of 15 kg each were stored for one year. In the
hermetic storage (HS) trial in Kuwait using previously fumigated rice, the O2 concentration did
not decrease to a lethal level below 6.5% but the rice retained excellent quality. In the MA trial in
75 d, the CO2 concentration changed from 88%CO2 to 45%. In HS trial carried out in East Java,
O2 concentration decreased from 19.8% at day 4 to 9.8% on day 30 then continued to decline
until the concentration dropped to below 5% after 45 days. After the 5% O2 was reached, the
data were read once every two weeks until the end of the storage period of 360 days. The O2
concentration remained below 5%. In the MA trial carried out in East Java, the CO2concentration
dropped from 71% to 19% within 150 days. In all the trials the tested samples of milled rice
were without live insects, the m.c. was preserved and the odor was normal.
Key words: Carbon dioxide, Cocoon, Hermetic storage, Modified atmosphere,
Milled rice storage
White rice (Oryza sativa L.) is commonly known
as polished rice or milled rice. It is a main food source
for over half of the world’s population (Darrington,
2008). Milled rice and its by-products are susceptible
to insect attack and oxidation that diminish the quality
of the rice and the by-products. When the rice and
by-products are exposed to the air for long periods,
oxygen in the air oxidizes fats and oils, primarily
contained in the bran, converting the min to free-fatty
acids (FFA) giving the rice a rancid taste.
The level of oxidation is a function of the level
of polishing of the rice. Millers tend to differentiate
2GrainPro, Inc., 200 Baker Avenue, Suite 309, Concord, MA
01742 United States
3Green Storage Ltd., 5 Argaman St. Rishon Letsion, 7570905
Israel
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between ‘ordinary’ and ‘well’ milled rice, the difference
being in the amount of bran left on the rice.
Hermetic storage has long been proven to be
a good storage technique for cereals. According to
Yanai et al. (1979), hermetic storage of milled rice
at 30°C for 3 months under vacuum, in nitrogen, or
carbon dioxide, had little effect on reducing sugars,
fat acidity, texturometer hardness and adhesiveness of
cooked rice at 14.7% m.c.
The decrease of oxygen concentration and
formation of carbon dioxide is a result of the respiration
of insects, molds and fungi, and other biological
elements present in the hermetic storage. In hermetic
storage, oxygen concentration decreases after some
time until it produces an environment lethal to storage
insects. In addition, depleted oxygen is beneficial to
rice quality because there is reduced oxidation of fats
and oils.

T DE BRUIN, P VILLERS, H NAVARRO, S NAVARRO

Conventional storage has been the predominant
system in most countries having a tropical climate. In
conventional storage, bagged grains and by-products
are stacked and left exposed to ambient air, insects,
rodents and birds. Even when applying careful pest
control measures, it is difficult to deter the growth of
insect pest populations.
Sealed or hermetic storage systems are a very
effective means of controlling grain moisture content
and insect activity for grain stored in tropical regions.
By placing an airtight barrier between the grain and
the outside atmosphere, the moisture content of the
stored grain remains the same as when the storage was
sealed. Hermetic storage provides moisture and insect
control without pesticides (Navarro, 2006).
In hermetically sealed storage systems, grains are
placed inside an airtight container, which stops oxygen
and water movement between the outside atmosphere
and the stored grain. There are various types of hermetic
storage systems (Villers et al., 2010). Hermetic storage
system can be made from specially designed PVC
containers such as the: Cocoon™ (formerly called
Volcani Cubes); GrainSafe™; SuperGrainbags™ (also
known as IRRI Superbags); and TranSafeliners™
(TSL). The size of hermetic storages can range from
60 litres to 1,000 tonnes capacity. Larger hermetic
systems have also been used with milled rice.
For rapid reduction in oxygen levels and reaching
unbreathable levels of about 3% oxygen, hermetic
storage of dry grain relies heavily on insect respiration.
For this reason, chemical fumigation prior to, or
during, hermetic storage will significantly affect the
ability to reach unbreathable levels of oxygen and
slow the process of oxygen reduction. To differentiate
between various degrees of gastightness, the term
‘Ultra Hermetic’ is also used to describe a container
sufficiently hermetic to reach 3% oxygen level through
respiration alone. At higher m.c. the respiration of
microflora is more affective and thus consumes the
oxygen rapidly (Weinberg et al., 2008).
Hermetic storage technology has emerged as a
significant alternative to other methods of storage that
provide means of commodity protection from insects
and molds, especially in hot and humid climates.
This technology, also termed sealed storage, airtight
storage or assisted hermetic storage which is a form
of bio-generated modified atmosphere. This method
takes advantage of the gases produced naturally by the
respiratory metabolism of insects and commodities,
using them to prevent insect development. Sufficiently
sealed structures enable insects and other aerobic
organisms in the commodity, or the commodity
itself, to generate the MA by reducing the O2 and

increasing the CO2 concentrations to a level to control
development of insect (Navarro, 2006; Villers et al.,
2006; deBruin, 2006). Hermetic storage generates
a modified atmosphere in an environmentally safe
and sustainable manner that eliminates the need for
chemical treatments or fumigants.
Only in the last several years hermetic storage
has emerged as an important, widely used alternative
method of post-harvest storage (Navarro and Donahaye,
2005). This is owing, in part, to increasing concerns
about the use of residual pesticides, which endanger
the applicator, the environment and the consumer.
In spite of all the advantages of hermetic storage
and the experience gained on field trials using the
hermetic storage technology, very little experience
was gathered on the application using milled rice.
Most of the early trials were carried out in laboratory
conditions (Donahaye et al., 2001). Some other studies
were carried out at small scale (Navarro et al., 1995;
Donahaye et al., 1999) or pilot studies of 13.5 tonnes
capacity cocoons (De Dios et al., 2001) to demonstrate
the value of hermetic storage in maintaining good
quality of paddy. Large scale trials on maintaining
milled rice stored in a warm climate are lacking. In
the present report, the authors have attempted to gather
basic data on gas retention using carbon dioxide based
modified atmosphere and hermetic storage of milled
rice stored in warm climates. Although the information
obtained is not complete, the authors are of the opinion
that the present report has value in demonstrating the
usability of the technology and its beneficial results
to encourage the application of the technology under
similar weather conditions.
MATERIALS AND METHODS
The trials were carried out under the supervision
and with the cooperation of GrainPro personnel. There
were two sets of trials; at Shuwaikh in Kuwait, and
in Indonesia, in Surabaya, East Java.
Shuwaikh, Kuwait trials
Two cocoons, each containing 300 tonnes of
milled basmati rice, were stored under either hermetic
storage (HS) or under CO2 based modified atmospheres
(MA) during 2009. The CO2 was introduced by direct
connection of the cylinder to the lower section of the
MA cocoon, while at the farthest top side of the cocoon
a 4’’ diameter exhaust port was kept open during the
purge phase.
The trials were carried out in the storage facility of
KFM (Kuwait Flour Mills and Bakeries Co.). The two
cocoons containing 50 kg jute bags were stored for 75
days. The ambient temperatures were approximately
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50oC inside the warehouse which had a metal ceiling.
Temperature of the milled rice was not recorded.

O2 in HS

O2 concentration (%)

21

East Java, Indonesia trials
During 2104-15, two cocoons each containing
150 tonnes of milled rice in bags of 15 kg each were
stored for one year. These trials were carried out
at Bureau of Logistics (BULOG), a governmentowned company in Indonesia which deals with food
distribution and price control in GBM’s warehouse,
located at Banjar Kemantren, East Java Regional
Division, in cooperation with GrainPro Inc. Two
PVC cocoons each containing 150 tonnes of milled
rice were stored. One Cocoon was purged with CO2
and the second Cocoon was stored under hermetic
conditions. The storage was performed inside the
warehouses. After loading the Cocoons, a half time
pressure decay test was carried out. Monitoring of
O2 concentration was performed in the HS Cocoon
every day until the concentration decreased to below
5%. After the concentration dropped below 5%, the
monitoring was done every two weeks.
The O2 was measured using GrainPro oxygen
meter, model GPO2-HH and CO2 was estimated by
measuring the O2 concentration using the Grain Pro
oxygen meter, model GPO2-AN.The m.c. of the rice
was measured using GrainPro conductivity meter type
GMK-303CF. The dockage per cent was recorded after
separating whole rice from dockage using various
sieves. Pest presence was checked from outside of
the bags.
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Fig. 1. Changes in O concentration during 75 days of
2
storage of 300 tonnes of Basmati milled rice stored
in hermetic Cocoon in KFM warehouse in Kuwait

CO2 based modified atmospheres (MA) : Changes
in CO2 concentration within 75 days of MA storage
of the Cocoon holding 300 tonnes of milled Basmati
rice at KFM warehouse in Kuwait are shown in Fig.
2. The Basmati rice Cocoon injected with CO2 reached
an internal atmosphere of 88% CO2. The CO2 dropped
in 75 days to 45%, showing an average decrease of
1.74% CO2 d-1. According to Navarro and Zettler
(2001), a reduction of up to 2% CO2 d-1 is tolerable
in order to control both insects and microflora activity.
Also the calculated O2 levels in the MA Cocoon in
Kuwait meet the maximum limit recommended by
Navarro and Zettler (2001) which was 0.12% O2 d-1.
During the purge phase with CO2 the high pressure
cylinder was directly connected to the inlet port of the
Cocoon. This set-up is suitable to introduce a high
concentration of CO2 into the bottom of the Cocoon
to force the internal air out of the top. In spite of the
fact that the exhaust port was kept open, a ballooning
effect (Fig. 3) was observed during the purging phase.

RESULTS AND DISCUSSION
Shuwaikh, Kuwait trials
Hermetic storage trials: Changes in O 2
concentration within 75 days of storage of hermetic
storage (HS) using a Cocoon holding 300 tonnes of
milled basmati rice at KFM warehouse in Kuwait are
shown in Fig. 1. The O2 concentration under hermetic
storage did not decrease to a lethal level below 6.5%
(Fig. 1). A decrease of 0.19% O2/day was estimated
which is not sufficient to control insects (Navarro,
2012). This lack of O2 depletion was attributed to
a fumigation applied before shipment at the export
country. Therefore, HS was applied after the insects
were controlled and no significant insect respiration
was expected. Rice samples, examined by the KFM
technical staff at the end of the storage period, were
reported to be in good condition. The O2 level at 6.5%
after 75 days at the end of the trial would indicate that
the rice respiration also remained negligible because
of the low m.c. at around 12%.
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Fig. 2. Changes in CO2 and O2 concentrations during 75
days of storage of 300 tonnes of Basmati milled
rice stored in G-HF Cocoon in KFM warehouse in
Kuwait. CO2 concentration was calculated from O2
readings
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Table 1 Data on quantity (tonne), moisture content (%), O2 and CO2 concentrations (%), and qualitative parameters of
two Cocoons placed in East Java for one year
moisture
Gas concentration (%) at day 4
content (%)
O2
CO2

Qualitative
Insects
Odour

Location

Pile
no.

Treatment

Quantity
(tonne)

East Java

1
2

HS
MA

150

13.8

19.8

---

Free

Normal

150

14.0

5.7

73.0

Free

Normal

HS, Hermetic storage; MA, CO2 based modified atmosphere

This would indicate the introduction of CO2 was at
a higher rate than the volume of air the exhaust port
was able to release.

O2 in HS

20

O2 concentration (%)

East Java, Indonesia trials
East Java Hermetic storage trials : Changes in
O2 concentration during one year of HS of milled rice
in East Java Regional Division are shown in Fig. 4.
The O2 concentration decreased from 19.8% at day
4 to 9.8% at day 30, then continued to decline until
the concentration dropped to below 5% after 45 days.
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Fig. 4. Changes in O2 concentration in hermetic Cocoons
containing 150 tonnes of milled rice at East Java
warehouse

After 5% O2 was reached, data were read every two
weeks until the end of the storage period of 360 days.
The O2 concentration remained below 5% (Fig. 4).
At the opening of the stack and exposing milled
rice samples to air, samples were taken and examined
for their quality (Fig. 5). The examined samples were
reported with 13.8% m.c., no live insects and their
odour was normal (Table 1).
East Java MA storage trials : Changes in CO2
concentration during one year of MA storage of

Fig. 3. Ballooning effect at the end of purging CO2 on
300 tonnes of basmati milled rice stored in G-HF
Cocoon in KFM warehouse in Kuwait

Fig. 5. Quality test of milled rice samples at the opening of the stack
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Sitophilus zeamais (Motschulsky) adults, or eggs of S.
zeamais was achieved where O2 levels were 0.7–2.1%.

O2 in MA

CO2 in MA
90

O2, CO2 concentration (%)

80

CONCLUSION

70

Hermetic and CO2 based MA storage in Cocoons
enabled preservation of quality and quantity of milled
rice stored in Kuwait and in East Java. Storage of
hermetic or CO2 based MA carried out in Cocoons
each containing 300 tonnes of milled basmati rice
in bags for 75 days under Kuwait climate conditions
resulted in excellent preservation. In a second set
of trials carried out in Indonesia, two Cocoons each
containing 150 tonnes of milled rice in bags of 15 kg
each were stored for one year. In the hermetic Cocoon
in East Java the O2 concentration decreased to below
5% after 45 days and remained below 5% until the
end of the storage period for one year, during which
insect development was prevented. During hermetic
storage or CO2 based MA storage, the need for contact
pesticides or fumigants in storage was eliminated.
Excellent quality of milled rice was retained under
hermetic storage, though O2 concentration did not
decrease to a lethal level below 6.5%. Similar results
were obtained with CO2 based MA storage: tested
samples of milled were free of live insects, the m.c.
was preserved and the odour was normal.
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Fig. 6. Changes in CO2 and O2 concentration in G-HF
Cocoon containing 150 tonnes of milled rice at
East Java warehouse

milled rice in East Java Regional Division are shown
in Fig. 6. After application of CO2 the concentration
dropped from 71% to 19% within 150 days. That is
an average decrease of 0.35% CO2 d-1 indicating that
such reduction is below the suggested maximum loss
rate for CO2 as 2% d-1 (Navarro and Zettler, 2001).
After 195 days, a second CO2 purge was applied
until a concentration of 62% was attained. Then after
255 days, a third purge attempt was maintained for
approximately 1.5 month during which the CO2 was
flowing at a low rate, and a final purge, after 315 days,
until the CO2 concentration reached 79% at the end
of the trial. It is unfortunate that the amount of CO2
used in these trials was not recorded. Although the
attempts to maintain the CO2 concentrations above
60% were apparent, the multiple applications resemble
a controlled atmosphere more than MA application. It
is very possible that after the initial purge when the
concentration dropped to about 19% it would still
provide adequate protection for the rice.
Observation of milled rice stored in Cocoon
(Table 1) shows that it can maintain the quality of
the rice, even in the absence of live pests due to
prior fumigation. Qualitatively, the rice stored in the
hermetic Cocoon remained in good condition, the
colour remained white, granular, still hard and not
dusty. Carvalho et al. (2012) also obtained the same
results when physical and chemical properties and
sensory quality of the CO2-treated rice was evaluated
after cooking. Their results revealed no differences
between treated and non-treated polished rice. Levels
of CO2 in the hermetically sealed big bags and silo,
containing rice, remained constant, and control efficacy
was checked in all tested cases. Complete mortality of
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Application and development of controlled atmosphere with nitrogen
in Chinese grain storage
YANG JIAN, FU PENGCHENG, LI HAOJIE, YAN XIAOPING, LI YUE*,
DING JIANWU, SHENG QIANG
Sinograin Chengdu Grain Storage Research Institute, Chengdu, P. R. China
ABSTRACT

The technology of controlled atmosphere (CA) using Nitrogen (N2) to change the composition
of the atmosphere around grain stacked in an air-tight warehouse creates an environment adverse
to the growth and reproduction of insect pests and offers a significant alternative to chemical
control of insect pests. Five years of research shows that: (i) N2 concentration higher than 95%
is effective to inhibit the development of pest populations; (ii) N2 concentrations higher than
98% is an effective for the control of adults, larvae, pupae and eggs; (iii) the quality (fatty acid
value, taste score, color, odor) of paddy and corn after 18 months storage and within one year
after storage, had better quality than conventional storage. Using N2-CA at concentrations
greater than 90%, the storage period can be prolonged to an additional 12-24 months. Smallscale, operational granary tests, showed: (i) the prevention effect of insect pests is significant;
(ii) aerobic microorganisms are inhibited; (iii) the rate of grain quality change is slowed; (iv)
heating of corn in the store is prevented.
At the beginning of 2007, China began to promote N2 controlled atmosphere (CA) technology
on a large=scale. By the end of 2015, over 15 million tonnes of stored grain in more than 150
depots of 21 provinces has completed the construction of N2-CA projects. This has helped China
reach an advanced level in grain storage. The operational costs of the technology due to research
and innovation are reducing and the gas injection process is increasingly effective so as a result,
a complete N2-CA technology system has been established.
Key words: Application, Controlled atmosphere, Development, Grain storage, N2
China is a major grain producing and consuming
country and central grain reserves are essential for
economic growth and social stability. To guarantee the
quality grain supply, China Grain Reserves Corporation
(Sinograin) has promoted research, development
and application of environmentally friendly grain
storage, transport technologies and implementing
low temperature (15°C) and quasi-low temperature
(20°C) grain storage in the north-west, north and
northeast regions of China and temperature control
and controlled atmosphere (CA) grain storage in the
southern region. However, creating and maintaining,
low temperature grain storage is difficult and expensive
to achieve in the subtropics and tropics within China.
*Corresponding

author e-mail: liyl_112@163.com

Since 2007, Sinograin has supported the research,
development and practice of grain storage under
controlled atmosphere with nitrogen (N2-CA) to reduce
operating costs and enhance application by improving
warehouse air tightness. A large number of scientific
tests have been carried out, verifying CA advantage
by preventing and killing insect pests, inhibiting
bacteria and delaying grain deterioration under the
environmental conditions of southern China.
For a long time, Fumigants, such as phosphine
(PH3), methyl bromide, and contact chemicals such
as malathion, and fenitrothion, have been the most
common methods to prevent and control insect pests in
stored grain in China. However, the use of chemicals
does not meet the national food standards and some
of them have been prohibited. Without effective
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(i) Dilution method
Upward gas charging – until gas bag is swollen –
turn off N2 generator – turn on circulation fan – exhaust
air through vent – until gas bag is shrunk – turn on N2
generator – repeat the above-mentioned procedures –
until the target concentration is reached.

substitutes, phosphine remains in infrequent- use but
a national investigation into PH3 resistance of stored
grain insect pests carried out by Sinograin Chengdu
Grain Storage Research Institute (Chengdu Institute)
over several years, showed the number of species of
stored grain insect pest with high resistance to PH3
has risen gradually. There has been an increase in the
proportion of high-resistance (R/S ≥ 40) species with
lesser grain borers having a PH3 resistance factor of
over 900 in some regions of China.
By changing the composition of atmosphere
around grain stacked in air-tight warehouses, controlled
atmosphere grain storage technology creates an
environment to restrict the growth and reproduction
of insect pests and offers a significant alternative to
chemical prevention and control of insect pests.

(ii) Substitution method operating procedures
Upward gas charging – until gas bag is swollen
– open vent – intake and exhaust at the same time –
until the gas bag’s pressure is excessive – turn off N2
generator – until partial gas bag is shrunk – repeat
the above-mentioned procedures – until the target
concentration is reached.
(iii) Extraction and forced exhaust method operating
procedures
Upward gas charging – until gas bag is swollen
– forced exhaust and extraction through several vents
– N2 generator is turned on during extraction – until
gas bag is nearly shrunk – stop forced exhaust and
extraction – repeat the above-mentioned procedures –
until the target concentration is reached (N2 generator
is turned on from start to finish).
The Chengdu Institute worked with N2 generator
manufacturers in 2009, designing a PSA N2 generator
for grain storage with one button start up, high gas
flow and low operating cost. Compared with the
N2 generator at the start of the project the energy
consumption per unit was decreased by about 30%,
improving competitiveness and since 2010 widely
introduced to all of the CA warehouses in China.
The Chengdu Institute carried out a series of
field tests on various gas charging techniques at the
Sinograin’s depots in Mianyang, Haikou, Qingdao,
Anlu, Lujiang, Foshan, for establishing several
gas application techniques for different conditions.
Standards for the vent positions and vent sizes of
different N2 generators were specified depending
on their individual applications to prevent gas bags
causing accidents. As for the original groove tube,
the installation and disassembly is inconvenient, not

MATERIALS AND METHODS
N2-CA grain storage techniques and application
Pressure swing adsorption (PSA) N2 generators are
used with an automatic control system which regulates
the flow of N2 according to the concentration in the
warehouse. N2 is pumped into a warehouse in which
a gas tight enclosure had been formed by sealing the
five sides of grain bulk or surface with plastic film
made of polyvinyl chloride film or lamination film to
improve airtightness. The flow rate of the PSA ranges
from 156 m3h-1 to 310 m3h-1 according to the power
of the generator.
Automatic control system can identify turning on
or off of N2 generator, opening or close the valve by
automatically measuring the N2 concentration. The
concentration of nitrogen was calculated by deducting
the oxygen concentration from 100%. The nitrogen
monitor equipment was made by Chengdu Chang-ai
Electric Technology Co. Ltd. The whole process was
controlled by computer.
Chengdu Institute and construction companies
have developed a series of gas charging techniques for
different types of warehouse. And choose the extraction
and forced exhaust method as a satisfactory one.

Table 1 Lethal times of N2 concentration ranges to different life stages of insect (Unit: Day)
Insects pests

Control of adults (LT99.9)

98%~100% (N2)

96%~98% (N2)

Sitophilus zeamais (Motschulsky)

5.57

Rhyzopertha dominica (F.)

Inhibition of eggs, pupae and larvae (LT99.9)
98%~100% (N2)

96%~98% (N2)

6.55

18.95

14.22

10.94

68.40

19.04

37.97

Tribolium castaneum (Herbst)

4.48

21.16

4.33

15.03

Oryzaephilus surinamensis (L.)

4.48

16.51

4.15

10.34
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Fig. 1. The gas bag with airtight film-covered system.

Fig. 2. PVC airtight double-groove tube with inflatable rubber hose.

Warehouse) on the PVC airtight double-groove tube
with inflatable rubber hose. With the advantages of
improving the air tightness of warehouse, simplifying
operation, saving materials and reducing labor
intensity, this invention has been applied to nearly 100
controlled atmosphere warehouses with remarkable
effects. The air tightness of warehouse with grain is
that decay time (min) -300Pa to -150 Pa is 5min in
N2-CA grain storage.
The Chengdu Institute developed a N2-CA grain
storage control and management system for real-time
monitoring of the change in N2 concentration in the
grain mass, and the automatic control of gas charging,
recirculation and gas supplement. This facilitated
the improvement of N2-CA grain storage in China,
decreasing the operating costs

Fig. 3. The grain bulk covered by air tight liner for
maintaining N2 atmosphere.

only increasing labor intensity, but also being liable
to damage film, so the Chengdu Institute developed
an inflatable seal stripe to improve the air tightness of
warehouses and applied a patent (No. 2010105499978,
Name: an Airtight System of Film-covered Grain

RESULTS AND DISCUSSION
According to some Australian researchers (Banks
et al., 1980), the lethal effect of N2 on insect pests
312

YANG JIAN, FU PENGCHENG, LI HAOJIE, YAN XIAOPING, LI YUE, DING JIANWU, SHENG QIANG

Table 2 Insecticidal effects of N2-CA technology at some Sinograin’s depots
Ave. Grain
Main Insect Pests
ExN2
Temp.
posure
Conc.
Time
(Min.-Max.)
Wheat 25 ºC
≥97%
25d Sitophilus zeamais,
Rhyzopertha
dominica,Cryptolestes
ferrugineus, Liposcelis
bostrychophilus
Paddy 24ºC
≥98%
30d All Life Stages of
Sitophilus oryzae,
(Max.
Rhyzopertha dominica
33.0 ºC)
and Tribolium castaneum
Sensitive and Resistant
to PH3
Paddy 20ºC
≥95%
30d All Life Stages of
Sitophilus oryzae,
(Max.
Rhyzopertha dominica
29.4 ºC)
and Tribolium castaneum
Sensitive and Resistant
to PH3
Corn 20ºC
≥98%
15d Sitophilus zeamais,
Rhyzopertha
(Max.
dominica, Cryptolestes
30.0 ºC)
ferrugineus, Tribolium
castaneum,Liposcelis
bostrychophilus
90d

Depot
Covered
Air
Grain
Depot Type
No.
Film Tightness Type
1

Flat
Warehouse

Five
Sides

-300pa
270s

2

Flat
Warehouse

None

500Pa
355s

3

Flat
Warehouse

None

-300Pa
150s

4

Squat Silo

None

500Pa
323s

5

Flat
Warehouse

Five
Sides

-300Pa
300s

Paddy 20ºC

6

Flat
Warehouse

Surface
cover

-300Pa
127s

7

Flat
Warehouse
Flat
Warehouse

Surface
cover
Surface
cover

-300Pa
113s
-300Pa
107s

Paddy <20ºC
≥ 95%
(Max. 28.4
ºC)
Paddy 20 ºC
≥96%

120d
45d Sitophilus zeamais,
Rhyzopertha
dominica,Cryptolestes
ferrugineus,Tribolium
castaneum, Liposcelis
bostrychophilus
28d Sitophilus
zeamais,Cryptolestes
ferrugineus,
36d 10 Insect Pests/kg

Wheat 20 ºC

≥97%

28d

9

Flat
Warehouse

Surface
cover

-300Pa
286s

Paddy 19 ºC

≥98ºC

30d

10

Flat
Warehouse

Surface
cover

-300Pa
240s

Corn

18.8 ºC
(Max.
24.3 ºC)

≥98ºC

8d

Flat
Warehouse

Surface
cover

-300Pa
125s

Paddy 18 ºC
(Max.
28.3 ºC)

≥97%

18d
60d
40d

8

11

95~
98%
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Sitophilus zeamais,
Tribolium castaneum,
Tribolium confusum
Sitophilus zeamais,
Rhyzopertha dominica,
Cryptolestes pusillus
Oliver
Sitophilus zeamais,
Plodia interpunctella
Cryptolestes ferrugineus,
Tribolium castaneum,
Sitophilus zeamais,
Rhyzopertha
dominica,Cryptolestes
pusillus (Schonherr),
Tribolium castaneum

Insecticidal
Effect
100%

100%

Sitophilus oryzae
(100%),
Rhyzopertha
dominica and
Tribolium
castaneum (60%)
Adults (100%)
79 Rhyzopertha
dominica Eggs,
Pupae and
Larvae Found
Adults (100%)
2 Rhyzopertha
dominica Eggs,
Pupae and
Larvae Found
100%
100%

100%
100%
100%
100%

100%
100%
100%
100%
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in stored grain is closely related to temperature. In
grain at less than 12% moisture contentand 23°C with
98-100% N2 concentration, it will take 28 days to kill
all of the insect pests to reach the same insecticidal
effect at 18°C it will take 105 days to achieve the
same result.
The experimental data acquired by the Chengdu
Institute shows that, insect control at a N2 concentration
of less than 96% is poor. An experiment on N2-CA’s
effect on controlling Sitophilus zeamais (Motschulsky),
Rhyzopertha dominica (Fabricius), Tribolium
castaneum (Herbst) and Oryzaephilus surinamensis
(L.) adults, eggs, pupae and larvae, was conducted in
a simulated warehouse, with temperature controlled at
25±1°C and N2 concentration was set at two ranges,
96-98% and 98-100%.
Lethal times of these two N2 concentration ranges
for different life stages of insect pests are shown in
Table 1.
The results of field application practice in existing
warehouses in recent years showed that the effect of
N2-CA on controlling insect pests is closely related to
the N2 concentration and temperature in grain mass as
well as the exposure time (Sufen 2009). To completely
kill all of the insect pests at a lower temperature
requires a longer exposure time (Baily and Banks,
1980). Compared with traditional grain storage, N2CA technology can control insect pests in stored grain,
reducing the problem of dependence on PH3.
Insecticidal effects of N2-CA technology at some
Sinograin’s depots are shown in Table. 2.
The recommended exposure times at different
temperatures and N2 concentrations required by N2-CA
grain storage for control main insect pests in stored
grain are shown in Table. 3.
The insecticidal effect of N2-CA Technology relies
on air tightness of grain mass, type of insect pests,
moisture and N2 concentrations and temperature and
exposure time.

warehouses showed a combination of temperature
control and N2-CA technologies can perform well in
maintaining paddy quality. The increase in fatty acid
is comparatively slower, the grain color and smell
remains normal, and deterioration is not accelerated
after outloading. Experimental data collected by
Sinograin’s Guilin Depot in flat warehouses at an
average temperature of 21° to 22°C showed that after
summer, the average increase in fatty acid value of
grain stored in three experimental warehouses is 0.4mg
KOH/100g, and that of two comparative warehouses
is 2.4mg KOH/100g. After CA storage the average
value from three experimental storages is 0.6mg
KOH/100g. Tests undertaken at Sinograin’s Huzhou
Depot on wheat, taste, fatty acid value, colour and
smell, moistureshow grain quality and deterioration
is not accelerated after outloading. The average fatty
acid value of grain stored in eight flat warehouses
under N2-CA in Sinograin’s Sanming Depot increased
by 0.8mg KOH/100g after summer.
Construction and operating costs of N2-CA
The cost of N2- controlled atmosphere (CA) grain
storage is mainly depreciation of fixed asset investment
and operating expenses. The economic analysis of
existing warehouses adopting N2-CA technology
showed the total annual cost of N2-CA grain storage
can be controlled at 5.3-5.7 Yuan per tonne ($USD
0.795 – 0.855), in which 1.4 Yuan per tonne is spent on
warehouse insulation and air tightness reconstruction
(depreciated over three years), 1 Yuan per tonne on
facility investment (depreciated over 10 years), 0.40.8 Yuan per tonne on CA grain storage operation and
2.5 Yuan per tonne on temperature control. Consumer
demand for insecticide free grain results in a higher
price and some investigations showed that the price
of grain stored under CA is 20 Yuan per tonne higher
than grain from standard storage.
CONCLUSION
Research and small-scale field experiments on
low oxygen (O2) grain storage was carried out at
the end of the 1960s. There are two methods to
create a low oxygen environment, one is natural deoxygenation in grain storage (Grain Depot, 1974),
consuming oxygen through grain respiration,the other
is N2 charging grain storage (Grain Depot, 1973), by
extracting air from an airtight grain warehouse and
filling it with N2.
The promotion of N2-CA technology was launched
by Sinograin in 2007. At the end of 2015, N2-CA
grain storage reconstruction with a total capacity of
over 15 million tonne at over 150 central depots has

Nitrogen (N2) storage to delay grain deterioration
The results of field applications in existing
Table 3. Exposure times at different temperatures and N2
concentrations for controlling main insect pests
N2
concentration

Recommended exposure times at
different temperatures
17ºC

25ºC

30ºC

≥95%

-

-

60d

96%~98%

-

70d

21d

105d

28d

14d

≥98%
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been completed.
It is planned to extend the use of N2 CA for the
storage of processed grains and edible oils.

Gao Sufen (2009) Application Progresses on Controlled
Atmosphere Grain Storage Technology by Purging N2.
Grain Storage 4: 25–2
Grain depot of Jiashan Countyin Zhengjiang Provinc (1974)
Test of Natural Airtightness in Grain Storage. Sichuan
Cereals and Oils Science and Technology 2: 20–26
No. 2 Grain Depot of Grain Company in Nanchang of Jiangxi
Province. Test of Grain Storage with Air deoxygenation.
(1972) Sichuan Cereals and Oils Science and Technology
4: 18–23
Shlomo Navarro, Fang Qian (2007) Restrictions to the Use
of Fumigants and Opportunities for Substitution with
Modified Atmospheres. Journal of Grain Storage 2: 25–29
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Prediction of insect development in a wheat (Triticum aestivum)
silo-bag by computer simulation
ALIEN ARIAS BARRETO1, RITA ABALONE1,2, A GASTÓN1,2*
1Fac.

de Cs. Exactas Ingeniería y Agrimensura, UNR. IFIR (CONICET/UNR)
ABSTRACT

Population growth rates for two insect species, viz. Rhyzopertha dominica (Fabricius) and
Sitophilus oryzae (L.), predicted by Driscoll and others, was coupled with a silo bag heat and
mass transfer model earlier validated for wheat (Triticum aestivum L.). The rate of population
increase per week was evaluated as a function of the grain temperature and intergranular
relative humidity during storage from summer to winter of dry wheat (13% w.b. and 25°C initial
temperature). The wheat was produced in areas with sub-tropical, intermediate and moderate
weather conditions. Results showed that the feasibility of insect control by effect of temperature
was rather weak for the Central and Southern regions of Argentina, while the rate of population
increase per week remained above the unit for the sub-tropical region. To account for the effect
of oxygen (O2) intergranular concentration on the rate of population increase per week, a very
simplified correction factor was proposed to modify Driscoll’s model. Population increase was
re-calculated for Rhyzopertha dominica with an initial adult insect infestation of 0.1 and 1 insect/
kg. Evolution of insect population, gas concentration, and grain dry matter loss were predicted
considering a gas ingress rate of 0.05%– 0.22% O2/d. With 1 insect/kg initial infestation, an
atmosphere composition favourable to arrest insect activity was achieved with O2 concentration
ranging from 2 to 5%V/V.
Key words: Atmosphere composition, Grain storage, Hermetic storage, Modeling, Silo-bags,
Wheat
When grain is stored in an airtight system,
respiration of insects increases the rate at which
intergranular O2 is consumed and carbon dioxide (CO2)
is produced, which in turn affects the rate of insect
development. Navarro et al. (1994) described a model
to simulate the changes in gas concentrations, insect
populations and amounts of grain consumed. To the
best of the author’s knowledge, work of Navarro et
al. (1994) is the only published text that accounted for
the interdependent changes in gas concentrations and
dynamics of insect populations under hermetic storage.
Most of the predictive insect population models were
coupled to heat and mass transfer models, to evaluate
aeration strategies as a tool for controlling insect
pests (Throne, 1995; Thorpe, 1997; Montross, 1999;
2CIC-

UNR. Fac. de Cs. Exactas Ingeniería y Agrimensura,
UNR Av. Pellegrini 250. (2000) Rosario, Argentina
*Corresponding author e-mail: analiag@fceia.unr.edu.ar

Driscoll et al., 2000) or to analyze the development
of hot spots in conventional storage bins (Mani et al.,
2001) and did not consider the effect of intergranular
gas composition.
Arias Barreto et al. (2013) analyzed wheat
(Triticum aestivum L.) storage conditions in a silo
bag under a sub-tropical climate (Sáenz Peña, Chaco
Province), an intermediate climate (Pergamino, Buenos
Aires Province) and temperate climate (Balcarce,
Buenos Aires Province). Based on the change of wheat
temperature during storage, it was concluded that for
the Central and Southern regions of Argentina, insect
activity would be limited for dry and moist wheat
because the mean temperature of grain decreases
below 17°C during autumn and winter, preventing
insect population development. When wheat is stored
at 14% w.b. or 16% w.b., insect activity is limited as
result of low O2 and high CO2 concentration in the silo
bag. When storing dry wheat (e.g. 12% w.b.) insect
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populations could develop during summer and early
autumn (or during the entire year in regions with subtropical weather) because neither temperature nor O2
and CO2 concentration would be limiting.
It is important to note that in Argentina, the presence
of stored-product pests in the field is uncommon, so
the possibility of bagging infested wheat is low. Grain
is harvested, transferred into a wagon and bagged in
the same operation. An additional advantage of the
silo bags is that the new plastic bag is insect free,
and the plastic cover acts as a physical barrier, so if
grain comes from the field free of insects, no further
infestation should occur during storage.
The aim of this study is to link the insect population
model developed by Driscoll et al. (2000) to the silo
bag model developed by Arias Barreto et al. (2013)
in order to predict the insect development in a silo
bag. An infested silo bag scenario was simulated to
quantify the effect of temperature on insect population
development.
The rate of population increase per week of the
predominant pests, Rhyzopertha dominica (Fabricius)
and Sitophilus oryzae (L), was evaluated as a function
of the grain temperature and intergranular relative
humidity during storage from summer to winter of
dry wheat (12% w.b. and 25°C initial temperature) in
the three regions of Argentina mentioned previously.
Arias Barreto et al. (2013) predicted the evolution
of O2 and CO2 concentrations in a silo bag holding
dry wheat without insect infestation and without
any structural damage (reference case). The study
analyzed how the presence of insects would modify this
evolution and estimated the initial insect populations
that could reduce O2 concentration hostile to insect
activity. To account for the influence O2 intergranular
concentration created on the rate of population increase
per week, a simple correction factor was proposed
to modify Driscoll’s model. Population increase was
re-calculated for Rhyzopertha dominica, under the
moderate climatic conditions of the Balcarce area.
Insect respiration rate was modeled as function of
O2 production according to Emecki et al. (2001).
Evolution of insect population, gas concentration,
and grain dry matter loss (DML) were predicted. A
damaged silo bag was modeled assuming different O2
ingress rate per day.

temperature (T), grain moisture content (W), oxygen
(O2) and carbon dioxide (CO2) concentrations were
derived. The balances take into account heat, water
vapour, O2 consumed and CO2 released by respiration
of the grain ecosystem, which is modeled according to
White’s et al. (1982) correlation. A detailed description
of the model is presented elsewhere (Gastón et al.,
2009; Abalone et al., 2011a, b; Arias Barreto et al.,
2013).
Insect population model: Insect population in
grain storage was predicted according to Driscoll et
al. (2000) as follow:
N (t + ∆t ) = N (t ) erm
d N (t )
dt

∆t

= N (t ) λ

= N 0 rm erm t

(1)
(2 )

rm = f ′ ( RH ) ek1T + ln  k2 (Tm − T ) with

f ′ ( RH ) = ka + kb RH + kc RH 2

(3)

where N is the number of insects, N0 is initial adult
insect infestation, rm is the intrinsic rate of increase,
t is time in weeks, RH is intergranular relative
humidity (decimal), T is temperature in °C, k1, k2, ka,
kb, kc are coefficients of growth model rate, Tm is a
mortality temperature limiting population growth at
temperatures near Tm, ∆t = 1 week, λ, dimensionless,
is the population increase per week. Coefficients
of growth model rate k and Tm depend on insect
species [Rhyzopertha dominica, Sitophilus oryzae,
Oryzaephilus surinamensis (L.), Tribolium castaneum
(Herbst)].
According to Driscoll, the model is an indicator of
the probability of insect infestation, not a prediction
of actual insect numbers. Fig. 1 shows λ as function
of temperature for 70% and Fig. 2, the dependence of
factor f´(RH) with r.h. When temperature is close to
Tm, λ falls sharply below 1, making insect population
decrease to zero very fast. Depending on species,
insect population will start to decrease at a lower rate
when temperature is 11°C for Rhyzopertha dominica,
12°C for Sitophilus oryzae, 15.5°C for Oryzaephilus
surinamensis, and 16°C for Tribolium castaneum.
For Sitophilus oryzae, Oryzaephilus surinamensis
and Tribolium castaneum, λ decreases with relative
humidity while the opposite behaviuor was observed
for Rhyzopertha dominica.

MATERIALS AND METHODS

Effect of O2 concentration
The interrelation between factors affecting
insect mortality in hermetic storage is very complex
(Navarro, 2006) and to take into account such factors
in a simulation model is not a simple task. In a first

Mathematical modelling
Silo bag heat and mass transfer model: Stating the
energy and mass balances for the grain and air phases
in a control volume, a coupled system in terms of
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Rate of population increase/week ()
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Ryzopertha dominica
Sitophilus oryzae

The factor g (O2) assumed that when O2 level
was equal or greater than 10% V/V, λ was given by
Eq.(3), that is to say insect activity would be limited
by effect of temperature. When O2 level was around
5% V/V, λ was close to 1, which means that population
growth would start to be arrested. Near 3% V/V O2,
an average rate per week value of 0.5 was proposed,
though the rate of mortality is strongly dependent on
developmental stage and age of species. By use of
the proposed factor to model the effect of O2 it was
possible to reproduce Navarro et al. (1994) simulations
as shown in Appendix 1.
The effect of CO 2 concentrations were not
considered. The gas levels achieved in silo bags holding
wheat (Arias Barreto et al., 2013) are below 20% V/V
and would not limit insect activity.

Oryzaephilus surinamensis
Triboliurn castaneum

2, 5
2, 0
1, 5
1, 0
0, 5
0, 0

0

3

6

9 12 15 18 21 24 27 30 33 36 39 42
Temperature (°C)

Fig. 1. Rate of population increase per week (λ) Driscoll
et al. (2000); r.h.=70%
Ryzopertha Dominica
Sitophilus Oryzae (RH>40%)

RESULTS AND DISCUSSION

Oryzaephilus Surinamensis
Triboliurn Castaneum

Effect of temperature change during storage on
insect population development
To estimate the effect of temperature as a
controlling factor to insect development, λ was
calculated according to the temperature change during
storage, shown in Fig. 3 (surface, middle and average
wheat temperature in the silo bag, Arias Barreto et al.,
2013). Intergranular relative humidity was predicted
by use of Modified Henderson Thompson Isotherm.
Infestation in a silo bag is not common and data to
provide an estimate of initial insect density are lacking.
Initial adult insect infestation was set to 1 insect/kg to
provide a relative comparison of the temperature effect
on species development. Figs. 4 and 6 show the rate
of population increase per week, λ, for Rhyzopertha
dominica and Sitophilus oryzae, respectively. These
results show that under temperate and intermediate
climate (Balcarce and Pergamino areas), the effect of
temperature as a limiting factor is not strong but is

1, 6

Factor f´ (RH)

1, 4
1, 2
1, 0
0, 8
0, 6
0, 4
0,2

0,3

0,4
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0,6

0,7

Relative humidity (RH) (dec)

Fig. 2. Factor f(RH) vs relative humidity (Driscoll et al.,
2000)

attempt, a simple correction factor was proposed to
include the effect of O2 on insect population dynamics:

(

)

rc ( RH , T , O2 ) = f ′ ( RH ) ek1T + ln  k2 ( Tm − T )  g ( O2

)

32

32

28

28

28

24
20
16
12
8
4

Temperature (°C)

32

Temperature (°C)

Temperature (°C)

...(4)

24
20
16
12

30

60

90 120 150 180
Time (d)
(a)

4

20
16
12
8

8
0

24

0

30

60

90 120 150 180
Time (d)
(b)

4

0

30

60 90 120 150 180
Time (d)
(c)

Fig. 3. Wheat temperature evolution at Balcarce (a), Pergamino (b) and Sáenz Peña (c). Initial temperature: 25ºC. Initial
m.c. : 12% w.b, mean temperature; middle (y = 0.8 m); below surface (y = 1.4 m)
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number of insect would reduce by 87% in Balcarce
and 78% in Pergamino.
Effect of O2 change during storage on insect
population development
The model was run to predict the evolution of O2
and CO2 concentrations in a silo bag holding dry wheat
(12% w.b.), in response to initial insect populations
of 0.1 and 1 insect/kg (Rhyzopertha dominica) and
gas ingress rate of 0.05% and 0.22% O2/day (due to
permeation through the plastic layer and structural
damage).
Fig. 8a shows the evolution of O2 and CO2 for
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slightly higher at the surface, because grain temperature
decays to below 11°C and 12°C during the last two
months of storage (winter). On an average, λ decreased
below unit after 90 days of storage. At Sáenz Peña,
with subtropical climate, predictions from previous
work (Arias Barreto et al.,, 2013) are confirmed, as
λ remained always above unit for both species.
Figs. 5 and 7 show the predicted evolution of insect
population for Rhyzopertha dominica and Sitophilus
oryzae, respectively. For Rhyzopertha dominica, at the
surface layer, after the maximum value was attained the
number of insects would reduce by 36% in Balcarce
and 28% in Pergamino. For Sitophilus oryzae, the
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Fig. 6. Evolution of rate of population increase per week λ for Sitophilus oryzae at Balcarce, Pergamino and Sáenz Peña.
Bagging conditions: wheat at 25ºC, 12% w.b.
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0.1 insect/kg. For comparison gas change in the silo
bag without insects or structural damage (only the
permeation through the plastic layer) are also plotted.
This case (silo bag without insects or structural
damage) will be named as “reference case” in the
figures. It can be observed that with 0.1 insect/kg initial
infestation, low O2 level hostile to insect development

were not achieved, as it remained above 10% V/V.
Rate of population increase per week λ was driven
by the temperature decrease (Fig. 8b) which produced
a small decrease of the insect population by the end
of storage (Fig. 8c).
Fig. 9a shows the evolution O2 and CO2 for 1
insect/kg. A fluctuating behaviour of gas concentration
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Fig. 8. Evolution O2 and CO2 (a), rate of population increase per week (b), insect population (c) and DML (d) initial
infestation of 0.1 insect/kg
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Fig. 9. Evolution O2 and CO2 (a), rate of population increase per week (b), insect population (c) and DML (d) initial
infestation of 1 insect/kg

is obtained as O2 ingress rate increases. For a silo
bag without structural damage and 0.05% per day,
O2 concentration ranged from 2 to 5% V/V and insect
density decreased to 0.001 insect/kg as shown in Fig.
9c while for 0.10% and 0.22% O2 ingress per day,
decreased to 0.5 insect/kg and 6 insects/kg respectively.
Rate of population increase per week λ is shown in
Fig. 9b. During the first month of storage, λ decayed
driven by temperature and when O2 fell below 10%
V/V, according to the proposed correction factor. For
higher O2 ingress or longer storage time, an oscillatory
behaviour in O2 concentration would be observed,
similar to the one shown in Fig. 3a.
Predicted DML for all the storage conditions (Fig.
8, Fig. 9d) did not exceed limits to reduce the grain
commercial quality of 0.1% DML proposed by White
et al. (1982). For 0.1 insect/kg initial infestation, DML
at the end of storage doubled the value obtained for
the reference case, and would continuously increase

if insect development was not limited. For 1 insect/kg
initial infestation, DML was three times higher than
the reference case value. For O2 ingress below 0.10%
per day, DML tended to stabilized while continuously
increased for 0.22% per day.
CONCLUSION
Population growth rates for Rhyzopertha dominica
and Sitophilus oryzae were predicted as function of the
grain temperature and intergranular relative humidity
during storage from summer to winter of dry wheat for
productive areas with sub-tropical, intermediate and
moderate weather conditions. Results showed that the
feasibility of insect control by the effect of temperature
was rather weak for the Central and Southern regions
of Argentina, while the rate of population increase
per week remained above the unit for the sub-tropical
region.
Evolution of gas concentration was predicted
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in an infested silo bag under moderate climate. For
0.1 insect/kg initial insect infestation, an interstitial
atmosphere unfavourable for insect development was
not achieved. For 1 insect/kg, O2 concentration ranged
from 2 to 5% V/V, arresting insect development if O2
ingress per day remained below 0.05% per day.
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APPENDIX A

Navarro et al. (1994) predicted the change in
O2 concentration and dry matter loss (DML) in
volume structure of 10 m3 filed with corn (Zea mays
L.) at 30°C. Initial infestation level was set 2, 4 and
8 insects/kg and O2 ingress rate to 0.24%, 0.12% and
0.05%. Details on intrinsic rate of insect increase or
how gas composition affected population dynamics,
were not provided by the author. As temperature did
not vary, the rate of population increase per week
was assumed constant when O2 level was above 10%
V/V. Three variation of λ with O2 were considered as
illustrated in Fig. A1. Figure A2 and Figure A3 show
that the evolution of O2 and DML obtained with λ as
fuction of g1(O2) were comparable to those of Navarro
et al. (1994).
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Fig. A1. Rate of population increase per week as function
of O2 concentration
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A preliminary comparative study of conventional and hermetic
storage of wet distillers grains with solubles
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ABSTRACT

The bioethanol industry has valuable by-products: for each litre of ethanol, 2 kg wet distillers grains
with solubles (WDGS) and 0.75 kg of CO2 are produced. WDGS is a product rich in proteins, which
makes it valuable as feed for beef, milk, poultry and hog production, although its high moisture content
(35% dry matter) reduces its storability. The objective of this study was to evaluate hermetic storage for
extending storage time of WDGS. Two storage systems (hermetic and non-hermetic) and two storage times
(10 and 20 days) were proposed and three replicates were considered for each combination of treatments.
The WDGS samples were collected at the beginning of the experiment, 10 and 20 days of storage, and
analysed for moisture content, appearance and odour, colony forming units (moulds and yeasts), pH, crude
protein, ammonia nitrogen, ruminal degradability and intestinal digestibility of protein. It was concluded
that WDGS could be hermetically stored without quality losses for at least 20 days, while in non-hermetic
conditions, spoilage became noticeable after 10 days of storage.

Key words: Ensiling, Intestinal digestibility of protein, Moisture content, Moulds, Ruminal
degradability of protein, Yeasts
In the past decade, production and consumption of
biofuels had increased considerably; in 2009, global
ethanol production reached nearly 75.7 billion litres in
more than 40 countries (Rodriguez, 2013). Argentina
is the seventh largest producer of bioethanol in the
world, with an estimated production of 900 million
litres in 2016, of which half are corn (Zea mays L.)based ethanol. The bioethanol industry has valuable
by-products: for each litre of ethanol, 2 kg wet distillers
grains with solubles (WDGS) and 0.75 kg CO2 are
produced (Calzada and Frattini, 2015). WDGS is a
product rich in proteins, which makes it valuable
as feed for beef, milk, poultry and hogs production,
although its high moisture content (m.c.) (35% dry
matter) reduces its storability. The WDGS can be dried
to obtain dried distillers grains with solubles (DDGS;
88% dry matter) increasing its storability; however,
because of the drying cost, most of the time ethanol
by-product is quickly sold as WDGS in a radius of
approximately 300 km around the processing plants.
2National Institute of Agricultural Technology (INTA) at
Balcarce, Argentina
3CONICET
*Corresponding author e-mail: bartosik.ricardo@inta.gob.ar

The WDGS is stored at environmental conditions in
piles on the bare ground or on concrete floor for 7 to
14 days (depending on ambient temperature) before
intake (Di Lorenzo, 2013). This short storage time
requires an almost continuous supply of WDGS from
the ethanol plants to animal production farms. The
logistics involved become very complex and expensive
and prevents the extensive use of this material. In
Argentina, the silobag technology is widely used for
grains and silage storage (Bartosik, 2012), and it could
also be adapted for storing WDGS. If WDGS storage
time can be substantially extended using hermetic
storage, logistic distribution could be improved and
the cost reduced, expanding the use of this product.
The objective of this study was to evaluate hermetic
storage for extending storage time of WDGS.
MATERIALS AND METHODS
Samples of WDGS were collected in June of 2015
from three-bioethanol plants production, two of them
located in Cordoba province and the last located in
San Luis province, Argentina.
Samples were stored in sterilized plastics bins of 30
l capacity, and 12 to 24 h later (depending of sampling
order) they arrived to INTA Balcarce Postharvest

E ALVAREZ, M CARDOSO, R BARTOSIK, G DEPETRIS, C CASTELLARI, M D MONTIEL

Laboratory. The samples were placed inside plastic
bags, made with the constituent liners of a standard
silobag (mix of linear and non-linear polyethylene,
235 microns thickness); each bag can hold 6 kg of
WDGS. The bags for the hermetic treatments were
thermo-sealed, and a pressure decay test (PDT) was
done for checking its air tightness (Navarro and Zettler,
2000). The bags for the ambient condition treatments
were left open, so normal gas (O2 and CO2) exchange
was allowed. The bags were randomly placed in a
storage chamber at 16°C.
A randomized complete block design was followed
with two factors: storage type (hermetic and nonhermetic) and storage time (10 and 20 days). Each
treatment was a combination of the two factors, and
the three different WDGS origins (processing plants)
were considered replicates (block).
During the sampling procedure (at 0, 10 and 20
days of storage), WDGS was transferred from the bag
to sterilized plastic recipients, mixed and immediately
analyzed:
– Moisture content of WDGS was determined with
the Oven Method (ASABE, 2003): Three subsamples of 100 g weight in small metallic trays at
103°C during 24 h (constant weight).
– Sensory inspection (colour, odour, texture, foreign
materials presence) was carried out as per Gallardo
(2014).
– Fungal biota (moulds and yeasts) was evaluated
using the method of counting in Petri dishes in
potato dextrose agar (Britania®), with the addition

of chloramphenicol (0.1% Anedra®). Plates were
incubated in an oven at 28°C for 5 days (Pitt and
Hocking, 2009). Counts were taken as colony
forming units/gram of WDGS dry matter (CFU/g
DM).
– Total nitrogen was determined by Dumas´ direct
combustion method, according to Horneck and
Miller (1998). Crude protein (% DM) was calculated multiplying total nitrogen by 6.25.
– Ruminal degradability and intestinal protein digestibility were carried out Gargallo et al. (2006).
– Ammonia nitrogen, as a percentage of total nitrogen content was determined using the colorimetric
method, according to Weatherburn (1967).
– Relative humidity (r.h.) and temperature (outside
and inside of bags) were hourly measured (Ibutton,
Hygrochrom, EEUU).
– Gas composition (CO2 and O2) was measured
every 48-72 h, employing a portable gas analyzer
(Dan Sensor, Denmark).
The pH of samples was determined using a digital
pH meter (Oakton, Singapore) as per Kaiser and Piltz
(2003).
The data were analyzed with STATISTICA
software, version 7 (Statsoft, Tulsa, OK, USA).
RESULTS AND DISCUSSION
The moisture content of WDGS was 71.4%, 73.0%

Fig. 1. Sensory evaluations of wet distillers grains with solubles after 10 days of storage for the hermetic (left) and nonhermetic (right) conditions
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and 67.8% for the production facilities A, B and C,
respectively. This m.c. range was found between the
values reported by Rosentrater and Lehman (2007)
(52–53%) and by Lehman and Rosentrater (2013)
(75%). During the experiment no variation in moisture
content was observed for hermetic and non-hermetic
treatments.
During the experiment, the mean ambient r.h. was
55%, while inside the hermetic bag it was100% and
97–98% in the non-hermetic bag. Almost saturated
r.h. conditions were also reported by Rosentrater and
Lehman (2008) for storage of WDGS at 53% m.c.
Average ambient temperature was 17°C, and mean
temperature inside the bags was around 16.1°C.
At the beginning of the experiment WDGS,
had an orange-yellow colour, texture compact and
homogeneous, absence of moulds or yeasts, and soft
and nice fermentation aroma (Fig. 1). After 10 days
of storage, a discoloration of WDGS was seen in
both storage conditions. Rosentrater Lehman (2008)
also reported a colour change of WDGS after few
days of storage. Hermetic bags showed presence of
some visible yeast on product surface and no change
in texture, while in non-hermetic bags unpleasant
odours and fungi growth on product surface were
evident and texture changed to a compacted mass with
some lumps. After 20 days of storage, no change was
observed in the WDGS hermetically stored, while total
colonization of fungi, easily disaggregated texture
and aggressive and putrid odors were observed for
non-hermetic storage.
Oxygen (O2) in all hermetic bags was depleted
in a few hours. Fig. 2 shows the CO2 concentration
in hermetic bags of WDGS from the three bioethanol
plants. The CO2 concentration after 10 days of hermetic
storage ranged from 30 to 37%, the highest value was
from production facility C. Considering that in all
hermetic treatments r.h.was 100%, regardless of the

Table 1 Average across all storage times for moulds and yeasts
counts (CFU/g DM) for hermetic and non-hermetic
WDGS storage
Hermetic
storage

Non-hermetic
storage

Moulds (CFU/g DM)

13.1a

2×105b

Yeasts ( CFU/g DM)

7×105a

9×106b

Values in the same line with different letters denote significant
differences (α=0.05).

moisture content, differences in CO2 production can
be due to sample composition, pH, or initial inoculum
concentration. For instance, mean pH value for facility
C samples was about 4.3, while for the other samples
the value was lower, around 4.0 (higher acidity).
Probably this resulted in WDGS samples from facilities
A and B to have a more restrictive pH condition for
microbial development than WDGS from facility C.
Average initial microbiological contamination was
2.9 ×103 CFU /g DM for mould sand 1×106 CFU/g DM
for yeasts. After 10 days of storage, mould and yeast
counts decreased in hermetic storage and increased
in the non-hermetic storage. The statistical analysis
between 10 and 20 days showed that there were no
significant differences in mould and yeast counts
in any storage system. Table 1 reveals the average
across storage time (10 and 20 days) for mould and
yeast counts, showing that in hermetic bags there
were smaller counts than in non-hermetic. In a similar
study, Rosentrater and Lehman (2007) reported a lower
initial count of total CFU (3 and 8 ×102 CFU/g DM
of moulds and yeasts) at the beginning of storage,
and after nine days of non-hermetic storage, counts
increased to 1×108 CFU/g DM, but still below the
counts reported in this study.
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Fig. 3. Average across storage time for crude protein of
wet distillers grains with solubes for hermetic (H)
and non-hermetic (NH) storage conditions. [Bars
denote confidence interval (0.95)]

Fig. 2. Concentration of CO2 (%) in hermetic bags for wet
distillers grains with solubles from three bioethanol
plants (A, B and C) from 4 to 20 storage days.
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Fig. 5. Ruminal degradability of wet distillers grains with
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storage conditions, for 10 and 20 days of storage.
[Bars denote confidence interval (0.95)].

Fig. 4. Mean pH difference (Dif. pH) of 10 and 20 days
of storage with the initial condition (time 0). [Bars
denote confidence interval (0.95)].

The difference among storage systems for crude
protein, is depicted in Fig. 3, indicating that under nonhermetic conditions it was about 0.7 percentage points
higher. It could be speculated that under non-hermetic
storage conditions, a larger DM loss proportionally
increased the crude protein value.
Initial pH was 4.57. Typically, pH in WDGS
is low due to the addition of sulfuric acid to stop
fermentation during ethanol production (Mjoun et
al., 2011). However, pH further decreased to almost
4 after 20 days of storage (Fig. 4). No difference
was found in pH between hermetic and non-hermetic
storage conditions.
Ruminal protein degradability increased from 10
to 20 days in hermetic storage condition from 60 to
66%, while in non-hermetic, it remained between 62
and 63% (Fig. 5). Intestinal protein digestibility was not
affected by the storage system and storage time (mean
value = 63.8%). If the trend of increasing ruminal
degradability and intestinal digestibility remains stable
over time, total digestible protein could increase in
hermetic storage conditions. This is an important
benefit from the nutritional point of view. Ammonia
nitrogen was not affected by the storage system and
storage time (mean value= 1.10%).
The rapid O2 depletion in hermetic bags decreased
strict aerobic microorganism, but not facultative
aerobic microorganism, like yeasts. Oxygen depleting
conditions and low pH allowed the ensiling process,
which was also reported by other authors (Muck,
1988; Arias et al., 2012). Garcia and Kalscheur (2001)
indicated that hermetic storage of WDGS succeeded
most likely owing to the initial low pH rather to the
subsequent fermentation process (little changes in
volatile fatty acids). Along the same line, Mjoun et al.

(2011) indicated that ensiled WDGS resulted in good
conservation parameters during129 days of storage.
Superficial mouldy aspect and putrid odour
increased during non-hermetic storage. However,
inside the product, less deleterious changes were
observed. Superficial spoilage can be explained by
the presence of O2, which most likely decreased
towards the centre of the product mass due to the
low gas diffusion of the compacted WDGS, which
resulted in certain stability of the evaluated parameters.
The high m.c., high product compaction and low
pH allow speculation that some degree of ensiling
process occurred inside the WDGS mass. This would
indicate that the surface area exposed to the ambient
air in non-hermetic storage of WDGS is critical, since
spoilage reduces the palatability and nutritional value
of WDGS and increases the potential for toxic effects
(Rosentrater and Lehman, 2007).

Fig 61-5

Fig 61-4

CONCLUSION
Based on the results of this study, it could be
concluded that WDGS could be stored at least for
20 days in hermetic conditions without significant
quality losses and that an increase in ruminal protein
degradability was found over time, while in nonhermetic conditions, spoilage and quality losses
become evident at the surface after 10 day of storage.
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Preliminary report on controlled nitrogen atmosphere in metal silo
bin in the Czech Republic
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ABSTRACT

This study is a preliminary report on the usage of nitrogen anoxic atmosphere in a silo bin
in the Czech Republic under industrial conditions. The trials were conducted in a metal silo
containing 25 tonnes of legume seed and a controlled atmosphere of 1 % O2 and 99 % N2. Ten
days of exposure led to 100% mortality of all adults located at the bottom and top of the silo.
Seven days of exposure led to 100% mortality of Tribolium castaneum (Herbst) adults located
at both silo locations. Seven days of exposure led to 100% mortality of Sitophilus granarius (L.)
at the top of the silo and partial survival of the adults (96.7% mortality) at the silobottom. One
day exposure resulted in great data variation. Complete mortality was observed in T. castaneum
in Petri dishes located at the silo top, while zero mortality was reached for T. castaneum in Petri
disheslocated at the silo bottom.
Key words: Controlled atmosphere, Modified atmosphere, Metal silo bin, Nitrogen, N2,
Stored grain
The importance of stored-product pests has
increased in Europe in recent decades (Stejskal et al.,
2014, 2015). The use of residual insecticides is limited
due to resistance to insecticides and the sensitivity of
modern society to insecticide residues in food, despite
the fact that they frequently do not reach the legally
approved maximum residues limits (MRLs). Modified
or controlled anoxic atmospheres, including nitrogen,
are among the most promising non-toxic alternatives
for control of stored-product insects and mites in
many types of dry stored-products. (Navarro et al.,
1985; Jayas and Jeyamkondan, 2002; Navarro, 2006).
This method is based onmodification or decreasing air
concentration of O2, increasing CO2 or N2 of gases
already present in the interstitial atmosphere and the
treatment leaves no organic residues in food. Modified/
controlled atmospheres (MA/CA) may be delivered to
customers as modified atmosphere packaging (MAP),
frequently combined with vacuum. It is a common,

low-priced and efficient measure for long term control
of pests that attack processed food products (Riudavets
et al., 2009; Kucerova et al., 2013, 2014). The MAP
is employed for protection of small quantities of
commodities, mainly for over-the-counter packages of
food. Large quantities of commodities (about 1 tonne
or more) are usually protected in various MA/CA
cocoons or MA/CA bubbles (Finkelman, 2003, 2004).
Modern liners (multilayer or composite packages made
of composite aluminium and polyethylene airtight
film (Kucerova et al., 2013) enable small packages
and cocoons to be reasonably, low-priced gastight and
may be transferredinto a warm environment to enhance
the efficacy of MA. From the technical and economic
perspective, the most difficult MA/CA method is its
application in silos or flat stores since the storage must
be constructed to be gastight. The initial investment
into structural modification of permanent storage make
MA expensive. The disadvantage of MA is that if
the commodity in the silo is not warm enough to be
effective the exposure must be prolonged (Donahaye
et al., 1996). They found that complete mortality was
reached after 44 h exposure (1% O2) 35°C, while more
than 10 days of exposure (3% O2) led to only 70%
mortality at 25°C.
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This study is a preliminary report on the usage
of nitrogen anoxic atmosphere in a silo bin in the
Czech Republic under industrial conditions. The trials
were conducted in a normal (non-airtight) metal silo
containing 25 tonnes of legume seeds, using continuous
flow controlled atmosphere of 1% O2 and 99% N2.
The tests were conducted using two Coleoptera
storage pests: Tribolium castaneum (Herbst) and
Sitophilus granaries (L.). The practical goal of our
work, as requiredbythe industrial partner of the project
(Podravka-Lagris), was to find the shortest time for
effective application of MA (99 % N2) in the particular
type of silo when the temperature of the commodity
is about 20°C.

Bioassay -T

metal
pressure
bottles
with N2

Silo
(capacity 25 tons)

Checkpoint
concentration O2

Bioassay -B
Air

MATERIALS AND METHODS

Fig. 1. Schematic presentation of the silo trial with N2
modified atmosphere. Location of bioassay: Biassay
T – upper position at the top of the silo; Bioassay-B
lower position at the bottom of the silo

Experimental site
The field trials were conducted inside the food
facilities located in South Moravia, which processes
and packages rice (Oryza sativa L.) and legumes.
Trials using N2 were conducted in metal silo bin of 25
tonnes capacity. The silo was equipped with a gastight
plenum at the base that permitted the application of
CA. The controlled atmosphere was produced from
steel cylinders containing 100% N2 (Linde Gas a.s.;
Czech Republic ).

three replications for each trial and species. Plastic
Petri dishes with insects were placed at the bottom
(Fig. 1 – Bioassay–B) and top area of the silo (Fig.
1 – Bioassay T). Three replications were used for each
trial and species. Control insects were placed in a silo
in the same building without treatment.The temperature
and humidity were measured by data loggers (Tiny Tag
Ultra 2, Gemini Data Loggers Ltd, UK). The nitrogen
atmosphere was measured and controlled indirectly
as oxygen (O2) concentration in air at the bottom of
the silo. Oxygen concentration was measured using a
Dräger X-am 7000 detector with an automatic suction
pump (Dräger, GmbH, Germany). Nitrogen was
applied at the top of the metal silo bin a rate of 76–80
L per min during the first 12 h of all the experiments;
then the flow rate was lowered to 40–45 L of N2 per
min.The exposure time (1 day, 7 days, 10 days) was
commenced after reaching concentration under 1%
O2. After the exposure period, the bin was aerated.
The bioassays were removed from the silo after their
nitrogen exposure and placed in chambers at 85% r.h.
and 25°C. They were checked for mortality for 7 days
to ensure that there was no delayed mortality effect
(Arthur, 2006; Kucerova et al., 2013).

Bioassay–experimental species of pests and strains
The insects used for the study were adults of
two stored product Coleoptera species, Tribolium
castaneumand Sitophilus granarius. All test insects
originated from pesticide sensitive laboratory culture
at the Crop Research Institute (CRI).They were
maintained in a rearing room at 25ºC and 75% r.h. on a
mixture (5:5:1) of oat flakes, roughly ground wheat and
yeasts (T. castaneum) or grain (S. granarius). Adults
of 7–14 days age and mixed sex were collected 24 h
before the start of the experiment. Ten adults were
placed into plastic Petri dishes with mesh lid and with
10 pieces oat (Avena sativa L.) flakes as diet. Each
species were collected separately and in triplicate.
Experimental procedure and location of the
bioassays installed in the silo
The trials were conducted in a metal silo
containing 25 tonnes of legume seeds and controlled
atmosphere of 1% O2 and 99% N2. Figure 1 shows
the overall scheme of the experimental design.The
commodity temperatures ranged from 17.8 to 19.4°C
though the grain profile. No legume-infesting pests
were available at the date of the experiment and two
model species of stored-product pests were used with

RESULTS AND DISCUSSION
Three trials were carried at different exposure
times. The following temperatures and relative
humidity were reached at the top of the silo: 1 day
exposure (17.8 ± 0.2 °C; 32.4 ± 0.7% r.h.), 7 days
exposure (19.4 ± 0.1 °C; 40.4 ± 0.4% r.h.) and 10 days
exposure (18.5 ± 0.1 °C; 25.7 ± 0.4% r.h. ).
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and 83.3% mortality at the top of the silo (Fig. 2 A).
Due to the specific conditions of this experiment, it
is difficult to compare our data with data of another
authors. For example, Carvalho et al. (2012) proposed
a successful silo technology for stored rice protection
based on use of modified atmospheres to control
Sitophilus zeamais (Motschuslsky) and Sitophilus
oryzae (L.) in Portugal. They performed 3 trials at
different temperatures and treatment times; stored rice
in the silo at 29.6 ± 0.1°C for 26 d (first trial), at 34.1 ±
0.2°C for 10 d (second trial), and in large bags at 22°C
for 26 days (third trial). The direct comparison with
our experiment is difficult since, their technology was
based on CO2 and the temperatures in silos in South
Europe (Portugal) are usually higher (29-34°C) than
in the Middle Europe (Czech Republic). Our results
for S. granarius may likely be broadly compared to
the results obtained by Krishnamurthy et al. (1986).
They estimated that S. granarius exposed to N2 + CO2
atmospheres containing 1 to 1.6% O2 at 20°C (70%
r.h.) may cause 100% mortality of pests within short
time period of 7 days.
Our preliminary work showed that reasonably
efficacy of 1% O2 and 99% N2 atmospheres on the tested
species and strains of storage pests can be expected
after 10 days exposure in temperatures exceeding
20oC.
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Fig. 2. Efficacy of nitrogen modified atmosphere on adults
of two species of stored pests in three exposure
times. (A, 1 day exposure; B, 7 days exposure; C,
10 days exposure time)
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Hermetic storage of wet corn in liners with and without
ethylene vinyl alcohol (EVOH) barrier
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ABSTRACT

Due to cold and wet weather conditions during autumn, corn (Zea mays L.) has to be harvested
wet in many regions of Argentina. Most farms do not have grain dryers and they store wet corn
in silo bags for 2 to 9 months. Storage of wet grain leads to quality loss due to biological activity
which, to some extent, is reduced by the modified atmosphere generated. Hence an experiment
was conducted to investigate the incorporation of an oxygen (O2) barrier (Barrier) in the plastic
liner (EVAL TM, EVOH, Kuraray) on the degree of modification of the interstitial atmosphere
and its benefit in preserving quality parameters of wet corn in comparison with the standard silo
bag plastic liners (Standard). The results show that the bags with Barrier resulted in a greater
modification of the interstitial atmosphere and that quality parameters were, in general, less
affected than in the Standard bags. The incorporation of O2 barriers to plastic liners could be a
cost effective technology for improving hermetic storage conditions of quality grain or seeds.
Key words: Grain quality, Hermetic, Seeds, Silo bag, Viability
In many corn growing regions of Argentina and
other countries, during autumn, ambient temperature
decreases and relative humidity increases, reducing
the drying potential of the air. Under this condition,
corn (Zea mays L.) often cannot be dried in the field
before winter and has to be harvested wet. At the farm
level, there is insufficient artificial drying capacity and
a silobag, a potentially hermetic storage system widely
used in Argentina (Bartosik, 2012), is frequently used
for storing wet corn. After a storage time from 2 to 9
months, this corn is used as feed for beef, poultry, eggs
or pig production on the same farm, or can be sold as
grain in the commercial market, if commercial quality
parameters are not affected. However, storage of wet corn
results in higher biological activity and greater quality
reduction than the storage of dry corn. Farmers are more
aware of the detrimental effects on commercial quality
than on other quality parameters, such as nutritional
value or sanitation problems (e.g. mycotoxins).
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Hermetic storage creates a modification of the
interstitial atmosphere due to the respiration of the
biotic components (grain, fungi, insects, etc.) which
results in a decrease in the O2 concentration and an
increase in the CO2 concentration. This modification
of the internal atmosphere results in a reduction of the
biological activity and better preservation of the stored
product (Navarro et al., 2012). It has been reported that
germination test, grain damaged by mold, test weight
and fungal colony forming units, among others, were
used to evaluate storage conditions (Weinberg et al.,
2008; Cardoso et al., 2010; Gregori et al., 2013).
The standard silobag is made of a three layer
mix of low density and high density polyethylene
liner, 230 micrometer thick. The resistance to the
O2 and CO2 permeability through the liner matrix
could be increased by incorporating a thin barrier of
Ethylene vinyl alcohol (EVOH). The incorporation
of EVOH to the plastic liner could result in a greater
modification in the interstitial atmosphere and better
preservation of the quality parameters of grain and
other products.
Besides silo bags, hermetic storage with flexible
liners are being used, or are under evaluation, for
storing specialty grain in small bags (20–50 kg), jumbo
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bags (500–1,000 kg) and even bigger bags (50,000
kg). This research is on-going but it is expected that
liners with O2 barriers would substantially improve
their storage conditions.
The purpose of this research was to compare, in
a small scale experiment, the hermetic storage of wet
corn in Standard plastic bags with the storage in bags
with gas Barrier (EVALTM, EVOH, Kuraray) in terms
of internal atmosphere composition and grain quality
parameter preservation.
MATERIALS AND METHODS
Plastic bags of 0.4 m wide, 0.3 m deep and 0.7 m
tall, holding 50 kg grain, were made with a thermosealing device. The bags were made with two different
types of liners: 230 µm thick (Standard silo bag liner)
and 150 µm thick with EVOH Barrier (EVAL TM,
Kuraray).
Fresh corn from the 2014 harvest was collected
from a local farm with average moisture content (m.c.)
of 16% and immediately bagged and thermo-sealed.
The bags were placed in a temperature controlled
room at 20°C during 270 days. The gastightness of
the bags was evaluated with a pressure decay test
(PDT). A vacuum pump (pressure: 3 kg/cm2 – flow:
40 l/minute) was connected to the bag until a negative
pressure of –250 Pa (Sper Scientific, 840082, USA)
was generated. Then, the time at which the negative
pressure decreased to half the initial value (–125 Pa)
was recorded and the bag was rated as ‘sealed’ (PDT
>5 min) or ‘unsealed’ (PDT <5 min) according the
recommendation of Navarro (1999) for airtight storage.
If the test result was lower than 5 min, bag was resealed and the PDT repeated (Fig. 1).
Temperature and relative humidity data from
one bag from each plastic cover were recorded every
three hours with a datalogger (Ibutton, Hygrochrom,

Fig.1. Performing a pressure decay test in the experimental
bags

EEUU). Concentrations of CO2 and O2 were measured
every week with a portable gas analyzer (Checkpoint,
Dansensor, Denmark) (Fig. 2), while quality tests were
performed at the beginning of the study, and at 60,
120, 180 and 270 days. The quality evaluation included
germination test (ISTA, 2008), mold damaged kernels
and test weight (SAGyP, 1994), fungi colony forming
units (CFU) (Put, 1974). In the bags corresponding
to T1 (60 days) and T2 (120 days), a cage containing

Fig. 2. Measuring O2 and CO2 concentrations
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Fig. 3. Insect counting (Sitophilus oryzae) and cages with grain and insects (right)

30 live adults of rice weevils (Sitophilus oryzae)
were incorporated and insect count was done at the
opening time (Fig. 3). Corn samples were evaluated
by HPLC for aflatoxins, fumonisins, zearalenones
and ochratoxins at the beginning and at the end of
storage (270 days) at the Fundación de Investigaciones
Científicas Teresa Benedicta de la Cruz (Lujan,
província de Buenos Aires, Argentina).

that airtightness was somehow compromised during
the subsequent handling of the bags. This could be the
reason of the increase in O2 concentrations during the
remaining storage time and indicates that achieving and
maintaining a good sealing of the bags is critical for
incorporating barrier technology in plastic liners. The
CO2 concentration in the liners with Barrier reached
15% in 56 days, but only 8% in the Standard liners
for the same storage period.
As a result of the higher degree of modification
of the interstitial air, the preservation of the quality
parameters of the grain stored in liners with Barrier
outperformed the storage in Standard liners.
Germination test was a good indicator of quality.
It dropped during the first 60 days of storage from
95% to 81% under Barrier treatments and 75% for

RESULTS AND DISCUSSION

Treatment

Temperature (°C)

r.h. (%)

Standard

20.4

77

Barrier

18.0

79

CO2 and O2 (%)

20
15
10
5

62

01
01 4
06 201
5
-0
220
15
06
-0
320
15
06
-0
420
15
06
-0
520
15
06
-0
620
06
15
-0
720
15
06
-0
820
06
15
-0
920
15

0

06
-

Table 1 Average temperature and relative humidity for the
two treatments during the entire storage

25

12
-0

The average temperature during storage was
between 18° and 20°C, and relative humidity (r.h.)
in the interstitial grain mass between 77 and 79%
(Table 1). This r.h. indicates that the water activity was
high enough to support mold growth during storage
(Jayas et al., 1994).
Results indicated that liners with Barrier initially
resulted in a slightly lower O2 concentration than
the Standard liners and the reduction of the O2
concentration to the minimum level was reached earlier.
Additionally, the CO2 concentration was higher in
the bags with Barrier liners than in the Standard liner
bags. The O2 concentration in the bags with Barrier
dropped to 1.4% in 56 days, while in the Standard
bags the same concentration was achieved one week
later. Though a great effort was made to achieve a
perfect seal of the experimental bags, it is possible

CO2 - No Barrier
O2 - No Barrier

Date

CO2 - Barrier
O2 - Barrier

Fig. 4. CO 2 and O 2 concentration (average of three
replicates) for bags with Barrier and Standard (no
Barrier)
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Table 2

Quality parameter during storage for standard bag and barrier bag

Parameter

Treatment

Day 0

Day 60

Day 120

Day 150

Day 180

Germination test (%)

Standard

95

81

48

23

38

Barrier

95

75

72

61

68

Standard

0.5

0.9

0.7

0.9

1.0

Mould damaged kernels (%)
Test weight (kg/100 l)
CFU (log 10)
Live insect count

Barrier

0.8

0.7

0.6

0.8

0.8

Standard

76.2

76.4

74.8

75.3

74.7

Barrier

75.7

76.7

75.6

75.4

75.8

Standard

4.9

6.5

4.3

4.8

4.7

Barrier

4.5

6.5

4.3

4.5

4.5

Standard

30

75

10

-

-

Barrier

30

5

0

-

-

Standard treatments. After 60 days, Barrier liners
always had substantially higher values of germination
than Standard and, by the end of storage (270 days),
the Barrier bags maintained a germination above 60%,
while in the Standard bags it dropped below 40%.
Although the moisture content of the corn in this
experiment (16%) was substantially higher than that
recommended for corn seed storage (around 12%),
these results indicates that the seed industry could
incorporate the Barrier technology in the seed bags to
better protect the germination during storage.
The mold damaged kernels percentage remained
stable around 1% in the bags with Barrier and
increased to 1.5% in the Standard bags and the test
weight resulted about 1 point higher in the bags with
Barrier.Although the difference among treatments was
small, these two parameters indicate that the use of
Barrier reduced the biological activity and damage
to the grain.
Both liners showed an initial increase in the CFU
from 4.5 and 4.9 to 6.5, but when O2 was reduced (to
about 2% after 60 days), CFU decreased to the initial
value, implying that microbial activity was affected
by the modified atmosphere generated in both liners.
Mycotoxins were not detected in any treatment at any
sampling time.
Live insect count was reduced from 30 insects at
the beginning to 0 after 120 days in the bag with Barrier,
while in the Standard bag the count initially increased
to 75 at 60 days and then decreased to 10 at 120 days,
indicating that the modified atmosphere affected the
insect population growth in both treatments, but the
effect was higher in the bags with Barrier.

wet corn (CO2 more noticeable than O2) which had
advantages in the conservation of germination, a
reduction in mould damaged kernels, better test
weight and reduced CFU and live insect count during
storage.
The incorporation of O2 barriers to plastic liners
could be a cost effective technology for improving
hermetic storage conditions of quality grain or seeds.
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Development of cost effective facility for measurment of gas
permeability of silicone membrane for its sutability for modified
atmospheric storage
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CIAE Regional Centre, Veerakeralam Road, Sugarcane Post, Coimbatore 641 007
Tamil Nadu, India
ABSTRACT

The silicone membrane consists of a fine nylon fabric covered with a thin and uniform layer of
silicone rubber compound: dimethyl – polysiloxane. They have extremely good thermal stability,
excellent electric insulating properties, outstanding water repellency, good chemical resistance
but very weak strength and often need to be reinforced. The manometric gas exchange with
the atmosphere surrounding the packaged material takes place due to various properties of the
membrane. Various parameters like areal weight, tearing resistance, water absorbance, bursting
strength, tensile properties should be determined before considering the design procedure.
Manometric gas transmission equipment was fabricated to study the gas permeability of the silicone
membrane. The silicone film sample is mounted in a gas transmission cell, so as to form a sealed
semi- barrier between two chambers. One chamber contains the test gas at a specific high pressure
and the other chamber at a lower pressure, receives the permeating gas. The lower pressure chamber
is initially evacuated and the transmission of the gas through the test specimen is indicated by the
increased pressure.The gas transmission equipment consisted of a manometric gas transmission
cell vacuum pump, vacuum gauge, test gas cylinder, mercury manometer and needle valves. The
manometric gas transmission cell consisted of a lower plate, made of electroplated mild steel. A
vacuum pump capable of reducing the pressure in the system to 26 Pa or less was connected to register
the vacuum during evacuation of the system. Just before the upper plate, a mercury manometer was
provided for measuring upstream gas pressure to a maximum of 70 kpa. Travelling microscope was
used to measure the height of the mercury in the cell manometer leg accurately. The test gases
used were dry and pure CO2 (98.98% CO2, 0.38% O2, 0.43% N2 and 0.21% other gases) and O2
(99.1% O2, 0.72% CO2 and 0.18% other gases).
Key words: Silicone membrane, Manometric gas transmission equipment, Membrane
permeability, Modified atmosphere pressure
The silicone membrane consists of a fine nylon
fabric (52 to 54 g/m2) covered with a thin and uniform
layer (about 90 (micron); 80 g/m2) of silicone rubber
compound : dimethyl - polysiloxane (Marcellin, 1972
and 1974). The nylon net enhances the mechanical
properties of the membrane, while the silicone coating
regulates the gas exchange.
Silicone rubbers are unique among the many types
2Agricultural Engineering College and Research Institute,
TNAU, Coimbatore – 641 003, Tamil Nadu, India.
*Corresponding author e-mail: naikravindra@gmail.com

of natural and synthetic rubbers available in the sense that
instead of the usual chain of carbon atoms, the ‘backbone’
of their molecules is made of alternate atoms of silicones
(Si) and oxygen (O2) (Roff et al., 1971; Harper, 1975;
Yescombe, 1976; Ravindra Naik and Kailappan, 2007;
Ravindra Naik et al., 2014). Various organic side groups
can be attached to the chain to modify the characteristics.
In dimethyl silicone rubber, the organic side groups
are CH3.They have extremely good thermal stability,
excellent electric insulating properties, outstanding
water repellency, good chemical resistance but very
weak strength and often need to be reinforced. For
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coating purpose, dimethyl polysiloxane, a highly viscous
liquid is used (Ash and Ash, 1983, Roff et al., 1971).

similar to the volumetric method (Edmond et al., 1991;
Christie et al., 1995, Bosco 1997).

Mathematics of gas permeability
The mechanism of gas permeation through non
porous polymeric films was first elucidated by Stern et
al. (1965). This permeation process by which a small
molecule permeates through a polymeric film involves
four stages (Ashley, 1985; Rogers, 1985).
The mechanism of gas permeation through a nonporous plastic membrane is fundamentally different
from the one involved in the diffusion of gases through
porous barriers. In the later case, the diameter of the
pore is smaller when compared to the mean free path
of the gas in the former. The diffusion flux through the
barrier will be approximately inversely proportional
to the square root of the molecular weight of the gas.
Permeability, however, is a resultant of two phenomena,
solution and activated diffusion (Rogers, 1985).

MATERIALS AND METHODS
Description of the equipment
The gas transmission equipment (Fig. 1) consisted
of a manometric gas transmission cell (A), vacuum
pump (B), vacuum gauge (C), test gas cylinder (D),
mercury manometer (E) and needle valves (F1,F2 and
F3). The manometric gas transmission cell (Fig. 2) A1
consisted of a lower plate (G), made of electro-plated
mild steel. On one side of the plate, steps (H) and (I)
were provided to place the filter paper and the film to
be tested, respectively. The steps were made in such a
way that on the film (at the circumference) an ‘O’ ring
could be placed. At the center of the plate, a hollow
space (J) was provided to collect the transmitted gas.
This hollow space was connected to a calibrated ‘U’shaped cell manometer leg (K) to indicate the pressure
of transmitted gas. It was made of precision bore
capillary tube of 133 mm long with a bore 5 mm dia.
At the other end of this cell manometer leg (K), a cell
mercury reservoir (L) was provided which can hold
all the mercury (Hz) in the manometer leg. Above the
lower plate (G), an upper plate (M) was placed. The
upper plate was also made of electro-plated mild steel.
A cavity of 90 mm dia size (N) was provided to fill the

Measurement of gas permeability and gas transmission
rate
Under steady state conditions, the gas transmission
rate (GTR) is defined as the volume of gas permeating
through a membrane of unit area, under unit pressure
difference (ASTM, 1978).
Many types of instruments have been developed to
measure the permeability of gases through polymeric
membrane (ASTM, 1978; Ashley, 1985; Griffin et
al., 1985 Bosco, 1997; Ravindra Naik et al., 2014).
They all have a gas transmission cell in which the
membrane sample is mounted to form a sealed barrier
between two chambers. One chamber contains the test
gas and the other receives the permeant. A pressure
or concentration gradient between the two chambers
drives the gas from one chamber to the other. The
GTR could be determined from changes in gas
concentration (Sweep gas technique), from changes
in volume (volumetric technique) or from changes in
pressure (manometric technique). In the present study
manometric technique was used to develop the gas
measurement set up.
Manometric technique
The equipment involved in the manometric
technique is very similar to that of the volumetric
technique. For measurement of GTR, chamber - 1 is
pressurized to P1 with the test gas while chamber - 2
is evacuated to P2. Here again, the gas flows through
the membrane sample under the pressure gradient.
When a steady state is reached (i.e., change of pressure
as a function of time becomes constant), the GTR
is calculated using this technique offers advantages

Fig. 1. Gas transmission equipment component arrangement
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0.38% O2, 0.43% N2 and 0.21%
other gases) and O2 (99.1% O2,
0.72% CO2 and 0.18% other
gases). The ratio of the volume
of gas available for transmission
to the volume of gas transmitted
at the completion of the test was
approximately 100:1.

Q

143

8

Calibration of gas transmission
cell
The void volume of the
K
20
filter paper was determined
from the absolute density of
30
U
ho
T
5
its fiber content, the weight of
dh
L
the filter paper and its apparent
volume. High grade, medium
retention qualitative nonh
hu
ashing cellulosic filter paper of
hr
1.45 g/ml cellulose fiber density
and 90 mm dia was used.
The apparent volume was
calculated from the thickness
and diameter of filter paper. The
105
Dimensions in mm
void volume was expressed in
microlitres (µl) and designated
M. UPPER PLATE
G. LOWER PLATE
as Vs.
N.
SPACE
FOR
GAS
TO
BE
TRANSMITTER
H. STEP FOR FILTER PAPER
P. PROJECTION FOR PRESSING
I. STEP FOR O RING
The volume of the cell
THE O RING
J. STEP FOR GAS COLLECTION
manometer
leg from S to T
Q. HOLE TO INSERT BOLT
K. MANOMETER LEG
was determined by mercury
R. GAS INLET
L. MERCURY COLLECTING BULB
displacement. The volume was
Fig. 2. Manometric gas transmission cell
obtained by dividing the weight
of the mercury displaced by its
test gas which is to be transmitted through the film. A
density (13.54 g/cc) and was expressed in microlitres
projection (P) was provided in the upper plate which
(µl), designated as Vst. Similarly, the volume of the
compressed the ‘O’ ring placed on the lower plate and
cell manometer leg from T to U was determined.
made the chamber air tight using bolts and nuts (Q).
The average cross sectional area of the capillary was
The cavity of the upper plate was connected to the test
determined by dividing this volume by the length of
gas inlet pipe (R). Vacuum pump (B) capable of reducing
capillary from T to U. The area in mm2 to an accuracy
the pressure in the system to 26 Pa or less was connected
of 0.01mm2 was determined and was designated as ‘a’.
to both upper and lower plates through two needle valves
The area of transmission, ie. the area of filter paper was
F1 and F2 and vacuum gauge (c) to register the vacuum
designated as A.
during evacuation of the system. These two needle valves
The top surface of the horizontal capillary tube
were provided to maintain a vacuum in both upstream and
was taken as datum plane. The mercury was poured
downstream gas lines. The upper plate was connected to
from the reservoir into the cell manometer carefully by
the test gas cylinder (D) through a needle valve (F3). This
tipping the cell. The distance from the datum plane to
needle valve was provided for admitting and adjusting the
the upper calibration line ‘T’ in the capillary leg was
pressure of the test gas slowly. Just before the upper plate,
recorded as hT. The distance from the datum plane to
a mercury manometer (E) was provided for measuring
the top of the mercury meniscus (U) in the reservoir
upstream gas pressure to a maximum of 70 kpa.
leg was recorded as hu.
A travelling microscope having a lowest
measurement of 0.01 mm was used to measure the height
Silicone membrane permeability
of the mercury in the cell manometer leg accurately. The
All the mercury from the capillary was transferred
test gases used were dry and pure CO2 (98.98% CO2,
into the reservoir of the cell manometer system by
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carefully tipping the cell. The filter paper was centered
in the lower plate cavity. A light coating of vacuum
grease was applied on the metal surface on which the
membrane was seated. The ‘O’ ring was placed on the
membrane at its circumference. The two plates were
tightened uniformly using bolts and nuts to ensure air
tightness.
The needle valves F1, F2 and F3 were opened.
By using a vacuum pump, the bottom of the cell was
evacuated. The needle valves F1 and F2 were closed.
The test gas was allowed to flush the connecting line
and the top of the chamber. Again the system was reevacuated. The mercury was poured from the reservoir
into the manometer system of the cell by carefully tipping
the cell. The height of the mercury in the capillary leg was
recorded just before the release of the test gas into the top
of the cell. After a suitable estimated time for attaining a
steady state condition, the height of the mercury, h in the
capillary tube and the corresponding time, t were recorded
at 15 min interval.
For each ‘t’ the function g (h) was calculated using
the following equation as defined by ASTM (1978).

where,
Pr, Permeability of the membrane, mol. m-1 s-1 pa-1; P,
Permeance of the membrane, mol m-2 s-1 pa-1; and X, Thickness
of the membrane, m.

Membrane permeability depends on many factors
like gas solubility, temperature, microporosity and
pressure difference between the two surfaces of the
membrane. Permeability of the film was measured
during the day time and the variation of the temperature
during measurement was observed to be 28 ± 3°C.
Gillbert (1972) reported that a small change in room
temperature did not affect the permeability significantly.
However, to overcome the effect of temperature on
volume and pressure of test gas, the pressure was
maintained constant throughout the experiment.
RESULTS AND DISCUSSION
Gas permeability of the membrane
The permeance and permeability of the membrane
to different components of the air are the basic parameter
required to design the modified atmosphere storage
using the silicone membrane. The permeance and

-1
g (h) = ––––– [(Vf + aC2 pg–hu + hT) ×
ART
ho-h
ln (1 –––––
+ ho)] +2a (ho– h)
pg-hu

Table 1 Effect of pressure on the permeability of the silicone
membrane to different storage gas components

(1)

Pressure
(atm)

where,
A, Area of gas transmission, 6361.72 mm2; R, Universal
gas constant, 8.314x103, l.Pa/ (mol.°K); T, Absolute temperature,
298.15°K; Vf, (Vs + Vst) = 672.3 + 2932.44 = 3604.74 µl; a,
Area of capillary, TU, 19.635 mm2; Pg, Pressure of the gas to
be transmitted 67 kpa for O2 and 53 kpa for CO2; hu, Height of
mercury in cell reservoir leg from datum plane to top of mercury
meniscus to 105 mm; hT, Maximum height of mercury in the cell
manometer leg from the datum plane to upper calibration line T,
102mm; ho, Initial height of mercury in the capillary leg at the
start of the actual transmission run after steady state conditions
attained, mm; h, Height of mercury in the cell capillary leg at
any given time t1, mm.

0.25
0.50
0.75
1.00
1.25

The time interval for each observation of
permeance measurement was 2 to 5 min and 5 to 15
min for CO2 and O2 respectively. Permeance (P) was
calculated as,

1.50
1.75

g(h)
P = ––––––
(2)
t-to
where,
P, Permeance of the membrane, mol m-2, s-1, Pa-1; g(h),
Calculated value from equation; t, Time at which `h’ was measured
from capillary cell leg, seconds, and t0, Time of start of the
actual transmission run after the reach of steady state conditions,
seconds.

Mean

  Pr

=P × X

N2 (m3 cm-2
h-1)

6.960a

1.150a

0.537a

(21.623)

(3.573)

(1.668)

7.033c

1.150a

0.533a

(21.850)

(3.573)

(1.656)

6.990ab

1.153a

0.537a

(21.716)

(3.582)

(1.668)

7.033bc

1.170b

0.533a

CO2
cm‑2 h-1)

(21.85)

(3.635)

(1.656)

7.020bc

1.1770b

0.537a

(21.810)

(3.657)

(1.668)

6.987ab

1.150a

0.537a

(21.707)

(3.573)

(1.668)

7.010bc

1.147a

0.537a

(21.779)

(3.563)

(1.668)

7.005bc

1.157

0.536

(21.762)

(3.594)

(1.665)

SEd

CD (0.05)

CD (0.01)

CO2

0.0183

0.0392

0.0543

0.0069

0.0148

0.0205

N2

0.0047

0.0101

O2

Permeability of the film was calculated

O2 (m3
cm-2 h-1)

(m3

Values in paranthesis is permeability × 10
s-1 Pa-1)

(3)
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Fig. 3. Gas transmission cell utilized to measure permeability of silicone membrane

permeability of the membrane were calculated by the
function g(h) with the value of ‘h’ at time ‘t’ using the
gas permeability apparatus.
The silicone membrane was more permeable to
CO2 (22.921 ×10-14 mol m-1s-1 Pa-1) than O2 (3.845
× 10-14 mol m-1 s-1 Pa-1) and N2 (1.755 × 10-14
mol.m-1 s-1 Pa-1). The ratio of permeability of CO2 :
O2; CO2 : N2 and O2 : N2 was 5.97, 13.06 and 2.19,
respectively.
To confirm the suitability of the apparatus developed
at the laboratory and to know the effect of pressure (from
0.25 to 1.75 atm) on the permeability of the silicone
membrane to the different components of the gases,
the experimental membrane sample was sent to McGill
University, Canada. The permeability rate for different
components of gases obtained is presented in Table 1.
The interaction study showed that there is no significant
difference in the permeability rate at the various applied
pressure. The average permeability was 7.005 cm3 / cm2 /h
(21.762 × 10-14 mol m-1 s-1 Pa-1) for CO2, 1.157 cm3 /cm2 /h
(3.594 × 10-14 mol m-1 s-1 Pa-3) for O2 and 0.536 cm3
/ cm2/h (1.665 × 10-14 mol m-1 s-1 Pa-1) for N2.The
experimental setup used is given in Fig. 3.
For the design of the modified atmosphere storage
for the experiment, the permeability of the membrane
as measured by the permeability apparatus developed
in the laboratory was considered. The permeability was
1770.67, 296.98 and 135.62 L m-2 day-1 for CO2, O2
and N2, respectively. Normally, the CO2 permeates four
to six times faster than O2 and O2 four to six times faster

than N2 (Exama et al., 1993). Since CO2 is the largest
of the three gas molecules, its diffusion coefficient is
the lowest. Its permeability coefficient however, is the
highest, because its solubility in polymers is much
greater than the other gases (Marcus Karel et al., 1975).
The difference in the ability of different polymer films
to transmit gases arise in part from the differences in
crystalinity, in part from mobility differences between
different types of polymeric chains and finally from
specific influences of functional groups of the polymers
on the solubility of gases and vapours in amorphous
portion of the polymer.
CONCLUSION
Manometric gas transmission equipment was
fabricated to study the gas permeability of the silicone
membrane. The gas transmission equipment consisted
of a manometric gas transmission cell vacuum pump,
vacuum gauge, test gas cylinder, mercury manometer
and needle valves. The manometric gas transmission cell
consisted of a lower plate, made of electroplated mild
steel. Vacuum pump (B) capable of reducing the pressure
in the system to 26 Pa or less was connected to register
the vacuum during evacuation of the system. Just before
the upper plate, a mercury manometer was provided for
measuring upstream gas pressure to a maximum of 70
kpa. It was observed that the membrane permeability
depends on many factors like gas solubility, temperature,
microporosity and pressure difference between the two
surfaces of the membrane.
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Application of methyl bromide in fumigation of dairy products
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ABSTRACT

Owing to the use of methyl bromide fumigation for insect control in various food industries,
the question arises from time to time as to the possible presence and effect of residual bromides
in the fumigated foods. Laboratory experiments, as well as commercial fumigations involving
millions of pounds of dairy products, were carried out to demonstrate the suitability of methyl
bromide for fumigating these products. They may be exposed satisfactorily in vaults, coolers,
curing rooms, warehouses, or factories which are tight enough to confine the gas. Pests such as
the cheese mite (Tyroglyphus siro), cheese skipper (Piophila casei), weevils and roaches, which
may often be found under the usual manufacturing and aging or storing conditions, are controlled
most readily with methyl bromide because of its toxicity to all forms of insect life including the
eggs, and because of its effectiveness at low or high temperatures. Methyl bromide also has the
advantages of relative insolubility in water, ease of application and rapid venting. The exceptional
penetrating property of the gas makes it unnecessary to move or lift stock or to open to reach
the pests. Careful inspections of fumigated dairy products revealed no off-tastes or odours, so
that the only question to be discussed concerns the magnitude of the bromide retention under
various fumigating conditions. Methyl bromide does not penetrate moisture-proof wrapping
material such as cellophane with a rubber-like lining. Numerous fumigations of storage rooms and
warehouses containing half-pound and two-pound packages of cheese so wrapped were carried
out, and no more bromide was found in the cheeses than that in non-fumigated controls. The
controls on Brick, Swiss and American process cheese contained no bromide, while a prepared
cheese spread contained 5 ppm probably introduced with salt or some other ingredient of the
mixture. The amount of bromide retained by fumigated cheese is dependent primarily upon the
area exposed and upon the kind of coating or wrapping. In direct fumigations of large cheeses or
in fumigations of storage rooms, etc., containing large or small packages of cheese in moistureproof wrappers, the retentions are for all practical purposes negligible. The residual bromide
contents of dried skim milk, butter and several kinds of cheese were determined after fumigation
under various laboratory and commercial conditions. After a lapse of reasonable period of the
fumigant, the residues are entirely inorganic in nature and are present in insignificant amounts.
Key words: Dairy products, Fumigation, Methyl bromide, Residual bromide, Retention
Methyl bromide is identified as an ozone depleting
substance and was banned for applications in food
and feed under the Montreal Protocol (TEAP, 2014).
Methyl bromide is useable for quarantine and preshipment (QPS) and for critical uses after the approval
that there is no other fumigant available for the
treatment of agricultural products under the protocol
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as a chemical feedstock and for specific, approved
laboratory uses. In relation to the use of methyl
bromide fumigation for insect control in various food
industries, the question arises from time to time as to
the possible presence and effect of residual bromides
in the fumigated foods. Some researchers (Dudley et
al., 1940; Laug, 1941; Stenger et al., 1939) indicated
that while the residues were negligible in many foods,
they might be higher in others, particularly those in
finely divided form or containing much oil or fat, such
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as milled grains, cheese or nutmeats. During the past
few years, however, extensive commercial fumigations
of some of these products were conducted successfully
and publications (Roehm et al., 1942; Shrader et al.,
1942) presented additional information about the
bromide residues. These residues are generally low
following commercial fumigations than in laboratory
experiments, because of the smaller ratio of fumigant
to product. After suitable periods of airing, the residues
consist entirely of inorganic bromides which are
harmless in the amounts ordinarily present.
Laboratory experiments, as well as commercial
fumigations involving millions of pounds of dairy
products, were carried out to demonstrate the suitability
of methyl bromide for fumigating these products.
They may be exposed satisfactorily in vaults, coolers,
curing rooms, warehouses, or factories which are tight
enough to confine the gas. Pests such as the cheese
mite (Tyroglyphussiro), cheese skipper (Piophilacasei),
weevils and roaches, which may often be found
under the usual manufacturing and aging or storing
conditions, are controlled most readily with methyl
bromide because of its toxicity to all forms of insect
life including the eggs, and because of its effectiveness
at low or high temperatures. Although a larger dosage
is required at lower temperatures, it is noteworthy
that this fumigant is effective under such conditions;
many common fumigants become ineffective when
the temperature drops. Methyl bromide also has the
advantages of relative insolubility in water, ease
of application and rapid venting. The exceptional
penetrating property of the gas makes it unnecessary
to move or lift stock or to open boxes to reach the
pests. Careful inspections of fumigated dairy products
revealed no off-tastes or odours, so that the only matter
to be discussed in this paper concerns the magnitude
of the bromide retention under various fumigating
conditions.

reported that most of the bromide was non-volatile.
A method for distinguishing between inorganic and
organic bromide was developed by Shrader et al.
(1942), who also gave the results of a laboratory
fumigation of American cheese. They concluded that
methyl bromide does not penetrate more than a quarter
of an inch inside the surface of the cheese. Using an
unwrapped 200g of cheese, the outside 6.4 mm layer
after aeration contained 80 ppm Br, corresponding to
43 ppm on the entire sample. This cheese had been
fumigated for 12 h at 24–25°C, with a methyl bromide
concentration of 32 g m-3.
Table 1 prevents the retentions of bromide by
whole Longhorn cheeses fumigated under conditions,
which might be encountered in practice, except that
the dosage was higher than is ordinarily required (The
normal dosage is from 16–32 g m-3, depending on the
temperature.)
The cheeses, weighing about 12 pounds each and
having their original cloth and wax coatings, were
exposed for 24 h @ 80 g m-3 methyl bromide at
10°C. After various periods of standing in air at about
24°C, the cloth was removed from 2.54 cm sections
of each cheese and samples were taken from the outer
6.4 mm and from interior sections. Analyses for total
and inorganic bromides, with organic bromide by
difference, were done as per Shrader et al. (1942). Since
within experimental error no more bromide was ever
found in the interior portions than in the controls, only
the results obtained on outside samples are shown in
the Table 1. Cheese B appears to have taken up more
bromide than Cheese A, apparently because it had a
thinner coating of wax.
The results showed that all of the absorbed
methyl bromide was lost either by volatilization or
by conversion into inorganic bromide, within two or
three days after removal from the fumigation chamber.
In another set of experiments, the magnitude of the
residual bromide content after a week of airing was
studied as a function of dosage. Whole Longhorn
cheeses were fumigated with different concentrations
of methyl bromide for 24 h at 10°C, and later analyzed
for total bromide in the outer 6.4 mm section (after
removal of the cloth). About 6.4 mm layer from the top
of each cheese was also tested; this was not covered
with cloth, but had a wax coating, which was included
in the samples. The data (Table 2) showed a general
tendency toward higher retention with higher dosage,
but the effect appears to be modified somewhat by the
condition of the coating, since considerable variations
occur between samples from different positions.
Interior samples again were found to be free from
bromide.

MATERIALS AND METHODS
Analyses for total and inorganic bromides, with
organic bromide by difference, were made as per
Shrader et al. (1942).
Method developed by Shraderet al. (1942) was
used for distinguishing between inorganic and organic
bromide. This method also gave the results of a
laboratory fumigation of American cheese.
Fumigation of cheese: Dudley et al. (1940) reported
bromide residues in American cheese corresponding to
about 80 ppm (parts per million) Br after laboratory
fumigation and 34 ppm after commercial fumigation.
Laug (1941) obtained much higher residues by treating
grated Italian cheese with extreme dosages, and he
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Table 1

Fumigation of whole Longhorn cheeses applying 80 g m-3 CH3Br for 24 h at 10°C

Hours aired at
24oC

ppm (parts per million) bromide remaining in outer 6.4 mm
Cheese A

Cheese B

Total

Inorganic

Organic

Total

Inorganic

Organic

0.5

77

15

62

101

23

78

4

61

21

40

84

30

54

24

42

22

20

47

38

9.0

48

25

25

0.0

43

39

4.0

96

24

24

0.0

39

38

1.0

168

26

25

1.0

38

36

2.0

It should be mentioned that while methyl bromide
does not penetrate solid cheese, it enters any hole or
crevice which is open to the air. Therefore infestations
on either external or open internal surfaces can
be controlled. With porous cheese, the retention
of bromide in interior portions is practically the
same as that on the outside. For example, during a
commercial fumigation a sample quarter of a rather
porous cheddar cheese was exposed, unwaxed, to
29 g m-3 for 8 h at 15–21°C, then it was immediately
waxed and shipped to the laboratory for analysis. The
total bromide, which was entirely inorganic at the
time of analysis, amounted to 12 ppm on the outer
6.4 mm (average from top, curved side and cut side
after removal of the wax) and to 11 ppm at a region
about 76.2 mm inside the cheese. Another more solid
cheese (American cheddar), treated in a comparable
way, showed bromide on the outer portions, but no
more in the center than was found in a duplicate unfumigated portion.
In another commercial fumigation, unwrapped
500 g bricks of limburger cheese were fumigated in a
curing room at 21°C. A dosage of 24 g m-3of methyl
bromide was employed and about 2,300 kg of cheese
Table 2
Cheese

was present in the room. After fumigation the room
was aired for 3 h, then two bricks of the cheese were
wrapped in waxed paper and shipped to the laboratory
where they were analyzed six days later. Cheese 1,
the less ripe of the two, contained 21 ppm bromide
in the outer 6.4 mm and 6 ppm in the interior. The
corresponding figures for Cheese 2 were 38 ppm and
12 ppm. Controls on similar un-fumigated bricks
showed contents of the same magnitude as those of
the centers of the fumigated samples, but there were
individual variations which may be associated with
the salt content. Common salt ordinarily contains up
to 2,000% bromide.
Methyl bromide does not penetrate moistureproof wrapping material such as cellophane with a
rubber-like lining. Numerous fumigations of storage
rooms and warehouses containing 200-900g packages
of cheese so wrapped were carried out, and no more
bromide was found in the cheeses than that in controls.
The controls on Brick, Swiss and American process
cheese contained no bromide, while a prepared cheese
spread contained 5 ppm probably introduced with
salt or some other ingredient of the mixture. When a
200 g tin foil wrapped package of this cheese spread

Fumigation of whole Longhorn cheeses applying various dosages for 24 h at 10°C airing for 168 h
Methyl bromide
(g m-3)

Temperature during
airing (°C)

A

80

B

80

ppm (parts per million) total bromide found
Outer 6.4 mm

Top 6.4 mm

24

26

29

24

38

32

C

48

–1 to 10

35

30

D

48

–1 to 10

29

28

E

32

–1 to 10

25

17

F

32

–1 to 10

21

25

G

16

–1 to 10

18

19

H

16

–1 to 10

20

15

0.0

2.0

I

Non-fumigated control
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was fumigated for 9 h at 21°C @ 48 g m-3of methyl
bromide, the bromide content rose only to 9 ppm.
From the above it is evident that the amount of
bromide retained by fumigated cheese is dependent
primarily upon the area exposed and upon the kind
of coating or wrapping. In direct fumigations of
large cheeses or in fumigations of storage rooms,
etc., containing large or small packages of cheese in
moisture-proof wrappers, the retentions are for all
practical purposes negligible.
Fumigation of dried skim milk: Samples of skim
milk powders, which had been dried by different
processes were fumigated for a 12 h period at 21°C
and 30% relative humidity with 32 g of methyl
bromide per m3. The milk powders were fumigated in
2.3 kg paper bags, in a 14 m3 chamber at atmospheric
pressure. After fumigation the bags were removed to
a large room and were allowed to stand in normal air
for definite time intervals. Before each sampling the
contents of each bag were well mixed. The amounts
of bromide retained after various periods of standing
are shown in Table 3. The non-fumigated controls
contain much more bromide than is added by the
fumigation. All of the retained bromide is inorganic
after four days of airing. These observations are
consistent with those of Laug (1941) who fumigated
skim milk powder with much higher dosages of
methyl bromide and found relatively little bromide
retained after sufficient airing.
Portions of the same fumigated samples were
later refumigated in the same manner with the same
concentration of methyl bromide, but for 16 h at
20°C and 70-80% relative humidity. After four days
of airing the parts per million of bromide were 26 pp
min the spray-dried milk and 58 ppm in the roll-dried
material. The data indicated that no difficulty with high
bromide residues is to be expected in fumigations of
skim milk powders.

Fumigation of butter: There is no point in
fumigating butter itself, but since it might be stored
in creameries or warehouses undergoing general
fumigation, an experimental fumigation was carried
out. A cube of butter 6.4 mm on a side was exposed
for 12 h @ 16 g m-3 of methyl bromide, at 22–25°C.
Immediately after fumigation the outer 6.4 mm was
cut off and the outer and inner portions were aired
separately, being analyzed from time to time for
total and inorganic bromide. The findings reported
in Table 4 showed that methyl bromide did not
penetrate more than 6.4 mm into the butter, and that
most of it escapes by volatilization, but a small part
is converted to inorganic bromide. No analyses have
yet been made of packaged butter fumigated under
commercial conditions.
Some packaged oleomargarine, which had been
present during fumigation of a cold storage room,
contained very little bromide, the highest results
amounting to 7 ppm Br in the outer 6.4 mm and 3
ppm Br in interior portions. It may be concluded that
fumigation of rooms containing butter or oleo will
produce no objectionable bromide residues in these
products.
In no case does methyl bromide remain as such in
any of these dairy products for more than two or three
days after removal from the fumigation chamber. The
bromide residues are entirely inorganic. Flinn (1941)
showed that no injurious effects were produced in
adults who consumed 30 to 45 grains (2 to 3 g) of
sodium bromide daily over a period of four months.
Assuming that an adult might eat a kilogram of
fumigated foods each day (a liberal allowance) and
that the bromide residues in these foods might average
100 ppm (which is more than that was found in any
of the above experiments), the possible daily bromide
Table 4 Fumigation of butter applying 16 g m-3 CH3Br for
12 h at 22–25°C
Hours aired

Table 3 Fumigation of skim milk powders applying 32 g m-3
CH3Br for 12 h at 21°C and 30% r.h.
Hours aired

ppm (parts per million) total
bromide

ppm (parts per million) bromide
remaining
In outer 6.4 mm

In inner portions

Total

Inorganic

Total

Inorganic

Spray-dried
product

Roll-dried
product

0.5

58

3.0

1.0

…….

0.5

29

59

4

56

4.0

1.0

2.0

4

29

50

24

27

4.0

2.0

……

24

28

54

48

16

5.0

…….

…….

51

27

54

96

10

11

…….

…….

96

24

48

168

9.0

10

…….

Non fumigated control

24

44

Non-fumigated
controls

1.0

1.0

…….
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intake would amount to only 0.10 g, or 0.13 g as
sodium bromide. It is evident that an ample margin
of safety exists.

Flnn FB (1941) The Appearance of blood bromide after oral
ingestion. Journal of Laboratory and Clinical Medicine
26: 1325.
Laug EP (1941) Bromide residues in foodstuffs. Industrial
and Engineering Chemistry 33: 803.
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Nations Environment Programme, Ozone Secretariat,
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CONCLUSION
The use of methyl bromide for fumigating dairy
products was discussed and its advantages mentioned.
The residual bromide contents of dried skim milk,
butter and several kinds of cheese were determined
after fumigation under various laboratory and
commercial conditions. After a reasonable period has
been allowed for escape of the fumigant, the residues
are entirely inorganic in nature and are present in
insignificant amounts.
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Application of modified atmosphere technique in seed health
management
ANUJA GUPTA*, S N SINHA
Indian Agricultural Research Institute, Regional Station, Karnal, Haryana 132 001, India
ABSTRACT

Modified atmosphere with different concentrations of carbon dioxide (CO2) was studied to
protect seed from fungal infestation. Lower CO2 concentration up to 40% was ineffective in
the control of seed mycoflora. High concentrations of carbon dioxide reduced fungal incidence
but none of the carbon dioxide concentrations tested, completely controlled fungal infestation
in paddy seed or rice grain. CO2 at 60-80% concentrations (v/v) reduced the incidence of the
storage fungi,Curvularia lunata (Wakker) Boeidijn, Cladosporium sp., Rhizopus stolonifer
(Ehrenb. Vuill.) and Alternaria alternate (Fr. Keissl.) on stored paddy seed. But 80% CO2was
required to control Aspergillus flavus (Oryza sativa L.), an aflatoxin producing fungi. Modified
atmosphere with oxygen at 5% concentration resulted in higher incidence of storage fungi (52.0%)
compared to 48.0% in basmati rice (Oryza sativa L.) exposed to modified atmosphere with 2%
O2concentrations and with CO2 concentrations varying from 0 to 20%.
Paddy seed stored in an atmosphere flushed with cowdung cake (CDC) smoke, the cheapest
and easily available source of CO2, reduced the fungal load on seed effectively. The fungal
incidence was 26.6 and 24.7% when CDC smoke was flushed for 30 min or 60 min in earthen
pots, respectively as against 43.9% in untreated control. Flushing of CDC smoke for 30 min
under air-tight polythene sheet of 700 gauge with an exposure period of 10 days reduced the
total mycoflora associated with paddy seed by 88.8%.
Key words: Atmosphere technique, Health, Management Seed
Although India is becoming self-sufficient in food
production with its annual harvest of food grains of
about 255 million tonne, there are significant postharvest losses especially during storage estimated
at about 10% caused by biotic organisms such as
insects, mites, fungi, bacteria, rodents, etc. In India,
financial losses in crop production are estimated about
` 1,40,000 crores (equivalent to US$ 10 million)
annually [Crop Care 32 (3&4): 06-07; 2010]. The
United Nations –Food and Agriculture Organization
estimated that 20 to 30% of food produced globally
is lost every year to various biotic and abiotic
damage(http://www.fao.org/save-food/en/). Several
chemicals have been recommended for control of
stored pests. However, the widespread use of synthetic
chemicals has affected human health and environment,
*Correspondense
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and is expensive leading to an appreciable escalation
of cost of the production of rice and other grains.
Development of resistance to chemical pesticides
has aggravated this condition. The incidence of
Aspergillus flavus Link in paddy (Oryza sativa L.)
must be avoided as it produces aflatoxins which are
highly carcinogenic and is also a limiting factor in the
export of rice. Therefore, there is an urgent need to
develop safe, cost effective and environment friendly
pest control methods. In the North-east Region and
Eastern Uttar Pradesh in India, and in Sri Lanka, a
traditional method of controlling insects/microbes
in grains stored at household level is to expose the
grains to smoke generated from biomass combustion
by storing the grains in sacks above the kitchen
fire place (Wijayaratne et al., 2009; Sinha, 2010).
However, application of this traditional technology to
commercial level storage has not yet been scientifically
established. Modified atmosphere (MA) using carbon
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dioxide (CO2) is one of the methods which have been
successfully used to preserve the foodgrains and seeds
from deterioration by insect-pests and microbes (Jayas
and Jeyamkondan, 2002). It also preserves grain quality
and maintains a high level of germination in the
stored grain (Banks, 1981; Bera, 2008). Kader (1982)
revealed that carbon monoxide (CO) is a fungistatic
gas which suppresses fungal growth. Its effectiveness
is pathogen-dependant and is greatly enhanced when
CO2 is combined with reduced O2 atmospheres. Low
O2 and elevated CO2 atmospheres have been used
for many years to control stored product pests in
grains (Bell, 2000). It has no toxicological risk and
is environmentally clean. Waghray and Reddy (1995)
reported detoxification of aflatoxin B1 in maize and
groundnut kernels with cowdung cake fumes. Exposure
of maize and groundnut kernels to smoke generated
by CDC av. 10, 15 and 20% (w/w) reduced aflatoxin
B1 by 23-28% in artificially infected maize, 16-33%
in naturally infected groundnut kernel and 19-37%
in artificially infected groundnuts. Cowdung cake
smoke is a cheap and easily available source of CO2.
Its use for the control of insect-pests during storage
has been deliberated by a number of workers but its
use for the control of microbes has been less studied.
The influence of CO2and CDC smoke on the growth
of storage fungi on paddy grain during storage was
evaluated in this study.

measured after 5, 10, 15 and 20 days of incubation.
Efficacy of CO2 on mycoflora associated with paddy
seed under laboratory conditions
Seed moisture of paddy cv. Pusa Basmati No.1
seed was equilibrated to 15% as described by Matthew
and Powell (1981) with modification and one half of
this seed was treated with Aspergillus flavus. Eighteen
samples (450 g each) of treated and untreated seeds
were filled into glass containers which were sealed to
make them airtight. CO2 gas @ 0%, 20% and 40%
were flushed in to six containers each of untreated and
treated seeds, respectively. Pre- and post-treatment
observations on seed moisture, germination and vigour
were recorded following ISTA (1999). Seed-health
test was carried out using standard blotter method
to determine the percent incidence of different fungi
and examined under stereo binocular microscope.
Observations on incidence of seed mycoflora was
recorded after 10 and 20 days of incubation under
hermetic conditions at room temperature.
Efficacy of modified atmosphere on the moisture and
associated mycoflora in basmati rice grains during
hermetic storage:
‘Basmati’ rice grain was treated with a spore
solution of Aspergillus flavus. The treated grain was
incubated in airtight packaging for 3 days at 25±1°C.
Samples were drawn from both treated and untreated
seed lots and placed in packets prepared from 700
gauge polythene sheets (Fig. 2). These packets were
flushed with different concentrations of CO2 gas (0, 5,
10 and 20%) and two oxygen (O2) levels (2% and 5%)
in three replications and stored for different durations
(0, 5, 10 and 15 days) under room temperature. The
effect of MA was assessed on grain moisture and grain

MATERIALS AND METHODS
Bio-assay of carbon dioxide (CO2) gas on the growth
of Aspergillus flavus
Aspergillus flavus (strain 1654), an aflatoxin
producing fungus was obtained from Indian Type
Culture Collection, Division of Plant Pathology,
IARI, New Delhi and maintained on potato-dextroseagar medium (PDA).0.01 ml of the spore suspension
prepared from a fresh culture of the fungus was placed
in the centre of a petri-plate containing PDA medium
and incubated at 25+1oC for 2 days. The plates were
then transferred to 1,250 ml capacity specially designed
wide mouth glass containers used as a storage structure.
The lid of each container was fitted with one inlet port,
one outlet port (made of silicone tube) and one rubber
septum and the containers were made air tight using
petroleum jelly (Fig.1). CO2 gas was flushed into these
jars at different concentrations (0, 20, 40, 60, 80%
v/v) in three replications and then incubated for 5, 10,
15 and 20 days. The concentration of CO2 inside the
container was checked using a gas- chromatograph. The
containers were kept under ambient conditions and the
size of the fungal colony in different treatments was

Fig. 1. Specially designed glass containers used for
bioassay
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Fig. 2. Rice grains packed under modified atmosphere
Fig. 4.

CDC Smoke generator

gas inside the different bins was assessed daily by
gas chromatograph and an average concentration of
the gas was calculated over the period of storage.
After 10 days the samples were withdrawn from each
bin and assessed for the associated mycoflora, seed
germination and vigour.
CDC Smoke generation, vacuum creation and
seed fumigation: Cowdung cake (CDC) smoke was
generated by partial combustion of CDC (2.5 kg) in
a simple device. The smoke generator was connected
with the inlet port of an earthen pot with a PVC tube
(Fig. 1). The outlet port was connected with a pump
for creating partial vacuum to reduce inter-granular
spaces. The test material, paddy seed was kept inside
the earthen pots of 25 kg capacity and pots were made
air-tight using clay as sealant for effective flushing
and retention of smoke from the container. Before
flushing the smoke, vacuuming was conducted for 10
min by using an electric vacuum pump fitted to the
outlet in the earthenpots. After treatment, pots were
kept under ambient conditions in the seed store with
an average temperature of 27° to 32°C and 60-65%
r.h. After each treatment with smoke, seed germination
and vigour were analyzed to ensure that there was no
adverse effect of smoke on quality attributes of seeds.

Fig. 3. Field evaluation of modified atmosphere

mycoflora including Aspergillus flavus after 0, 5, 10
and 15 days of hermetic storage.
Field evaluation of different concentrations of CO2
on mycoflora of paddy seed under hermetic storage:
One seed lot of paddy, variety Pusa Basmati No.
1, was inoculated with Aspergillus flavus and the
other lot was left untreated. Both of these lots were
sub-divided into eight equal seed samples and placed
in wide mouthed jars. The mouths of these jars were
tied with muslin cloth to allow CO2 to enter. These
jars, one of each type were placed inside large Sintex
bins of 500 l capacity (Fig. 3). These bins were made
airtight by sealing them using clay as the sealant
material. Carbon dioxide (CO2) gas was flushed in
each bin by weight at controlled flow rate. The 250g
of carbon dioxide gas was flushed in five bins, 300 g
of gas was flushed in two bins and no gas was flushed
in one bin which contained atmospheric air only and
served as control. These bins were kept in seed stores
for 10 days. Concentration of carbon dioxide (CO2)

Evaluation of cowdung cake (CDC) smoke on health
status of paddy seed:
Paddy seed variety ‘Pusa Basmati 1’ was collected
and divided into four lots of three replications, each
weighing 500 g. Two lots of three replications each
were placed in two earthen pots; one lot with three
replications was placed under a polythene cover of
700 gauge and one lot with three replications served
as control. One of the earthen pots was flushed with
cowdung cake (CDC) smoke for 30 min and the second
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pot was flushed with CDC smoke for 60 min. The CDC
smoke was also flushed under the polythene cover for
30 min. After 10 days of treatment the samples were
taken out and assessed for seed mycoflora. In another
experiment 10 samples of paddy seed were prepared
in three replications and one of each replication was
placed in ten earthen pots, which were made airtight
using a sealant. Five pots were flushed with CDC
smoke for 30 min and 5 were flushed with CDC smoke
for 60 min. Samples were drawn from one pot of each
type after 0, 2, 4, 8 and 16 days and assessed for the
associated mycoflora by blotter technique.

Fig. 5. Growth of Aspergillus flavus as affected by CO2
concentrations

for CO2 concentration at 80%. After 10, 15 or 20
days of inoculation, the size of the fungal colony at
20, 40 or 60% CO2 concentrations was statistically
similar and significantly different from 0 and 80% CO2
concentrations. However, after 20 days of incubation
the effect of CO2 at 60% and 80% on the size of the
fungal colony was statistically similar.
The size of the fungal colony was significantly
reduced at 80% concentration of CO2 gas after 20
days of incubation (Fig. 5). The plates, which were
not exposed to CO2 gas, showed maximum growth of
the fungus irrespective of incubation intervals.
Thus, the growth of fungus remained unaffected at
lower concentrations of CO2but the fungal growth was
reduced at higher concentrations of the gas.The loss of
CO2 gas from the glass containers was minimum at up
to 15 days of storage. After 20 days of storage there
was slight loss of the gas in the lower concentrations,
and the maximum loss found in the containers flushed
withCO2 at 60 and 80%concentrations.

Evaluation of cowdung cake smoke in combination
with plant derivativeson health status of paddy
seed:
Paddy seed variety ‘PB-1’, was collected and
divided into five lots of three replications each. One
lot of each replication was placed in 5 earthen pots.
The earthen pots were made airtight using the sealant.
These earthen pots were flushed with cowdung cake
(CDC) + 100 g neem leaves smoke for 30 min. Samples
were withdrawn after 0, 2, 4, 8 and 16 days ofexposure
and assessed for the associated mycoflora by blotter
technique. The same experiment was repeated with
addition of 200 g, 300 g or 500 g of neem leaves and
500 g of paddy straw.
RESULTS
Bio-assay of carbon dioxide (CO2) gas on growth of
Aspergillus flavus
The results revealed that the size of the fungal
colony was insignificantly affected after 5 days of
incubation but it reduced significantly after 10 and
20 days of incubation under CO2 atmosphere (Table
1). After 5 days of incubation, the size of the fungal
colony was statistically similar for CO2 concentrations
at 0, 20, 40 or 60% but it was significantly different

Efficacy of CO2 on mycoflora associated with paddy
seed under laboratory conditions
The results revealed that the moisture content
of paddy seeds decreased with an increase in the
concentration of CO2 and also with an increase in the
storage period. Seeds treated with Aspergillus flavus
had comparatively low moisture compared withthe
untreated seeds. The effect of CO2 was not apparent
on seed germination and seed vigour (Table 2) though
there was a slight decrease in both germination and
seed vigour by about 4% and 8%, respectively when
compared with control which after 10 and 20 days
of storage of seeds treated with Aspergillus flavus
had a higher seed vigour than untreated ones and
the vigour of the seeds also increased with length of
storage. Five fungi, Rhizopus stolonifer, Penicillium
spp., Curvularia lunata, Alternaria alternata and
Aspergillus flavus were found associated with paddy
seed in varying concentrations. Carbon dioxide (CO2)
concentrations up to 40% were ineffective against
seed mycoflora and Aspergillus flavus in particular

Table 1 Effect of CO2 concentration and exposure time on
growth of Aspergillus flavus
CO2 Conc.
(%)

Colony size (cm) at different incubation
period (days)
5
10
15
20
2.80a#
3.20a
3.00a
3.00a
2.40ab
2.73b
2.30b
2.10b
2.33ab
2.70b
2.30b
2.20b
2.30ab
2.90ab
2.37b
1.93bc
1.97b
1.97c
1.57c
1.67c
NS
0.42**
0.46**
0.36**

0
20
40
60
80
CD
(p=0.05)
# Means in a column followed by same letter(s) is not
significantly different;
Colony size at 0 period storage = 1.9 cm.
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Table 2. Effect of CO2 concentration and exposure period onseed moisture, seed germination, vigour and total seed mycoflora
in paddy cv PB No.1
Sr.
No.
1
2
3
4
5
6

CO2 concentration (%v/v)

Observation after 10 days
%MC

%G

Seed
vigour

0% CO2

Observation after 20 days

TF (Af)

%MC

%G

Seed
vigour

TF (Af)

14.8

90

1349

17.7 (0)

14.4

92

1695

17.3 (0)

0% CO2 + A. flavus*

14.2

87

1656

17.4 (0.4)

13.7

90

1733

23.9 (1.3)

20% CO2

14.5

87

1672

13.3 (0)

13.4

92

1833

24.3 (0)

20% CO2+A. flavus

13.9

91

1719

12.7 (0)

13.6

92

2001

25.4 (1.7)

40% CO2

14.3

92

1846

13.7 (0)

13.1

90

1859

26.5 (0.3)

40% CO2+A. flavus

13.8

90

1885

20.0 (0)

12.7

89

1986

28.6 (0.2)

At zero period storage: Seed moisture, 15%; Seed germination, 94%; Seed vigour, 1934
Paddy seed treated with spore suspension of Aspergillus flavus (Af); TF, total fungi

after 10 and 20 days ofexposure.The total mycoflora
on the seeds increased after 10 and 20 days of
incubation irrespective of treatments as against zero
period storage. Thus, lower concentrations of CO2
were found ineffective against fungi associated with
paddy seed.

(average 37%).
Though the atmospheric air contains 0.03% CO2,
the higher concentration of gas that was assessed
in the control bin was probably because the bins
contained insect infested seed material and the seeds
and insects were respiring. During the process of
respiration, CO2 and water are liberated thereby
increasing the concentration of CO2 and moisture
inside the airtight bins. Five fungi, Rhizopus sp.,
Penicillium sp., Curvularia lunata, Aspergillus
flavus and A. niger van Tieghem were found
associated with untreated paddy seed. In lots where
paddy seed was inoculated with A. flavus prior to
storage, A. niger was not detected but Chaetomium
sp. and Alternaria alternata were found on the
seed. In bins having 9% CO2 (control), the fungal
incidence was high in seeds treated with Aspergillus
flavus, but at 32 and 37% CO2, the fungal incidence
on treated seeds was lower than untreated seeds,
indicating that there was increase in the fungal
incidence in untreated seeds under MA conditions
(Fig. 6).Thus, it appeared that CO2 gas up to 37.9%

Efficacy of modified atmosphere on status of moisture
and associated mycoflora on basmati rice grains
during hermetic storage
Eleven fungi were found associated with rice
grains stored under hermetic conditions under various
modified atmosphere (MA) treatments (Table 3).
At 0-period storage only Rhizopus stolonifer and
Aspergillus flavus were found associated with rice
grains but with an increase in storage duration, other
fungi appeared on the grains in varying incidence.
With an increase in the storage period there was an
increase in the number and incidence of mycoflora,
irrespective of the treatments. The maximum number
of fungi (10) was found associated with rice grains
after 15 days of storage. Amongst different fungi,
A. flavus accounted for 44% of the total mycoflora
associated with rice grains.
The moisture content of rice grains was almost
similar in all the treatments up to 10 days of storage
but a slight increase in MC was observed after 15
days of storage.

Percent fungal incidence

untreated seed

Field evaluation of different concentrations of CO2
on mycoflora of paddy seed under hermetic storage:
The results revealed that concentration of CO2
was 9% in the bin kept as untreated control. In bins
where 250 g of CO2 was flushed, the concentration of
CO2 varied from 30.5 to 34.3% (average 32%). In the
bins flushed with 300g of CO 2 , the resultant
concentration in the bin varied from 35.5 to 37.9%

35

treated seed

34.4 34.2

34.1

34
32.9

32.9

33
32

31.6

31
30
9

32

37

CO2 concentration

Fig. 6. Effect of CO2 on seed microflora in paddy (untreated
and treated with Aspergillus flavus prior to storage)
under hermetic storage
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Per cent incidence of fungi

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

2% O2+10%CO2

13.7

9.5

52.0

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

2% O2+20%CO2

13.9

11.7

58.0

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

5% O2+0%CO2

13.9

3.3

48.7

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

5% O2+5%CO2

13.9

6.0

33.0

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

5% O2+10%CO2

13.8

4.0

38.5

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

5% O2+20%CO2

14.0

0.0

33.7

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

2% O2+0%CO2

Cladosporium
sp.

A. alternata

Nil

51.0

Dreschlera
spp.

F. semitectum

49.0

16.5

Curvularia
spp.

Penillium spp.

35.5

13.9

A. flavus

13.5

2% O2+5%CO2

R. stolonifer

A. niger

MC (%)
A. fumigatus

MAP Treatment

Effect of MAP on seed moisture and incidence of fungi during storage
Epicoccum sp.

Table 3

0-day storage
2% O2+0%CO2

5-day storage

13.9

7.3

46.3

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

2% O2+5%CO2

13.9

6.0

33.7

Nil

Nil

Nil

0.3

Nil

Nil

Nil

Nil

Nil

2% O2+10%CO2

13.9

4.0

41.7

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

2% O2+20%CO2

13.8

2.7

45.0

Nil

Nil

Nil

0.3

0.3

Nil

Nil

Nil

Nil

5% O2+0%CO2

13.9

18.0

90.0

Nil

0.3

Nil

0.3

Nil

1.0

Nil

Nil

Nil

5% O2+5%CO2

14.0

16.7

92.3

Nil

0.3

Nil

Nil

Nil

0.7

Nil

Nil

Nil

5% O2+10%CO2

13.9

17.7

90.7

0.3

Nil

Nil

0.7

Nil

0.3

Nil

Nil

Nil

5% O2+20%CO2

13.8

10.0

90.7

Nil

0.3

Nil

Nil

Nil

0.3

Nil

Nil

Nil

2% O2+0%CO2

13.9

5.5

63.0

Nil

0.3

26.0

Nil

0.7

0.3

Nil

Nil

Nil

2% O2+5%CO2

13.9

6.3

60.0

Nil

Nil

35.7

Nil

Nil

Nil

Nil

Nil

Nil

2% O2+10%CO2

14.1

8.7

63.7

Nil

Nil

10

Nil

Nil

Nil

0.3

Nil

Nil

2% O2+20%CO2

14.1

9.0

59.3

Nil

Nil

12

0.7

Nil

Nil

Nil

Nil

Nil

5% O2+0%CO2

14.0

14.7

78.0

Nil

Nil

12.3

Nil

Nil

Nil

Nil

0.3

Nil

5% O2+5%CO2

14.1

7.7

85.3

Nil

Nil

Nil

Nil

Nil

Nil

Nil

0.3

Nil

5% O2+10%CO2

13.9

14.0

79.0

Nil

Nil

2.0

Nil

0.3

Nil

Nil

Nil

Nil

5% O2+20%CO2

14.1

33.7

80.0

Nil

Nil

0.7

Nil

Nil

Nil

Nil

Nil

Nil

2% O2+0%CO2

14.6

15.7

86.0

0.3

Nil

3

Nil

0.7

0.7

Nil

0.3

Nil

2% O2+5%CO2

14.6

15.7

84.0

0.7

Nil

3.7

Nil

Nil

0.7

Nil

Nil

Nil

2% O2+10%CO2

14.6

7.7

91.3

1.0

0.3

2.7

Nil

Nil

1.0

Nil

0.3

Nil

2% O2+20%CO2

14.6

40.3

86.0

1.0

Nil

Nil

Nil

Nil

2.0

Nil

1.0

Nil

5% O2+0%CO2

14.5

15.7

77.5

Nil

Nil

Nil

Nil

Nil

1.0

Nil

2.0

0.3

5% O2+5%CO2

14.6

28.7

83.0

0.3

Nil

Nil

1.0

0.7

1.3

Nil

0.7

0.7

5% O2+10%CO2

14.4

26.0

65.0

Nil

Nil

Nil

Nil

0.3

0.7

Nil

Nil

Nil

5% O2+20%CO2

14.5

14.7

58.3

Nil

Nil

Nil

Nil

1.0

1.3

Nil

1.0

Nil

10-day storage

15-day storage

Evaluation of cowdung cake smoke on health status
of paddy seed
There was a significant reduction in the incidence
of different fungi associated with paddy seed exposed

concentration was not able to effect the growth of
different fungi significantly even under hermetic
storage conditions both in untreated (uninoculated)
and treated (inoculated) paddy seed.
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Table 4 Effect of CDC smoke flushing for different durations on seed mycoflora under different hermetic conditions 10 days
after incubation
Fungi

Fungal incidence in
control (%)

Fungal incidence (%)
Earthen pot

Polythene cover

LSD
(P = 0.05)

Flushed for 30 min

Flushed for 60 min

Flushed for 30 min

98.0 a#

61.8 b

60.2 b

2.0 c

Aspergillus flavus

6.0 a

4.8 ab

3.0 ab

2.0 b

3

Curvularia lunata

4.2 a

1.5 b

1.5 b

1.8 b

1.6

Alternaria alternata

3.8 a

1.8 ab

0.2 b

0.2 b

2.2

Penicillium sp.

4.0 a

2.0 b

2.0 b

1.0 c

0.7

Fusarium semitectum

5.0 a

3.5 b

2.5 b

1.0 c

1.4

Sterile mycelia

20.0 a

10.0 b

10.0 b

7.5 b

3.1

Chaetomium sp.

1.8 a

1.0 ab

0.8 ab

0.5 b

1

Rhizopus sp.

20.3

# Means in a column followed by same letter(s) are not significantly different

to cowdung cake smoke as against control. Eight fungi
(Rhizopus sp., Fusarium semitectum (Desm. sacc.),
Aspergillus flavus, Curvularia lunata, Alternaria
alternata, Penicillium sp., Chaetomium sp. and sterile
mycelia) were found associated with paddy seed with
variable frequency (Table 4), maximum incidence was
of Rhizopus sp. (98.0%) followed by sterile mycelia
(20.0%) and Aspergillus flavus (6.0%) in the untreated
control after 10 days of incubation.
After application of 30 min of CDC smoke to
exposed seeds in earthen pots (61.8, 1.5, 2.0, 10.0),
60 min CDC smoke to exposed seed in earthen
pots (60.2, 1.5, 2.0, 10.0) and 30 min CDC smoke
to exposed seeds under polythene cover (2.0, 1.8,
1.0, 7.5), the incidence of Rhizopus sp., Curvularia
lunata, Penicillium sp. and Sterile mycelia was
statistically different to untreated seed (98.0, 4.2, 4.0
and 20.0),respectively after 10 days of incubation.
The incidence of these fungi was statistically similar
to seeds exposed to CDC smoke in earthen pots for
30 min and 60 min but statistically different from
seeds exposed under polythene cover for 30 min
and untreated seeds. The incidence of A. flavus and
Chaetomium sp. was statistically similar to untreated
seeds (6.0% and 1.8%) and seeds exposed to CDC
smoke in earthen pots for 30 min (4.8% and 1.0%)
or 60 min (3.0% and 0.8%), but was significantly
reduced in seeds exposed to CDC smoke under a
polythene cover (2.0, 0.5%), respectively.
However, incidence of Alternaria alternata was
similar in untreated seeds (3.8%) and in seeds exposed
to CDC smoke in earthen pots for 30 min (1.8%), but
significantly reduced to 0.2% both in seed exposed to
CDC smoke for 60 min in earthen pots and for 30 min
under a polythene cover.
The incidence of all the associated fungi was

% Fungal incidence

Percent incidence
100
80
60
40
20
0

Percent inhibition
88.8

43.9

43.8

39.5
26.6

24.7
4.9

Control

CDC Smoke
flushed for
30 min in
earthen
pot

CDC Smoke
flushed for
60 min in
earthen
pot

CDC Smoke
flushed for
30 min under
polythene
cover

Treatments

Fig. 7. Effect of CDC Smoke on mycoflora inpaddy seed
under different conditions

significantly reduced in seeds exposed to CDC smoke
for 30 min under the polythene cover. The fungal
incidence on paddy seed exposed to CDC smoke
in earthen pots for 30 min, 60 min or under the
polythene cover was 26.6, 24.7 and 4.9%, respectively
as against 43.9% in control treatment (Fig. 7).There
was apparently no difference in the incidence of fungi
when CDC smoke was flushed for 30 min or 60 min
in earthen pots.
Seven fungi (Rhizopus sp., Fusarium semitectum,
Curvularia lunata, Drechslera oryzae (Breda de Haan)
Subram. & Jain, Penicillium sp., Chaetomium sp. and
sterile mycelia) were found associated with paddy seed
exposed to CDC smoke for 30 min and subsequently
incubated from 0 to 16 days under the same atmosphere
as in earthen pots (Table 5).
Along with the above fungi, Alternaria alternata
and Cladosporium sp. were also found associated with
paddy seed exposed to CDC smoke for 60 min and
incubated from 0 to 16 days under the same atmosphere
(Table 6), but all fungi were not present together in
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Table 5.

Effect of CDC smoke flushed for 30 min on fungal incidence in paddy seed

Rhizopus sp.

Sterile
mycelia

F.
semitectum

C.
lunata

Drechslera
oryzae

Penicillium
sp.

Chaetomium
sp.

0

0.00 b

15.00 bc

0.67a

2.32 a

0.00 a

0.00 a

0.00 a

2

1.67 b

24.33 a

0.67a

0.67a

0.00 a

0.67 a

0.00 a

4

8.67 b

13.67 c

1.0a

0.33a

0.00 a

0.00 a

0.33 a

8

0.33 b

20.33 abc

0.33a

1.0 a

0.00 a

0.00 a

0.00 a

16

41.00 a

22.67 ab

0.67a

0.33a

0.67 a

0.00 a

0.00 a

8.84

7.75

1.65

1.99

0.97

0.97

0.49

Duration
(days)

LSD (P = 0.05)

Table 6.
Duration
(days)
0d
2d
4d
8d
16d
LSD
(P = 0.05)

Effect of CDC smoke flushed for 60 min on fungal incidence in paddy seed

Rhizopus
sp.
7.33 b
0.33 b
2.67 b
12.67 b
33.33 a
12.52

Sterile
mycelia
35.00 a
24.00 b
13.33 b
20.33 b
35.67 a
10.4

Total mycoflora 30 min

F.
semitectum
1.33a
0.67a
1.67a
0.67a
0.33a
2.19

C.lunata
4.33 a
0.67 b
2.67 ab
3.00 ab
3.67 a
2.5

D.
oryzae
0.00 a
0.33 a
0.00 a
0.00 a
0.00 a
0.49

days of incubation, when it increased (Table 7).

Total mycoflora 60 min

Evaluation of CDC smoke in combination with
plant derivatives on health status of paddy seed:
The results revealed that the number of fungi
(2-4) and the fungal incidence on paddy seed was
low when paddy seed was exposed to CDC smoke
supplemented with paddy straw at 0 day (15.0%),
after 2 days (15.3%) and 4 days (10.0%) of incubation
(Table 8). Thereafter the number of fungi increased
to 5 (Rhizopus sp., Fusarium semitectum, Curvularia
lunata, Chaetomium sp. and sterile mycelia) and the
fungal incidence also increased to 21.01% and 64.3%
after 8 and 16 days of incubation.
The fungal incidence on paddy seed exposed to
cowdung cake smoke supplemented with 100 g, 200

Percent incidence

50
41.5
40
34.7
30
20

23.2

17.8

15.3

11.4

13.4

11.1

17.6
13.9

10
0
0

2

4

8

Penicillium Chaetomium
A.
Cladosporium
sp.
sp.
alternata
sp.
1.00 a
0.67a
0.00 a
0.00 a
1.67 a
0.33a
0.67 a
0.00 a
0.00 a
1.67a
1.33 a
0.33 a
0.67 a
0.33a
0.00 a
0.00 a
0.67 a
0.67a
0.00 a
0.00 a
3.15
2.02
1.75
0.49

16

Storage period (days)

Fig. 8. Effect of CDC Smoke (flushed for 30& 60min) on
seed mycoflora in paddy seed stored in earthen pots
at different intervals

any treatment at a time.
The effect of CDC smoke flushed for both 30
and 60 min was similar on Fusarium semitectum,
Drechslera oryzae, Penicillium sp., Chaetomium sp.,
Alternaria alternata and Cladosporium sp. when
assessed at different durations. But in case of Rhizopus
sp. and Sterile mycelia the incidence remained low up
to 8 days and increased after 16 days of incubation
(Fig. 8). However, the fungal flora was reduced
initially at up to 4 days of incubation under modified
atmosphere (MA) of CDC smoke for 30 min or 60
min and thereafter it increased.
The incidence of all the fungi except Rhizopus
sp. and Sterile mycelia was statistically similar. The
incidence of these two fungi at 0, 2, 4 and 8 days of
incubation was statistically similar but different at 16

Table 7. Effect of cowdung cake smoke on total mycoflora
associated with paddy seed
Incubation
Duration
(Days)
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Total Mycoflora
CDC smoke flushed
for 30 min

CDC smoke flushed
for 60 min

Fungal
incidence
(%)

Total
No. of
fungi

Fungal
incidence
(%)

Total
No. of
fungi

0

17.99

3

49.66

5

2

28.01

5

28.67

8

4

24.00

5

23.67

7

8

21.99

4

37.67

6

16

65.34

5

74.34

6
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Table 8.
Incubation
duration
(days)

Effect of cowdung cake smoke with supplementations on seed mycoflora in paddy
Total mycoflora on paddy seed exposed with CDC smoke +

100 g Neem leaves

200 g neem leaves

300 g neem leaves

500 g neem leaves

Fungal
incidence
(%)

No. of
fungi

Fungal
incidence
(%)

No. of
fungi

Fungal
incidence
(%)

No. of
fungi

Fungal
incidence
(%)

No. of
fungi

Fungal
incidence
(%)

No. of
fungi

0

56.00

8

30.00

5

36.67

6

21.65

7

15.00

3

2

24.66

5

23.98

5

9.65

6

10.67

5

15.33

2

4

31.00

7

40.00

7

26.98

7

17.67

7

10.00

4

8

68.68

7

42.66

6

26.66

5

22.33

7

21.01

5

16

72.00

7

42.65

6

25.66

7

33.00

7

64.32

5

g, 300 g and 500 g of neem leaves at 0 day exposure
was 56.0, 30.0, 36.7 and 21.7 % and after 2 days the
fungal incidence reduced to 24.7, 23.9, 9.7 and 10.7
%, respectively in the same treatments. However,
after 4 days of exposure and thereafter the number of
fungi and the fungal incidence increased irrespective
of treatments. Thus, cowdung cake smoke was found
effective in the reduction of fungal incidence upto 4
days of incubation and thereafter the incidence and
the number of fungi increased.

Paddy straw

However, at 2% O2 concentration, the incidence of
different fungi decreased initially after 5 days and
then increased after 10 days of storage, irrespective of
CO2 concentrations. But this trend was not observed
in MA treatments having 5% O2 concentration, where
the fungal incidence increased after 5 days of storage
and then decreased marginally, but it was higher than
the fungal incidence at 0-period storage. These results
corroborate with Halouat and Debevere (1997) who
reported that under aerobic conditions, at 5% O2,
germination and growth occurred only at a high water
activity, while 10 or 20% O2 combined with either 80 or
60% CO2, conidial germination and mould growth were
only delayed compared with the control (air). Gibb and
Walsh (1980) reported reduced growth of eight fungi
with reduction in atmospheric O2 concentration. The
Fusarium moniliforme, F. solani and Rhizopus sp. grew
appreciably at a lower O2 concentration (0.01% v/v)
than other fungi. CO2, up to 4% (v/v) was generally
stimulatory to fungi growing at 0.1% O2.
The experimental results revealed that treatment
with cowdung cake (CDC) smoke significantly reduced
the fungal load on paddy seed effectively when flushed
for both 30 min and 60 min durations under hermetic
conditions. when flushed under hermetic conditions.
There was 88.8% inhibition in the total mycoflora
associated with paddy seed when CDC smoke was
flushed for 30 min under polythene cover of 700
gauge as against 43.8 and 39.5% when seeds were
exposed to CDC smoke in earthen pots for 30 and
60 min, respectively under hermetic conditions.The
effect was more pronounced when CDC smoke was
flushed for 30 min under the polythene cover. There
was significant reduction in percentage incidence of
all the storage fungi in different treatments as against
control.However, there was no apparent difference in
the incidence of fungi when CDC smoke was flushed
for 30 min or 60 min in the earthen pots. The use
of CDC smoke alone was as effective in the control

DISCUSSION
It was evident from the above results that CO2
rich modified atmosphere influenced the growth and
development of mycoflora associated with paddy seed.
However, to achieve complete control of Aspergillus
flavus, an aflatoxin producing fungi, relatively higher
concentration of CO2 were required. The incidence of
all the fungi except Aspergillus reduced at 60% CO2.
Reduction was sharp when CO2 concentration reached
80%. The incidence of Aspergillus flavus reduced
significantly at 80% CO2. It is evident from the present
study that 20-40% CO2 concentrations were incapable
of reducing the fungal incidence on paddy seed/rice
grain. These results are in conformity with the findings
of Hocking (1988) who observed that atmospheres high
in CO2 were more effective against fungal growth and
mycotoxin production. Bera et al. (2007) were also of
the view that the CO2 concentrations of 60 and 80%
reduced fungal incidence but none of the concentrations
controlled fungal infestation in rice seed completely.
Our results revealed that modified atmosphere with
5% O2 supported higher number and incidence of the
fungi (52%) as against 2% O2 (48%), irrespective of
CO2 concentrations. At 2% O2 and CO2 concentrations
@ 5, 10 and 20%, the incidence of Rhizopus stolonifer
was restricted but there was no effect of modified
atmosphere (MA) on the incidence of A. flavus which
increased with an increase in the storage period.
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of associated mycoflora on paddy seed without any
supplementation of neem leaves or paddy straw and
the CO2 treatments. Our results revealed that the
fungal incidence decreased initially when paddy
seed was exposed to CDC smoke supplemented with
different amounts of neem leaves or paddy straw.
However, under long storage, the fungal growth could
not be checked by application of neem leaves at any
concentration or by paddy straw in combination with
CDC smoke. Hypercarbic atmosphere with >60%
carbon dioxide (CO2) is effective in controlling fungal
infestation except Aspergillus spp. for which 80% CO2
is required, but even 80% CO2 was unable to provide
complete protection.CDC smoke alone was effective
in the control of associated mycoflora on paddy seed
without any supplement.
The carbon dioxide content in CDC-smoke was
found to be around 5% (Sinha et al., 2001). Smoke
fromthe mixture of CDC, rice bran and rice husk in
the ratio of 4:1:0.5 gave around 13% CO2 and 9.5%
O2 (Sinha, 2010). Kumar and Shende (2006) reported
the typical ultimate analysis of cowdung dry powder
(20 g) burnt per minute as- Carbon 31.6%; Hydrogen
05.18%; 0xygen 37.8%; Nitrogen 06.12%; and Ash
19.3%.
The CDC smoke was found to be more effective
than pure CO2 in the control of fungal flora on the
seed perhaps because of combination of elements and
gases found in the CDC smoke. Also the CDC smoke
is readily available and inexpensive. The effective
pest management system has become an essential
component of good agricultural practices in terms
of efficacy, cost-effectiveness, with safety for human
health and the environment.
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Engineering considerations for creating uniform distribution of
applied gas during controlled atmospheres and fumigation
FUJI JIAN, DIGVIR S JAYAS*
Department of Biosystems Engineering, University of Manitoba, Winnipeg, MB, R3T 5V6 Canada
ABSTRACT

Controlled atmospheres containing high carbon dioxide, high nitrogen or low oxygen, and
fumigation using chemicals or mixture of fumigants are two important methods to minimize
grain deterioration caused by molds and insects. Both methods require a proper storage period
with desired concentration (dosage) of toxic gas, certain gastightness of the storage structure, and
correct monitoring before, during, and after the atmosphere treatment or fumigation. Therefore,
successful controlled atmosphere and fumigation techniques require knowledge of the movement
and distribution of the applied gas inside the storage structure. This article analyzes the reasons
for uneven distribution of applied gas and the factors influencing the distribution of applied gas.
The analyzed factors include gastightness, diffusion, free convection, advection, sorption, grain
type and condition, ambient environment, and empty and grain filled space. To create an even
distribution of the applied gas, creating an even distribution of pressure gradient is important.
The methods of creating an even pressure gradient are also discussed. The use of mathematical
modelling and simulation in the estimation of gas movement and distribution is suggested from
the engineering perspective. Article also highlights the proper engineering requirement for gas
tightness and leakage and the effect of airflow resistance on the distribution of the applied gas.
Key words: Airflow resistance, Controlled atmosphere, Convection, Diffusion, ECO2 FUME,
Fumigation, Gas distribution, Gastightness, Pressure gradient, Recirculation
Fumigation and fogs are the processes using a
fumigant or an aerosol in sufficient lethal concentration
to control insect pests and/or microorganisms at the
required temperature, pressure, and relative humidity.
A fumigant is a chemical existing in the gaseous state,
while aerosol is in the state of particulate suspensions
of liquids or solids dispersed inside intergranular air or
storage structure. In this article, we used fumigation
in its broadest sense, i.e. to include use of aerosols,
fumigants, or mixture of fumigants (such as ECO2
FUME®). In controlled atmospheres (CA) storage,
intergranular gas composition is altered by injecting
carbon dioxide (CO2) or nitrogen (N2) to create
lethal concentration of high CO2 or low oxygen (O2)
atmosphere. Fumigation or controlled atmosphere
of stored products is carried out in enclosures and
structures such as chambers, warehouses, silos, food
*Corresponding

stores, containers, railway box cars, aircrafts, barges,
ships, under gas-proof sheets, portable enclosures,
mills, or food factories. We refer to all these as
enclosures, structures, or bins synonymically. To
successfully control insect pests, the processes of
fumigation and controlled atmosphere ideally require
uniform distribution of the applied gases inside the
entire storage structure. The uniform distribution of
applied gases at the required lethal concentration for the
entire treatment period is the best approach to control
insects and prevent insects from developing resistance.
The uniform distribution requires the penetration of
the applied gas into the pores among the grain kernels
in the bulk. Though this penetration ability gives the
applied gas a big advantage in controlling insects
living in or among grain kernels, this same advantage
creates problems such as gas sorption and leakage.
The toxic gases that escape from the structure are
lethal to humans, livestock and other animals. Leakage
also results in uneven distribution of the applied gas.

author e-mail: Digvir.Jayas@umanitoba.ca
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Therefore, introduction, movement and distribution
of the applied gas should be studied.
Studies show leakage is one of the main reasons
for failure of fumigation and controlled atmosphere.
There is a general optimism that a properly constructed
and sealed structure can reach the required gas
concentrations throughout the structure and maintain
the concentration for the required period, which will
result in a successful control of insect pests. Based on
engineering principles, this might not be true under
some situations. Either not following or not applying
fundamental engineering principles correctly might
be reasons for the poor distribution of applied gas
which results in the failure of treatment. The reasons
causing the uneven distribution of applied gas are
analyzed in this article. Failure due to wrong operation
by fumigators was not considered in this analysis. We
also suggest solutions to this uneven distribution issue.

Rapid loss of fumigant at the downwind side of the
storage was reported (Mills et al., 2001). Therefore,
HLP and HLT values should be used with caution
because these might not be good indicators for a
successful treatment under certain conditions such
as when the pressure inside the structure is much
higher or lower than outside and the structure cannot
hold the pressure difference. Zation (2014) reported
that fumigant distribution was not influenced by the
HLP value. Silos that are less leaky (higher HLP
value) develop a significantly lower concentration of
phosphine (PH3) gas above the position of the leaking
hole than those storages that are leakier (lower HLP
value), and take longer to reach an even distribution
of PH3 (Zation, 2014). Therefore, structures with a
high gastightness will mainly help to hold the applied
gas inside the structure; but it cannot assure that the
applied gas will be evenly distributed.
Perfectly sealing bins is neither a practical nor
economical option because the structure might be also
used for drying, aeration, loading and unloading grain,
and inspecting. To complete these tasks, manholes,
channels, and small holes are made through the roof,
walls, and/or foundation of the structure. Extensive
effort is required to seal these holes, channels, and
small cracks. Also, some structures such as floorstored grain bulks present special or unusual sealing
challenges (Navarro, 2000). Therefore, the main
purpose of increasing gastightness should be to
minimize leaking, and maintain a desired level of gas
concentration as uniform as possible for the required
time for complete kill of all stages of insects, and to
monitor and regulate the leakage and replenish and
distribute the gas to maintain a minimum level of the
required lethal concentration throughout the structure.

FACTORS INFLUENCING DISTRIBUTION OF
APPLIED GAS
Gastightness
The importance of structure gastightness for a
successful fumigation or controlled atmosphere has
been studied (Bond, 1984; Annis, 1989; Mills et al.,
2001). Australian research group developed the halflife pressure (HLP) value to evaluate the gastightness of
the bin. The established HLP value by the Australians is
determined as the time taken for a fall of gage pressure
from 250 Pa to 125 Pa in a structure. It is categorized
as a ‘sealed bin’ if the HLP value is 5 min for an empty
bin or 3 min for a bin filled to capacity. The HLT is
the half loss time of the applied gas and is also used
in the evaluation of gastightness of the structure. There
is already interest in applying vacuum tests to evaluate
the seal of vinyl plastic encased stacks (Navarro,
2000). There can be no perfect airtight structure for
stored grain fumigation or controlled atmosphere, or
even economically feasible airtightness, because high
cost of building a ‘minimal leakage’ structure with
a ‘high airtightness’ (>5 min of HLP). The injected
gas from the application of fumigant or controlled
atmosphere will gradually increase the pressure inside
the structure. As the gas is injected and differential
atmospheric pressure builds, the structure will begin
leaking. When the gas dosage is completed, the gas
leakage from the structure should be at or below the
design allowable leakage rate.
Even for the fumigation or controlled atmosphere
without injection of gas, pressure gradients induced
by ambient wind or external barometric pressure
fluctuations will also result in leakage (Annis, 1989).

Diffusion
If there is no free convection and advection,
diffusion will dominate the movement of the applied
gas. Diffusion velocity is strongly related to the density
(molecular weight) of the fumigant, temperature,
relative humidity, sorption, commodity fumigated, air
passages (void spaces between kernels) inside porous
bulk, and shape and size of fumigated structure. Gas
movement due to diffusion is a slow process and is
strongly influenced by temperature. For example,
diffusivity of applied gas is of the order of 10-5 m2/s
(PH3: 1.6 ×10-5 m2/s, methyl bromide: 9.9×10-6 m2/s,
sulfuryl fluoride: 1.1×10-5 m2/s, CO2: 3.7 to 5.3 ×10-6
m2/s, O2: 5.4 ×10-6 m2/s at 20 to 25ºC). For a PH3
fumigation without any free convection or advection
inside the bin when tablets of aluminum phosphide
were dropped at the top of the grain mass, Zaiton (2014)
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found that the PH3 front continuously diffused down
for approximately 10 days, and the grain at the bottom
was never exposed to the concentration required to
kill insects. The HLT of sulfuryl fluoride and methyl
bromide under pure diffusion is 3.24 and 3.42 years
inside grain mills (Cryer, 2008). These facts are also
supported by the mathematical model of pure diffusion
which shows that pure diffusion cannot predict the
distribution of applied gas concentration accurately
(Alagusundaram et al., 1996; Chayaprasert et al.,
2010). Diffusion can only help to move applied gas
for a short distance. Smith and Jayas (2001) proved
that the CO2 front moved downward through the grain
bed with the velocity of the air induced by the gravity
and injection of the CO2, while the width of the front
increased due to diffusion of the injected CO2. From
the viewpoint of the fumigant distribution inside a bin,
ECO2FUME® fumigation (using mixture of phosphine
and CO2) might not help to create an even distribution
of the applied mixture because diffusivity of fumigant
is usually lower than 10-5 m2/s and there might be no
synergetic effect on the movement of the mixture.
It is almost impossible to reach a uniform
distribution of applied gas inside a bin with holes in
its walls if diffusion is the dominant factor influencing
the distribution of the applied gas, because air will
leak into or out of the bin through these holes. This
process will dilute the applied gas at and near the
leaking locations. Diffusion coefficient of CO2 gas is
direction dependent due to the gravity of the applied
gas and pore structure of the grain bulk (Singh (Jayas)
et al., 1984; Alagusundaram et al., 1995). Resistance
to diffusion in vertical direction is larger than that in
the horizontal direction because most elongated grain
kernels lie with their major axes horizontal when a
bin is filled (Jayas et al., 1991; Alagusundaram et al.,
1995). This will produce an un-even diffusion during
early stages. Therefore, the following statement will
only be valid after a very long time and hence may
not be valid during a relatively short fumigation
period: “if a storage enclosure is well sealed and
adequately dosed with an insecticidal atmosphere,
the applied gas has the potential to come in contact
with every grain in the storage, thereby giving a high
probability of complete disinfestation” (Annis, 1989).
Similarly, the statement “phosphine is rapidly diffused
in air because it has a similar density to that of air.
Consequently, fumigation with phosphine generally
does not require any circulation system for distribution
within the fumigated space” (Chaudhry, 1997) is only
partially correct, as diffusion of phosphine throughout
the structure does not mean uniform concentration
throughout the structure.

There will never be uniform gas concentration
in a reasonable fumigation period in large or tall
storage structures, as there is not adequate diffusion
or convection to spread the gas. Dr Ronald T. Noyes,
a Grain Storage Engineer and an Emeritus Professor
in the Department of Biosystems and Agricultural
Engineering, Oklahoma State University, OK, USA,
conducted a series of tests in 30 m concrete silos at
Douglas Elevator, Douglas, OK, USA, before and after
minimal sealing of the under-roof air vents, using three
methods which were frequently and internationally
used by fumigators. The first method was to place
tablets on the grain surface. After 6 to 7 d, PH3 was
not detected at the bottom and very little below the
mid-point of the silos. The second method was to
divide the dosage into three parts and dosed 1/3 after
about 3 m of grain was filled, then 1/3 at midpoint,
and 1/3 when the silo was about 90% filled. The third
method was “the uniform dosage by turning the grain
from silo to silo – one silo has to be empty – using a
pellet distributor”. The last two methods also did not
improve the distribution of the fumigants. Based on his
fumigation experience, Dr Noyes suggested that these
methods might be the major reason of PH3 resistance
of grain storage insects (Personal communication).
Free convection
Distribution of applied gas inside a structure
is mainly influenced by the bulk movement of air.
Pressure gradients are one of the driving forces of the
bulk movement of air and the applied gas. Pressure
gradients can be induced by temperature gradients
which cause free convection due to thermal buoyancy.
Velocity of free convection varies widely inside
different stored bulks. The speed of free convection is
about 11×10-4 m/s inside corn under tropical climatic
conditions (Gough et al., 1990), in the range of 10-6 to
10-8 m/s inside canola (Jian et al., 2015), and about 10-4
to 10-7m/s inside wheat (Smith and Sokhansanj,1990)
under temperate climatic conditions. The speed of
free convection will vary under different geographical
regions and at different locations inside a bin due to
the differences of temperature gradients. For the air
velocity of 10-8 m/s inside a bin with 6 m height of
wheat, the applied gas which is released at the bottom
of the bin will need about 166, 667 h to reach the top
of the grain ((6/10-8)/3, 600 = 166, 667). When the
air velocity is less than 10-6 m/s, the time required for
the air to reach the top of the grain is exponentially
increased (Fig. 1). Therefore, the free convection is an
extremely slow process when temperature gradients
and kernel sizes of the stored grain (such as sorghum,
canola, flax and millet) are small.
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The direction of the free convection at the centre
of the bin is usually in the opposite direction of
that at the periphery of the bin. Based on the two
dimensional simulation, Nguyen (1987) found grain
structures contained two identical free convection
cells, which rotated in opposite directions induced
by non-horizontal temperature gradients, and a single
cell driven by the horizontal temperature gradients.
The direction of free convention inside a larger size
bin (such as > 10 m diameter) or warehouse will
be much more complex than that in the simulated
two dimensional grain structures (Khankari et al.,
1995). If the fumigant is not applied at both top and
bottom of the bin, the free convection will be in the
opposite direction of the applied gas movement at
some areas. Free convection can also result from air
movement through open windows or cracks (Birdsall
and Meroney, 1995). Therefore, free convection might
only help the gas movement in certain areas of the
treated structure, while inducing excessive leakage
near wall or roof openings.
Harvest grain is usually warmer than the ambient
air at the beginning of the storage period. In tall
upright bins filled with the warm grain and surrounded
by cool ambient air in Canada and northern USA,
chimney effects will induce the upward movement of
applied gases in bin centres (Flinn and Reed, 2008).
This upward movement could reach 0.3 m/h after the
PH3 is generated at the bottom of the concrete bins
(Flinn and Reed, 2008). Free convection under this
condition might help to create approximately uniform
distribution of the applied gas.

advection. Under fan pressure, the air will move much
faster than 10-4 m/s and the air will reach the top of the
grain in a short time period (less than a few hours or
even minutes depending on the size of fan and pressure
gradient, Fig. 1) when the forced airflow is introduced
at the bottom of the bin. It is optimally assumed that
advection will create a homogeneous distribution of
gas. This assumption is only true when large enough
pressure gradients with a uniform distribution duct
system exists inside the treated structure.
The main principle of the recirculation fumigation
system [such as ‘J’ or ‘CLF’ system (Noyes and
Kenkel (1994)] and continuous injection system [such
as Siroflo® (Winks, 1993)] is to continually create
pressure gradients. Introduction of a steady pressure
gradient within the entire structure will dominate the
natural air movements and diffusion which can ensure
effective delivery of applied gas to the entire structure
if the pressure gradients are evenly distributed. The
recirculated gas can not only decrease the total usage
of the fumigant, it will also help to create an even
distribution of the applied gas by the steady pressure
gradient created by the recirculated air. Compared
with recirculation system, the continuous injection
system requires less gas tightness of the structure,
while using more applied gas. Therefore, for a structure
with a low HLP value, the recommended method is to
continually monitor the recirculated gas concentration
at the recirculation blower, and add applied gas as
needed to maintain the minimum required dosage, and
recirculate the applied gas periodically.
Current recommendations by Dr Ronald T. Noyes
(Personal communication) for CLF are to operate the
CLF blower during the initial application until the
recirculation gas concentration is relatively uniform,
then stop the CLF blower, and monitor headspace
PH3 concentration levels by operating the CLF for
a few minutes every 6 to 8 h. When headspace gas
concentration is below the target concentration required
to kill all stages of insects, operate the CLF blower
only long enough until the headspace gas reaches
a peak value. When headspace gas does not reach
target concentrations by pushing gas upward from the
grain bulk, then adding more PH3 is recommended.
Following this recommendation will avoid pumping
gas out of the structure, and also to create the required
pressure gradients. If the pressure gradients are not
uniformly distributed, multi injecting points should
be considered.

Advection
Fan forced air movement and gas injection
will produce pressure gradients which will result in

Sorption
During fumigation or controlled atmosphere, the
gas concentration within structures gradually depletes,
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Fig. 1. Time (h) of different velocities of air moving through
grain bulk from bottom to top of a 6 m bin. The v
is the air velocity (m/s).

364

FUJI JIAN, DIGVIR S JAYAS

due to sorption of the applied gas by the treated
materials and leakage. Phosphine gas penetrates into
grain kernels before it converts to the non-volatile,
non-toxic forms of phosphorus. Phosphine uptake
by the grain has been regarded as partially due to
physical sorption and partly to chemical reaction
(Banks,1990). The amount of sorbed gas is mainly
influenced by the physical and chemical properties
of the applied gas, the treated materials and their
previous treatment history, filling ratio of the treated
materials, temperature, moisture content, exposure
period, and dose (Reddy et al., 2007). Reddy et al.
(2007) found the percentage of phosphine absorbed
by different commodities varied and could be more
than 60% of the applied gas. Different crops and crop
varieties have different sorption percentage of PH3
(Banks, 1986; Reddy et al., 2007). Absorption by
grain with higher moisture content is higher than that
of grain with low moisture content (Hilton and Banks,
1997a; Hwaidi et al., 2015). Initial concentration
of applied gas may or may not influence the total
sorption of applied gas and varies with the fumigated
materials and the applied gas (Banks, 1986; Hilton
and Banks, 1997ab; Reed and Pan, 2000; Hwaidi et
al., 2015). Sorption can continue for as long as the
applied gas is maintained and this depends on the
initial concentration and period of fumigation. All of
the above mentioned factors will result in an uneven
distribution of the applied gas in the interstitial spaces
of the treated materials due to the heterogeneous
property of the treated materials. For example,
increase of sorption with increase of temperature has
been observed with PH3 (Berck, 1968; Banks, 1993),
methyl bromide (Hilton and Banks, 1997a), and ethyl
formate (Hilton and Banks, 1997b). The locations
with high temperature will absorb more fumigant
gas and result in a low concentration of the applied
gas. Therefore, the best solution for this issue is to
increase the air movement inside the treated structure,
so the absorbed gas can be replenished.

broken grain kernels (DFM) in the grain mass; and
(iii) compaction of the grain (function of overburden
grain depth). These factors are influenced by other
factors, such as the storage period, filling method,
compaction effect of the grain, insect and mould
infestation, and vibration of the grain mass by rail
and road traffic.
One of the conventional methods of PH3 fumigation
is to mix the tablets or pellets of aluminum phosphide
with the grain stream at the grain loading point. The
basic assumption of this application is that the tablets of
aluminum phosphide will be homogenously distributed
inside the grain bulk. This assumption might be wrong
because tablets have different shape, size, and density
than that of the grain. When the grain mixed with the
tablets and DFM will be dropped from the loading
port, the tablets and DFM will be heterogeneously
distributed inside the bin (Jayas et al., 1987). Another
method of the application is to introduce all the tablets
to a portion of the grain. This method is mostly used
to control the insects at the target area. This method
might also fail if the factors influencing the movement
of applied gas are not considered.
High percentage of DFM also attracts insects to
multiply and produce isolated pockets, which creates
moisture accumulationin ‘hot spots’. The infested
grain with high percentage of DFM will produce
high resistance to air flow when the size of the DFM
is smaller than the size of grain. Therefore, when an
isolated ‘hot spot’occurs, applied gas may by-pass such
moist dense spots. Unfortunately, DFM and infested
grain at the hot spots also absorb more applied gas
(such as CO2) than the grain at lower temperature (Jian
et al., 2014). Therefore, eventhough the applied gases
can penetrate into these hot spots, the concentration
of the applied gas inside the hot spots might be lower
than at other locations.
Ambient environment
Environmental factors leading to leakage from
enclosures have been summarized by Banks and Annis
(1984). They found the most significant driving force
for leakage of fumigant is governed by the external
wind speed. Pressures increase non-linearly as the
wind speed increases (Chayaprasert et al., 2010).
Positive pressures were exerted on the structure in
the upwind direction, while negative pressures were
exerted in the downwind direction. Mills et al. (2001)
reported: “during calm periods there was very little
short-term fluctuation in the pressure but during windy
periods, the pressure cycled through as much as 20 Pa
(typically 8–12 Pa) with a period of about 4–5 min”.
Chayaprasert et al. (2010) reported wind pressure can

Grain type and condition
Various grains have different characteristics that
can affect the distribution of pressure gradients.
The two main factors influencing the distribution
of pressure gradients of the applied gas and air are
the pore structure (void space) among grain kernels
(size, shape, connectivity, tortuosity of the pores, and
orientation of the pore to the airflow direction) and
properties of fluids (air velocity and viscosity). The
following factors influence pore structure: (i) shape,
size, surface texture, and moisture content of grain
kernels; (ii) dockage, fines, foreign materials, and
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reach 35 Pa. The air in the bulk is compressed when
the wind pressure rises, and a small volume of outside
air must move into the bulk diluting the applied gas
if the structure is rigid. When the pressure falls again
the reverse occurs, and the air in the bulk expands and
some of it moves out at leaking locations. Wind at
the roof is usually larger than that at the ground. This
high speed wind will draw air out of the roof vents
or leaks and results in low concentration of applied
gas inside the headspace. The HLT of methyl bromide
and sulfuryl fluoride inside a fumigated flour mill are
correlated with the ambient wind speeds (Chayaprasert
et al., 2010).
Major barometric atmospheric pressure changes,
usually accompanied by medium to high winds, can
cause major losses of gas from a sealed structure in
1 to 2 h, even when the structure is tightly sealed. Dr
Noyes experienced these conditions during USEPA
ECO2FUME certification tests in small tightly sealed
steel bins at OSU in 1995. These 10 bins, which
averaged over 200 ppm of PH3 at the end of the 7 d
test, registered between 35 and 60 ppm PH3 inside the
headspaces, sufficient to kill live adult insects in 28 d
from the start of EPA tests (Personal communication).
Roof and wall panels facing the sun receive more
solar radiation during day than shaded panels. This
results in the increase of temperature and volume
of the air inside the headspace. During a sunny
summer day in Canada, roof temperatures can vary
by 30℃ around the circumference of a metal grain
silo (Jian et al., 2009). Flinn and Reed (2008) found
PH3 concentration in headspaces of concrete bins
increased and decreased daily, reaching maximum at
mid-morning and minimum at late evening.

Wind
Buffer layer

Airflow
control
valve
Fan
Fumigant

Ground

Stored grainbulk

Fig. 2. Schematic (not to scale) of a double layer system
for fumigation or controlled atmospheres. (In the
graph, the solid arrows show the supplied and
recirculated fumigant, the dash arrows indicate the
regulated leaking positions of the inner layer, double
line arrows show the wind direction, and the curved
arrows demonstrate the movement of fumigant).

than that inside an empty bin. However, this might
not be true for an empty structure exposed to high
and variable winds.
CREATING UNIFORM DISTRIBUTION OF
APPLIED GAS
Leaking regulation
There are many ways to regulate leaking. The
traditional method is to seal the structure with similar
airtightness at any place of the structure. This is the
costliest method and might be infeasible under some
conditions (such as to seal a tall building). For a
large building, high HLP values are required. If the
required HLP value for a structure cannot be achieved,
another method is to seal the structure with different
gas tightness at different locations. For example, gas
tightness at the area close to the gas injection position
should be higher than that at the far end of the gas
injection location. If required, opening holes at the far
end from the gas injection location will help create an
even distribution of the pressure gradient. This method
can be used for less toxic gas such as CO2, and N2 or
short life gas such as ozone (O3).
If there is no pressure gradient, there is no
convection and advection movement of air and applied
gas. To control the leakage induced by wind, the
ideal condition is to make the inner pressure at the
wall of the structure be equal to the wind pressure.
Compared with the wind pressure, pressure inside a
structure is usually stable. Therefore, creating a stable
wind velocity might help balance the inner and outer
pressures if the structure has a low gastightness. For as

Empty and grain filled space
Distribution of applied gas in the empty space
is different from that in the grain filled space
(Alagusundaram et al., 1995). The main reasons
causing this difference is that the higher resistance to
diffusion and bulk movement inside grain bulk than
that in the empty space. The coefficient of diffusion
of CO2 through air is about three times greater than
in a grain bulk (Singh (Jayas) et al., 1984). Therefore,
process of fumigation or controlled atmosphere
inside an empty structure should be different from
that inside a grain filled structure. Introducing the
applied gas inside the grain bulk by using a fan might
help create an even distribution inside a grain filled
bin, while the fan might not be needed for an empty
structure fumigation if the structure is small and the
introduction location of the applied gas is correct.
Gastightness for a grain filled bin should be higher
366

FUJI JIAN, DIGVIR S JAYAS

small structure, a wall blocking the wind might help.
For a large structure, the airtightness of the structure on
the area in the upwind direction should be higher than
that in the downwind directions. Therefore, analysis
of local wind data can be used to regulate the leakage
of the structure (Chayaprasert et al., 2006).

the headspace of the bin. If the bottom of the bin
is not sealed, incoming ambient air will replace the
escaped air. This moving air will help to distribute the
applied gas. The introduction location of the tablets of
aluminum phosphide should consider the direction of
this chimney effect (Flinn and Reed, 2008). Exhaust
roof air should be monitored to detect when gas has
reached the top of the structure, so that bottom and
roof openings can be sealed. Turning or aerating grain
creates a uniform temperature distribution inside the
structure. Therefore, “chimney effect” might be applied
after the grain is turned or aerated.
For a structure with low gastightness, continually
injecting the applied gas and recirculating the applied
gas might be the best choice to attempt to achieve an
even distribution of the applied gas. This method is
usually conducted by moving the applied gas with a
low velocity. This low velocity with a single injecting
location has the risk of non-uniform distribution of
pressure gradient and applied gas. Therefore, multiple
injection points should be considered. Australians use
the Siroflo multi-point release fumigation method with
a flow of 35 ppm ECO2FUME for 21 d to achieve a
positive kill in grain warehouses.

Creating appropriate pressure gradient
Injecting and recirculating fumigants are the
conventional methods to create the pressure gradient.
These methods will not create a uniform distribution
of the applied gas if the design or installation is not
correct, because air and applied gas will move in the
direction of the largest pressure gradient; and direction,
location, and rate of the injected gas influence the
distribution of the pressure gradient (Alagusundaram
et al., 1995). Dr Noyes found that lack of circulation of
PH3 was the primary cause of recirculation fumigation
failures (Personal communication). Therefore, the
design of these methods should consider other factors
influencing airflow distribution inside the grain bulk.
Other methods such as forcing or pulling air should
be considered in the design. Regardless of pulling or
pushing air, a pressure gradient must be created inside
the entire structure. The velocity of the applied gas
should be much higher than that of the maximum free
convection (1.1×10-3 m/s). Otherwise, there will be
no air movement in areas without a pressure gradient.
Mills et al. (2001) tested a positive pressure system
to fumigate floor-stored grain bulks, and found 1.83
m3/min for a 250 tonnes of floor-stored wheat bulk
could provide an even distribution of PH3 and the
concentration was larger than the required lethal
concentration except at one position. This system
did not work well under high wind speed due to the
difficulty in sealing floor-stored grain bulks. Therefore,
methods of the leaking regulation should be considered.
If fumigation is conducted without forcing into or
pulling the air from the structure, both the distribution
of grain temperature and ambient temperature should
be considered. Under this condition, the distribution
of the applied gas was mainly influenced by the free
convection induced by the temperature gradients in the
stored grain. Direction of the free convection inside a
structure is usually in different directions in different
areas (Nguyen, 1987). Therefore, the best operational
method is to use the ‘chimney effect’. To create the
‘chimney effect’, the entire grain bulk should be at
the same temperature or have a small temperature
gradient. The density of air inside the grain with
higher temperature than outside will be lower than
that of the ambient air. This density difference will
drive the interstitial air to move up and escape from

Fumigation or controlled atmosphere with double
layer sealing
For fumigation or controlled atmosphere of a small
structure such as a bag stack, an air buffer layer created
by using double layers of PVC film (Fig 2) may help
maintain a uniform concentration of applied gas. The
concentration of the applied gas inside the buffer layer
can be monitored and regulated. Concentration inside
the buffer layer will be the minimum concentration
of the applied gas, if the injection port is located at
the centre of the grain bulk. The pressure inside the
buffer layer should be smaller than that inside the
inner layer and higher than the average wind pressure.
The airflow of the recirculated air and injected gas
can be controlled based on the concentration inside
the buffer layer. At the beginning of the fumigation,
negative pressure can be applied. After the negative
pressure reaches the minimum, the applied gas under
positive pressure can be applied. The principle of this
double layer design can be used for other structures.
MATHEMATICAL STUDY OF GAS
DISTRIBUTION
An understanding of movement of applied gas
inside a structure is the first step to create an even
distribution of the applied gas. Though some physical
principles can be used to estimate the distribution of
the pressure gradient and applied gas, the distribution
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cannot be accurately predicted or generalized without
laboratory and field tests and mathematical studies. The
distribution principles of the fumigant and controlled
atmosphere gases inside structures are lacking studies
probably due to the difficulties of this research area
(such as the risk of toxication and monitoring of the
applied gas). Traditionally, fumigation and controlled
atmosphere are conducted based on experience (such
as the development of HLP). Therefore, engineering
design based on mathematical modeling modeling
study might play a role. The suggested mathematical
studies listed in this section might help design a more
efficient system to create a uniform distribution of
applied gases.

from laminar to turbulent flows might be dominant
inside the grain bulk, while laminar flows might be
dominant when velocity of applied gas is low. It is
needed to verify whether laminar flows under certain
low velocities might be significantly influenced by the
non-uniform distribution of resistance to the airflow.
Different structures and grain depths will influence the
distribution of the resistance. To our knowledge, there
is no study of gas distribution under low velocities
in different shapes of structures filled with different
grain depths and under different storage conditions.
Coupled mathematical model
The mathematical models of the movement of
CO2 and PH3 by advection, diffusion, and sorption
were developed (Smith and Jayas, 2001; Zaiton,
2014). Models considering the effect of leakage
(Annis and Banks, 1993; Zaiton, 2014), injection
method (Goudie et al., 1995; Smith,1996; Smith and
Jayas, 2004), and fumigant as a single component
gas (Annis and Banks, 1993; Alagusundaram et al.,
1995; 1996) were also developed. These developed
models have a limited application for the field
practice because these models are not coupled. There
is also no coupled model considering the effect of
temperature and grain moisture, and the fluctuating
weather temperatures and wind pressures. This coupled
model should be also coupled with the model of DFM
distribution, and the airflow resistance model. These
coupled models will help conduct correct fumigation
and controlled atmosphere such as to design correct
monitoring locations because validated mathematical
modelling studies will provide the information about
the distribution of the applied gas concentration.

Effect of the DFM distribution on airflow
resistance
The DFM has a heterogeneous distribution inside
grain bins (Parker et al., 2005). Though this nonuniformity of DFM cannot fully explain the air flow
resistance distribution (Lawrence and Maier, 2011),
the distribution of DFM affects airflow resistance
(Jayas et al., 1987). To predict airflow resistance and
distribution, therefore, the following two questions
should be answered: how single grain kernels are three
dimensionally aligned and how the DFM materials are
distributed as a function of the grain loading procedure.
Jayas et al. (1987) developed regression equations
to explain the relationship among the bulk density,
porosity, and amount of foreign materials. There are
no mathematical models developed to simulate the
distribution of the DFM. Studies should be advanced
to relate the distribution of DFM to airflow resistance
and distribution.
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ABSTRACT

The aim of this study was to integrate the available information and develop a PH3 dosage
procedure and calculator for silo bags. An automatic pressure decay test (APDT) device was
developed, consisting of a portable plastic suitcase, including an electrical fan, connecting
hoses, pressure gauge, valves and a controller. The controller had Bluetooth connectivity, so all
the parameters recorded by the APDT were automatically transmitted to a cell phone. Based
on literature data, correlations were developed to estimate PH3 losses according to PDT results
in silo bags. A PH3 concentration prediction model that takes into account PH3 liberation from
aluminum phosphide, PH3 losses, void spaces and PH3 sorption by the grain was proposed and
compared with experimental results. It was observed that losses were over estimated when
the silo bag had a PDT close to 60 s and an enhanced model was proposed and validated with
literature data. The need of better correlations for estimating PH3 losses in silo bags and PH3
release were discussed. A procedure for calculating the dosage for a successful PH3 fumigation
was proposed, which combines the use of the APDT device and the PH3 concentration model
(programmed in Excel).
Key words: Air tightness, Fumigation, Fumigant losses, Hermetic storage, Model,
Pest control
Silo bag technology has been extensively
implemented in Argentina for storing grains, (e.g.
wheat (Triticum aestivum L.), corn (Zea mays L.) barley
(Hordeum vulgare L.), sunflower (Helianthus annuus
L.) and soybean [Glycine max (L.) Merr.] among
others) since the mid-1990s (Bartosik, 2012). Silo
bags can achieve a high air tightness level which could
benefit pest control treatments with PH3 or modified
atmospheres. Phosphine (PH3) is the main fumigant and
one of the most used chemical insecticides worldwide
for stored-product pests. For achieving an effective
pest control with PH3, a minimum concentration has
to be maintained during a minimum exposure time (ctproduct, e.g. 200 ppm during 120 h). However, PH3
concentration evolution in time is difficult to predict,
since it depends on the initial fumigant dose, the
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fumigant losses during the treatment, and the fumigant
sorption by the product, among others. Although
critical information for a successful fumigation is
available, the information on target concentration and
exposure time required for different species and stages
(Bell, 2000), procedures for evaluating air tightness of
storage structures (Navarro, 1998), expected fumigant
losses for different hermeticity levels (Navarro and
Zettler, 2000), empty space of grain bulk (ASAE,
2013), phosphine sorption effects (Reddy et al., 2007)
is not clearly integrated or easily available for farmers
and grain elevator managers for practical fumigation
recommendations.
Hence the aim of this study was to integrate the
available information and develop a PH3 dosage
procedure and calculator for silo bags.
MATERIALS AND METHODS
To determine the air tightness of storage structure,
Navarro (1998) proposed to implement a pressure
decay test (PDT). The equipment required for
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performing a PDT includes a vacuum device (usually a
fan), a connection between the fan and the fumigation
chamber, a valve to avoid pressure losses once the
fan is turned off after reaching the desired pressure,
a pressure gauge for measuring the internal pressure
of the chamber, a timer for timing the pressure losses
and a notepad for recording the data. The equipment is
quite simple, but if a large number of tests have to be
performed and different operators are involved, results
might not be comparable because of the operational
errors. Also, the labour involved in the setting up of
the test discourages its implementation.
An automatic pressure decay test (APDT)
device was developed to overcome these limitations
(Fig. 1). The APDT is an integrated system, portable
in a standard plastic suitcase, including an electrical
fan, connecting hoses, pressure gauge, valves and a
controller. The controller has Bluetooth connectivity,
so all the parameters recorded by the APDT
are automatically transmitted to the cell phone.
Additionally, all the configuration of the APDT is
made through the cell phone application. The operator
inserts the probe in the silo bag, seals the edge against
the plastic cover, and connects it to the APDT with
a hose. The APDT automatically starts the fan until
the initial negative pressure is reached (e.g. –250 Pa);
closes the valve and periodically measures the pressure

inside the storage structure until the negative pressure
recovers half the initial value (–125 Pa). According to
Navarro (1998), a structure of less than 500 t, 95% full,
could be suitable for fumigant treatment if the PDT is
greater than 90 s. Thus, based on this time threshold,
the pressure test is rated as ‘failed’ or ‘succeeded’.
With the APDT the errors in determining the PDT are
minimized and the test itself is simplified (the entire
operation for performing an APDT in a silo bag takes
less than 5 min). The APDT was developed by the
National Institute of Agricultural Technology (INTA),
Balcarce, Argentina.
Navarro and Zettler (2000) measured the daily
losses of PH3 (with an initial PH3 concentration of
1500 ppm) in an empty fumigation chamber of 7.5
m3 with predetermined orifices (from 1.6 mm to 6.4
mm diameter). Based on this data, a correlation was
developed to predict normalized losses according to
the PDT (Eq. 1).
 ppm 
3
L
 = PH3 (ppm) × [–0.0011 × PDT + 0.0104 ×
day

 PDT2 – 0.0428 × PDT + 0.183]
(Eq. 1)

where L are the daily PH3 losses (ppm/d); PH3 is the
fumigant concentration in a given day; PDT is the
pressure decay test (min).
A model to predict PH3 concentration in silo
bag was developed (Eq. 2), taking into account the

Fig. 1. Automatic pressure decay test (APDT) device. (a) APDT portable box, (b) APDT probe inserted into the silo bag,
(c) APDT connected to the silo bag, (d) cell phone app showing the result of the PDT
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following inputs: Desired PH3 minimum concentration
(ppm); Days at the desired minimum concentration (d);
Grain bulk (t); Grain density (t/m3) (ASAE, 2013);
Initial PH3 dosage (g PH3/m3); Void space (ASAE,
2013); PH3 sorption (%) (Reddy et al., 2007); PH3
losses (ppm/day) (Navarro and Zettler, 2000).Model
assumption: 1 g/m3 of PH3 generates 718 ppm; the
complete liberation of PH3 from aluminum phosphide
occurs during 4 days, at 25% per day (Navarro and
Zettler, 2000).

800
700

PH3 (ppm)

600
500
400
300
200
100
0

 t 
g
D   × BD  3 
 ppm 
m 
t
[PH3] (ppm) =
× 718 
 ×
P
 g 
 ppm 
			 (1 – S) – [L 
 × T (days)]
 day 
(Eq. 2)
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where [PH3] is the current fumigant concentration
(ppm), D is the initial dosage of PH3 (g/t); BD is bulk
density (t/m3); P is grain porosity (decimal); 718 is
the PH3 concentration with a dosage of 1 g of PH3 in
1 m3 of empty space (ppm/g); S is the PH3 capture
by the grain due to sorption (decimal); L are the daily
losses of PH3 (ppm/d); T is the time elapsed since
beginning of fumigation (d).
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5
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RESULTS AND DISCUSSION
Fumigation data presented by Carpaneto et al.,
(2016) were used for validating the prediction of the
model. Fig. 2a shows the measured PH3 concentration
in a wheat silo bag which was not sealed at the end
and with noticeable perforations in the plastic cover.
The PDT was not performed in this silo bag, but based
on PDT performed in several silo bag with similar air
tightness conditions (Cardoso et al., 2012), PDT of
this bag was estimated to be <15 s. When the silo bag
was not sealed and the PDT trended to 0, the actual
losses were significantly greater than the predicted
ones. The maximum concentration measured were
from 250 and 430 ppm (depending on measuring
point), while the predicted maximum concentration
was 700 ppm. It is possible that when the bag has
large perforations and PDT trends to 0, the gas leakage
increased exponentially and cannot be predicted by
extrapolating data from Navarro and Zettler (2000)
(the lowest PDT that they considered was of 1 min).
Thus, Eq. 2 was not able to accurately predict PH3
concentration in silo bag when PDT was close to 0.
Other observation from Fig. 2a was that when the
PDT was less than 15 s, there was a great variability
in the concentration measured in different sections of
the silo bag. This could be caused by the greater losses

Days 10
1
4
7
(b)

15
3
5
8

Fig. 2. Predicted and measured PH 3 concentrations
(in different locations) in wheat silo bags with initial
dosage of 1 g/t and PDT of less than 0.25 min (a)
and initial dosage of 1.4 g/t and PDT of 1 min (b).
References: Pred is predicted concentration; numbers
1-8: measuring fumigant concentration points in silo
bags. Measured data from Carpaneto et al. (2016)

Fig 2-2

of fumigant concentration produced in those locations
that are close to the openings. For this reason, even if
the model was able to predict with greater accuracy the
average condition of the bag, this information would
not be useful for targeting an appropriate fumigant
dosage, because the locations close to the openings
would result with significantly greater losses and failed
fumigation treatments.
Fig. 2b shows the observed and predicted data for a
wheat silo bag with a PDT close to 1 min. In this case,
the losses model (Eq. 1) overestimated the observed
losses. Two possible hypotheses could be offered to
explain the discrepancy between the observed and
predicted losses. The first one would imply that the
PDT conducted was not representative of the true
level of air tightness of the bag, which is not likely
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since the PDT is a simple procedure and when the
test is replicated the results are highly similar. The
second would imply that the losses model generated
with data from Navarro and Zettler (2000) might
not be appropriate for silo bags, since the study was
performed in an empty fumigation chamber and the
condition in the silo bag is substantially different (full
of grain). On one hand, in this kind of storage system
there is no headspace and, theoretically, no leakage of
gas occurs as result of pressure release. On the other
hand, fumigant diffusion inside a silo bag full of grain
should be lower than in an empty space, so leakage
must also be lower. Additionally, the pick on PH3
concentration in the measured data occurs after 4 days,
indicating that liberation of PH3 in field fumigation
treatments is slower that that reported by Navarro and
Zettler (2000) (they reported that complete liberation
was achieved in 4 days, but the aluminum phosphide
pellets were wet twice a day). These observations
indicated that additional test should be carried out
to better estimate the fumigant losses based on the
PDT for silo bags and fumigant liberation under real
fumigation conditions.
Based on the data presented in Fig. 2b, the PH3
liberation rate was modeled and the daily losses
adjusted to fit the observed data. The PH3 liberation
rate was obtained from a correlation as follows:

A general enhanced model (Pred – EM) for
predicting PH3concentration in silo bags is proposed as:
 g
 t 
 D  t  × R × BD  m 3 


[PH3](ppm) = ∫n   

P

 ppp 
 ppp 
× 718 
 × (1 − S ) − LM 

g


 day 

1

(Eq. 5)
where [PH3] is the current fumigant concentration
(ppm), D is the initial dosage of PH3 (g/t); R is the
daily release of PH3, BD is bulk density (t/m3); P is
grain porosity (decimal); 718 is the PH3 concentration
with a dosage of 1 g of PH3 in 1 m3 of empty space
(ppm/g); S is the PH3 capture by the grain due to
sorption (decimal); LM are the daily losses of PH3
(ppm/d); and 1 to n is the integration time since
fumigation started (d).
The Eq. 5 integrates on a daily basis the generation
of PH3 and the losses. Fig. 3a exhibits the observed
and predicted data with the enhanced model (the initial
dosage was the same as reported for Fig. 2b, all the
other parameters used in Eq. 2 were not modified).
Overall, the enhanced model improved the prediction
of the maximum concentration achieved and the
evolution of fumigant concentration during 13 days
of the fumigation treatment.
Other set of data from the literature (Ridley et al.,
2011) was used for validating the enhanced model
(Eq. 5). These data were generated in a silo bag of
wheat (Triticum aestivum L.) fumigated with an initial
PH3 dosage of 1.6 g/m3 (equivalent to 2.1 g/t). The
PDT of this bag was estimated to be close to 1 min
(Carpaneto et al., 2016). Fig. 3b shows the predicted
PH3 concentration with the enhanced model and the
measured data, showing that the model overestimated
the maximum concentration achieved (1750 ppm
predictive vs 1450 measured), but overall the shape of
the concentration curve and the fumigant concentration
at the end of the fumigation trial (17 days) were close
enough to use the model for targeting an effective
initial dosage (1300 predicted vs 1250 measured).
Though a preliminary validation of the model was
performed, it is clear that stronger correlations should
be developed for relating daily PH3 losses according
to PDT for silo bags (no headspace condition). Better
models for PH3 release from aluminum phosphide
pellets or tablets would also improve the prediction
of fumigant concentration, especially during the first
days of the treatments. In this study, a sorption effect
of wheat of 19% was considered according to Reddy et
al. (2007). These authors reported sorption values from

R  ppm  = –0.0005T3 + 0.0141T2 – 0.1306T + 0.4303
 day 

(Eq. 3)

where R is the PH3 liberation rate (% per day); and
T is day from beginning of fumigation (starting at 1).
Daily PH3 losses were adjusted in order to
match the observed data of Fig. 2b, finding that a
daily loss of 4.2% of concentration (corresponding
to a PDT of about 6.5 min estimated by
Eq. 1) was able to predict the average variation in
concentration for the different measurements points
during 13 days of the experimental fumigation trial.
Thus, a multiplier of 6.5 is proposed to adjust the
prediction of losses in silo bag, and the enhanced
model for predicting daily losses is:
 ppm 
3
LM 
 = PH3 (ppm) × [–0.0011 × (PDT × M)
day
2

 + 0.0104 × (PDT × M) – 0.0428 ×
(PDT × M) + 0.183]
(Eq. 4)

where LM is the daily PH3 losses affected by a
multiplier (ppm/d); PH3 is the current concentration of
fumigant (ppm); PDT is the pressure decay test (min);
and M is the multiplier to adjust predicted losses to
silo bag (6.5).
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Fig. 3. (a), Predicted and measured PH3 concentrations in wheat silo bags with initial dosage of 1 g/t and PDT of 1 min.
References: Pred-EM is predicted concentration using the enhanced model (Eq. 5); numbers 1-8: measuring fumigant
concentration points in silo bags. Measured data from Carpaneto et al. (2016). (b), PH3 predicted concentration
with the enhanced model and measured PH3concentration from Ridley et al. (2011)

18 to 30% for most cereal grains, which seems to be
in agreement with observed and predicted fumigation
data. However, these authors also reported extremely
high sorption values for other seeds such as sunflower
Helainthus annuus L. (92%), in-shell peanuts (Arachis
hypogala L.) (95.5%), and paddy rice (Oryza sativa
L.) (72%) among others. Such sorption values would
substantially affect the prediction of concentration
during PH3 fumigation, beyond what is observed in
practice.
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Permeability of silo bag material for carbon dioxide and oxygen
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ABSTRACT

Silo bag or grain bag storage system is a recently developed technology used for temporally
storing dry cereal grains, oilseeds and pulses. The silo bag film is made of high and low density
polyethylene. The success of this storage system depends on airtightness of silo bags, and
permeability of the silo bag film is one of the main parameters that determines the airtightness
of the silo bag. Permeability of the silo bag film to carbon dioxide (CO2) and oxygen (O2) has
not been reported. The stretching of a silo bag during grain loading and storage time of grain
(the silo bag film will be exposed to sunlight during storage period) may affect its permeability.
Permeability to CO2 and O2 of the silo bag film was determined using a specially designed
testing unit which had testing and receiving cells separated by the tested silo bag film. The gases
were held in the testing (O2 or CO2 99.9% purity) and receiving cells (N2 99.9% purity) for 48
h; and about 1.5 ml gas samples were collected using a 2 ml syringe at 0, 4, 8, 12, 24, 48 h after
purging from the receiving cells. The gas samples were analyzed using a gas chromatograph. The
permeability of silo bag film at room temperature to CO2 and O2 were 21.61 ±1.50 ×10-6, and
1.95 ±0.36 ×10-6 m3m d-1m-2atm-1 respectively. The permeability to CO2 and O2 was affected
by the storage environment and stretching.
Key words: Airtightness, Modified atmospheric storage, Permeability, Silo bags

Permeability of the packaging material is one
of the major parameters that determines the success
of modified and controlled atmospheric storage of
grain and food materials. Permeability is defined as
transfer of gas molecules from the stored product
to the external environment or from the external
environment to the stored product through package
material. Permeation rate is the rate at which the gas
or vapour passes through the polymer or packaging
material. Permeability coefficient is the volume of gas
or vapour passing through a unit area of polymer per
unit time, with a unit pressure difference across the
sample (Delassus, 1997).
Permeability of a film differs from gas to gas and
it depends on dimension (dynamic diameter) and shape
of gas molecules. For example, for some packaging
materials like polyethylene (PE) N2 has the smallest
permeability rate, O2 has a higher rate, and CO2 has
2Agriculture and Agri-Food Canada c/o Department of
Biosystems Engineering, University of Manitoba, Winnipeg, MB,
Canada R3T 5V6
*Corresponding author e-mail: Digvir.Jayas@umanitoba.ca

the highest permeability rate (Cooksey, 2004). The
basic theory states that, when the gas molecule has a
smaller dynamic diameter, it can easily diffuse through
the barrier material resulting with a higher diffusion
rate. Commonly, the permeability ratios of a material
for N2, O2, and CO2 gases are 1:4:14 (Delassus,
1997). But the size and shape of gas molecules are
not the only parameters that affect the permeability.
Temperature and humidity also play major roles for
permeability of a material to different gases (Cooksey,
2004). For hygroscopic materials like nylon, polyvinyl
alcohol and polyvinyl acetate, an increase in relative
humidity (r.h.) increases the permeability for gases.
But for polyethylene materials (low and high density
polyethylene), permeability for N2, O2 and CO2
are unaffected by the change in r.h., because of
their excellent water barring capacities. Increase in
temperature increases the permeability of a material
to different gases, and this linear relationship between
temperature and permeability is controlled by the gas
transition temperature (Tg) of the material (Delassus,
1997). Permeability of a material increases about
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19.5×10-8 m3md-1m-2atm-1 respectively (Osborn and
Jenkins, 1992). Abalone et al. (2011a) assumed the
silo bag filmwas made of 50% of HDPE and 50%
of LDPE. Based on this assumption, Abalone et al.,
(2011a) calculated the equivalent permeability of the
silo bag film to CO2 and O2 as 3.22×10-7 and 9.75×10-8
m3md-1m-2atm-1 respectively. This calculation might
result in error because the mixing ratio of LDPE and
HDPE and structure between HDPE and LDPE films
might influence the permeability of gases. To the best
of our knowledge, the permeability of silo bag film
has not been reported so far.
The stretching of silo bag film during loading
of grain may affect the permeability of silo bag
material. The temperature gradient between inner
(grain) and outer (ambient air) parts of a silo bag
can change the energy of gas molecules, which may
alter the permeability. Silo bag film exposed to solar
radiation during the entire storage period might
gradually deteriorate. Aged silo bag film might have
different permeability than the new film. Changes
in permeability of silo bag film will influence the
airtightness of silo bags, and airtightness is one of
the main factors for the safe storage of grain. The
measured permeability of silo bag material is one of
the main parameters required for the development of
mathematical models to predict the interstitial gas
concentration in silo bags. Therefore, permeability
of silo bag film should be measured. The objective
of this study was to measure the permeability of the
new and aged (exposed to the environment for 7 and
10 months) silo bag film to CO2 and O2.

9% per °C increase in temperature above Tg and about
5% per °C increase in temperature below Tg. When
the temperature increases, the gas molecules attain
more energy allowing them to easily pass through the
packaging materials (Cooksey, 2004). In polythene
based films, mechanical stress on the films has less
effect on permeability when compared to temperature
and humidity (Mrkić et al., 2007). The tensile drawing
orientation has significant effect on permeability
coefficient of co-extruded low density polyethylene
(LDPE) films to O2 and CO2 gases (Compañ et al.,
1996). Villaluenga and Seoane (2000) reported that,
the number of layers of LDPE films did not affect the
permeability coefficient of LDPE films to CO2.
A grain storage silo bag is made of both, high
density polyethylene (HDPE) and low donsity
polyethylene LDPE; (Fig. 1). Permeability of HDPE
film to CO2 and O2 at 25°C are 19.0×10-8 and 6.5×10-8
m3md-1m-2atm-1 respectively. Permeability of LDPE
film to CO2 and O2 at 25°C are 105.0×10-8, and

MATERIALS AND METHODS
A permeability testing apparatus was designed
and fabricated based on the setup used by Villaluenga

Fig. 1. Silo bag filled with canola

Mano
meter
40 mm
N2
Sampling
port

Flow meter
Bag material
CO2/O2

80 mm ID
Support system

Fig. 2. Schematic view of permeability measurement system
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each chamber was 201.1 ml, and totally 9 ml of gas
samples were collected over 48 h. The collected gas
sample was then analyzed using the gas chromatograph
(Model: Clarus 420, Perkin Elmer, Woodbridge, ON).
The pressures of testing and receiving cells were
measured using a micro manometer (Model: AXD 540,
ALNOR products, Shoreview, MN). The permeability
was calculated using the following equation (Singh
and Heldman, 2009; ASTM, 2012):

1

4

Ql
P = ------------At∆P

5
2
3

Fig. 3. Permeability testing system (1) flow meter; (2) test
cell; (3) gas sampling ports; (4) multiport chamber;
(5) micro manometer

where, P is the permeability of the material m3m m-2
d-1atm-1, Q is the amount of O2 or CO2 in the receiving
compartment (m3), l is the thickness of the silo bag
film (m), A is the area of silo bag film (m2), t is the
time (d) and ∆p is the pressure difference between
compartments (atm).
The quantity of the O2 or CO2 in the receiving
chamber (m3) was calculated from the concentration
of O2 or CO2 measured in ppm using the gas
chromatograph. Permeability was calculated for all
five time intervals (0–4, 0–8, 0–12, 0–24, and 0–48
h) and mean of these values was reported. Silo bag
has the property of getting stretched upto 10% while
loading grain in to the bags using bag loaders. The
centre part of the silo bag (especially sides) gets this
stretch due to the horizontal pressure exerted by the
stored products on the bag film. In tail part, around
3 m of bag film was left to use grain bag extractor
equipment for unloading the bags, where bag film did
not get stretched. Five types of bag materials were
tested with five replicates:
• New material: About 0.2 m × 0.2 m piece of film
was sampled before the canola was loaded into
the silo bag;
• 7 months stretched: The piece of film was sampled
from the side of the silo bag after 7 months of
canola storage;
• 7 months-unstretched: The piece of film was sampled from the tail portion of the silo bag after 7
months of canola storage;

and Seoane (2000) for testing the permeability of
low-density polyethylene films. Measurement of
permeability was carried out in a static phase. The
testing apparatus was made up of stainless steel and had
two identical cylindrical compartments (Figs. 2 and 3).
The internal diameter of the cylindrical compartments
was 80 mm and the height of each compartment was 40
mm. The silo bag film was placed between these two
compartments. The two compartments were tightened
against each other with screws to ensure the airtightness
between the two compartments. The airtightness of
the compartments was leak-tested using soap water
solution at all joints and connections. All the tests were
carried out at room temperature (21 ± 1°C).
Testing gas (O2 or CO2 with 99.9% purity) was
introduced into one compartment and carrier gas
(N2with 99.9% purity) was introduced into another
compartment. The cells were flushed with the
respective gases for 3 min, and outlet valves were
closed and then cells were filled with respective
gases for 2 min. Inlet gas flow was controlled by a
flow meter and a gas flow of 0.3 l/s was maintained
during introduction. The gases were held in the testing
and receiving cells for 2 days (48 h); and about 1.5
ml of gas samples were collected using 2 ml syringe
through the sampling port at 0, 4, 8, 12, 24, 48 h after
introduction to the receiving cell. The total volume of

Table 1. Permeability of the silo bag film (n=5)
Serial No

Silo bag film

1

New (un-stretched)

Permeability to CO2 (m3md-1m-2atm-1)a
21.61 ±1.50× 10-6A

Permeability to O2 (m3md-1m-2atm-1)a
1.95 ±0.36× 10-6A

10-6A,B

2.49 ±0.24× 10-6A,B

2

7 months un-stretched

23.04 ±2.04×

3

7 months stretched

23.38 ±3.72× 10-6A,B

2.54 ±0.31× 10-6A,B

4

10 months un-stretched

29.20 ±3.40× 10-6A,B

3.54 ±0.80× 10-6B,C

10 months stretched
30.70 ±2.47×
3.79± 0.33× 10-6C
same character after the permeability value in the column indicated no significant difference using Tukey’s MRT at
α<0.05 level
5

A,B,CThe

10-6B
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•
•

of HDPE and LDPE and permeability to CO2 was 8
to 11 times higher than the permeability to O2. The
mix ratio of HDPE and LDPE might be the reason
for the higher permeability to CO2. Abalone et al.,
(2011a) estimated equivalent permeability of the silo
bag film based on the permeability of HDPE and LDPE
to CO2 and O2 (considering that the film was made
with 50% of each PE type). The estimated equivalent
permeability to O2 and CO2 was lesser than the value
measured in our study. The difference in permeability
to O2 and CO2 values might have been caused by the
assumption made to calculate equivalent composition.
The measured permeability values were higher than the
permeability values reported by Osborn and Jenkins
(1992). Abalone et al. (2011b) reported that, even a
small perforation in a silo bag had a significant effect
on permeability to the gases (increase of 27 for CO2
and 90% for O2 for a perforation of 1 mm diameter
per m of silo bag) and they also reported that, filling
and sealing of silo bags also had significant effects on
permeability to O2 and CO2. The greatest change on
permeability during storage in this study was of 42%
for CO2 and 94% for O2, indicating that the change
of permeability during 10 months of exposure to the
environment is in the same order than that produced
by a small perforation.

10 months-stretched: The piece of film was sampled from the side of the silo bag after 10 months
of canola storage;
10 months-unstretched: The piece of film was
sampled from the tail portion of the silo bag after
10 months of canola storage.
RESULTS AND DISCUSSION

Permeability of new silo bag film to CO2 was
21.64 ± 0.54 × 10-6 m3md-1m-2atm-1. After 7 and 10
months, the CO2 permeability of the silo bag film
(un-stretched), which was filled with canola and
exposed to solar radiation during the storage period,
was 23.04 ±0.24×10-6 and 29.20±0.40×10-6 m3md1m-2 atm-1 respectively. After 10 months on the field,
permeability to CO2 of stretched and un-stretched
bag film was 29.20±0.40×10-6 and 30.70±1.04×10-6
m3md-1m-2atm-1 respectively. There was a significant
difference in the CO2 permeability between new and
10 months-stretched film (Table 1).
Permeability to O2 of new and 10 months unstretched on the field was 1.95 ± 0.36×10-6 and
3.79±0.33×10-6 m3md-1m-2atm-1 respectively. After 10
months on the field, permeability to O2 of stretched
and un-stretched bag film was 3.54 ± 0.80 × 10-6 and
3.79 ±0.33×10-6 respectively. There were significant
differences in the O2 permeability between new and
10 months on the field films (Table 1).
Guisheng et al. (1995) demonstrated that the
permeability of polymer materials could change and
was dependent on several factors like the temperature,
relative humidity, and properties of polymer materials.
Galic and Cikovic (2001) reported that water activity
of food inside a packaging material also affected the
permeability of the polymer material. The polymer
would swell under high water activity, increasing the
diffusion of gases through it. Mujica-Paz and Gontard
(1997) also reported that relative humidity had a
larger role in change of permeability to O2 and CO2
of wheat gluten films, when compared to the effect of
temperature. In our study, permeability measurement
tests were conducted at the room temperature (21
± 1°C); however, the silo bags were placed on the
field for 10 months. During that storage period, the
film was exposed to environmental factors (such as
temperature, precipitation, snow and UV radiation)
which might have caused the change of permeability
to O2.
Most of the packaging films (low density
polyethylene, polyvinyl chloride, and polypropylene)
used in modified atmospheric packaging have 3 to 7
times higher permeability for CO2 than O2 (Mattos
et al., 2012). The tested silo bag material is combination

CONCLUSION
At room temperature (21°C), permeability
of new silo bag film to CO2 and O2 were 21.61
±1.50× 10-6 and 1.95±0.36×10-6 m3md-1m-2atm-1
respectively. Permeability to CO2 and O2 of unstretched silo bag film kept on the field under
Canadian Prairie conditions after 10 months was
29.20 ± 3.40 × 10-6 and 3.54±0.80×10-6 m3md-1m2atm-1 respectively. Exposure to the environment and
stretching of bags while loading the grain into silo
bags had significant effects on the film permeability
to CO2 and O2.
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Fumigation of grapes (Vitis vinifera) with sulphur dioxide (SO2)
to control insect-pest during storage
R K GUPTA1, R K VISHWAKARMA, V EYARKAI NAMBI, LEENA KUMARI, D N YADAV
ICAR-Central Institute of Post-Harvest Engineering and Technology, Ludhiana, Punjab 141 004, India
ABSTRACT

India is one of the major grape (Vitis vinifera L.) producers, and exporters in the world and
now the country is exploring new markets for Indian grapes. New Zealand and Australia are the
future potential export markets for Indian grapes to high demand and low domestic production
in these countries. Phyto-sanitary requirements of New Zealand for the import of grapes are very
strict and they considered Drosophila suzukii (Matsumura) is as invasion insects in Indian grapes.
These flies are present on damaged wine grapes during the harvest period, especially when the
damage of berries skin takes place due to cracking, disease, hail injury, and bird damage. Reports
indicated presence of Drosophila suzukii in temperate regions of India; however, no report showed
presence of these flies in grapes producing regions of India. The USA developed a fumigation
treatment method (SO2/CO2 in combination) of grapes followed by cold disinfestations treatment
to manage spiders and Drosophila suzukii in fresh table grapes, and Europe Union countries also
followed this method. The treatment includes fumigation of grapes with 6% CO2 and 1% SO2 for
30 min followed by cold treatment for 6 days or more at –0.5 to 0.5°C pulp temperature. Such
treatment of grapes is not in practice in India which limits the export of Indian grape. Controlled
release and uniform distribution of SO2 and CO2 in fumigation chambers is a technological
challenge in India. Higher concentration of SO2 softens the grape berry, making it unacceptable
for export. Development of automated fumigation chamber may reduce the post-harvest spoilage
of grapes and standard protocol of fumigation with SO2 may assist in satisfying the international
norms of quality. An automated fumigation chamber for standardization of fumigation protocol
for Indian grapes is prepared to meet international standards for export.
Key words: Grapes, CO2, Drosophila suzukii, Fumigation, Fumigation chamber, SO2

Grapes (Vitis vinifera L.) contribute to about
16% of global fruits production and it is preferably
consumed as fresh. It is also used for producing raisins,
wine and other value added products. India is 9th major
grape producer in the world with total production of
about 2.48 mT in 2013-14 (DAC, 2015). Tropical
regions of India are the major producing areas while
Maharashtra and Karnataka contribute to about 95%
of total production. In India 71% grape goes for fresh
consumption, nearly 27% dried for raisin, 1.5% for
wine making, and 0.5% for juice production (APEDA,
2016). Further, a recent survey reported that 8.6% of
1Corresponding
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total grapes produced in India are lost during harvest
and post-harvest operations due to mechanical injuries,
physiological decay, water loss, glut in season, and
inadequate storage infrastructure (Jha et al., 2015).
Use of advanced technologies and creating export
market demand may reduce such losses.
India exported 0.19 mT grapes to over 40 countries
across the Asia, Europe, America and Africa and
contributed to about 9.1% of total fruit exports from
the country (Sharma and Jain, 2011; APEDA, 2016).
However, Indian grape (Vitis vinifera) exporters are
facing specific problem to export grapes in New
Zealand and Australia due to their phytosanitary
certification criteria. New Zealand phytosanitary
requirements consider Drosophila suzukii (Matsumura)
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as an invasion insect and presence of these flies is
reported in temperate region of India, viz. Kumaon,
Jammu and Kashmir but not in tropical grape growing
regions. Thus fumigation of grapes with CO2 and SO2
is demand of importing country. However, the system
and protocols for fumigation of grapes are not available
in India at present. This paper highlights the status of
fumigation technologies in India, fumigation needs,
system and protocols for export of grapes.

Grapes are unprocessed fresh produce, therefore,
the market linkage and customer demand influence
their production and distribution. This has direct
impact on grape producers, especially smallholders,
as quality standards in post-production system and
export make it difficult for smallholders to directly
deal with high-value markets, despite being low in
price (Collins, 2000). The grape production network
for export in India involves several agencies (Table 1).
Indian grape exporters follow the GlobalGAP practices
(Amekawa, 2009). Some exporting companies organize
small growers under GlobalGAP group certification
for quality exports by a third party (Singh, 2013). The
quality parameters for the export of grapes include size
of bunch and berry, colour, weight, shape, firmness,
sugar content, acidity, absence of bruises or blemishes;
flavour, odour, pesticide/chemical residue, stem colour,
pest or chill damage, packing quality, and average
check weight (Roy and Thorat, 2008).

STATUS OF GRAPES MARKET IN INDIA
Growing fruits and vegetables is suitable for
small holders than food grains because they are
labour intensive, provide recurring income, have
high-value markets, offer value addition promise and
are a mechanism of risk management against field
crop failure (Singh, 2013). However, these crops are
highly perishable, require more input, need careful
post-harvest handling, suffer from high loss, and have
profitability dependent on rapidly changing quality/
standards (Singh, 2013). Further, local markets are
either absent or too small to absorb high-value and
perishable produce in India, which makes it a high-risk
business for smallholders and requires good market
linkages for their viability.
The post-production processes at the export
pack house in India include receipt of raw material
at pack house; weighing and acceptance of produce;
trimming, sorting and grading; weighing, packing and
coding; pre-cooling; palletization; sulphur dioxide
padding; storage (cold stores); container loading; and
transportation. In contrast, packaging in cardboard
crates is preferred at the farm after grading for the
produce destined for domestic market.
Table 1

RISK ASSOCIATED WITH PESTS
Being a non-climacteric fruit with low physiological
activity, the water loss and softening are common in
grapes that result in stem browning, berry shatter,
wilting, shriveling of berries etc. (Crisosto and
Smilanick, 2007). Gray mold due to Botrytis cinerea
and Botrytis rot are responsible for postharvest decay
of table grapes (Crisosto et al., 1998).
Import of any fruit and vegetable by a country is
associated with risk of invasion of new pest that is
not generally found in the importing country. Insects/
pests associated with grapes may be categorized into
regulated and non-regulated pests. Regulated pests

Export grapes production network in India (Singh, 2013)

Farm inputs

Production

Harvesting

Grading and
packaging

Export

Super
markets

Rootstock (Private)
Micro-irrigation
(Public and Private)
Credit (Banks)
Fertilizers
Pesticides
Machinery
Fabricators
Extension
(Public and Private)
NRCG
NABARD
PACS

Farmers
Farm Labours
Exporter
Certification
  agencies
APEDA
Marketing boards
Labour contractors

Farmers
Agencies
Harvest labour
Transporters
Quality testing staff
Labour contractors

Pack house owner
Operators
Management staff
Supervising staff
Packing labour
Certification
Insurance
NABARD
Credit (Banks)
Transporters
Labour contractor

Exporters
Distributors/
repackers
Certification
(residue labs)
Importers
APEDA
Sea freight cos.
SPS authority
Marketing boards
NAGGE
Banks
Insurance

NRCG: National Research Centre for Grapes, Pune; NABARD:National Bank for Agriculture and Rural Development; SPS:
Sanitary and Phytosanitary; NAGGE: National Association of Grape Growers and Exporters; PACS: Primary Agricultural
Cooperative Societies.
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(pathway dependent) are those pests for which phytosanitary actions would be undertaken on interception/
detection. Quarantine pests (new organisms, non-plant
pests, vectors of linked quarantine pests, virulent
strains) are non-regulated pests and contaminants
and their interception/detection lead to rejection
by the importing country. Quarantine pests (for a
country) are the pests, which may occur (according
to information received from the exporting country
or from the literature) in the commodity of exporting
country (such as grapes) and are not known to occur
in or present in importing country but not widespread.
In this context Drosophila suzukii is a quarantine pest
for New Zealand.
The Drosophila suzukii is a global pest attacking
to various berry crops. It lays eggs in damaged and
intact wine grape berries of the most soft-skinned
varieties. Ovi-position increases with an increase in
sugar content and decrease in acidity levels. Also,
ovi-position increases with a decrease of fruit skin
penetration force (Lee et al., 2011). Incised berries are
more favorable for D. suzukii ovi-position as a nutrient
substrate. Increased presence of flies on wine grapes
(as indicated by egg laying and increased longevity)
was observed to the berries that were exposed to
incised berries as compared to fully intact berries.
The D. suzukii flies find their feed on damaged wine
grapes during the harvest period, especially when
the skins of berries are negatively impacted due to
disease, cracking, hail injury, and bird damage. Such
an increase of feeding and ovi-position may increase
the likelihood of spoilage bacteria vectoring due to
D. suzukii (Ioriatti et al., 2015). Increased levels of
Acetobacter spp. due to D. suzukii activity alone or in
combination with D. melanogaster negatively impact
the quality of wines with increased production costs.

release from in-package pads containing sodium
metabisulfite (Palou et al., 2010). Cantin et al., 2012)
observed that SO2 fumigation followed by controlled
atmosphere storage is a promising strategy for fresh
blueberries to reduce decay, extend shelf life, and
maintain high nutritional value. Treatment of table
grapes with SO2 reduces the incidence of post-harvest
decay; however it may damage the grapes and result
in sulfite residues, which are unacceptable to some
consumers. Fumigation with SO2 controls fruit decay
organisms in grapes (Snowdon, 1990). Nelson and
Richardson (1967) stated that SO2 is a very effective
fumigation for retarding the spread of decay in table
grapes caused by Botrytis vinerea. Marois et al.,
(1986) reported that 200 ppm of SO2 can stop the
spread of disease, however, complete control can be
obtained with 800 ppm dose with repeated fumigation
(three times/week).
Gray mold and botrytis rot are reported to be
controlled by fumigation with SO2 and CO2 in table
grape (Mitcham and Leesch, 2004). Short-term
applications of CO2 showed beneficial effects to many
fruits during storage (Herner, 1987). Under high CO2
storage, the internal amount of succinic acid increases
and respiration decreases. Kubo et al. (1990) stated
that storage at high CO2 concentration had little effect
on respiration of grapes. However, storage of grapes
at 10-15% CO2 control grey mold growth for 2-4
weeks (Crisosto and Smilanick, 2007). Hribar et al.
(1994) observed better fruit quality preservation by
initial high CO2 treatments. Martinez-Romero et al.
(2003) observed that grapes stored in non-perforated
polypropylene packages at 1°C for 53 day had the
highest CO2 and lowest O2 contents with reduced
weight losses, increased berry and skin firmness
and were effective in maintaining skin color. Pretel
et al. (2006) reported that a slightly CO2 enriched
atmosphere along with SO2 fumigation can extend
the storage life of late harvested ‘Aledo’ table grapes
without relatively affecting its quality.
Post-harvest fumigation with sulphur dioxide
(SO2) and carbon dioxide (CO2) have a beneficial
effect in preserving quality attribute for table grapes
(Mitcham and Leesch, 2004). The USA developed
a combination treatment of SO2/CO2 fumigation
followed by cold dis-infestation treatment as a measure
to manage Drosophila suzukii in fresh table grapes
(Crisosto and Smilanick, 2007). The treatment include
fumigation with 6% CO2 and 1% SO2 (by volume)
for 30 min at a pulp temperature of 15.6°C or greater,
followed by cold treatment for 6 day or more at a
pulp temperature of -0.5±0.5°C. Various other risk
management measures may be suitable to manage the

FUMIGATION WITH SO2/CO2

The Drosophila suzukii is an emerging pest
which has recently spread to USA. In response to the
detection, the USA imposed emergency mitigation
measures requiring cold treatment or methyl bromide
fumigation of grapes exported from the USA to New
Zealand in May-June 2010. Cold treatment is another
measure that may be suitable in managing the risk of
Drosophila suzukii infested fruit.
Fumigation is basically, releasing and dispersing
a toxic chemical so that it reaches to the target
organism in gaseous state and kill the organism.
SO2 is widely used as fumigating agent for table
grapes to prevent decay during storage, by either
initial fumigation of fruit from the field followed
by weekly fumigation of storage rooms or slow
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risk of Drosophila suzukii in the pathways associated
with the import of host fruit into Australia.

the fumigant/air mixture are essential in fumigation
chambers. The volume of the chamber governs use
of fan systems to achieve adequate circulation or
ventilation. Another way is to use blower with a large
inlet and outlet. Suitable blast gate or valve operated
from outside provide better for circulation of air
throughout the chamber by means of ducts or blown
out through the exhaust stack.
Exhaust door or port: The exhaust port may be a
small door in the wall of the chamber at the opposite
end of the chamber from the door. Thus, fresh air comes
in the chamber from the open door during venting and
unloading. Exhaust port may be slide open or move
on hinges as a trapdoor.
Lighting systems: Lighting inside the chamber
is necessary since fumigation chambers do not have
windows. The lights should be arranged properly so
that the loading does not obscure them and they must
be adequately protected against damage.
Gas flushing and application equipment: Gaseoustype fumigants are introduced from outside the
chamber through tubing with proper flow control
valves. The sensors provided inside the chamber
detect the concentration of fumigant and once the
desired concentration is reached, the flow control
valves regulate the flow of fumigant into the chamber.
Electronic controls are the need of present era for
efficient and precise control of treatment.
Accessories: Provision of a small observation
window helps in monitoring the treatment from
outside. Digital thermometers, RH sensors, gas sensors
should be essentially placed at appropriate locations
to control the chamber environment accurately. A
control panel placed outside of the chamber should
control all sensors.
The present fumigation system being established
in India will be controlled electronically and operated
from outside of the chamber after loading the grapes
into the chamber. The chamber will be constructed
inside another structure and only 33% space of outer
chamber will be used for fumigation. The fumigation
space (inner chamber) is planned to be covered from
five sides. One side of the inner chamber will be
provided with sliding doors, which will be opened
or closed from control panel placed outside of the
structure. The workers need not to go inside the
chamber after loading the grape pallets into the inner
chamber. A computer controlled camera will also be
placed inside the chamber to monitor the operations.
The workers will go inside the chamber only after
completion of fumigation and flushing of the chamber
with fresh air and concentration of fumigants is well
below the safe limits. All the doors will be controlled

DESIGN OF FUMIGATION CHAMBERS
The purpose of a fumigation chamber is to allow
fumigations to be carried out efficiently, safely and
economically. The basic elements for design and
construction should be incorporated in all chambers
with variations made to suit individual needs. An
effective fumigation chamber must be:
• precisely constructed so as to be gas tight;
• provided with an efficient system for applying and
distributing the fumigant;
• provided with an efficient system for removing
fumigant at the end of treatment;
• properly sited so as to handle infested goods
conveniently; and
• accurately operated to present no hazard to personnel working with or near the chamber.
Common facilities of automated fumigation chambers
include:
• Stationary chamber with at least two portions
(Treatment area and pretreatment /entry area)
• Gas flushing and controlling system
• Gas evacuating system
• Gas diffusion and distribution system
• Temperature and r.h. controllers
• See through monitoring window
• Auto shut-off controllers.
CHAMBER CONSTRUCTION
Location: The safest location for fumigation
chamber is outside the main buildings. The chamber
should be approachable for vehicle for loading and
unloading materials. If the chamber is to be placed
permanently inside a building, it may incorporate a part
of the floor, two existing walls and even the ceiling.
A generalized plan indicating some of the essential
features of an atmospheric fumigation chamber must
be prepared.
Material: The most satisfactory type of chamber
is likely to give the minimum of trouble from leakage.
Small capacity chambers can be constructed with
polyurethane panels stuffed with polyurethane foam.
For higher capacity chambers, concrete floor, brick
walls and flat roof of reinforced concrete are preferred.
An impermeable flexible film lining on the inner
surface may be provided, if needed. The chamber can
be provided with one or two doors, depending on its
size and function. Doors sliding on rails are better for
installations outside of a building.
Circulation, ventilation and gas evacuation:
Proper circulation and post-fumigation venting of
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automatically from control panel so that the chances
of health hazards may be avoided.

Drosophilidae) and its potential impact to wine grapes
during harvest in two cool climate wine grape production
regions. Journal of Economical entomology doi: 10.1093/
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Technology, ICAR-CIPHET, P.O.-PAU, Ludhiana, India.
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Control of Botrytis cinereaon grape berries during
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Martinez-Romero F, Guillen S, Castillo D, Serraano M
(2003) Modified atmosphere packing maintains quality of
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sulfur dioxide treatment in relation to decay and bleaching
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CONCLUSION
Development of automated fumigation chamber in
India is in nascent stage. However, it is necessary to
develop such system so that the post-harvest spoilage
of grapes may be reduced and standard protocol of
fumigation with CO2 and SO2 may be prepared for
satisfying the international norms of quality. This
will help in opening a new export market for Indian
grapes and reduce glut in the season. Thus the farmers
and traders may get higher economic value for the
grapes. Further, this system will open the venues for
fumigation of the perishable commodities in India to
improve the quality and standards for export market.
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Non-dispersive infrared based SO2F2 analyzers for fumigation
monitoring and personal protection
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ABSTRACT

Sulfuryl fluoride (SO2F2) as an alternative fumigant is becoming popular because it is noncorrosive, highly penetrating, stable in air and practically insoluble in water. Fumigation with
SO2F2 involves exposing the commodities to SO2F2 concentration in the range 5000 ppm to 25000
ppm in closed enclosures for over 24 h, during which period, fumigant concentration is to be
continuously monitored as a measure of process control. The fumigation process also involves
checking leaks, if any during fumigation, and aerating the fumigated area post fumigation to
remove any residual gases–to ensure that the fumigated area is safe to enter. This requires suitable
low range instruments which can detect fumigant concentration below the threshold limit value
(TLV). Measurement of SO2F2 can be done using various techniques, viz. thermal conductivity
measurement, interferometry, non-dispersive infrared (NDIR) sepctroscopy etc. amongst which,
NDIR technique is found to be cost effective, simple and rugged with no compromise on the
performance. Based on NDIR technique, Uniphos Envirotronic Pvt. Ltd. (UEPL) has developed
two instruments (Fumispec-Hi and Fumispec-Lo) for fumigation monitoring and leak detection
applications.The developed Fumispec-Hi is a three port fully automatic system specially designed
for monitoring the gas concentrations in a fumigation enclosure in the range 5–150 g/m3 (0.1 to
4%). The instrument is programmed to take samples from three different locations for analysis.
Another developed instrument is Fumispec-Lo, a battery operated portable instrument for leak
detection and personal safety. It has a specially designed long path gas cell meant for the detection
of low concentration of SO2F2 in the range of 0–100 ppm.
Key words: Fumigation, NDIR detector, Sulfuryl fluoride detector
Fumigation of food and other commodities are
carried out for infestation control during storage. There
are several popular fumigants like phosphine (PH3),
sulfuryl fluoride (SO2F2), methyl bromide (MBr),
carbon dioxide (CO2) etc. which are used depending on
the commodities and the available time for fumigation.
The SO2F2 is becoming popular because it is noncorrosive, highly penetrating, stable in air, practically
insoluble in water with many other favourable
properties (Mühle et al., 2009 ). These desirable
properties, along with its marked toxicity to all types
of insect pests, have made SO2F2 a popular fumigant
for a wide variety of closed structures, furnishings,
food and other non-food products. Fumigation with
* Corresponding author e-mail: nagarajs@uniphosenvirotronic.com

SO2F2 involves exposing the commodities to SO2F2
concentration in the range 5000 ppm to 25000 ppm
in enclosed environments for over 24 h (Derrick et
al., 1990). As a process control measure, and also to
conform to regulatory norms, it is necessary to monitor
the fumigation process by measuring the SO2F2
concentration during the entire period of fumigation.
For this purpose, suitable monitoring instruments able
to detect fumigant concentrations in the high range
(5000–25000 ppm) are required. On the other hand,
leak detection during fumigation and safe environment
conditions after fumigation are also important tasks
to be carried out for concerns regarding operator
safety and protection, which requires monitoring
instruments able to measure gases in threshold limit
value (TLV) range (TLV for SO2F2 is 5 ppm). The
paper describes the two instruments developed by
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Uniphos Envirotronic Pvt. Ltd. (UEPL) for fumigation
monitoring and leak detection for SO2F2 fumigant.
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DETECTION TECHNIQUE AND
INSTRUMENTATION
Electronics

The SO2F2 can be detected by instruments based
on interferometry, thermal conductivity measurements
or non-dispersive infrared (NDIR) spectroscopy.
The interferometric technique makes use of
the differing refractive index of normal air and air
containing SO2F2. The change in the interferometric
pattern resulting between normal air and air containing
the fumigant gas is related to gas concentration. This
is a very expensive technique and highly sensitive to
dust, moisture and temperature, among others factors.
It also lacks specificity as it is affected by the presence
of other impurities.
Thermal conductivity detector (TCD) makes
use of the property of differing thermal conductivity
of SO2F2 compared to normal air. The TCD sensor
consists of a sensor cell and a reference cell used in
the bridge circuit. The thermal conductivity difference
between normal air and sample air containing fumigant
gas results in an out of balance voltage which is
proportional to the fumigant gas concentration. As
compared to interferometric method this is much
less sensitive to environmental factors and much less
expensive. But this method also lacks specificity and
works very well when only one extraneous gas is
present in the matrix air.
The other technique is based on NDIR spectroscopy.
All polyatomic molecules including diatomic molecules
have strong adsorption bands in the infrared. They
can be used as fingerprints of the molecules for their
detection and determination. There are many dispersive
and non-dispersive infrared analyzers, which make
use of this absorption property of the gas molecules.
Industrial applications in the field mostly use
NDIR analyzers. A typical NDIR setup is shown in
Fig.1.
Gas IN
IR source

Window

Gas out
NBP filter

Display

Fig. 2. Block diagram of non-dispersive infrared based
SO2F2 monitor

fumigation applications, viz. Fumispec –Lo, for leak
detection and personal safety and Fumispec –Hi, for
fumigation monitoring. An IR absorption band of
SO2F2 at 6.6 micron is used as its fingerprint.
Fumispec-Lo
It is a battery operated portable instrument (Fig. 3)
which can measure SO2F2 in the range 0–100 ppm. It
has a specially designed long path gas cell meant for the
detection of low concentration of SO2F2 in the range
of 0-100 ppm. The sample for measurement is drawn
by the inbuilt sample draw pump. The instrument is
suitable for applications related to personal protection
and safety (since it can measure SO2F2 concentrations
in the range of the TLV of 5 ppm) and also for leak
detection when used with a sampling probe.

Fig. 3. Fumispec-Lo

Fumispec-Hi
It is a fully automatic system specially designed
for monitoring the gas concentrations in a fumigation
enclosure or silo and can measure SO2F2 in the
range 1000–40,000 ppm (~ 4-160 g/m3). The basic
components of the instrument are the NDIR cell, a
dust filter, dehumidifier, a sample draw pump, a set
of solenoid valves and microprocessor based signal
conditioning electronics. The block diagram of a 3
port SO2F2 fumigation monitor is shown in Fig. 4.
The instrument is calibrated in the range of 1,000–
40,000 ppm using different SO2F2 gas concentrations.

IR detectors

NBP filter

Fig. 1. Schematic of non-dispersive infrared sensor

The basic block diagram of NDIR based SO2F2
monitor is shown in Fig. 2.
Based on this technology, the UEPL has developed
two instruments for the detection of SO2F2 for
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Fig. 4. Block diagram of 3-Port SO2F2 fumigation monitor

The concentration vs digital counts is plotted which is
as shown in Fig. 5. The calibration curve is found to

be exponential which is fitted using suitable techniques
to give a linearized output. The R-square value after
curve fitting is found to be 0.999.
The instrument can be programmed to take samples
sequentially from three different locations for analysis.
Being a microprocessor based unit, it has data logging
facility and is capable of storing upto 4000 data with
gas concentration, date, time and silo number. The
stored data can also be downloaded to a personal
computer or a printer.
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Detectors for ozone fumigation
R C NAIK*, R D SHROFF
Uniphos Envirotronic Pvt. Ltd., A Group Company of UPL Ltd., India
ABSTRACT

The use of ozone as a fumigant has been tested over the past decade, primarily for control
of pests of stored-products because of its toxicity. Two of the main additional advantages of
using ozone for fumigation treatments are that ozone can be easily generated on application
site and that quickly decomposes to molecular oxygen leaving no residue. Ozone being less
stable in nature makes it all the more necessary to monitor its concentration during fumigation
to ensure application of required dose. Measurement of ozone during fumigation can be done
using various techniques, viz. chemical detector tube, chemiluminescence or UV absorption
photometry. Chemical detector tubes are simple, classical, non-electronic device which indicates
the concentration of gas directly on the calibrated scale printed on the tube. Uniphos Envirotronic
Pvt. Ltd. (UEPL) has developed chemical detector tubes of different measuring ranges covering
5 to 500 ppm which can be used for monitoring of ozone concentration during fumigation. For
personal protection and for fumigation application, UEPL also have developed a non-dispersive
UV absorption based instrument to measure in the concentration range of 0–500 ppm. This paper
gives a brief description to these detectors.
Key words: Ozone fumigation, Ozone detectors, Ozone detector tube
Among the various fumigant based pest control
techniques, ozone fumigation has gained importance
because of its promising capability to kill pests in
stored grains. Some of the other reasons for its
increasing popularity are (a) ozone has a relatively
short life in ambient air and decomposes to molecular
oxygen leaving no residue on the grain when used
in fumigation; (b) ozone can be generated on site,
hence there is no need for a storage tank; and (c)
ozone fumigation where ever it is found suitable
could also be cost effective, (Sousa et al., 2008;
Jamieson et al., 2009; Wang et al., 2010; McDonough
et al., 2011).
The key to successful ozone fumigation involves
maintaining a critical concentration for a stipulated
period of time during the fumigation treatment. For
example, Campabadal et al., (2013) aimed to maintain
50 ppm of ozone during 72 h to achieve 100% of
insect mortality in a test trial using 456 tonnes bins.
This needs suitable instruments/devices to monitor
ozone concentration during fumigation.

DETECTION TECHNIQUES AND DEVICES
Chemical detector tubes
These detectors contain a solid support material
impregnated with ozone sensing chemicals held
between two end plugs and sealed in a glass tube with
tapered tips as shown in Fig. 1. When a fixed volume
of sample air containing the target gas is drawn through
the tube by means of a precision air sampling pump,
a discoloured stain develops. This stain length is
calibrated to directly read the target gas concentration
in ppm, percentage or mg/m3 on the tube scale.
For fumigation applications, Uniphos has
developed detector tubes for ozone in the range of
5-100 ppm and 25-500 ppm. These tubes can be

1. Filling material
*Corresponding

author e-mail: naikrc@uniphos.com

2. Filters

3. End plugs

Fig. 1. Different parts of chemical detector tube
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Fig. 2. Block diagram of UV absorption based ozone analyzer

used for monitoring of ozone concentration during
fumigation.

2000

UV absorption based ozone analyzer
Ozone has strong absorption in the UV region from
200 to 350 nm, with a maximum near 250 nm. Taking
this as a fingerprint for ozone detection, Uniphos has
developed a UV absorption based ozone analyzer for
fumigation applications.
Uniphos ozone analyzer is a fully automatic
instrument specially designed for monitoring the gas
concentrations during the ozonation treatment and can
measure ozone in the range of 0-100 ppm. The basic
components of the instrument are the UV absorption
cell, a dust filter, sample dryer, ozone scrubber, a
sample draw pump, a set of solenoid valves and
microprocessor based signal conditioning electronics.
The block diagram of Uniphos azone analyzer is
shown in Fig. 2.
The instrument is calibrated in the range of 0-100
ppm using various ozone gas standards of different
concentrations. The concentration (ppm) vs absorption
(mV) curve is as shown in Fig. 3. The instrument is
programmed to give linear output using suitable curve
fitting techniques. The R2 value of the fitted curve is
found to be 0.999.
Being a microprocessor based unit, it has data
logging facility and is capable of storing upto 4000
data with gas concentration, date, time and silo number.
The stored data can be transferred to a computer via
Bluetooth or it can be transferred to a GSM modem
through RS-232 communication. The GSM modem
can send the data to a pre-configured mobile as a text
message (SMS). It can also send this data to any pre-
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Fig. 3. Calibration curve for UV absorption based ozone
analyzer

configured e-mail IDs or can upload on a chosen FTP
server. The data on the server can further be accessed
by a user, through web-application.
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Development of portable modified atmospheric packaging
(MAP) unit for grain disinfestation
GANACHARI AMBRISH, UDAYKUMAR NIDONI*, C T RAMACHANDRA, P F MATHAD,
A G SREENIVAS
Department of Processing and Food Engineering, College of Agricultural Engineering,
University of Agricultural Sciences, Raichur, Karnataka, 584 104, India
ABSTRACT

A portable modified atmospheric packaging (MAP) unit was developed for grain disinfestation.
The developed MAP unit consisted of a grain holding unit and cover, sealing unit, flushing nozzle,
pressure regulator, solenoid valve with timer, working table and carbon dioxide cylinder. The
operational parameters of the developed MAP unit, viz. flushing pressure and flushing duration,
was optimized for Bengal gram (Cicer arietinum L.). The flushing pressure of 5 kg/cm2 for 10
s was found to retain the maximum concentration of CO2 (94.8%) and minimum of O2 (0.1%)
in Bengal gram packages of one kg capacity, with highest desirability of 97.8%. The results on
storage of Bengal gram showed no incidence of infestation and the highest germination (%)
in PET packages compared to PE and PP at the end of nine months. Similarly, CO2 retention
was observed to be for longer period in PET compared to PE and PP. The estimated cost of the
developed MAP unit was found to be ` 8350 and the cost of packaging was worked out to be
`  2.90 for PET followed by PE and PP each of `1.90.
Key words: Disinfestations, MAP of Bengal gram, Modified atmospheric packaging unit
Agriculture is an important sector of Indian
economy, contributing about 17% to the GDP and
provides employment to over 60% of the population
(Kekane, 2013). Indian agriculture has registered
impressive growth over last few decades and helped
India to mark its global presence. Grain production
has been steadily increasing owing to advanced
production technologies, but improper storage
resulted in high losses. During storage, quantitative
as well as qualitative losses occur due to insects,
rodents and micro-organisms. Grain storage plays
an important role in preventing losses which are
caused mainly due to weevils, beetles, moths and
rodents (Kartikeyan et al., 2009). It is estimated that
60–70% of food grain produced in the country is
stored at home level in indigenous storage structures;
however, they are not suitable for storing grains for
very long periods (Mishra et. al., 2012). Here in lies
the significance of improved and scientific storage

of grains. Many studies have shown that modified
atmosphere (MA) of elevated CO2 and depleted O2 is
lethal to pests and obligate aerobe micro-organisms
during the storage. Modified atmospheric storage
is a well-proven technology for preserving natural
quality of food products in addition to extending the
storage life (Jayas and Jeyamkondan, 2002). At the
same time, consumers today expect the food products
to be chemical and pesticide free or with lower
levels of residues. Hence it is necessary to develop
alternative methods that are economically feasible and
ecologically adjusted to control storage grain insects
and fungi (Moreno-Martinez et al., 2000). Though
modified atmosphere packaging is a effective method
for storing the grains without spoilage and it may
help improve the shelf life of the grains effectively,
still it has some limitations like higher initial cost.
Hence an attempt is made to develop a small-scale
portable modified atmospheric packaging unit.
MATERIALS AND METHODS

co.in
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Selection of food grains
Survey was conducted to know the major food
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grains grown in the region, their production and shelf
life. Based on the study, bengal gram (Cicer arietinum
L.), rice (Oryza sativa L.) and sorghum were selected
for design of the modified atmospheric unit.

Height of the grain
holding unit (H) = Height of the packaging machine
+ Free board
		= 140 mm + 60 mm = 200 mm
The final dimensions = L × W × H
		= 600 mm × 450 mm × 200 mm

Physical properties of selected food grains
The physical properties of grains relevant to the
design of portable modified atmospheric packaging
unit, viz. bulk density, true density and porosity, were
determined. The bulk density was determined as the
ratio of mass of the sample and volume occupied
by it (Mangaraj and Singh, 2005). The true density
was determined by toluene displacement method as
suggested by Mohsenin (1986). Porosity was computed
from the value of particle density and bulk density
using the equation given by Mohsenin (1986).

Plywood of 8 mm thick was used as construction
material considering its durability and cost.
Top cover of grain holding unit: Transparent fibre
sheet of 5 mm thick was used as top cover, so as to
make sure the operation of gas flushing and sealing
are visible to avoid the possible errors. Accordingly,
the dimensions of cover were selected as 615 mm and
465 mm based on grain holding unit.
Sealing unit: The sealing machine was selected
based on dimensions of packaging material and the
standard sizes of sealing machine available in the
market. The sealing unit of SEPACK brand (model-300
DELTAS) with seal dimensions of 300 mm × 1.6 mm
was used.
Nozzle: The nozzle was used for flushing the gas
and dimensions were selected based on the standard
sizes available in market. Nozzle of 50 mm length
with 2 mm of orifice was selected.
Pressure regulator: It was provided for regulating
the pressure and flow volume. The commercially
available gas regulator with maximum pressure range
of 16 kg/cm2 with orifice of 6 mm was used.
Solenoid value with timer: Timer controlled
solenoid valve was used to control the flow of gas.
Commercially available solenoid valve of 2/2-way
midget direct acting normally closed and energized
to open type with 6 mm orifice was used with digital
timer ranging 0.5–45 min.
Working table: The MAP unit was placed on
a portable working table made of cast iron angles.
Dimensions of table are designed based on the
dimensions of the MAP unit and operators ergonomics.
The dimensions designed are 620 mm × 470 mm ×
850 mm for L × W × H.
Carbon dioxide cylinder: The commercially
available carbon dioxide cylinder having 30 kg capacity
with a total volume of gas equal to 47.4 m3, was used
for the experiment.

Selection of packaging material
The commonly available packaging materials, viz.
polyethylene (PE), polypropylene (PP) and polyethylene
terephthalate (PET) having 100 μ thickness, were used.
The dimension was selected based on bulk density and
headspace required for filling gas. Five kg capacity
packaging material was used for designing the MAP
unit and one kg capacity for studying the quality
parameters of packaged food grains.
Development of portable modified atmospheric unit
A portable modified atmospheric packaging
(MAP) unit was designed, developed and tested for
disinfestations of Bengal gram. The developed unit
consists of a grain holding unit, top cover, sealing unit,
nozzle, pressure regulator, solenoid valve with timer,
working table and carbon dioxide cylinder.
Grain holding unit: The dimensions of grain
holding unit are designed based on the quantity of
grains to be packed, dimension of sealing unit and
space to accommodate other accessories. Based on the
water capacity of the packaging material and volume
of the grains, the dimension of the packaging material
was selected. The unit was designed for packing of 5
kg grain capacity.
Standard packaging material size for 5 kg capacity:
450 mm × 300 mm
Length of the grain
holding unit (L) = Length of packaging material +
width of the sealing unit + length
of the nozzle
		= 450 + 100 + 50 = 600 mm
Width of the grain
holding unit (W) = Length of the sealing unit space
+ Free board
		= 400 + 50 = 450 mm

Performance evaluation of developed MAP unit
The performance of developed MAP unit was
evaluated after optimizing the operational parameters
of MAP unit in terms of quality of packaged grains/
seeds during storage period.
The optimization of operating parameters, viz.
flushing pressure and flushing duration, for the
developed MAP unit was carried to achieve target
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composition of gases in the grain packages using
statistical software Design Expert with two responses
(CO2 maximization >60% and O2 minimization <3%)
in the range. The target gas concentrations considered
for insect toxicity were 3% or less of O2 and 60% or
more of CO2 (Mbata et al., 2004). The flushing of gas
was carried out at four different pressures, viz. 2, 3,
4 and 5 kg/cm2, and flushing durations, viz. 5, 10, 15
and 20 s for Bengal gram based on trial experiments.
The leakage test was performed by bubble immersion
testing method as described in IS 9902:2004.

Table 1 Physical properties of the selected grains
Parameter

Commodity

Bulk density (kg/m3)
Particle density

(kg/m3)

Porosity (%)

Bengal
gram

Rice

Sorghum

818

838

821

1330

1428

1304

38.47

41.29

37.03

RESULTS AND DISCUSSION
Physical properties of selected food grains
Grain properties relevant to the design of MAP unit
were determined for rice, Bengal gram and Sorghum
and results are presented in Table 1.
The mean values of bulk density for Bengal
gram, rice and sorghum were 818, 838 and 821 kg/
m3, respectively, with highest value for rice followed
by sorghum and Bengal gram (Table 1). The average
values of particle density were 1330, 1428, 1304 kg/m3
for Bengal gram, rice and sorghum respectively. The
calculated porosity was 38.47, 41.29 and 37.03% for
Bengal gram, rice and sorghum respectively. Similar
results were reported by Kanchana et al. (2012),
Jambamma et al., (2011) and Nikoobin et al. (2009).

Gas composition in package
The gas concentration in package was measured
using gas analyzer (Model-Check point; Make-PBI
Dansensor, Denmark) at monthly interval during
storage period.
Quality parameters of packaged grains/seeds
The quality parameters, viz. per cent insect damage
and germination percentage, for packaged grains/seeds
were estimated for nine months at monthly intervals
during storage. Pulses suffer a great damage during
storage due to insect attack and Bengal gram is one
of the important pulse crop of the HK region. Hence
Bengal gram was selected for storage study and is
severely attacked by bean beetle resulting losses in
quantity and nutritional quality (Muhammad Sarwar,
2012).

Selection of packaging material
Based on bulk density of grains and water capacity
of packages, the commercially available packaging
materials of one kg capacity with 203 mm × 305
mm, 100 μ were selected for the performance study.
The dimensions of packaging materials are presented
in Table 2.

Per cent insect damage
Insect damage was assessed by counting method as
described by Wambugu et al. (2009). It was estimated
by drawing 100 seeds from each replication at random
and damaged seeds due to insects (with holes, eggs
or both) were recorded and expressed in percentage
on number basis.

Table 2 Dimensions of one kg capacity packaging materials
Packaging material

Germination percentage
Germination test was conducted with three
replicates of 100 seeds each in the paper medium and
kept in the walk-in germinator maintained at 25 ± 1°C
and 90 ± 2% r. h. At the end of sixth day, the number
of normal seedlings in each replication was counted
and the germination was calculated and expressed in
percentage (ISTA, 2013).

Size
(mm2)

Thickness
(μ)

Water
capacity
(cm3)

Poly ethylene (PE)

203 × 305

105

1890

Polypropylene (PP)

203 × 305

101

1740

Polyethylene
terephthalate (PET)

203 × 305

103

1770

Design of modified atmospheric packaging unit
The specifications of the developed portable
MAP unit are presented in Table 3 and the schematic
diagram in Fig. 1.

Economics of developed unit
The economic analysis is an important part of
any technology, since it determines the cost  :  benefit
ratio and adoptability of the technology. The cost of
the developed MAP unit and the cost of packaging
were computed.

Performance evaluation of developed MAP unit
The recorded and analyzed data for performance
evaluation of MAP are presented below.
The data on average of replications for gas
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composition in Bengal gram packages immediately
after flushing are presented in Table 4. It was observed
that, flushing pressure and duration had significant
effect on concentration of flushed gas. The solutions
provided by optimization tool showed the flushing
of CO2 at 5 kg/cm2 for 10 sec had 97.8% desirability
for Bengal gram.

Table 3 Design specifications of portable modified atmospheric
packaging (MAP) unit
Parts of MAP

Specifications

Grain holding unit

L × W × H : 600 mm × 450 mm ×
200 mm

Top cover

L × W × T : 615 mm × 465 mm × 5 mm

Sealing unit

L × W × H : 400 mm × 90 mm ×
140 mm
Seal dimensions : L × T - 300 mm
× 1.6 mm

Nozzle

L × D : 50 × 8 mm, Orifice - 2 mm

Solenoid valve

2/2-Way Midget Type, Normally
Closed
Size : 6mm (1/4"), Orifice - 3.0 mm,
Max. Pressure – 12 bar

Pressure regulator

Model - OR Mini (1/4’), Pressure
(Max) P1 - 16 kg/cm2

Working table

L × W × H : 620 mm × 470 mm ×
850 mm

Retention of carbon dioxide and oxygen in grain
packages
The variations of CO2 and O2 concentration for
Bengal gram packets during storage, presented in Table
5, showed that CO2 composition reduced and attained
atmospheric condition within one month of storage
in PE and PP packets, whereas PET retained higher
levels of CO2 up to three months. Similarly, oxygen
composition turned to atmospheric condition within
one month for all packaging materials. This might be
because of higher permeability PE and PP for CO2

200

Portable map unit
Front view

Side view
620

Solenoid valve

200

200

600

Pressure
regulator

1200

Working table

850

Grain holding unit

620
620
Top view
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90
Nozzle
Sealing unit
620
All dimensions are in mm

Fig. 1. Schematic presentation of modified atmospheric packaging unit
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Table 4 Average data on composition of gas in bengal gram packages
2 kg/cm2

3 kg/cm2

4 kg/cm2

5 kg/cm2

Pressure
Time, s

5

10

15

20

5

10

15

10

15

20

5

10

15

20

CO2, %

91.6

92.6

92.3

94.8

85.0

92.7

91.6

92.5 91.9

94.5

91.0

94.6

90.5

94.8

93.1

93.8

0.5

0.6

0.7

0.1

2.1

0.6

0.7

0.6

0.1

0.9

0.1

1.0

0.1

0.4

0.3

O 2, %

Table 5.
Packaging
material

20

5
0.6

Retention of CO2 and O2 gas for bengal gram in different packaging materials during storage
Storage period, months
0

1

2

3

PE

94.4

0

0

0

PP

94.25

0

0

PET

93.95

21.6

PE

0.14

PP
PET

4

5

6

7

8

9

0

0

0

0

0

0

0

0

0

0

0

0

0

12.6

0

0

0

0

0

0

0

20.9

20.9

20.9

20.9

20.9

20.9

20.9

20.9

20.9

0.05

20.9

20.9

20.9

20.9

20.9

20.9

20.9

20.9

20.9

0.14

20.9

20.9

20.9

20.9

20.9

20.9

20.9

20.9

20.9

Carbon dioxide, %

Oxygen, %

and O2 gases compared to PET. Valentina (2012) also
reported similar results.
Per cent insect damage
The data on per cent insect damage influenced
by MAP conditions during storage revealed that, no
incidence of infestation was found up to five months
but, from sixth month onwards infestation was
observed in PE and PP packages (Table 6) and PET
packages were free from infestation even after nine
months. The results are in agreement with Ramesh
Babu et al., (1991) and Mbata et al., (2004).

Table 6

Germination
The results of germination as influenced by MAP
conditions during storage showed that, germination
percentage declined with advancement of storage
period. (Table 7). Germination percentage was the
highest for Bengal gram stored in PET packets which
was 100% at initial stage and decreased to 97.5% at
the end of nine months. In PE and PP packages, it
declined from 100% to 94.0% and 94.5% respectively.
The probable reason for differences in longevity might
be due to reduced respiration and aging of the seeds at
higher concentration of CO2. Bera et al., (2004) also

Per cent insect damage for Bengal gram in different packaging materials during storage

Packaging material

Storage period, months
1

2

3

4

5

6

7

8

9

Poly ethylene (PE)

0

0

0

0

0

1.0

2.5

3.5

5.0

Polypropylene (PP)

0

0

0

0

0

0.5

1.5

3.0

4.0

Polyethylene terephthalate (PET)

0

0

0

0

0

0.0

0.0

0.0

0.0

Table 7

Germination percentage for Bengal gram in different packaging materials during storage

Packaging material

Storage period, months
0

1

2

3

4

5

6

7

8

9

Poly ethylene (PE)

100

100

99.3

99.0

99.0

97.0

96.5

96.0

95.5

94.0

Polypropylene (PP)

100

100

99.3

99.6

98.0

97.5

97.5

96.5

95.0

94.5

Polyethylene
terephthalate(PET)

100

100

99.6

99.6

99.0

99.0

98.5

98.0

97.5

97.5
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reported that, the germmination ability of wheat seed
was not adversely affected by CO2 rich atmosphere
when stored for six months with 12% moisture content.
Rathi et al., (2000) also reported on the germination
and viability of soybean [Glycine max (L.) Merr.] and
sorghum [Sorghum bicolor (L.) Moench] seeds indicate
that an atmosphere containing high CO2 does not have
a detrimental effect on seeds as much as high storage
temperature and higher moisture content.

K (2012) Physical quality of selected rice varieties. World
Journal of Agricultural Sciences 8(5): 468–472.
Kartikeyan C, Veeraraghavantham D, Karpagam D, Firdouse
SA (2009) Traditional storage practices. Indian Journal
of Traditional Knowledge 8(4): 564–568.
Kekane MA (2013) Indian agriculture — Status, importance
and role in Indian economy. International Journal of
Agriculture and Food Science Technology 4(4): 343–346.
Mangaraj S, Singh R (2005) Studies on some engineering
properties of Jatropha for use as biodiesel. Bioenergy
News 9: 18–20.
Mbata G N, Phillips TW, Payton M (2004) Mortality of
eggs of stored-product insects held under vacuum: effects
of pressure, temperature, and exposure time. Journal of
Economic Entomology 97(2): 695–702.
Mishra P, Prabuthas, Mishra HN (2012) Quality assurance
and safety of crops and foods. First ICC India Grains
Conference, in partnership with ICRISAT Special Issue
4(3): 144.
Mohsenin NN (1986) Physical Properties of Plant and
Animal Materials. Taylor and Francis, New York.
Moreno-Martinez E, Jiménez S, Vazquez ME (2000) Effect
of Sitophilus zeamais and Aspergillus chevalieri on the
oxygen level in maize stored hermetically. Journal of
Stored Products Research 36: 25–36.
Muhammad Sarwar (2012) Assessment of resistance
to the attack of bean beetle Callosobruchus
maculatus (Fabricius) in chickpea genotypes on
the basis of various parameters during storage.
Songklanakarin Journal of Science and Technology
34(3): 287–291.
Nikoobin M, Mirdavardoost F, Kashaninejad F, Soltani
A (2009) Moisture-dependent physical properties of
chickpea Seeds. Journal of Food Process Engineering
32: 544–564.
Rameshbabu M, Jayas DS, White NDG (1991) Mortality
of Cryptolestes ferrugineus (Stephens) adults and
eggs in elevated carbon dioxide and depleted oxygen
atmospheres. Journal of Stored Products Research 27(3):
163–170.
Rathi SS, Shah NG, Zambre SS, Kalbande VH, Venkatesh
KV (2000) Respiration, sorption and germination of seeds
in controlled atmosphere. Seed Science and Technology
28: 341–348.
Va l e n t i n a S i r a c u s a ( 2 0 1 2 ) F o o d p a c k a g i n g
permeability behaviour: A report. International
Journal of Polymer Science Vol (2012). http://dx.doi.
org/10.1155/2012/302029
Wambugu PW, Mathenge PW, Auma EO, Rheenen HA
(2009) Efficacy of traditional maize (Zea mays L.) seed
storage methods in Western Kenya. African Journal
of Food Agriculture, Nutrition and Development 9:
1110–1128.

Economics
The cost of developed MAP unit was estimated to
be ` 8,350 and cost of operation ` 0.90/ packet. The
cost of modified atmospheric packaging of Bengal
gram was ` 2.90 for PET followed by PE and PP each
of ` 1.90 respectively.
CONCLUSION
The developed portable MAP unit consisted of
a grain holding unit, sealing unit, flushing nozzle,
pressure regulator, solenoid valve with timer, working
table and CO2 cylinder. The flushing pressure of 5 kg/
cm2 for 10 s duration was found to flush the maximum
concentration of CO2 (94.8%) and the minimum of
O2 (0.1%) in the Bengal gram packages of one kg
capacity, having highest desirability of 97.8%. The
performance evaluation showed no incidence of
infestation in PET packages compared to PE and PP
packages and germination was also highest for Bengal
gram packed in PET (97.5%) compared to PE (94.0%)
and PP (94.5%) packages at the end of nine months
of storage. The estimated cost of the MAP unit was
found ` 8350 and the cost of packaging ` 2.90 for
PET followed by PE and PP each of ` 1.90.
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Postharvest treatment research at USDA-ARS:
Stored product fumigation
S S WALSE*, R L JIMENEZ, S GAUTAM, J S TEBBETS
USDA, Agricultural Research Service, San Joaquin Valley Agricultural Sciences Center, 9611
S. Riverbend Avenue, Parlier, California, USA, 93648-9757
ABSTRACT

The overall goal of this USDA-ARS research is to ensure the protection and quality of
stored product foodstuffs. The results of this research directly enhance production, distribution,
and safety of foodstuffs, promote and retain access of United States-grown crops to domestic
and foreign markets, and protect the United States and trading partners from the agricultural,
ecological and economic threat posed by quarantine and invasive pests. In general, USDA-ARS
research related to the fumigation of stored products focuses on the development of techniques
to rapidly disinfest raw products of field pests, control pests in processed products amenable
to re-infestation and microbial infection, and reduce reliance on fumigation as a stand-alone
measure for postharvest disinfestations and disinfections. Specific research objectives include:
comparative evaluation of alternative fumigants to methyl bromide in postharvest applications,
development of novel technologies to reduce and eliminate atmospheric emissions from chambers
used in postharvest fumigation, and design production strategies that allow for a more strategic
postharvest use of methyl bromide and alternative fumigants. Recent research findings will be
presented and discussed, including: exposure requirements of phosphine on key stored product
pests (as related to resistance management), the insecticidal efficacy of fumigant mixtures, and
the juxtaposition of methyl bromide regulations and maximum residue level (MRL) regulations.
For several key species of stored product insects endemic to California USA, detailed below are
experimental details associated with the collection and preparation of eggs for fumigation studies.
Key words: Food safety, Food security, Phosphine resistance, Postharvest methyl bromide
The globalization of agriculture challenges
political, regulatory, and industrial entities to balance
consumer- and policy-driven demands for food security
and food safety with human and environmental health
concerns. For example, methyl bromide (MB), as a
postharvest fumigant, is highly effective against insects
and microorganism pests (Johnson et al., 2012; Bell
et al., 1997). MB is also an atmospheric source of
reactive bromine gases (Lary, 1996), which deplete
stratospheric ozone (Solomon, 1990; Yung et al.,
1980). Anthropogenic utilization of MB is regulated by
international agreement under the Montreal Protocol,
which specifically restricts the production and sales
of MB. In instances where MB can no longer be
*Corresponding
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purchased for the purpose of conducting postharvest
fumigations, alternatives are required. Toxicological
analyses must be conducted, environmental impacts
of the treatment assessed, and the economics of
accompanying cost(s) evaluated, for each agricultural
sector where MB is replaced.
With respect to >2,000,000 tonnes of dried fruit
and tree nuts produced annually in California, which
includes >99% of the prunes, apricots, raisins, figs,
dates, almonds, walnuts, and pistachios grown in the
USA, the steady increase in the implementation of
integrated pest management programs over the last
decades has not been able to eliminate the reliance
on postharvest fumigation. For handlers of these
commodities, insect control can be generalized by
two scenarios: the disinfestation of raw product from
“production” pests within hours or days after harvest
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Dried fruit beetle (DFB), C. hemipterus (L.),
was originally collected in 1978 from Italian Swiss
Colony Winery in Fresno County, California USA
and cultured in 946 mL glass jars on ripened banana
placed atop soil substrate. An oviposition unit (OU)
was developed based on the finding that DFB females
will oviposit into crevices. One OU was comprised
two glass slides (75 l × 25 w × 1 h mm). A thin
smear of lima bean-based agar diet (codling moth
diet; USDA 2007) was centered along the length of
each slide. Four wax paper strips (75 × 20 mm) were
each folded in half lengthwise (75 × 10 mm). Along
each length of the slide, two of the folded strips were
aligned with the creases spanning the center of the
slide and paralleling the diet. Two identically prepared
slides were placed together sandwiching the diet and
wax paper between them. All the edges were aligned
and the slides held together by a rubber band (#16)
stretched lengthwise down the center. Four OUs were
stood upright inside a 236 mL glass jar. DFB adults (n
= 75 to 100) were transferred to the jar. The glass jar
was sealed with a filter paper (Whatman® #1, 70-mm
diameter), followed by a wire screen (U.S. #40 mesh,
70-mm diameter), and both were secured a top the jar
with a threaded metal ring. The jars were transferred
to the rearing unit for an oviposition period of 12 to
18 h. Afterwards, the OUs with eggs were retrieved
and the adults were brushed off and back into the jar
using a soft, horsehair brush. The respective number
of eggs per OU were counted and recorded within a
duration of ~ 2 h. Prior to fumigation treatments, or
concomitant use as untreated controls, the OUs with
eggs < 20 h old were transferred to an empty 236 mL
glass jars with only a #40 mesh stainless-steel screen
lid (70-mm diameter) secured as above.
Red flour beetle (RFB), T. castaneum (Herbst),
was obtained from a laboratory colony maintained
at USDA, Manhattan, KS in 1967. RFB adults (200
to 300) were transferred to a 946 mL glass jar filled
with 20 to 25 g of sifted white flour (U.S. #70, 0.21
mm2 openings). The jar was sealed with filter paper
(Whatman® #1, 90mm diameter) followed by a wire
screen (U.S. #40 mesh, 90mm diameter) and both
were secured a top the jar with a threaded metal ring.
The jar was transferred to the rearing unit for a 72 h
ovipositional period, after which, eggs were separated
from the adults and flour using a stack of sieves
(Seedburo Equipment Company, Des Plaines, IL). The
contents of the jar were poured into the top sieve (U.S.
#25, 0.71 mm2 openings) and shaken vigorously for
a few minutes. The eggs were retrieved, along with a
small amount of flour remnant, from the underlying
sieve (U.S. #70, 0.21 mm2 openings) by decanting

and the disinfestation of “stored product” from
storage pests whenever the need arises. MB, which
quickly penetrates commodity loads and has nondiscriminating efficacy against targeted pests relative
to other fumigants, was used successfully for this
purpose over the last 2 decades to the extent that the
infrastructural capabilities and logistics of the dried
fruit and nut industry have evolved in concert with MB
use. For either scenario, MB fumigations are typically
conducted in a chamber at temperature >10°C and last
24 h or 4 h when conducted at normal atmospheric
pressure or 100 mm Hg, respectively (Hartsell et al.,
1991; Tebbets et al., 1986; Tebbets et al., 1978).
Sulfuryl fluoride, phosphine, propylene oxide,
and ethyl formate are just a few fumigants that have
been proposed as alternatives to MB for the control
of insects in dried fruit and tree nuts from California.
In general, eggs are relatively more tolerant toward
these alternatives than other life stages. Here we report
experimental details associated with the collection and
preparation of eggs for fumigation studies involving
the following species: Carpophilus hemipterus (L.)
(Coleoptera, Nitidulidae), Tribolium castaneum
(Herbst) (Coleoptera, Tenebrionidae), Lasioderma
serricorne (Fabricius) (Coleoptera: Anobiidae),
Amyelois transitella (Walker) (Lepidoptera: Pyralidae),
Cydia pomonella (Linnaeus) (Lepidoptera: Tortricidae),
Plodia interpunctella (Hübner) (Lepidoptera:
Pyralidae), Ephestia elutella (Hübner) (Lepidoptera:
Pyralidae), and Carob moth (CbM), Ectomyelois
ceratoniae (Zeller) (Lepidoptera: Pyralidae).
MATERIALS AND METHODS
Insects and egg collection: Specimens were
cultured in the insectary at the United States
Department of Agriculture-Agricultural Research
Service (USDA-ARS), San Joaquin Valley Agricultural
Sciences Center, Parlier, CA (USDA, 2012). Cultures
were housed in a 15.2 m3 rearing unit maintained at
27 ± 1°C ( x ± s) and 60 ± 5% r.h. ( x ± s) with a
photoperiod of 16:8 (L:D) h. Rearing procedures and
diets, briefly mentioned below, were as reported in the
Crop Protection and Quality Research Unit electronic
rearing manual (USDA, 2007). Voucher specimens
of C. hemipterus, T. castaneum, L. serricorne, P.
interpunctella, E. elutella, A. transitella, and C.
pomonella adults were preserved in 95% ethyl alcohol
and deposited at the K. C. Emerson Entomology
Museum at Oklahoma State University under lot
numbers 138, 139, 140, 141, 142, 143, and 144,
respectively. Eggs were counted using a dissecting
microscope (8 to 10 × magnification). Other methods
for egg collection are detailed here.
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them into a glass Petri dish (100 diameter × 15 mm
high). Using a small, horsehair brush, 100 to 200 eggs
were transferred onto black velour paper that lined the
inside of a 35 mm diameter Petri dish (Falcon, Oxnard,
CA). Wheat bran diet (5 g), prepared as described in
the rearing manual (USDA 2007), was placed in each
10 cm diameter plastic Petri dish cages. The diet was
spread concentrically to the outer edge of each dish
bottom and a single 35 mm Petri dish, containing the
< 72-h old eggs, was placed in the center of the void.
After fumigation treatment, or concomitant use as
non-treated control specimens, lids were placed atop
the 10 cm diameter plastic Petri dish cages.
Cigarette beetle (CB), L. serricorne (F.) was
originally obtained from whereabouts unknown circa
1967 and cultured in 946 mL glass jars filled with
~225 g of rice bran diet. CB adults (200 to 300) were
transferred to a 946 mL glass jar filled with 20 to 25
g of sifted white flour (U.S. #70, 0.21 mm2 openings).
The jar was sealed with filter paper (Whatman® #1,
90mm diameter) followed by a wire screen (U.S.
#40 mesh, 90-mm diameter) and both were secured
a top the jar with a threaded metal ring. The jar was
transferred to the rearing unit for a 72 h ovipositional
period, after which, eggs were separated from the
adults and flour using a stack of sieves (Seedburo
Equipment Company, Des Plaines, IL). The contents
of the jar were poured into the top sieve (U.S. #25,
0.71 mm2 openings) and shaken vigorously for a
few minutes. The eggs were retrieved, along with a
small amount of flour remnant, from the underlying
sieve (U.S. #70, 0.21 mm2 openings) by decanting
them into a glass Petri dish (100 diameter × 15 mm
high). Using a small, horsehair brush, 100 to 200
eggs (< 72 h old) were transferred onto black velour
paper that lined the inside of a 35 mm diameter Petri
dish. CB eggs were caged and prepared for testing
as described above for RFB eggs.
Navel orangeworm (NOW), A. transitella
(Walker), was originally obtained in 1966 from the
University of California, Berkeley and cultured in
3.8 L glass jars filled with ~400 g of wheat bran diet
(Tebbets et al., 1978). NOW eggs were obtained by
transferring adult moths (150 to 200) into a 2.8 L
stainless-steel can (16.5 cm diameter). The can was
covered with a white paper towel, which served as
the substrate for oviposition. The paper towel was
held in place with two rubber bands (size 18). The
can was laid on its side on a shelf in the rearing unit
with the paper towel lid facing towards the light
sources. After 72 h, the paper towel was removed.
The < 72h old eggs were harvested by counting and
cutting sections of paper towel to contain 200 to 300

eggs each. Petri-dish cages were prepared and diet
was concentrically introduced as described above for
RFB, however, NOW eggs attached to a paper towel
section were placed on top of an inverted plastic
weigh dish (41 × 41 × 8 mm) placed at center of
each cage bottom.
Codling moth (CM), C. pomonella (L.), was
originally obtained in 1984 from an apple orchard
in North Fork, Fresno County, CA. Approximately,
120 adult C. pomonella were aspirated from 30 mL
rearing cups containing lima bean agar diet and
were transferred into a 2.1 L stainless-steel can,
which had the bottom removed. The inner surface
of the can was lined with velour poster board
(Hygloss Products Inc., Wallington, NJ). Both ends
of the can were closed with wax paper, which was
secured with plastic snap cap lids. The can was
transferred to the rearing unit for a 72 h ovipositional
period. The adults were tapped to one side of
the can and the < 72 h old eggs were harvested from
the opposite end of the can by removing the wax
paper. The wax paper was trimmed into sections
containing 200 to 300 eggs each and each section
was placed in Petri-dish cages on top of an inverted
plastic weigh dish (41 × 41 × 8 mm) as described
above for NOW.
Indian meal moth (IMM), P. interpunctella
(Hübner), was originally collected from a walnut
packing house in Modesto, Stanislaus County,
California in 1967 and cultured in 3.8 L glass jars
filled with ~400 g of wheat bran diet (USDA, 2007).
To collect eggs, adults (ca. 200 to 300) were aspirated
and transferred to a 1.9 L glass jar. Inside the jar,
each of two paper towel strips (7.6 cm × 22.5 cm)
were taped to the bottom in a manner that allowed
them, upon inversion (vide infra), to hang in parallel
without touching the screen lid. Each glass jar was
covered with a wire screen (size, U. S. #40 mesh)
that was secured using a threaded metal ring. The
jar was transferred to the rearing unit, inverted, and
aligned atop a paper clip spacer, which sat inside the
bottom of a Petri dish (90 d × 20 h mm) lined with a
single filter paper (Whatman® #1, 90mm diameter).
Following a 72 h ovipositional period, the side of
the jar was tapped several times, which allowed the
< 72 h old eggs to drop through the mesh screen for
collection on the filter paper. The jar and the paper
clip were removed from the Petri-dish. Thereafter,
eggs were separated from other contents atop the filter
paper using a stack of sieves (Seedburo Equipment
Company, Des Plaines, IL). The contents were
first poured into the top sieve (U.S. #25, 0.71 mm2
openings) and shaken vigorously for a few minutes.
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The eggs were retrieved from the underlying sieve
(U.S. #60, 0.25 mm2 openings), sorted into groupings
containing 200 to 300 specimens, and then caged as
described above for RFB eggs.
Tobacco moth (TM), E. elutella (Hübner), was
originally collected in 1969 from the USDA Tobacco
Investigations Laboratory, Richmond, VA and cultured
in 3.8 L glass jars filled with ~400 g of wheat bran diet
(USDA, 2007). The < 72 h old TM eggs were collected
as described above for IMM; however, the groupings
containing 200 to 300 specimens were transferred onto
double-sided sticky tape attached to the bottom of a 10
cm diameter plastic Petri-dish cage. After fumigation
treatment, or concomitant use as non-treated control
specimens, lids were placed atop the 10 cm diameter
plastic Petri dish cages.
Carob moth (CbM), E. ceratoniae (Zeller), was
originally obtained in 2009 from Dr. Tom Perring at
the University of California, Riverside and cultured
in 3.8 L glass jars filled with ~400 g of wheat bran
diet (Tebbets et al., 1978). CbM eggs were collected
and prepared for fumigation as described for NOW.

separate manuscripts.
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RESULTS AND DISCUSSION
Results of fumigation studies involving sulfuryl
fluoride, propylene oxide, sulfuryl fluoride –propylene
oxide mixtures, and ethyl formate will be reported in
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Status of phosphine resistance in stored grain insect pests in
Uttar Pradesh, India
CHITRA SRIVASTAVA*, VIMAL DWIVEDI, RAHUL CHANDEL, S SUBRAMANIAN
Division of Entomology, Indian Agricultural Research Institute, New Delhi 110 012, India
ABSTRACT

India is one of the largest foodgrain consumers in the world with large-scale reserves of food
grains by the government on a long-term basis. Due to the international agreements for phasing
out of methyl bromide, the dependence on phosphine is increasing noticeably in stored grain
pest management. Changes in the susceptibility of the pest populations need to be monitored
on a long-term basis so as to manage development of resistance to phosphine. Through efficient
monitoring programmes, the resistance development can be delayed and thus the effectiveness of
phosphine (Ph3) can be retained. Studies were carried out to evaluate the susceptibility levels of
storage insects populations collected from Uttar Pradesh, India. Insects infesting wheat (Triticum
aestivum L.) and rice (Oryza sativa L.), viz. Tribolium casteneum (Herbst), Rhyzopertha dominica
(Fabricius) and Sitophilus oryzae (L.), were collected from three different godowns along with
the information of their storage method –dose, length of exposure period, number of fumigation,
length of storage period and sealing methods. The adult insects were bioassayed in the laboratory.
The required dose of phosphine generated from aluminium phosphide was applied through the
FAO (1975) method. Discrimination doses, viz. low concentration,0.03 mg-1(T. casteneum and
R. dominica) 0.04 mg L-1 (S.oryzae) and high concentration, 0.25 mg L-1 for all the three species
were used with 20 hr of exposure period for all three species in low and high doses except 48 hr
in high dose in R. dominica. Mortality was recorded after 7 days from the end of exposure period.
The correct mortality was calculated as per Abbot’s formula. It was observed that out of eleven
populations of T. castaneum, one populations showed 100% survival at both discriminatory doses
whereas three showed >90%.With 13 R. dominica populations, two could not show mortality
greater than 10% and 90%survival was observed after bioassay. Again when sixteen populations
of S. oryzae were bioassayed with both discriminatory doses of phosphine, except two more
than 90% survival was recorded all populations. Complete mortality could not be observed with
any collected population from Uttar Pradesh to confirm the resistance, molecular screening was
also performed to evaluate and quantify frequency of resistant alleles in collected populations.
Key words: Insects, Pests, Phosphine, Rhizopertha dominica, Sitophilus oryzae, Stored
grains, Tribolium castaneum
The food grain production in India is about 250
million tonne with rice and wheat account for a bulk
of 170 million tonne and about 30 % of the grains are
stored in gunny sack in bulk storage godowns. The
stored grains are disinfested from stored grain pests
by fumigation with phosphine as in most parts of the
world (Rajendran, 1992).
*Corresponding
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Resistance to phosphine in stored product pests
is a global phenomenon as revealed by widespread
reports of resistance in several stored grain pests in
countries including Australia, Brasil, Bangladesh,
China, Malyasia, Pakistan and Thailand (Daglish
and Collins, 1999; Sartori et al., 1990; Mills, 1983;
Rahim et al., 2004; Taylor, 1986, Jittanun and
Chongrattanameteekul, 2014).Control failures of
phosphine fumigation in India had earlier been reported
(Rajendran, 1992) and a systematic survey on different
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Fig. 1. A, Map showing the sampling area of Uttar Pradesh state, India; B, Sampling locations in the Uttar Pradesh

parts of the country revealed the development of high
level of resistance to phosphine in lesser grain borer,
Rhizopertha dominica, red flour beetle, Tribolium
castaneum and rice weevil, Sitophilus oryzae in India
(Rajendran, 1999).
Uttar Pradesh , a major food grain producing state
in India which accounts for about one- thirds of the
wheat produced in the country and it has a storage
capacity of about 47.0 lakh tonne. The present study
attempts to document the susceptibility levels of
major stored product pests infesting wheat and rice,
viz. Tribolium casteneum, Rhyzopertha dominica and
Sitophilus oryzae, collected from bulk storage godowns
in Uttar Pradesh state of India.

55% r.h. and used for bioassay within 3 to18 months.
Bioassays
The bioassays were conducted at the Stored Product
Insect Laboratory of the Division of Entomology, Indian
Agricultural Research Institute, New Delhi, India. The
required dose of phosphine generatedbydissolving
commercially available aluminium phosphide tablets
(Celphos® United Phosphoruous Industries, India) in
5% sulphuric acid solution and its concentration was
determined by gaschromatography (Nucon-5765) using
a thermal conductivity detector (TCD) with Nitrogen
(N2) as the standard.
Phenotypic resistance levels were determined for
progeny of adults of T.castaneum using a modified
FAO method (FAO, 1975). Response of field strains
tophosphine were examined by phosphine fumigation
at discriminating doses of 0.03 mg-1(for T.casteneum
and R.dominica) and 0.04 mg L-1for S.oryzae. A high
concentration of 0.25 mg L-1was used to assay for
strong resistance for all the three species.An exposure
time of 20 hr was used period for all three species
in low and high doses except 48 h was used in R.
dominica at the high doses.Each assay was replicated
thrice and 20 to 50 insects were used in each replicate.
After fumigation, mortality wasassessed following a
recovery period of seven days in whole wheat flour/
wheat grains at 25±1°C and 55±5% r.h. The correct
mortality was calculated as per Abbot’s formula.

MATERIALS AND METHODS
Sample collection
Samples of wheat grains were collected from
bulk storage wheat godowns in Uttar Pradesh of India
during 2012-13 (Fig 1 A,B). The grain samples were
collected from godowns managed by three different
agencies along with the information of their storage
method –dose, length of exposure period, number
of fumigation, length of storage period and sealing
methods. The adult insects taken from wheat samples
were bioassayed in the laboratory.Insect pests from
these wheat samples that were then used for this
research were thered flour beetle, Tribolium casteneum,
lesser grain borer, Rhyzopertha dominica and rice
weevil, Sitophilus oryzae.
The insect samples were maintained on wheat
flour/wheat grains at constant regimes of 30ºC and

RESULTS AND DISCUSSION
All the field populations tested of T. castaneum,
R.  dominica and S. oryzae exhibited strong resistance to
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Table 1. Per cent resistance to phosphine in T. castaneum collected from Uttar Pradesh at low and high discrimination doses
Category of per cent
resistance

Low concentration (0.03 mg L-1)
Locations

Per cent resistant
(Mean ± SE)

0 – 25%

High concentration (0.25 mg L-1)
Locations
Gorakhpur

25 – 50%

-

50 – 75%
75 – 100%

Per cent resistant
(Mean ± SE)
13.33±8.81
-

Barabanki I

70±5.77

Allahabad I

70±5.77

Allahabad I

88.33±1.66

Moradabad

80±5.77

Meerut

89.34±1.33

Allahabad II

86.66±1.66

Meerut

86.66±1.66

Gorakhpur

90±5.77

Varanasi

93.6 ±6.66

Gonda I

Jhansi

94.66±1.33

Jhansi

91.66±1.66

Allahabad II

96.6 0±3.33

Gonda II

93.3 ±6.66

Gonda I

96.66±3.33

Varanasi

93.3 ±6.66

Moradabad

96.66±3.33

Barabanki II

Barabanki I

100±0

Barabanki II

100±0

Gonda II

100±0

phosphine as beetles from each collection site survived
the discriminating dose for strong resistance (0.25
mgL-1). Bioassays with discriminating doses showed
differences in per cent resistance of populations to
phosphine fumigation. Of the 11 populations of T.
castaneum showing strong resistance to phosphine,
eight were showing greater than 75% resistance. In
the case of S. oryzae, 15 field strains were showing
varying levels of resistance at discriminating doses of
low and high concentrations with 12 strains showing
50% or higher resistance at low dose while nine strains
were showing 50% or higher resistance at the high
dose. Among the fourteen field strains of R. dominica,
eight were showing 50 and or higher resistance to
phosphine at low dose while at high dose, only five
strains were showing 50% or higher resistance to
phosphine (Table 1).
Responses of field populations of the three stored
product insect species to discriminating doses are
mentioned in Tables 2 to 4. Analysis of the per cent
resistance values revealed that strong resistance to
phosphine is noticed in all the three stored product
insects tested at locations, viz. Barabanki, Jhansi and
Gonda, while at Gorakhpur and Allahabad locations,
strong resistance to phosphine is selected in T.
castaneum and S. oryzae. At bulk storage godowns of
Varanasi and Meerut, strong resistance to phosphine is
detected in T. castaneum and R. dominica populations,
whereas, populations of R. dominica and S. oryzae
from Bareilly have selected for strong resistance to

90±5.77

100±0

phosphine.
Phosphine resistance in Trogoderma granarium
was first detected in India in 1971 (Bora and Chahal,
1979) and subsequent surveys had shown development
of resistance to phosphine in major stored grain insects
pests including T. castaneum, Sitophilus oryzae, R.
dominica, Oryzaephilus surinamensis, Cryptolestes
ferrugineus and L. sericorne (Rajendran,1992;
Rajendran et al., 1994). The present study displays
the level of resistance to phosphine in contemporary
field populations of select stored grain insect pests
such as T. castaneum, R. dominica and S. oryzae
collected from a major food grain producing state i.e.,
Uttar Pradesh. High level of resistance to phosphine is
noticed especially in T. castaneum with eight out of the
eleven field populations showing 75-100% resistance
when screened with the high discrimination dose of
0.25 mgL-1. An earlier country wide survey in India
documented very high level of resistance to phosphine
in R. dominica in comparison to T. castaneum and S.
oryzae (Rajendran, 1999).
Ever since the first report of resistance development
in T. castaneum to phosphine (Champ and Dyte,
1976), the resistance levels in T. castaneum were
increased to 48.1% in developing countries (Taylor and
Halliday, 1986). The present study has highlighted the
development of high level of resistance to phosphine
in T. castaneum with the sampling of field populations
from a major grain producing state, Uttar Pradesh.
Further studies are required to ascertain the levels of
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Table 2

Per cent resistance to phosphine in S. oryzae collected from Uttar Pradesh at Low and high discrimination doses
Low concentration (0.03 mg L-1)

Category of per cent resistance

Locations
0 – 25%

High concentration (0.25 mg L-1)

Per cent resistant
(Mean ± SE)

Azamgarh I

13.33±8.81

Locations
Azamgarh I
Bareilly

Bareilly
Allahabad I

46.66±12.1
46.66±20

50 – 75%

Moradabad
Azamgarh II
Hapur

53.33±3.33
65.32±3.96
66.66±18.5

75 – 100%

Allahabad I

76.66±8.81

Barabanki I
Gonda
Gorakhpur
Bulandshahr
Barabanki II
Jhansi

83.33±6.66
89.82±7.98
91.10 ±4.5
93.48±3.19
96.66±3.33
98.85±1.15

25 – 50%

Per cent resistant
(Mean ± SE)
6.66±6.61
20±0

Hapur
Moradabad
Allahabad I
Azamgarh II
Allahabad II
Barabanki I
Gonda
Barabanki II

30±5.77
33.33±3.33
40±15.27
51.22±20.9
56.66±16.66
63.33±20.7
72.4 ±0.56
80±5.77

Gorakhpur
Bulandshahr
Jhansi

82.8±10.04
84.71±11.89
87.76±9.09

Table 3 Per cent resistance to phosphine in R. dominica collected from Uttar at Low and high discrimination doses
Category of per cent
resistance
0 – 25%

Low concentration (0.03 mg L-1)
Locations
Barabanki I

Per cent resistant
(Mean ± SE)
23.33±18.55

High concentration (0.25 mg L-1)
Locations
Barabanki I

6.66±3.33

Gonda

6.66±6.66

Varanasi I

25 – 50%

Varanasi II

13.33±6.66

Meerut I

16.66±8.81

Barabanki II

26.66±3.33

40±20

Bareilly I

43.33±21.85

Bareilly I

Gonda

43.33±26.03

Bareilly II

40±5.77

46.66±8.81

Bareilly III

40±11.54

Barabanki III

60±15.27

Bareilly II
Meerut I
Barabanki III

75 – 100%

10±5.77

Varanasi I

Barabanki II
50 – 75%

Per cent resistant
(Mean ± SE)

36.66±16.66

50±5.77
56.66±24.3
60±23.09

Meerut II

73.33±3.33

80 ±11.54

Bareilly III

63.33±23.33

Varanasi II

66.66±6.66

Meerut II

86.6±6.66

Meerut III

93.3±6.66

Jhansi I

86.6±13.3

96.66±3.33

Jhansi II

96.66±3.33

Jhansi I
Meerut III
Jhansi II

100±0

resistance to phosphine in different stored product
pests in India.
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Use of light traps in a phosphine resistance management strategy for
Tribolium castaneum in Indian grain storage warehouses
S MOHAN1*, A RAJESH2
1Tamil

Nadu Agricultural University, Coimbatore 641 003, Tamil Nadu, India
ABSTRACT

Tribolium castaneum (Herbst) is a cosmopolitan, polyphagous and major secondary pest of
processed or damaged food grains. Phosphine fumigation is the sole method to control this pest
in Indian grain storage warehouses. Repeated fumigation has resulted in development of several
fold resistance to phosphine in T. castaneum. In India, a detailed nationwide survey of resistance to
phosphine in stored grain insect pests highlighted the presence of phosphine resistant phenotypes
in T. castaneum at high frequencies of 100%. At present there is no management strategy to combat
this resistance problem. The Tamil Nadu Agricultural University Ultra Violet (TNAU UV)- Light
trap recommended for management of T. castaneum and Rhizopertha dominica (Fabricius) in
grain storage warehouses. Currently TNAU UV- Light trap technology has been introduced in
the Food Corporation of India (FCI) godowns in large scale. Studies were made by analyzing
the Tribolium castaneum (Herbst) caught in the UV light trap during the post fumigation period
in warehouses of the Food Corporation of India, Peelamedu, Coimbatore, Tamil Nadu, India
during 2015 for phosphine resistance using a modified FAO method. Bioassays were conducted
using two discriminating concentration of phosphine gas, viz. the low concentration (0.03 mg
L-1) and high concentration (0.25 mg L-1) over 20 h exposure period. The results revealed that
the frequency of phosphine resistance in T. castaneum tested at low concentration (0.03 mg
L-1) ranged from 87.45 to 100% and at high concentration (0.25 mg L-1), it ranged from 63.84
to 85.39%. The present study reveals that the TNAU UV-Light trap can be used to monitor
T. castaneum before and after a phosphine fumigation as part of a management strategy for
controlling the resistant population of T. castaneum.
Key words: Grain storage warehouse, Phosphine resistance management, TNAU UV-light
trap, Tribolium castaneum
In India, more than 50% of the food grains
produced are stored in various situations at rural level
and only 5–10% is stored in scientific storage godowns
in large scale as a buffer stock by government agencies
like FCI (Food Corporation of India), civil supplies
corporations and central warehousing corporations.
The common method of storage is in gunny bags;
bulk handling in silos is not common. Post-harvest
grain losses are significant in India, and the annual
loss is 20 million tonnes (Basavaraja et al., 2007) and
the estimated loss of food grains accounting to more
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than ` 500,000 million ( >$8 billion USD) per year
(Singh, 2010). Among biotic and abiotic factors that
affect grains in storage, insects play a major role in
deterioration of food grains causing both quantitative
and qualitative losses.
Tribolium castaneum (Herbst) is a cosmopolitan,
polyphagous and major secondary pest of processed
or damaged food grains. Phosphine fumigation is the
sole method to control this pest in Indian grain storage
warehouses, as it is relatively low-priced, easy to apply,
residue-free and does not affect the viability of seeds.
However, heavy and indiscriminate use of phosphine
over the last few decades resulted in development of
several fold resistance to phosphine in T. castaneum.
In India, a detailed nationwide survey of resistance
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to phosphine in stored grain insect pests indicated
the presence of phosphine resistant phenotypes in T.
castaneum at high frequencies of 100% (Rajendran,
1999). Raghavendra (2009) reported that T. castaneum
collected from 14 TNCSC godowns of Tamil Nadu
showed phosphine resistance ranged from 6.67 to
71.67%. Sivakumar (2009) revealed that, resistance
of T. castaneum to phosphine was high in populations
from Madurai (70.21%), Ramanathapuram (65.96%),
Coimbatore (61.70%), Cuddalore (59.57%) and
Salem (53.19%) of Tamil Nadu, India. Resistance
to phosphine poses threat to effective control of this
pest. SonaiRajan (2015) reported that the frequency
of phosphine resistance in T. castaneum tested at low
concentration (0.03 mg L-1) ranged from 40.29 to 100%
in Tamil Nadu; 71.40 to 93.40% in Kerala and 73.99
to 100% in Andhra Pradesh populations, whereas at
high concentration (0.25 mg L-1), the frequency of
phosphine resistance ranged from 25.84 to 100, 67.79
to 85.39 and 45.55 to 100% in Tamil Nadu, Kerala
and Andhra Pradesh respectively.
Light traps have been widely used for many years
to attract stored product insects. Stermer (1959, 1966)
showed that majority of stored produce insects were
attracted to light of wavelength between 280 and 600
nm. TNAU UV- Light trap has been recommended for
management of T. castaneum (Herbst) and R.dominica
(Fabricius) in grain storage warehouses (Mohan et al.,
1994). They also suggested that a 4W UV light (peak
emission 250 nm) trap set at 1.5 m aboveground level
in the alleyways and corners of a rice warehouse will
show maximum attraction of R. dominica.
Trapping methods are more sensitive than grain
samples, so infestation is often detected earlier with
traps than with spear sampling or sieving (Reedet
al., 2001).Trapping of the resistant beetles emerging
after fumigation by using UV light traps may help
in effective management of phosphine resistance.
Hence the present study was carried out to assess
the role of TNAU UV-Light traps in phosphine
resistance management of T. castaneum in grain
storage warehouses.

with a transparent plastic container for collecting the
trapped insects. To hang the unit at desired points, a
hook is provided at the top of the trap. The unit is also
provided with a tripod stand (Mohan et al., 1994).
Studies were conducted at grain storage warehouses
(60 m × 20 m × 6 m) of Food Corporation of India,
Peelamedu, Coimbatore, Tamil Nadu, India using
TNAU- UV Light Trap to test its role in resistance
management in T. castaneum. Four UV light traps were
deployed inside the warehouse at 1.5 m aboveground
level, near the corners of the two warehouses. The
trap was operated during night hours (18:00 to 06:00
h). Observations were recorded on the adult beetle
strapped per trap on daily basis continuously for ten
days before and after fumigation. The experiment
was conducted during October to December 2015.
Cover fumigation of stacks with aluminium phosphide
(Celphos) tablets (3g) at three tablets/tonne with 7 days
exposure period was done when there was a steady
increase in the light trap catch and when adult beetles
activity was noticed on the bags.
The adults collected from UV light trap were
brought to the Toxicology Laboratory, Department
of Agricultural Entomology, Tamil Nadu Agricultural
University, Coimbatore, for mass culturing. Mass
culturing was done in 2.0 kg plastic container along
with 500 g of wheat (Triticum aestivum L.) flour +
5% yeast and kept for oviposition at room temperature
of 30°C and 60% r.h., to obtain sufficient number of
insects for resistance bioassay. The new batch of (next
generation) adults was emerged from the culture, with
uniform age were used for the phosphine resistance
bioassay. Phosphine gas was generated in a gas
generation chamber and volume of dessicator was
measured by following the procedure as described
by Sonai Rajan (2015). The correct phosphine gas
volume for injection was determined based on weight
by volume basis which was previously described by
FAO Method No. 16 (FAO, 1975).
298 × x1 (mg/l)× v1 (l) × 22.414 × 1,000 ×
1,000 × 100
d1(μl) = –––––––––––––––––––––––––––––––––––––––
273 × 1,000 × 33.9977(GMW of phosphine) × 86

MATERIALS AND METHODS

where d1 (μl) = volume of phosphine gas required for
injection; x1 (mg/l) = required dose of phosphine in
desiccator; v1 (l) = volume of the desiccator; GMW=
gram molecular weight.
The levels of phosphine resistance, whether
susceptible, with weak resistance or with strong
resistance, was determined for the progeny of trapped
insects using a modified FAO method (FAO, 1975).
Adult insects of T. castaneum were fumigated with

The TNAU-UV light trap (M/s Melwin
Engineering, Coimbatore is a multidirectional trap
with four baffles and mainly consists of an ultra-violet
source (4W germicidal lamp). The UV lamp of 20
cm long produces ultra-violet rays of peak emission
around 250 nanometer. The light is fitted vertically at
the centre of the baffles raised over a steel funnel of
310 mm diameter at the top and 35 mm diameter at
the bottom. The bottom end of the funnel is attached
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Table 1 Phosphine resistance level in Tribolium castaneum collected from UV light traps before and after fumigation with
phosphine in Food Corporation of India grain storage warehouses at Peelamedu, Coimbatore, Tamil Nadu, India
Light trap no.		       Percent resistance (Mean ± SE)
	           Before fumigation		          After fumigation

Trap 1
Trap 2
Trap 3
Trap 4
Mean

Low concentration
(0.03 mg L-1)

High concentration
(0.25 mg L-1)

Low concentration
(0.03 mg L-1)

High concentration
(0.25 mg L-1)

91.49 ± 0.25
88.05 ± 0.39
85.32 ± 0.10
93.40 ± 0.09
89.57± 0.20

64.66 ± 0.30
67.79 ± 0.25
56.38 ± 0.21
60.04 ± 0.12
62.22± 0.22

99.43 ± 0.09
87.45± 0.07
100.00 ± 0.00
94.40 ± 0.18
95.32±0.09

75.84±1.76
82.99 ± 0.77
74.37 ± 0.08
85.39 ± 0.32
79.65±0.73

trap was effective in mass trapping of R. dominica
during post fumigation periods in rice warehouse.
Stermer (1959, 1966) showed that majority of stored
produce insects were attracted to light of wavelength
between 280 and 600 nm.
The phosphine bioassay results showed that the
populations collected from UV-light traps at 10 days
before and after fumigation showed slight difference
in the frequency of resistance (Table 1). The frequency
of resistance in beetles captured from pre-fumigated
populations tested at low concentration (0.03 mg
L-1) ranged from 85.32 ± 0.10 to 93.40 ± 0.09%,
whereas at high concentration (0.25 mg L-1) ranged
from 56.38 ± 0.21 and 67.79 ± 0.25%. Beetles from
the post fumigation populations, when tested at low
concentration (0.03 mg L-1) and high concentration
(0.25 mg L-1), showed phosphine resistance % ranged
from 87.45± 0.07 to 100.00% and 74.37 ± 0.08 to 85.39
± 0.32%, respectively (Table 1). The present results
are in concurrence with Sonai Rajan et al. (2015)
who reported high frequency of phosphine resistance
in T. castaneum populations from three major south
Indian states, tested at low and high concentrations.
The high frequency of phosphine resistance in the post
fumigation population may be due to less number of
susceptible individuals compared to pre fumigation
population.

two discriminating concentration of phosphine gas,
viz. the low concentration (0.03 mg L-1) for weak
resistance, and high concentration (0.25 mg L-1)
for strong resistance, over a 20 h exposure period.
The bioassay was performed at room temperature of
30ºC and 60% r.h. Each resistance bioassay test was
replicated thrice along with control for each population
and 50 adult insects were released per replication.
After exposure, the insects were provided with small
quantity of culture medium for a week and moved to
recovery room. Adult mortality was determined after
seven days from the end of the exposure period. The
observation on number of insects responding, i.e.
insects showing any movements were considered to be
alive and others as dead. Mortality response data were
calculated using Abbott’s formula (Abbott, 1925), to
eliminate the influence of mortality in control beetles
that were exposed to just clean air, which was not
greater than 10% in these experiments. The resistance
per cent age was worked out as:
Resistance per cent age (R) = (100-CM) ± SE

where CM = corrected mortality; SE = standard error.
Pooled binomial standard error was calculated by using
the formula, SE = Stdev / √n. The data obtained were
analysed statistically by MS-Excel.
RESULTS AND DISCUSSION

CONCLUSION

The results showed that the mean number of
beetles caught per light trap per day during the pre
and post fumigation period was 374.6±0.71 and
48.2±0.95 beetles per trap/d, respectively. During the
post fumigation period, though the pest population was
presumably low from the fumigation, the mean number
of beetles caught per trap was 48.2 ± 0.95. This shows
that light traps can be effective in mass trapping of
T. castaneum during post fumigation period in grain
storage warehouses. Our results confirm the findings of
Mohan et al. (1994), who found that TNAU-UV Light

The TNAU UV-light traps were found to be
efficient in mass trapping of Tribolium castaneum
both in pre- and post-fumigation periods. Further, the
frequency of phosphine resistance was higher in T.
castaneum populations collected from UV light trap
after fumigation than those collected before fumigation.
The present results revealed that UV light traps can
capture phosphine resistant T. castaneum populations
during the post fumigation period in grain storage
warehouses. Hence TNAU UV- light trap can be
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recommended as one of the tools to use in a phosphine
resistance management strategy for T. castaneum in
grain storage warehouses.
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DNA markers for phosphine resistance in populations
of Tribolium castaneum from Punjab, India

SABTHARISHI SUBRAMANIAN*, RAHUL CHANDEL, VIMAL DWIVEDI, CHITRA SRIVASTAVA
Division of Entomology, ICAR-Indian Agricultural Research Institute, New Delhi 110 012, India
ABSTRACT

Resistance to phosphine fumigant has been reported in several countries including India. A
sustainable resistant management strategy calls for sound monitoring systems to avoid impending
losses by way of control failures of this fumigant in grain storage godowns, as phosphine is the
cost effective fumigant available for protection of grains in bulk storage systems. Although
discriminating dose bioassays are used for determination of phosphine resistance levels in
insect pests, it would take atleast two weeks to complete these assays. The discovery of genetic
variants at the rph2 locus that alter the function of the dihydrolipoamide dehydrogenase (DLD)
gene associated with phosphine resistance resulted in development of DNA based markers for
quick detection of phosphine resistance in stored product insect pests such as red flour beetle,
Tribolium castaneum (Herbst) and lesser grain borer, Rhizopertha dominica (Fabricius). In the
present study, we have explored the utility of Cleaved Amplified Polymorphic Sequence (CAPS)
markers, after phenotypic characterization of resistance to phosphine using discriminating dose
assays in nine populations of red flour beetle [Tribolium castaneum (Herbst)] collected from
wheat (Triticum aestivum L.) storage godowns in Punjab state of India. Prevalence of strong
resistance to phoshphine was detected in all the tested populations of Tribolium castaneum
(Herbst) and the molecular diagnostics using CAPS markers have confirmed the prevalence of
high percentage of R alleles in the resistant populations of T. castaneum in Punjab state of India.
This research also highlighted the utility of DNA markers for understanding the genotype
frequency of resistance alleles in rph2 locus in resistant populations of T. castaneum and the
possibility of extending this molecular diagnostics tool for monitoring and management of
phosphine resistance in T. castaneum, a major stored grain pest in India.
Key words: CAPS markers, Phosphine, rph2, Resistance gene, Tribolium castaneum
Resistance to the fumigant phosphine has been
detected in different stored-product insect pests across
the world. Bora and Chahal (1979) first reported
the failure of phosphine to control khaprabeetle,
(Trogoderma granarium Everts) in warehouses in
India. Although FAO (1975) bioassays based on
discriminating dose of phosphine against a given
species are used for detection of resistant individuals
in pest insects, the assays require about two weeks
for diagnosis of resistance to phosphine in a given
insect population.
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The discovery of the gene, dihydrolipoamide
dehydrogenase (DLD), a metabolic enzyme
associated with phosphine resistance in red flour
beetle, [Tribolium castaneum (Herbst)] (Schlipalius
et al., 2012) and identification of certain number
of point mutations conferring strong phosphine
resistance have led to the development of a molecular
diagnosis technique, Cleaved Amplified Polymorphic
Sequence (CAPS) (Kaur et al., 2015), to detect strong
phosphine resistance in populations of lesser grain
borer, [Rhyzopertha dominica (Fabricius)] from
Queensland in Australia. Subsequently, the utility of
CAPS markers for diagnosis of phosphine resistance
has been demonstrated in populations of T. castaneum
and R. dominica from the USA (Chen et al., 2015)

SABTHARISHI SUBRAMANIAN, RAHUL CHANDEL, VIMAL DWIVEDI, CHITRA SRIVASTAVA

and Turkey (Koçak et al., 2015). Considering the
annual storage of 60 million tonnes of food grains
across India, the development of quick diagnostic
tool to monitor the resistance to phosphine in
stored product insect pests would help in devising
suitable management strategies to manage phosphine
resistance in stored insect pests. Here, we present the
utility of CAPS markers in detection of phosphine
resistance in T. castaneum collected from selected
wheat storage godowns of Punjab state, India.

prepared for sequencing using a PCR Purification
kit (Qiagen) as per the manufacturer’s protocol.
Sequencing was done by outsourcing with Scigenome
Lab, Cochin, India. Molecular characterization
was done to ascertain that the rph2 genotype was
responsible for resistance in test populations collected
from Punjab, India.
Extraction of genomic DNA
Genomic DNA was extracted from adult beetles
of T. castaneum after exposure to discriminating dose
bioassays for strong resistance phenotype. Individual
adult beetles were placed in cells of a 96-well PCR
plate containing 100 µl of TE buffer pH 8.0 (10 mM
Tris HCl and 1 mM EDTA) and denatured at 98ºC for
20 min, followed by exposure to 25ºC for 5 min and
then placed on ice for 5 min . Samples were centrifuged
at 5,000 rpm at 4ºC for 15 min and left overnight at
4ºC before use.

MATERIALS AND METHODS
Sample collection
Samples of wheat grains were collected from
bulk stored wheat godowns in nine locations in the
Punjab state of India during 2012–13 (Fig.1). The grain
samples were sieved to separate red flour beetles, which
were then cultured on wheat flour at constant regimes
of 30ºC and 55% r.h. The bioassays were conducted
at the Stored product insect Laboratory of Division
of Entomology, ICAR– Indian Agricultural Research
Institute, New Delhi, India.

CAPS marker assay
A 368 bp fragment of the dld gene containing
the nucleotide variant corresponding to P45S variant
previously reported (Schlipalius et al., 2012) was
amplified by PCR (denaturation at 95°C for 3 min
followed by 40 cycles of 95°C; 55°C for 20s and
72°C for 30s and a final extension at 7 min.). The
amplicons were digested with restriction enzyme
MboI to determine resistance genotypes in a cleaved
amplified polymorphic sequence (CAPS) marker assay
as described by Schlipalius et al. (2012).

Bioassays
Phenotypic resistance levels were determined for
progeny of adults of T. castaneum using a modified
FAO method (FAO, 1975). Response of field strains
to phosphine were examined by phosphine fumigation
at low dose (0.03 mg/L) and high dose (0.25 mg/L)
at 25±1°C and 70±5% r.h. for 20 h. After fumigation,
mortality was assessed following a recovery period
of seven days in whole wheat flour at 25±1°C and
55±5% r.h.

RESULTS AND DISCUSSION
Punjab state of northwestern India is the leading
food grain producer of the country. It is regarded as
a wheat bowl of India and it is one of the top five
states producing rice (Oryza sativa L.) in India. This
state is pivotal to the food security of India, with the
storage capacity of 13.5 million tonnes of food grains.
Phosphine is the only fumigant used for protecting the
grains in bulk storage godowns in the country.
India has a rich history of documentation of
resistance to phosphine in stored-product insect pests
with the first report on control failure of phosphine
was recorded as early as in 1979 (Bora and Chahal,
1979) and a country wide survey during 1990s
established widespread occurrence of resistance to
phosphine fumigant in stored gram insect pests such
as T. castaneum , Sitophilus oryzae (L.), R. dominica,
Oryzaephilus surinamensis (L.) and Cryptolestes
ferrugineus (Stephens) (Rajendran, 1992). The present
study attempts to validate the utility of CAPS marker
developed under AISRF research programme for

Determination of nucleotide variants in the dld
gene
The protocol followed was the same as described
previously by Schlipalius et al. (2012). Total RNA was
extracted from 20 individuals of T. castaneum using
RNA isolation kit (Promega). Complementary DNA
(cDNA) synthesis was generated using a SuperscriptIII
cDNA Synthesis Kit (Invitrogen) according to the
manufacturer’s protocol. The coding region of the T.
castaneum dld gene was amplified from the cDNA
with the forward (AGAGGTCACTCGATAATG) and
reverse (CGGAAAAAAATGGGCAGC) rph2 primers
using the following PCR conditions: denaturation for
3 min at 95°C, followed by 40 cycles of 95°C for 20 s,
50°C for 30 s and 72°C for 2 min. and a final extension
at 72°C for 5 min. The PCR product was visualized
using 1% agarose gel with TAE buffer. Following
amplification, the DNA fragment was purified and
415
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Table 1
Populations

Genotypes and corresponding frequency of the resistant allele as detected by CAPS markers for rph2
Resistance
phenotype

N

RR

RS

SS

%
R alleles

%
S alleles

Bhatinda

Strong

20

15

4

1

85.00

15.00

Ferozpur

Strong

30

3

27

0

55.00

45.00

Gurdaspur

Strong

30

2

28

0

53.33

46.67

Patiala

Strong

30

3

27

0

55.00

45.00

Pansup Sarhind

Strong

30

8

22

0

63.33

36.67

Sangrur

Strong

28

8

20

0

64.29

35.71

Jalandar

Strong

28

18

10

0

82.15

17.86

Hoshiarpur

Strong

28

6

18

4

53.57

46.43

Ludhiana

Strong

30

17

12

1

76.67

23.33

N, Number of adult beetles used for genotype analysis. The frequencies of resistant alleles for rph2 were determined for
each population of T. castaneumafter exposure to FAO discriminating dose assays for strong resistance

frequencies derived from the MboI-CAPS markers
with bioassay characterized resistance frequencies
for nine populations of T. castaneum are furnished
in Table 1. The genotype allele frequencies (Fig. 2)
revealed that the R alleles were ranging from 53 to
85% with T. castaneum populations collected from
Jalandhar and Batinda were recording high proportion
of rr alleles indicating that populations are evolving
to become homozygous for resistance to phosphine
(Fig. 3). Both these populations which were recording
the highest proportion of R alleles were found to

M

1

2

3

4

5

6

7

M

368bp
296bp

Fig. 1. Locations of field populations of T.castaneum from
Punjab state, India. 1, Bhatinda; 2, Ferozpur; 3,
Gurdaspur; 4, Patiala; 5, Pansup Sarhind; 6, Sangrur;
7, Jalandhar; 8, Hoshiarpur, 9, Ludhiana

72bp

detection of phosphine resistance in red flour beetle,
(T. castaneum).
The resistant phenotypes were evaluated using
discriminating dose bioassays for weak resistance (0.03
mg/L) and strong resistance (0.25 mg/L). The survival
of the beetles were 91–100% in weak resistance bio
assays and it was 53–100% in the strong resistance
assays implying that all the populations had strong
resistance phenotype (Table 1).
Individual genotypes and population allele

Fig. 2. A representative gel on demonstration of utility of
CAPS markers in T. castaneum individuals from
Jalandhar, Punjab, India. PCR amplicons genomic
DNA coding for the DLD gene were digested with
restriction enzyme, MboI. Lanes M on extremes:
100 bp DNA ladder; Lanes 1–7 on gel are digested
products from homozygous resistant (RR) - 296 bp
and 72 bp; susceptible SS - 368 bp and heterozygous
(RS) – 368 bp and 296 bp
416

SABTHARISHI SUBRAMANIAN, RAHUL CHANDEL, VIMAL DWIVEDI, CHITRA SRIVASTAVA

20

support from Department of Science and Technology–
Australia India Strategic Research Fund (DST-AISRF),
Government of India, the technical support from
Australian collaborators, Dr Paul Ebert, Dr David
Schlipalius and Dr Gimme Walter of the University
of Queensland, Australia and Indian collaborators,
Dr S Chandrasekaran, Dr S Mohankumar and Dr S
Mohan from the Tamil Nadu Agricultural University,
Coimbatore, India.

0

REFERENCES

120

Weak resistance
Strong resistance
% R alleles

80
60
40

Bora G, Chahal BS (1979) Development of resistance in
Trogoderma granarium Everts to phosphine in Punjab.
FAO Plant Protection Bulletin 27: 77–80.
Chen Z, Schlipalius D, Opit G, Subramanyam B, Phillips
TW (2015) Diagnostic molecular markers for phosphine
resistance in U.S. populations of Tribolium castaneum
and Rhyzopertha dominica. PLoS ONE 10(3): e0121343.
doi:10.1371/journal.pone.0121343
FAO (1975) Method No. 16. Recommended methods for the
detection and measurement of resistance of agricultural
pests to pesticides. Tentative method for adults of
some major pest species of stored cereals, with methyl
bromide and phosphine. Plant Protection Bulletin FAO
23(1): 12–25.
Kaur R, Emily V, Daniels, Manoj K Nayak, Paul R Ebert
David I Schlipalius (2013) Determining changes in the
distribution and abundance of a Rhyzopertha dominica
phosphine resistance allele in farm grain storages using
a DNA marker. Pest Management Science 69: 685–688.
Koçak E, Schlipalius D, Kaur R, Tuck A, Paul Ebert, Pat
Collins, Abdullah Yilmaz (2015) Determining phosphine
resistance in rust red flour beetle, Tribolium castaneum
(Herbst.) (Coleoptera : Tenebrionidae) populations from
Turkey. Türkiye Entomoloji Dernegi., 39(2): 129–136.
dol: http://dx.doi.org/10.16970/ted.17464
Rajendran S (1992) Insecticide and fumigant resistance
of stored product insects in India. Bulletin of Grain
Technology 30: 164–169.
Schlipalius D, Valmas N, Tuck A, Jagadeesan R, Ma
L, Kaur R et al. (2012) A core metabolic enzyme
mediates resistance to phosphine gas. Science 338(6108):
807– 810.

Bh
a

tin
da
Fe
ro
zp
ur
G
ur
da
sp
ur
Pa
Pa
ns
tia
up
l
Sa a
rh
in
d
Sa
ng
ru
r
Ja
la
nd
H
ar
os
hi
ar
pu
Lu r
dh
ia
na

Resistance (%)

100

T. castaneum populations, Punjab, India

Fig. 3. Frequency of phosphine resistant phenotypes in nine
populations of T. castaneum, collected in Punjab
state, India. Phenotypes were determined using
discriminating dose bioassays for weak resistance
(30 ppm phosphine for 20 h) and strong resistance
(180 ppm for 20 h). The per cent surviving the
bioassay for a givenpopulation is reported here. Also
shown are the CAPS results for the frequency of the
strong resistance (R) allele ineach population

have the highest resistance frequency (>90 % ) (data
from unpublished results) in the strong resistance
bioassay. Thus the CAPS markers have provided
valid information for determining the genotype and
help predict the evolution of strong resistance in a
pest population. Our results confirm the validity of
the CAPS markers in genotype analysis of phosphine
resistance in rph2 locus as earlier documented with
R. domininca populations from Australia (Kaur et
al., 2013), and both R. dominica and T. castaneum
populations from the USA (Chen et al., 2015). The
CAPS markers have been proved to be efficient in
detection of strong resistance genotypes in Indian T.
castaneum populations.
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Resistance of phosphine to eleven strains of Tribolium
castaneum and stage-specific mortality of susceptible
and resistant strains
WANG DIANXUAN*, HUANG XIN, WANG JITING
School of Food Science and Technology, Engineering Research Center of Grain Storage and Security,
Ministry of Education, Henan University of Technology, Zhengzhou 450001, China
ABSTRACT

Tribolium castaneum (Herbst) is a common pest of stored grain around the world. Tolerance
or resistance is one of the main factors for success with phosphine fumigation. There were
few reports on the resistance over the last ten years in China. The resistance to phosphine for
eleven strains of red flour beetle [Tribolium castaneum (Herbst)], that were collected from seven
provinces of China, was assayed using the FAO method. The mortality of each life stage of four
strains with different resistance factors (Rf) was determined at 100, 200, 300, 400 and 500 mL
m-3 of phosphine. The strains were named: R1, R6, R131 and R274 with Rf ranging from 1 to 274.
Five strains had Rf between 1 and 6 fold, three strains had Rf between 93 and 167 fold and three
strains had Rf between 224 and 274-fold. Hundred per cent control of strain R1 was achieved
in 9 h with 300 mL m-3 or more of phosphine and in 7 h with 500 mL m-3 for eggs. It took 9 h
with 400 mL m-3and more for pupae. One hundred per cent control of strain R6 was achieved
in 27 h with 200 mL m-3 and more and in 21 h with above 400 mL m-3 for egg, and in 27 hours
with 500 mL m-3 for pupae. The strain R131 and R274 can be completely controlled in 16 days
with 200 mL m-3 and more for egg and in same number of days with 300 mL m-3 and more for
pupae. For 100% control of egg in 13 days, the concentration was more than 300 mL m-3 for
strain R131 and 400 mL m-3 for strain R274. The results indicated that the pupae in all strains had
the highest tolerance to phosphine for four strains examined. The exposure time should be more
than 16 days with above 300 mL m-3for the strains whose Rf was in 131–274 fold.
Key words: Full mortality, Life stages, Phosphine, Red flour beetle, Resistance
Red flour beetle [Tribolium castaneum (Herbst)]
is one of the most important pests of stored cereals
(Daglish et al., 2015). It is often found in Chinese grain
storages and mills. In China, the most common method
of control is fumigation with phosphine, using tablets of
aluminum phosphide. There are always some failures of
the fumigation due to poor sealing, low concentrations,
short exposure time, resistance or tolerance. There are
significant differences in tolerance between different life
stages. For example, the highest resistances are present
in early- and mid-pupae at levels which are much higher
than adults (Nakakita and Winks, 1981). The order of
tolerances for both the susceptible and the resistant
strains are early-pupae > mid-pupae > late pupae >
*Corresponding

author e-mail: wangdianxuan62@126.com

pre-pupae > 15-day larvae > 20-day larvae (Price and
Mills, 1988). Resistance of this insect to phosphine is
the main factor that affects the success of fumigation.
Early-pupae of the susceptible strain were 32 times more
tolerant of phosphine than 20-day larvae at the lethal
dose of 50% of the population (LD50) and 41 times more
tolerant at the LD99.9 (Price and Mills, 1988). Effective
management of this pest with phosphine are threatened
by widespread resistance to phosphine (Herron, 1990;
Rajendran, 1994; Cao et al., 2003; Zhou et al., 2011;
Opit et al., 2012; Daglish et al., 2015).
It is important to survey resistance to phosphine
and to know the tolerance of the life stages of resistant
strains to effectively manage insect pests in grain
stores (Subramanyam and Hagstrum, 1995; Opit et al.,
2012). Two factors i.e. concentration of phosphine and
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exposure time, are the main elements to a successful
fumigation. The type of strain; resistant or susceptible
and duration of exposure to phosphine were more
critical than dosage. However, for control of the
resistant strains, it is also necessary to achieve high
dosages and maintained for long periods (Price and
Mills,1988). There are few reports about the exposure
time to obtain 100% control of the most tolerant
life stage of the resistant strains under conditions
of some phosphine concentrations or the effective
concentration in some exposure time in practical or
simulative fumigation. The resistance of eleven strains
of T. castaneum from seven provinces in China was
assayed using the FAO method. And the mortality
of egg, larvae, pupae and adult of four strains with
different levels of resistance was measured for different
exposure times at five concentrations of phosphine
from 100 to 500 mL m-3.

Chamber

Transparent top

Insect in and
out cylinder

Valve

Pipe
Insect
cage

Valve

NaCl solution

Rubber glove

Phosphine monitor

Fig. 1. Fumigation chamber and material arrangement

to phosphine.

MATERIALS AND METHODS

Fumigation
The fumigation was carried out in the laboratory
in several rectangle chambers (60 cm × 35 cm ×
40 cm, Fig.1) that were made of metal armor plate
(2 mm) except for transparent top which was made
of Plexiglas. The air tightness of the chamber was
guaranteed by airproof mat and bolt between rectangle
bin and transparent top side. There was a hole on
one vertical side that was sealed with rubber glove
and fastening loop. Test insects taken out using a
cylinder in the chamber sidewall of 80 mm diameter
and 200 mm length. The cylinder could be sealed
by two screwed caps on both ends separately. Insect
cages could be taken out through this cylinder during
fumigation, which reduced the loss of phosphine
during sampling Insect cages were 10 mm in diameter
and 70 mm in length. To check the mortality at each

Insects
Eleven strains of T. castaneum were collected from
the grain depots, distributed in seven provinces located
in south and central part of China in 2014 (Table 1).
All strains after the collection were maintained without
further exposure to phosphine in Stored Product Insect
Research Laboratory of the Henan University of
Technology, China. These populations were reared on
wheat (Triticum sp.) flour (13% m.c.) plus 5% yeast
in glass jars at 28±1ºC, 70 ± 5% r. h.
Resistance examination
Resistance factor was measured using the
standard FAO test method for phosphine (FAO, 1975).
Resistance factors were calculated using the 50% lethal
dosage estimated from a dose-mortality experiment
conducted using the standard FAO (1975) test method

Table 1 Probit analysis of phosphine mortality of eleven strains of Tribolium castaneum assayed by the FAO recommended
method
Strain City
Province
			

LC50 (fiducial limit
in 95%)/(mg·L-1)

LC99 (fiducial limit in
95%)/(mg·L-1)

Slope Intercept

R1
R2a
R2b
R2c
R6
R93
R131
R167
R224
R263
R274

0.009(0.0707–0.012)
0.014(0.012–0.017)
0.015(0.013–0.018)
0.021(0.017–0.028)
0.053(0.039–0.071)
0.838(0.558–1.023)
1.178(0.940–1.364)
1.505(1.350–1.693)
2.012(1.817–2.245)
2.363(2.137–2.704)
2.462(2.206–2.876)

0.172(0.097–0.426)
0.162(0.097–0.354)
0.097(0.066–0.176)
0.298(0.148–1.067)
3.012(1.150–17.759)
8.848(5.188–30.323)
14.354(7.324–69.020)
9.321(5.981–21.162)
11.047(7.416–22.449)
11.717(7.852–23.557)
13.456(8.596–30.219)

1.83
2.19
2.86
2.02
1.33
2.27
2.14
2.94
3.15
3.35
3.15

Xiaoshan
Baoshan
Jiaxing
Huzhou
Fangshan
Shantou
Haikou
Sanya
Nanning
Nanyang
Guangzhou

Zhejiang
Yunnan
Zhejiang
Zhejiang
Beijing
Guandong
Hainan
Hainan
Guanxi
Henan
Guangdong
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8.73
9.06
10.23
8.39
3.69
5.17
4.85
4.48
4.05
3.75
3.77

X2

Df

Rf

1.183
5.5267
0.7255
0.3003
1.4822
0.9335
0.6575
3.1319
7.5539
3.4105
1.8151

3
3
2
2
3
5
5
5
5
5
5

1.0
1.6
1.7
2.3
5.9
93.2
130.9
167.2
223.5
262.6
273.5
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interval the screw cap in chamber was opened, the
insect cage of three replications for each strain put in
cylinder, the screw cap in chamber was closed using
the rubber glove. Then the cage was taken out of the
cylinder through the screwed cap that was outside of
the chamber. The fumigant in the chamber was recirculated and monitored by an electronic phosphine
monitor with a pump and two rubber pipes that
controlled the valves. The detecting range of phosphine
monitor was in 0–1,000 mL m-3 and 0.01 mL m-3 in
precision (model HL-210, Xinjialiang Co., Beijing, P.
R. China). Here the unit of phosphine was shown in
mL m-3 that meant phosphine volume in the volume
of fumigating chamber. The relative humidity in the
chamber was controlled by supersaturated solution of
sodium chloride held in Petri dish on the bottom of
the chamber. The half-loss-time of pressure decay at
500 Pa was over 2 minutes for the chambers.
Phosphine was generated from zinc phosphide in
acidified water based on FAO method (FAO, 1975).
The fumigant was injected using agastight syringe
through the recirculation rubber pipes. Relatively stable
concentrations of 0, 100, 200, 300, 400 and 500 mL
m-3 of phosphine were maintained in six fumigation
chambers. If a loss of phosphine was detected after
the daily check, phosphine was added.
According to the results of resistance assay by
Table 2

the FAO recommended method the adults, eggs,
larvae and pupae of strain R1, R6, R131 and R274 were
fumigated with 0, 100, 200, 300, 400 and 500 mL
m-3 of phosphine. The insect samples were withdrawn
after different exposure times. Mortality of adults
was checked after 14 d. Eggs were held for 20 d and
emergence to adult checked every three days until there
was no new emergence. Larvae and pupae were held
and checked in same interval until no new emergence.
Experimental units or replicates of beetles for
mortality studies were generated as follows. Fifty
adults of 14 day 5 age were placed with 2 g of whole
wheat flour were put into one insect cage. Fifty eggs
laid by 2,000 adults in one day accompanied with 0.5
g feed were in an insect cage. Fifty larvae of 21 days
age were combined with 0.5 g feed and were taken as
a batch in one cage. Fifty pupae of one day old were
placed with 2 g of the feed were filled in same cage.
There were three replications for each strain of the
insect stage and phosphine concentration. The cages
were sealed by 120 mesh of nylon sieve. The duration
of exposure was modified according to the level of
resistance and tolerance of the insect stage.
Statistical analysis
The statistical analysis was performed using DPS
3.11 software and Microsoft Excel 2007.

Mortality (%) of different insect stages for strain R1 with different exposure times and different phosphine doses

Stage

Exposure
time (h)

100 mL m-3

200 mL m-3

300 mL m-3

400 mL m-3

500 mL m-3

Eggs

1
3
5
7
9
24
1
3
5
7
1
3
5
7
9
24
1
3
5
7
9

12.00±2.08*
27.00±4.16
40.33±2.96
54.33±2.33
76.67±3.48
100.00±0.00
30.00±3.06
82.00±3.06
90.00±3.06
100.00±0.00
8.67±1.76
18.00±2.31
26.67±2.40
48.00±2.00
67.33±1.76
100.00±0.00
39.33±2.91
70.00±2.31
89.33±2.40
96.00±2.31
100.00±0.00

16.67±2.96
36.00±4.04
60.00±3.79
66.67±4.41
94.33±3.48
100.00±0.00
40.00±2.00
84.67±3.71
100.00±0.00
100.00±0.00
12.67±1.76
27.33±1.76
42.67±1.76
63.33±2.40
82.00±1.15
100.00±0.00
58.00±3.06
88.67±2.40
96.67±1.76
100.00±0.00
100.00±0.00

21.67±2.96
41.33±2.73
69.33±3.48
88.67±2.96
100.00±0.00
100.00±0.00
40.00±2.31
90.67±3.71
100.00±0.00
100.00±0.00
17.33±1.33
32.67±1.76
55.33±2.40
71.33±2.40
93.33±4.06
100.00±0.00
69.33±1.76
90.67±2.91
100.00±0.00
100.00±0.00
100.00±0.00

20.67±3.71
54.00±3.06
83.67±2.96
94.33±3.48
100.00±0.00
100.00±0.00
55.33±3.53
100.00±0.00
100.00±0.00
100.00±0.00
20.00±1.15
32.67±0.67
61.33±2.91
88.00±1.15
100.00±0.00
100.00±0.00
77.33±1.76
100.00±0.00
100.00±0.00
100.00±0.00
100.00±0.00

25.67±5.04
59.67±2.60
82.00±3.06
100.00±0.00
100.00±0.00
100.00±0.00
70.67±4.06
99.33±0.67
100.00±0.00
100.00±0.00
23.33±1.76
34.67±1.76
68.67±1.76
91.33±2.40
100.00±0.00
100.00±0.00
84.67±1.76
100.00±0.00
100.00±0.00
100.00±0.00
100.00±0.00

Larvae

Pupae

Adults

*Mean±SE, the same below
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Table 3

Mortality (%) of different insect stages for strain R6 with different exposure times and different phosphine doses

Stage

Exposure
time (h)

100 mL m-3

200 mL m-3

300 mL m-3

400 mL m-3

500 mL m-3

Eggs

3
9
15
21
27
33
39
3
9
15
21
3
9
15
21
27
33
39
3
9
15
21
27

9.33±3.28
31.33±3.93
58.33±0.67
73.67±3.48
86.33±3.48
99.00±1.00
100.00±0.00
39.33±2.91
89.33±2.40
98.00±1.15
100.00±0.00
10.67±0.67
30.67±1.76
39.33±2.40
48.67±2.40
62.00±1.15
88.67±1.33
100.00±0.00
33.33±1.76
77.33±0.67
90.00±2.31
98.67±1.33
100.00±0.00

18.00±2.08
42.67±4.41
67.00±4.04
85.33±1.45
100.00±0.00
100.00±0.00
100.00±0.00
56.67±2.40
95.33±2.91
100.00±0.00
100.00±0.00
15.33±0.67
34.67±0.67
46.00±2.31
63.33±7.69
80.67±1.76
98.00±1.15
100.00±0.00
56.00±1.15
85.33±0.67
97.33±1.76
100.00±0.00
100.00±0.00

20.33±2.33
56.67±3.48
74.00±1.00
88.67±3.48
100.00±0.00
100.00±0.00
100.00±0.00
64.00±3.06
100.00±0.00
100.00±0.00
100.00±0.00
22.00±1.15
37.33±1.76
52.00±1.15
73.33±2.40
90.00±1.15
100.00±0.00
100.00±0.00
68.00±2.31
92.67±2.40
100.00±0.00
100.00±0.00
100.00±0.00

20.33±2.33
62.33±2.96
83.67±3.33
100.00±0.00
100.00±0.00
100.00±0.00
100.00±0.00
75.33±2.40
100.00±0.00
100.00±0.00
100.00±0.00
23.33±1.76
42.00±2.00
56.67±2.40
78.67±1.76
97.33±1.76
100.00±0.00
100.00±0.00
73.33±2.40
96.00±2.31
100.00±0.00
100.00±0.00
100.00±0.00

25.33±2.33
66.33±4.91
84.67±1.45
100.00±0.00
100.00±0.00
100.00±0.00
100.00±0.00
76.67±1.76
100.00±0.00
100.00±0.00
100.00±0.00
22.67±1.33
41.33±1.33
66.00±1.15
84.67±2.40
100.00±0.00
100.00±0.00
100.00±0.00
78.00±1.15
99.33±0.67
100.00±0.00
100.00±0.00
100.00±0.00

Larvae

Pupae

Adults

Table 4

Mortality (%) of different insect stages for strain R131 with different exposure times and different phosphine doses

Stages Exposure
time (h)

100 mL m-3

200 mL m-3

300 mL m-3

400 mL m-3

500 mL m-3

Eggs

24.33±4.33
36.00±3.79
52.67±4.26
81.33±3.93
96.67±1.67
100.00±0.00
62.67±1.76
76.00±2.31
86.00±1.15
95.33±2.40
100.00±0.00
17.33±1.76
28.67±2.40
42.67±1.76
59.33±1.76
80.67±1.76
98.00±1.15
100.00±0.00
60.67±2.91
76.00±3.06
90.67±0.67
100.00±0.00

29.33±3.93
46.67±5.21
66.67±4.70
87.67±2.33
100.00±0.00
100.00±0.00
71.33±1.76
80.00±2.31
91.33±2.40
99.33±0.67
100.00±0.00
25.33±1.76
34.67±2.40
49.33±1.76
68.00±3.06
92.00±2.31
100.00±0.00
100.00±0.00
76.67±2.40
92.67±2.40
100.00±0.00
100.00±0.00

33.33±2.96
58.00±3.79
79.67±4.70
100.00±0.00
100.00±0.00
100.00±0.00
90.67±1.76
94.67±2.91
100.00±0.00
100.00±0.00
100.00±0.00
32.67±1.76
40.00±2.31
56.67±2.40
84.00±2.31
100.00±0.00
100.00±0.00
100.00±0.00
90.00±1.15
100.00±0.00
100.00±0.00
100.00±0.00

42.00±4.04
66.33±4.33
93.00±4.73
100.00±0.00
100.00±0.00
100.00±0.00
96.67±2.40
99.33±0.67
100.00±0.00
100.00±0.00
100.00±0.00
38.67±2.91
47.33±2.40
62.67±1.76
86.00±2.31
100.00±0.00
100.00±0.00
100.00±0.00
98.67±0.67
100.00±0.00
100.00±0.00
100.00±0.00

50.67±3.48
70.00±4.73
93.67±4.91
100.00±0.00
100.00±0.00
100.00±0.00
100.00±0.00
100.00±0.00
100.00±0.00
100.00±0.00
100.00±0.00
41.33±2.40
48.67±2.40
65.33±1.76
88.67±2.91
100.00±0.00
100.00±0.00
100.00±0.00
98.00±1.15
100.00±0.00
100.00±0.00
100.00±0.00

Larvae

Pupae

Adults

4
7
10
13
16
19
4
7
10
13
16
4
7
10
13
16
19
21
4
7
10
13
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Table 5

Mortality (%) of different insect stages for strain R274 with different exposure times and different phosphine doses

Stage

Exposure
time (h)

100 mL m-3

200 mL m-3

300 mL m-3

400 mL m-3

500 mL m-3

Eggs

4
7
10
13
16
19
4
7
10
13
16
19
21
28
4
7
10
13
16
19
21
28
4
7
10
13
16
19

7.33±2.73
13.67±2.96
31.67±5.21
50.67±2.33
66.00±2.89
96.67±1.67
11.33±1.76
24.00±1.15
47.33±2.40
72.67±2.40
92.00±3.06
96.67±1.76
98.67±0.67
100.00±0.00
4.00±1.15
18.00±1.15
34.67±2.91
49.33±2.40
66.67±1.76
88.00±1.15
94.67±2.40
100.00±0.00
6.67±1.76
25.33±2.40
59.33±1.76
80.67±1.76
93.33±1.76
100.00±0.00

9.00±2.89
26.00±3.79
50.33±2.96
87.67±2.33
100.00±0.00
100.00±0.00
22.67±2.40
46.67±2.40
58.67±2.40
80.67±1.76
98.67±1.33
100.00±0.00
100.00±0.00
100.00±0.00
13.33±1.76
26.67±1.76
37.33±1.76
77.33±1.76
89.33±2.40
96.67±1.76
98.67±0.67
100.00±0.00
20.00±2.31
64.00±2.31
87.33±1.76
100.00±0.00
100.00±0.00
100.00±0.00

14.67±3.48
39.33±3.48
68.33±3.48
86.67±4.26
100.00±0.00
100.00±0.00
42.00±1.15
60.00±3.46
72.00±1.15
91.33±2.40
99.33±0.67
100.00±0.00
100.00±0.00
100.00±0.00
22.00±2.31
32.67±1.76
40.00±1.15
79.33±1.76
100.00±0.00
100.00±0.00
100.00±0.00
100.00±0.00
49.33±1.76
91.33±1.33
100.00±0.00
100.00±0.00
100.00±0.00
100.00±0.00

26.33±1.45
38.67±5.81
69.33±2.33
100.00±0.00
100.00±0.00
100.00±0.00
61.33±2.40
75.33±2.40
84.00±3.06
96.67±1.76
100.00±0.00
100.00±0.00
100.00±0.00
100.00±0.00
34.67±1.76
40.67±1.76
50.67±0.67
84.67±1.76
100.00±0.00
100.00±0.00
100.00±0.00
100.00±0.00
64.67±2.91
97.33±1.33
100.00±0.00
100.00±0.00
100.00±0.00
100.00±0.00

26.33±4.33
47.00±3.79
81.00±3.79
100.00±0.00
100.00±0.00
100.00±0.00
74.00±2.31
85.33±1.76
96.67±2.40
100.00±0.00
100.00±0.00
100.00±0.00
100.00±0.00
100.00±0.00
36.67±2.40
44.00±2.31
52.67±2.40
90.67±1.76
100.00±0.00
100.00±0.00
100.00±0.00
100.00±0.00
79.33±2.91
100.00±0.00
100.00±0.00
100.00±0.00
100.00±0.00
100.00±0.00

Larvae

Pupae

Adults

Table 6 CT product (gh/m3) to achieve 100% mortality of different insect stages for different strains with different exposure
times and different phosphine doses*
CT Product (gh m-3)
Stage
Egg

Larvae

Pupae

Adult

Exposure
time (h)

100 mL m-3

200 mL m-3

300 mL m-3

400 mL m-3

500 mL m-3

R1
R6
R131
R274
R1
R6
R131
R274
R1
R6
R131
R274
R1
R6
R131
R274

3
5
63
-1
3
53
93
3
5
70
93
1
4
43
63

7
7
106
106
1
4
106
126
7
11
126
185
2
6
66
86

4
11
129
159
2
4
99
189
10
14
159
159
2
6
70
99

5
12
172
172
2
5
132
212
5
18
212
212
2
8
93
132

5
14
215
215
2
6
66
215
6
19
265
265
2
10
116
116

*Assume a density of phosphine of 1.379 g/L, gas (25 °C); There was no full mortality in any life stage of strain R274
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RESULTS AND DISCUSSION

example, the exposure time needed to kill 100% of
pupae and eggs was more than three times longer than
that of larvae of strain R1 at all doses. The exposure
time needed to kill 100% of pupae was less than three
times longer than that of larvae of the resistant strains
R274 and strain R131.This indicates that differences
between the stages are smaller for the resistant strains
than the susceptible strain.

Resistance levels
Five strains had Rf 1–6 fold, three strains had Rf
93–167 fold and three strains had Rf 224–274 fold
(Table 1). There were significant differences among
the different strains. Significant differences were
also observed between the strains collected from
same province such as Zhejiang and Guangdong
province. High or low resistance did not appear to be
related to regional climate, high or low temperature
in insects collected, e.g. R263 from Henan where
temperature is low compared to R1 from Zhejiang,
where temperature is higher. More warmer southerly
provinces (Guangdong) had strains with both high and
low resistance, as did the northerly provinces.

Implications for pest management
Effective management of T. castaneum is
threatened by phosphine resistance which has been
reported from many parts of the world (Daglish et
al., 2015). There were a few reports about it in China
during the last decade (Zhang, 1999; Cao et al.,
2003; Zhou et al., 2011). The results of this research
indicate that there was a great difference among of
the strains collected from different locations in China.
The development of resistance phosphine may be still
on the increase in some places, whereas it may not
change too much in other places.
The highest resistances were present in early- and
mid-pupae, much higher than adults. Early-pupae of
the susceptible strain were 32 times more tolerant of
phosphine than 20-day larvae at the LD50 and 41 times
more tolerant at the LD99.9 (Nakakita and Winks,1981).
We found that differences in tolerance to phosphine
for life stages were greater for susceptible strains
than in resistant strains. Dyte and Halliday (1985)
described the problems and implications of resistance
to phosphine found in the adult stage of insect pests.
The present tests show that the most tolerant stages
were eggs and pupae even for susceptible strain. The
stages that are difficult to control are the pupae, eggs
and larvae for resistance strain. The complete control
of immature stages (eggs, larvae and pupae) of resistant
strains needs to be given longer durations and higher
doses, and these stages are difficult to detect in the
grain stores.
The previous work on susceptible strains showed
that the duration of exposure is of more consequence
than the concentration in achieving mortality at practical
concentrations (Bell, 1976). The greater importance of
high phosphine concentrations was determined in our
research due to that the most tolerant pupae can be
killed by high concentration of phosphine in shorter
exposure time. To control the resistant insects it was
also found necessary to achieve high dosage levels,
which must be maintained for long durations (Price
and Mills, 1988).
As a replacement fumigant for phosphine is
unlikely to be found, the need to amend current
fumigation practices to prevent further development

Mortality of different life stages
The mortality of different stages of four strains of
T. castaneum on having levels of resistance in different
exposure time fumigated by five concentrations of
phosphine can be seen in Tables 2 to 5. There was
always some mortality even at the shortest duration
and the lowest dose for all life stages in all the strains.
This shows that there will always be some mortality
with fumigation. The concentration × time, or CT
product, shows that pupae and egg stages are more
tolerant than larvae and adults (Table 6). Resistant
strains needed higher CT products than susceptible
strains, there was always a combination of duration
and dose that could control all life stages, regardless
of the strain.
The exposure time required to get 100% mortality
was approximately 24 h for the adult and larvae of
strain R1 and R6 with of 100 mL m-3 of phosphine.
And the time required was 24 to 39 h for the eggs and
pupae of the two strains with same dose. The eggs
and pupae were more tolerant than adults and larvae
to phosphine. There were a few hours of tolerance
different between strain R1 and R6 for same stage with
fumigation of 100 mL m-3 that the different was in
hours. Strain R1 and R6 showed similar results for the
same stage in the fumigation with higher concentrations
which caused full mortality.
The exposure time to completely control all life
stages was more than 13, 16, 19 and 21 d for adults,
larvae, eggs and pupae, respectively, of strain R131,
and 19, 28, >19 and 28 d for the same stages of strain
R274 fumigated with 100 mL m-3. The eggs and pupae
of strain R131 and strain R274 were found more tolerant
to phosphine than adults and larvae. Resistant strains,
even the most tolerant stages of egg and pupae could
be controlled with long durations at high doses. For
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of resistance is urgent. Great improvements in the gastight sealing of storages, lengthening of exposures to
the gas and high applications rates are needed to insure
control and to prevent the development of resistance
strains (Price and Mills, 1988; Emery et al., 2011).

Herron GA (1990) Resistance to grain protectants and
phosphine in coleopterous pests of grain stored on farms
in New South Wales. Journal of Australian Entomological
Society 29: 183–189.
Nakakita H, Winks RG (1981) Phosphine resistance in
immature stages of a laboratory selected strain of
Triboliumcastaneum (Herbst) (Coleoptera: Tenebrionidae).
Journal of Stored Products Research 17: 43–52.
Opit G, Collins P J, Daglish G J (2012) Resistance
management. (In) Hagstrum, DW, Phillips TW, and
Cuperus G (eds) Stored Product Protection. Kansas State
Research and Extension, Kansas.
Opit GP, Phillips TW, Aikins MJ, Hasan MM (2012)
Phosphine resistance in Tribolium castaneum and
Rhyzopertha dominica from stored wheat in Oklahoma.
Journal of Economic Entomology 105: 1107–1114.
Price LA, Mills KA (1988) The toxicity of phosphine to the
immature stages of resistant and susceptible strains of
some common stored product beetles, and implications
for their control. Journal of Stored Products Research
24: 51–59.
Rajendran S (1994) The current status of phosphine
fumigations in India. (In) Highley E, Wright EJ,
Banks HJ, Champ BR (Eds) Proceedings of the Sixth
International Working Conference on Stored-product
Protection, Canberra, Australia, 17-23 April, 1994. CAB
International, Wallingford, UK, pp. 148–152.
Subramanyam B, Hagstrum D W (1995) Resistance
measurement and management. (In) Subramanyam B,
Hagstrum DW (eds) Integrated Management of Insects
in Stored Products. Marcel Dekker, Inc., New York,
pp. 331–397.
Zhang Youchun (1999) Characteristic comparison on
susceptible and resistance strain of Tribolium castaneum
(Herbst) to phosphine. Grain Technology and Economy
(in Chinese), pp. 24–26.
Zhou Tianzhi, Liushiqiang, Ma Wenbin (2011) Resistance
of four species of stored grain insect pests from central
part of Hubei Province and management stratagem. Grain
Storage (in Chinese) 40: 6–9.

ACKNOWLEDGEMENT
We thank Paul Fields of Agriculture and AgriFood Canada for reviewing an earlier version of the
manuscript.
REFERENCES
Bell CH (1976) The tolerance of development stages of
four stored product moth to phosphine. Journal of Stored
Products Research 12: 77–86.
Cao Yang, Liu Mei, Zheng Yanchang (2003) The resistance
of eleven strains belong to five species of stored grain
insect pests. Grain Storage (in Chinese) 32: 9–11.
Champ BR, Dyte CE (1976) Report of the FAO Global
Survey of Pesticide Susceptibility of Stored Grain
Pests.Food and Agriculture Organization of the United
Nations, Rome.
Daglish GJ, Nayak MK, Pavic H, Smith LW (2015)
Prevalence and potential fitness cost of weak phosphine
resistance in Triboliumcastaneum (Herbst) in eastern
Australia. Journal of Stored Products Research 61: 54–58.
Dyte CE, Halliday D (1985) Problems of developments of
resistance to phosphine by insect pests of stored grains.
Bulletin Organization Europeanne et Mediterraneenne
pour la protection des plantes 15: 51–57.
Emery RN, Nayak MK, Holloway JC (2011) Lessons learned
from phosphine resistance monitoring in Australia.
Stewart Postharvest Review 7: 1–8.
FAO (1975) Recommended methods for detection and
measurement of resistance of agricultural pests to
pesticides—tentative method for adults of some major
pest species of stored cereals, with methyl-bromide and
phosphine e FAO method no 16. FAO Plant Protection.
Bulletin 23: 12–25.

424

Swamy SVSG, Wesley BJ, Vishnuvardhan S, Sandeep RD (2016) Effectiveness of phosphine fumigation
in controlling insect pestsin a rice (Oryza sativa) storage warehouse. Pp. 425–428. In: Navarro S,
Jayas DS, Alagusundaram K, (Eds.) Proceedings of the 10th International Conference on Controlled
Atmosphere and Fumigation in Stored Products (CAF2016), CAF Permanent Committee Secretariat,
Winninpeg, Canada.

Effectiveness of phosphine fumigation in controlling insect pests
in a rice (Oryza sativa) storage warehouse
S V S GOPALA SWAMY*, B JOHN WESLEY, S VISHNUVARDHAN, D SANDEEP RAJA
Post Harvest Technology Centre, Agricultural College Campus, Bapatla, Guntur 522 101,
Andhra Pradesh, India
ABSTRACT

Over-reliance on phosphine (PH3) fumigant for control of storage insect pests has resulted
in development of resistance in several insect species. An attempt was made to know the
effectiveness of fumigation in controlling insect populations of raw rice stored in a warehouse
in Machilipatnam, Andhra Pradesh. Insect populations were monitored using stack probes for
about 16 months. Insect species, viz. Tribolium castaneum (Herbst) and Cryptolestes sp., were
noticed in raw rice. The storage facility is a rectangular compartment with reinforced cement
concrete roof and fumigation of the total facility is common practice. A total of nine fumigation
programmes were taken up between 45 and 60 days interval during the study period. Aluminium
phosphide 56% (F) tablets were used at 11.95 kg sealing the compartment for about one week.
However, the insects were found active throughout except for a little period immediately after
fumigation. Presence of adult survivors immediately after aeration also indicated development
of tolerance in the existing insect populations and the fumigant survivors are responsible for reinfestations with in short period. Rusty grain beetle [Cryptolestes ferrugineus (Stephens)] was
found more tolerant than red flour beetle (Tribolium castaneum). To extend the effectiveness
of phosphine, a strategy including regular sampling and resistance monitoring programmes,
probably higher dosages for longer exposure periods ensuring effective sealing of the structure
may be advocated.
Key words: Control, Insect, Pests, Phosphine fumigation, Rice, Warehouse
Phosphine (PH3) as a fumigant has a history of
nearly 85 years on which the world grain industry
has been relied heavily for control of insect pests
during storage for many years; because of its several
attributes including cheaper price, versatility and ease
in application and wider acceptance as a residuefree treatment.This over reliance has resulted in
development of resistance in several stored product
insect species including the lesser grain borer,
Rhyzopertha dominica (Fabricius) (Collins et al.,
2005), the red flour beetle, Tribolium castaneum
(Herbst) (Emery et al., 2011) and the rusty grain
beetle, Cryptolestes ferrugineus (Stephens) (Nayak
et al., 2012).Though several alternatives such as ethyl
formate, ethane dinitrile, carbonyl sulphide and sulfuryl
*Corresponding
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fluoride have been developed, they cannot match the
benefits offered by phosphine. Hence, the focus has
been shifted to managing resistance to phosphine (PH3)
to ensure its future sustainability. Keeping this in view,
an attempt was made to understand the effectiveness
of fumigation in controlling insect pest populations
of raw rice stored in bags in a warehouse maintained
by Central Warehousing Corporation (CWC) at
Machilipatnam, Krishna District, Andhra Pradesh.
MATERIALS AND METHODS
The storage facility selected for this study is a
rectangular compartment of volume 3,320 m3 with
dimensions of 26.65 m× 23.73 m× 5.25 m (length ×
width × height) withrein forced cement concrete roof
with total storage of 954 metric tonnes of raw rice
procured and arranged in twelve stacks during March
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2014. The grain moisture ranged from 12 to 14% (wet
weight basis) during the period. Insect populations
were monitored using stack probes developed by Tamil
Nadu Agricultural University for 16 months starting
from November, 2014. Insect species, viz. Tribolium
castaneum and Cryptolestes ferrugineus, were noticed
to exist in raw rice. A total of four traps (one trap on
each side) were installed in a stack at a height of 6
feet (1.8 m) and the number insects collected in the
traps were recorded at fortnightly and presented as
total number per four traps. Thus, observations were
recorded for 16 months, i.e. 32 fortnights. Fumigation
of total facility sealing the windows, ventilators and
rolling shutters in doorways with the help of paper
strips and starch pasteis the common practice being
followed at this depot. Since March 2014, a total of
13 fumigation programmes (nine fumigations during
the study period) were taken up with 45 to 60 days
intervalby the end of March 2016. At each time of
fumigation, Aluminium phosphide 56% (F) tablets
(Manufactured by United Phosphorus Ltd., and
supplied with the trade name; QuickPhos) were used
at 11.95 kg sealing the compartment for about one
week. Deltamethrin @ 120 g/100 m2, malathion @ 30
ml/100 m2 and dichlorvas @ 20 ml/100 m2 were also
used periodically as post fumigation surface treatments.

Table 1 Incidence of insect pests in stored rice as indicated
by stack probe traps between December 2014 and
March 2016
Period of
observation
Month

RESULTS AND DISCUSSION
In spite of all these treatments, the insects found
active throughout except for a little period immediately
after fumigation as indicated by the trap collections
(Table 1).The trap catches during the study period
ranged from zero to the maximum of 744 Tribolium
sp. and from 41 to 395 Cryptolestes sp. adult insects.
Though insect catches were found reduced in numbers
due to immediate effect of fumigation, they were
never observed to be nil throughout the period except
first and sixth fortnights only in case of Tribolium
sp. The population fluctuations of both the insect
species were mostly due to phosphine fumigation
interventions rather than existing climatic factors. It
was also observed that higher numbers of insects were
collected in the traps while the rice stacks were under
fumigation as the insects wander due to suffocation.
Thus, during the first four months, the insect trap
catches ranged from 0 to 47 of Tribolium sp. and 77
to 199 of Cryptolestes sp. adult insects. In the next
four months, increased numbers of both the insects
were found ranging from 26 to 644 and 67 to 395
respectively. In the third phase, the insect populations
of both the insects fluctuated ranging from 22 to 744
and 41 to 224 respectively. Further, higher numbers
were recorded in the last four months ranging from 70

Fortnight

Total number of insects
per 4 traps
Tribolium Cryptolestes
sp.
sp.

14 Dec.

1st Fortnight

0

102

14 Dec.

2nd

Fortnight

47

191

15 Jan.

1st Fortnight*

12

77

15 Jan.

2nd

Fortnight

17

121

15 Feb.

1st Fortnight

28

199

15 Feb.

2nd

Fortnight

0

109

15 Mar.

1st

Fortnight*

3

102

15 Mar.

2nd Fortnight

14

103

15 Apr.

1st

Fortnight

26

395

15 Apr.

2nd

Fortnight

62

244

15 May

1st Fortnight*

46

174

15 May

2nd

Fortnight

45

173

15 Jun.

1st

Fortnight

87

102

15 Jun.

2nd Fortnight

244

67

15 Jul.

1st

Fortnight*

644

175

15 Jul.

2nd

Fortnight

93

87

15 Aug.

1st Fortnight

244

137

15 Aug.

2nd Fortnight

240

64

15 Sep.

1st

Fortnight*

744

202

15 Sep.

2nd Fortnight

87

118

15 Oct.

1st

Fortnight*

172

165

15 Oct.

2nd Fortnight

22

41

15 Nov.

1st

Fortnight

91

107

15 Nov.

2nd

Fortnight

76

224

15 Dec.

1st Fortnight*

392

245

15 Dec.

2nd

Fortnight

115

208

16 Jan.

1st

Fortnight

101

218

16 Jan

2nd Fortnight*

133

220

16 Feb.

1st

Fortnight

70

253

16 Feb.

2nd

Fortnight

75

145

16 Mar.

1st Fortnight*

95

126

16 Mar.

2nd

134

95

Fortnight

*Indicates a fumigation was conducted, ended within one
fortnight of the trap counts.

to 392, and 95 to 253 respectively. Regular presence of
insects in the traps indicated that apart from fumigant
tolerant adults, the tolerant stages of these insects such
as eggs and pupae, while during or after fumigation,
continued to develop and emerge as adults. The
emergence pattern of adult insects from the rice stacks
after fumigation and subsequent aeration at five day
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Mean number of insects trapped

interval, revealed a good number of adult insects of
both the species (from the 3rd day itself) in the traps
and more numbers were found in case of Cryptolestes
compared to Tribolium (Fig. 1). Observance of adult
survivors immediately after aeration also suggested the
presence of resistance in the existing insect populations
and these fumigant survivors would then be responsible
for re-infestations within short period. Moreover,there
is a wide variation in susceptibility of life stages of
different insects; adults are more susceptible than preadult stages. Similarly, Rusty grain beetle (Crytolestes
ferrugineus) was found more tolerant than Red flour
beetle (Tribolium castaneum).
Insect resistance to phosphine can be attributed to
repeated exposure to sub-lethal concentrations probably
due to failure in maintaining the concentrations of
phosphine gas at levels that can cause lethality of
all the stages of all the insects. The findings are in
conformity with the observations of Rajendran (1999),
and Pattanaik (2012). Rajendran (1999) surveyed India
for resistance to phosphine fumigant in stored grain
insect pests such as T. castaneum, Sitophilus oryzae
(L.), Rhyzopertha dominica (Fabricius), Oryzaephilus
surinamensis (L.) and Cryptolestes spp. and noticed
the highest frequency of resistance in T. castaneum
(100%). Likewise, Kabbashic et al. (2015) also reported
that phosphine (PH3) exposure for five days was
unable to disinfest the flour from the red flour beetles.
However, the same dose succeeded in disinfesting
the test flour from larvae and adults when used for
6 and 7 days.
Besides, some practical difficulties were also
observed at the site; that all the compartments are
not fumigated at once, and re-infestation from the
adjacent compartments is a common phenomenon.
Furthermore, the sealing material (newspaper/ brown
paper strips and starch paste) may not be strong enough
to retain phosphine gas. Monkey menace was also one
factor that influenced proper sealing. Keeping these
difficulties in view, fumigation of individual stacks
under cover with suitable polythene sheet may be
preferred than fumigation of entire facility.
Although concentration and exposure time
are the main factors that determine toxicity of the
fumigant, the length of the exposure time is of greater
importance. Phosphine (PH3) is a slow acting poison
that is absorbed slowly by some insects even at high
concentrations. However, this problem cannot be
circumvented by increased concentrations as extremely
high concentrations may cause insects to go into a
protective narcosis as reported in case of Tribolium
castaneum (Bond, 1984). Susceptible adult insects get
killed quickly, usually within a day, but immature eggs

71.5

53.5

49.0

40
31

45.5

52.5
47

37
31

21.5
6
5

10

15
20
Days after fumigation
Tribolium
Cryptolestes

25

30

*Mean of two fumigations

Fig. 1. Emergence trend of adult insects from rice stacks
after fumigation and aeration

and pupal stages are tolerant to phosphine and can
survive short exposures, even in high concentrations.
Fumigation in an unsealed storehouse exposes the
insects to a sub-lethal dose of phosphine and renders
survival of resistant adult insects, eggs and pupae and
continue breeding, passing on their resistance. To kill
all stages of the insects’ life cycles, the phosphine (PH3)
gas must be present in high enough concentrations for
approximately 7 days. Rajendran (1992), reported that
the primary cause of development of resistance is the
use of substandard fumigation techniques particularly;
dosages of phosphine and arresting gas leakages;
which can be overcome by enclosing the grain
stacks in polythene sheets. Tayler and Harris (1994)
demonstrated a technique of good quality fumigation
of bag stacks, under laminated PVC sheets weighing
360 g/m2 with effective sealing at floor level by using
larger sand snakes of 15 cm diameter and could retain
at least 50% of the applied dose of phosphine (PH3)
for 7 days or longer. Hence, (PH3) gas monitoring
to check the levels of phosphine gas in grain stacks
or in whole compartment under fumigations is to be
made essential practice for a scientific and successful
fumigation operation.
To extend the effectiveness of phosphine, a strategy
including regular sampling and resistance monitoring
programs, probably higher dosages for longer exposure
periods ensuring effective sealing of the structure while
limiting the number of fumigations should be adopted.
Thorough studies are to be taken up on resistance
development to phosphine fumigation with particular
to the insect pests under report and other storage insect
pests in general. However, present study suggested the
immediate need of revising the dosage schedules and
improving the standard of fumigations. Awareness and
training on importance of effective fumigation should
427
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also be given not only to the warehouse managers but
also to all the persons directly involve in this.
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Should India consider shifting to bulk food grain storage system?
– A conceptual frame work
K ALAGUSUNDARAM*
Indian Council of Agricultural Research, New Delhi 110 012, India
ABSTRACT

India has conventionally adapted to bag system for food grain storages. The available grain
storage facilities in the country are far too low compared with the huge productions. The total
permanent food grain storage facilities available with the government and privately owned
warehouses are only 24.7±4.3% of the total production, leaving nearly three quarters of the food
grains to be stored in unorganized sector and unscientifically. This paper discusses the advantages
of India moving to bulk storage system from the current bag storage practices. Easy automation,
simple operation and effective fumigation are some of the advantages of bulk system compared
with bag system. The adverse effects of ambient weather changes on the stored grain will be
minimized by nearly eight times in a bulk storage system than in a bag system. The possible ways
of successfully moving to bulk storage system by introducing a bulk chain are also discussed.
Following are the two options for the move: (i) converting the existing facilities to bulk storage,
and (ii) introducing fully automated bulk chain. Converting existing warehouses to bulk storage
requires some initial investment but will help effectively using the already created facilities and
increasing the storage capacity by nearly two fold. When new facilities in the form of bulk chain
are created, fully automated galvanized iron bins may be introduced. A bulk chain for storage
must start at the local collection centres and must extend up to the distribution points. In-bin
drying facilities, tipper type bulk truck transports and rail wagon transports, fumigation and grain
handling facilities must become part of such bulk chains. The shifting must be based on sound
scientific principles. Elaborate research works need to be initiated to study the effects of local
weather conditions on the safety of food grains stored in such bulk facilities.
Key words: Bag storage, Bulk chain, Bulk storage, CAP storage, Warehouses
India’s food grain production has witnessed a
phenomenal growth since its independence 70 years
ago. Initially, after independence and till nearly the
middle of 1960’s the growth of grain production was
sluggish. The production rose by a meagre margin of 30
million tonnes during that time (IndiaAgristat, 2016). In
the late 1960’s, the production was more than doubled,
in just one decade owing to introduction of concept of
green revolution (IndiaAgristat, 2016). Introduction of
high yielding varieties, suitable application of sufficient
fertilizers and plant protection chemicals, efficient
irrigation water and crop management, continuous
advancement of agricultural technologies, introduction
*Corresponding author e-mail: ddgengg@icar.org.in

of climate resilient, drought tolerant varieties and
timely government interventions have helped the
country to reach an all-time high grain harvests of 263
million tonnes in 2014-15 crop year (Chaturvedi et al.,
2015). Rice and wheat, the stable foods for the people,
are the major crops of India. The total production of
rice and wheat in 2014-15 were 105.3 million tonnes
and 94.9 million tonnes, respectively. Food grain
production has continuously kept in pace with the
growth of population (Fig. 1). Based on long term
food grain production and the population in different
periods, India has been maintaining a nearly constant
gross per caput food grain availability of 197±16 kg
throughout the post-independence period.
On one hand, India boasts of superlative productions
of food grains and on the other hand, the availability
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CONTROLLED ATMOSPHERE AND FUMIGATION IN STORED PRODUCTS
400

1450

350

1250

as the agents for the Food Corporation
of India (FCI) (Rathore, 2016).

2015

2010

2005

2000

1995

1990

1985

1980

1975

1970

1965

1960

1955

1950

Population (millions) .........

On-farm storage
Farmers and rural families store a
300
1050
minimum stock that will be required for
the consumption of the family and, in
250
850
many instances, the stocks required as
seed for the next crop. The percentage
of grains retained at the farm level and
200
650
the period of storage are functions of
consumption and marketing pattern,
450
150
farm and family size and the yield per
unit land owned (Rajendran, 2016). In
250
100
most circumstances, farmers bag the
grains in gunny bags of around 50 or
60 kg capacity and stack in the house
50
50
(Fig. 2). When heating or infestations
are observed the grains are spread on
Year
a floor for aeration for a day or two,
Fig. 1. India’s success in continuously increasing its grain production to feed then bagged and stored. The estimated
the fast growing population in the past 7 decades (India Agristat,
postharvest losses at the farm level are
2016)
3.82% by weight or nearly 10 million
tonnes at current production levels (Basavaraja et al.,
of food for nearly 30% of the population is grossly
2007).
inadequate. Excessive postharvest losses and ineffective
distribution system are the major causes for this. A
Storage at government level for public distribution
recent survey conducted by the Indian Council of
The FCI is the largest food grain trading and
Agricultural Research (ICAR) concludes that the postdistributing agency in India and probably the largest
harvest losses to the food grains range from 6 to 8%
supply chain management system in Asia. The FCI was
and that of fruits and vegetables range from 12 to 18%
set up in 1965 under the Food Corporation Act 1964. It
(Jha et al., 2015). The total loss is equivalent to INR
operates through 5 zonal offices and 26 regional offices.
920 billion (US $14.2 billion) per year. Losses during
Each year, the FCI purchases roughly 15 to 20% of
grain storage account for 6% due to the lack of proper
India’s wheat output and 12 to 15 % of its rice output
storage facilities (Sharon et al., 2014). India loses nearly
(Singh and Abhijit, 2011). The purchases are made
12 to 16 million tonnes of food grains annually worth
from the farmers at the Minimum Support Price (MSP),
about USD 4 billion. This is sufficient to feed nearly
the rates declared by the Government of India from
10% of India’s population, meaning 10% of India’s food
season to season. The difference between the purchase
demand can be met only by safely storing grains and
by minimizing storage losses. Majority of the losses
occur at the farm level. Poor storage facilities and not
adopting to scientific methods of storing grains are the
major causes for such huge losses.
GRAIN HANDLING AND STORAGE IN INDIA
The grain handling and storage facilities in the
country are grossly inadequate. The food grains are
stored in the farm, in privately owned storage facilities
and in government warehouses. Nearly 60 to 70% of
total food grains produced in the country are stored
by the farmer in his farm (Kanwar and Sharma, 2003).
The rest of the grains sent for public distribution are
procured by State Warehousing Corporations (SWC)
and Central Warehousing Corporation (CWC). They act

Fig. 2. Bagged food grains are stored along with other
articles in a typical farmer’s residence
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price and the sale price and the internal costs
340
340
are reimbursed by the Union Government in
290
290
the form of Food Subsidy. The annual subsidy
in 2011 was around INR 10 billion (Sud, 2011).
240
240
There is no limit for procurement in terms of
volume. The food grains procured by FCI and
190
190
its associated agencies must strictly adhere to
140
140
the quality norms laid down by FCI which
is called as the Fair Average Quality (FAQ)
90
90
specifications. The food grains thus procured
40
40
are issued to the State Government nominees
at the rates affirmed by the Government of
India for further distribution under the Public
Distribution System (PDS) or Targeted Public
Year
Distribution System (TPDS).
Fig. 3. A comparison of annual grain production and the total available
The FCI does not hire storage warehouses
storage capacity in publicly owned or hired warehouses (India
Agristat 2016)
from CWC, SWC State agencies and private
parties. The total storage capacity with FCI
in 1970 was 0.28 million tonnes (Anon. 2016 a) and
over this is treated as the buffer stock (Bhartendu
it rose to 94.5 million tonnes in 2016. Of this, 35.7
et al., 2015). Both the buffer and operational stocks
million tonnes capacity are owned by FCI and the
are merged in the same warehouses and are not
rest are hired (Anon. 2016 b). The current storage
distinguishable.
capacities owned by the FCI and the organizations
STORED GRAIN MANAGEMENT IN
hired by FCI are shown in Table 1. The storage space
WAREHOUSES
available in the country is far below the total food grain
production (Fig. 3). The total storage capacity available
The storage warehouses are permanent concrete
in the country is only around 24.7±4.3% of the total
buildings with cement floor and have either asbestos or
food grain production during the last several decades
galvanized iron roofs laid on an “A” frame. Adequate
(IndiaAgristat, 2016). This leaves nearly three-fourths
ventilation in the form of windows is provided. These
of the grains handled and stored in unorganized sector
warehouses are usually rodent and bird proof. The
and in unscientific manner.
bagged food grains are kept on wooden crates or PVC
The FCI is the only government agency entrusted
pallets to avoid moisture creeping in from the floor.
with movement of food grains from the procuring
The bags are stacked in a 4 × 3 stack arrangement
states to consuming states through a network of storage
(Fig. 4). Each of the stacks is 9.0 m long and 6.0 m
infrastructure owned or hired. These food grains are
wide. Usually the bags are stacked to a height of 18 to
distributed by the state governments through TPDS and
22 bags. A bag stack will have a height of 5.0 to 6.0 m.
other welfare schemes (OWS). Normally four months
Each stack holds about 150 tonnes of food grains and
requirement of food grains for issue under TPDS and
in a normal warehouse of about 90 m long and of 30
OWS are called as operational stocks and the surplus
m wide, around 5,000 tonnes of food grains are stored.
Proper aeration, cleaning and brushing of food
Table 1. Total current food grain storage capacities owned by
grain bags are done regularly. To protect the stored
FCI and the organizations hired by FCI
grains from insect and microbial attacks, the stocks
Name of the organization
Storage capacity
are treated with malathion and with deltamethrin.
(million tonnes)
Malathion is sprayed on walls, alleyways, bags and
Food Corporation of India
15.64
surfaces. A malathion water solution of 3 L with a
dilution ratio of 1:100 is spayed in an area of 100 m2
Central Warehousing Corporation
10.09
(Anon. 2016 d). Deltamethrin at a dilution of 120 g
State Warehousing Corporations
23.46
in 3 L of water is sprayed over a 100 m2 area to avoid
State Civil Supplies
11.30
cross infestation (Anon. 2016 d).
Cooperative Sector
15.07
If infestation or traces of it are observed, the
Private Sector
18.97
grains are fumigated with aluminium phosphide
Total Storage Capacity in the Country
94.53
(Anon. 2016  c). Aluminium phosphide tablets @ 3
*Source: Bhartendu, 2015
tablets/tonne of grain are used to control infestations.

CONTROLLED ATMOSPHERE AND FUMIGATION IN STORED PRODUCTS
30.0
0.75

0.75

0.60

Fig. 5. Bags of food grains are being stacked for preparing
a typical cover and plinth (CAP) storage in an open
space

All dimension

Fig. 4. A schema of a 4 × 3 stack arrangement in a
warehousing facility. Normally 18 to 22 bag height
stacks are followed. All dimensions are in m.

India has traditionally adopted to store grains in
jute bags. On an average, the grains are bagged and
unpacked 6 to 10 times before it reaches the consumer.
These cumbersome bagging and unpacking operations
require enormous manpower, time and money. The
grain filled jute bags are transported using trucks from
grain collection centres to the storage warehouses;
from the warehouses to the rice mills or flourmills,
from the mills to the warehouses as milled rice or flour
and finally from the warehouses to the TPDS shops
for distribution. While loading and unloading from
the trucks, the bags are handled using metal hooks by
the labourers. The multiple handling using hooks and
multiple stitching while bagging are causes for short
shelf life of the jute bags and huge spillage of grains.
Furthermore, the jute bags become important
sources of infestation. They absorb moisture easily
when the relative humidity of the surrounding
atmosphere is high and become brooding places for
microbes that attack stored grains. Bag storage is
highly labour intensive. The rising labour costs and
non-availability of labourers are discouraging factors
to continue with bag system of storage. Slow rate
of handling, ineffective fumigation, high operating
costs, high rodent loss potentials and high chances
for re-infestation are other major objections to the bag
system. Flexibility in storing different commodities in
the same space and low capital cost are the only two
good advantages of bag system of storage.

Gas proof covers made of polythene based materials
are used to cover the stacks. They are sealed to the
floor either with sand bags or with mud and in some
instances using the combination of both. Covering,
sealing, application of fumigant and uncovering are
cumbersome operations requiring huge manpower
and time. The safety of the person applying these
chemicals is also in question. When the covers are
used year after year, several pot holes develop due to
handling and become highly leaky. Because of leaky
covering and inefficient application methodologies, the
insects develop resistances for the chemicals requiring
increased dosage or increased exposure time every year.
COVER AND PLINTH (CAP) STORAGE
During bumper harvests and when the permanent
warehouses are completely filled with stocks, the
excess grains stocks are stored in temporary storage
facilities called as Cover and Plinth Storages (CAP). In
CAP, the bagged grains are stored in stacks on crates
in an open space (Fig. 5) and covered with polythene
sheets on 5 sides with the bottom open for aeration.
This makes the grains prone to attack by rodents,
birds and pests. Unexpected rainstorms and weather
changes make matters worse and cause great losses.
Every year huge quantities of food grains stored in
temporary storage facilities go waste. As per estimates
an additional 35 million tonnes permanent warehousing
capacity is required immediately (Chaturvedi et al.,
2015).

BULK HANDLING OF FOOD GRAINS
Compared with bag storage systems, bulk storage
has several advantages. Some of the important ones
are discussed here.
Effects of ambient condition changes on bulk

JUTE BAGS FOR STORING GRAINS
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grains and bag stacks: The stored grains are easily
affected by the changes in the ambient relative humidity
(RH) and the temperature. Paddy grain, for example,
stored at 32oC and at 79% RH will attain a moisture
content of 14.5% (Wimberley, 1983). The same grain
will reach a moisture content of 12.2% when the
ambient RH is 65%. This leads to a huge weight loss
of nearly 23,000 tonnes for every million tonnes. On
the other hand, if the ambient RH reaches nearly 90%,
the paddy grains will attain a moisture content of 17.3%
leading to the risk of microbial attack. Keeping other
conditions constant, the heating or cooling of grain due
to increase or decrease in the ambient temperatures
and the moisture gain or loss due to the ambient RH
increase or decrease are directly proportional to the
exposed surface area. A typical 150 tonnes bag stack
placed in storage warehouses has a plain surface area
of about 220 m2. This area will be much higher if the
undulating bag surfaces exposed to ambient are taken
into consideration. In a silo without a plenum chamber,
only the top surface may be exposed to moisture
absorption or desorption from the ambient. A typical
6 m diameter bin holding paddy grains will have an
exposed surface area of only 28.3 m2 or nearly eight
times lower than in a bag stack. Therefore, keeping
other conditions constant, a bag stack will be at a risk
of gaining or loosing moisture at nearly eight times
faster than a bulk stored grain.
The heating or cooling of the grains due to changes
in ambient temperatures will nearly remain constant
because a storage silo of 6 m diameter and 8 m height
holding 150 tonnes paddy grains will have an exposed
surface area of 206 m2 (including the top surface and
the surface area of the wall of the bin) which is nearly
the same as in bag stacks.
Easy and effective fumigation: Fumigating a bag
stack requires elaborate arrangements like the covering
sheet, sand bags or mud for sealing, high labour
requirement and huge time loss. The effectiveness
of fumigation is also very poor due to leaky covers.
While, a bulk stored grain can easily be fumigated by
applying the fumigant through the plenum chamber.
In non-airtight bins only the top surface needs to be
covered with a plastic sheet. In airtight conditions
recirculation of fumigant is possible. A huge labour and
time saving is possible and the costs of replacement
of covering material once in few years are eliminated.
Fumigation is more effective than bag stacks requiring
lower dosage than in a bag stack. The health conditions
of the labours are seriously affected due to leaky bags
and the closed environment. This problem will be
substantially reduced in fumigating bulk stored grains.
In-bin aeration and drying: Aeration and drying

facilities can easily be added to a bulk storage system.
Dryers are not commonly used in Indian grain storage
facilities except in mills where parboiled paddy
is dried using mechanical dryers. Currently, when
drying becomes unavoidable, the grains are unpacked
and spread on a yard floor for sun drying. This is
not only unhygienic, but requires also huge labour
and time. Bulk storage facilities with in-bin drying
arrangements will become a boon to the nation in
reducing the avoidable loss due to high moisture
grains. Aeration in cool nights will help in making
the grain temperatures uniform and avoid moisture
migration and the eventual quality loss. All these are
not possible in a bag storage system.
Reduction in cross contamination: In a bag storage,
warehouse grains procured from various geographical
locations are stored in the same facility. Owing to this
practice, cross contamination from grains of different
sources is possible. This is completely eliminated in
a bulk storage system.
Automation and labour saving: A bulk handling
system can easily be automated at any scale and can
effectively be operated by one or two skilled workers.
Handling becomes very rapid and the spillages are
reduced drastically. The labour costs can be reduced
appreciably. Recurring expenditures on replacing worn
out jute bags will be saved. Government agencies spend
nearly INR 5,000 million (US $85 million) every year
for replacing the worn out jute bags.
In a well maintained bulk facility, the losses
to rodents are totally eliminated. The possibility of
re-infestation is eliminated if the facility is properly
treated before loading. High initial costs and
inflexibility in storage are few disadvantages of the
bulk handling system.
INTRODUCTION OF “BULK CHAIN”
India must consider introduction of bulk chain for
grain storage if the country has to take the benefits
of bulk storage over the bag system. A bulk chain,
ideally, need to start from the farm. But due to the
current farm sizes and farmers’ economic status, a
farmer may not have sufficient facility to transport in
bulk to the nearest collection centre called as “mandi”.
Alternatively, the bulk chain may start from the mandi.
Ideally and conventionally galvanized steel bins
of flat or hopper bottom types with suitable grain
handling facility must be provided for introducing
the bulk chain. Elaborate research efforts are needed
to understand the effects of local weather conditions
on the stored grains. Particularly, in a hot weather,
overheating and over drying of grains near the wall
portions may lead to the breakage of rice while milling.
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India enjoys several types of weather conditions:
tropical, coastal, warm hilly weathers, sub-tropical,
temperate, arid and semi-arid and cool hilly weather
conditions. The requirement of bins, their design and
the management of grains stored in these bins will vary
between different weather conditions. Based on the
experiences of other countries, cool and medium dry
weather is safe for storing grains than other weather
conditions. Placing huge facilities in such locations
and moving the grain based on demand may be an
option to explore. Bins designed based on functional
requirement in different weather conditions will help
to store the grains safe in all the weather conditions.
In a tropical region, for example, a double walled bin
will help reducing the heating of grains near the wall.
India has a huge network of very large number of
bag storage warehouses. These warehouses cannot be
abandoned. They can, however, be converted as bulk
storage facilities. A conversion requires grossly the
following alterations: (i) placing the aeration ducts and
the unloading augers beneath the existing floor; (ii)
closing all the windows and doors except providing
one large entry door; (iii) sealing all the existing holes,
cracks and crevices; and (iv) providing ventilation
openings near the top with facility for completely
sealing them when fumigation is done. Converting
existing storage facilities to bulk storage will help to
realize all the benefits of a bulk storage system. When
grains are stored in such converted storage facilities,
the total surface area exposed to ambient weather
conditions is reduced by nearly half compared with
when bag stacks are used. Therefore, the heating of
grains due to ambient temperature changes will be
reduced by half.
In addition to these, the space requirement will
be reduced by nearly two times. A typical bag storage
facility having 90 m length and 30 m breadth holds
5,000 tonne of grains. About 12,000 warehouses are
required for storing a stock of 60 million tonnes.
Converting existing warehouses as bulk storage
facilities and assuming the grains are stored to a
height of 6 m, the total number of warehouses to
store the same quantity of grains will be reduced to
6,200. If all the 12,000 warehouses are converted as
bulk storage facilities, then the total storage capacity
of the country will increase from 60 million tonnes
to 117 million tonnes.
A bulk chain also requires the conversion of
existing transport facilities to handle the grains in
bulk. The trucks and rail cars used for transporting
bags will have to be converted. Trucks with tipper
facilities, warehouses with facilities to load and
unload the grains directly from the rail car are some

of the important changes required in the transporting
system.
THE WAY FORWARD
As has been discussed in the previous sections
the storage capacities available in India are far
too few compared with the food grain production.
Conventionally bag storage system is adopted. Bag
storage system has several inherent disadvantages.
India must consider moving to bulk storage system.
This conversion requires two pronged approaches:
(i) converting existing bag storage facilities to bulk
storage, and (ii) introducing a bulk chain. Initially
few storage warehouses across different climatic
zones may be converted to handle the grains in bulk.
Once their suitability and advantages are time tested
by experience, then all the storage warehouses may
be converted to handle the grains in bulk. Converting
the existing facilities to bulk store grains will increase
the storage capacity of the country by nearly two
times. A bulk chain starting from collection “mandi”
to the final distribution point may be introduced in
addition to converting the existing storage warehouses.
A bulk chain will have elements like bulk transport
facilities, both in trucks and rail cars, galvanized iron
bin storage facilities, aeration and where appropriate,
drying provisions in few bins in each of these facilities,
and completely or partially automated grain handling
systems in each of the facilities.
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Current analytical advances in fumigation science at USDA-ARS
S S WALSE1*, R L JIMENEZ1, W A HALL2
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ABSTRACT

Recent work to improve analytical methodology for the detection of fumigants in the gas,
or solid/liquid phase will be summarized. A barrier ion-discharge detector (BID) quantitatively
detected fumigant gasses in concentrations ranging over several orders of magnitude. Head space
analysis using either solid-phase micro extraction or a head space auto sampler equipped with
an adsorbent trap accurately quantified fumigant residues in foodstuffs without lengthy sample
preparation or the use of solvents. Normal atmospheric pressure mass spectrometers are discussed
in the context of their use to quantify the depuration potential of fumigants for worker exposure
evaluations. Detailed here is research related to the use of solid-phase micro extraction (SPME)
to quantify methyl bromide (MB) concentrations in airs treams, and more specifically, effluent
from the ventilation of post harvest chamber fumigations. Two SPME sampling techniques were
investigated, direct fibre exposure (DFE) as well as time-weighted averaging (TWA), and results
from compulsory experiments designed to probe and characterize MB quantification using the
respective techniques are presented and discussed. Results support the use of TWA sampling for
MB over the timescale of hours in airs teams containing up to 16,000 ppmv. The TWA sampling
of MB was quantitative across the range of fumigation-relevant conditions, statistically unaffected
by relative humidity, and had a limit of detection (LOD) of approximately 14 ng when coupled
to gas chromatographic analysis with flame ionization detection (GC-FID).
Keywords: Food security, Food safety, Gas detection, Quantification and Worker safety
Methyl bromide (MB) is a highly effective
postharvest fumigant with an approximate 50-year
history of controlling insects and microorganisms
across a wide variety of applications (e.g. foodstuffs,
wood, etc.) (Bell et al., 1997; Johnson et al., 2012).
It is an atmospheric source of reactive bromine gases
(Lary, 1996), which deplete stratospheric ozone (Yung
et al., 1980; Solomon, 1990). Anthropogenic utilization
of MB is regulated by international agreement under
the Montreal Protocol. In instances where post-harvest
chamber fumigations are permitted, contribution(s)
to ozone depletion can be minimized, or eliminated,
by removing MB from the ventilation effluent via
activated carbon or some other type of sorbent material
(Leesch et al., 2000). Towards that end, it is necessary
to assess the potential of sorbent materials to remove
MB from airstreams.
1Corresponding

author email: spencer.walse@ars.usda.gov

An experimental apparatus, termed a parallel
adsorbent column tester (PACT), was constructed as
a scaled-down model of a chamber ventilation system
material (Leesch et al., 2000). The PACT was used to
evaluate, in parallel, gram-scale quantities of materials
for capture performance, as a function of effluent
flows (ca. 0 to 225 mL min-1), volumes (≥ 6.75 L),
durations (≥ 30 min), and [MB]’s (ca. 3 to 16,000
ppmv). Over the range of these conditions, solid-phase
micro extraction (SPME) fibres have the potential
to more effective than established methods for MB
quantification (e.g. calorimetric tubes, gas-sampling,
IR detection, electrochemical detection). Quantitative
models for two SPME sampling techniques, direct
fibre exposure (DFE) and time-weighted averaging
(TWA) were applied to studies that explored the
accuracy, precision, and reproducibility of using the
DFE and TWA techniques to sample MB in the PACT
system with flowing air, as well as in a static system
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Fig. 1. Methyl bromide concentration ([MB]) detected relative to that expected with (solid line) or without (dashed line)
burying the SPME fibre into a septum for varying durations (i.e. hold times) (min) prior to GC-FID analysis;
dotted lines represent the 95% confidence intervals. Each point represents a trial conducted with a single fibre.
Without burying the fibre into a septum, a statistically significant loss (95% confidence interval) of MB occurred
after –11 min (solid vertical line), consistent with a 0.4% loss of MB/min

TWA technique with a t of 30 min, an average [MB]
of 3,434 ± 211 ppmv (n = 35, x ± s ) (5 replicate
analyses of 7 samplings) was obtained, which agrees
well with a calculated [MB] of 3,731 ppmv. It is
interesting to note that the accuracy of TWA sampling
for MB quantification in the PACT system despite
changes in concentration over the sampling interval, a
period where no MB is released, and a relatively short
exposure to the highest [MB]. This result is in marked
contrast to DFE sampling in the PACT system with a
single fiber (i.e., without temporally exchanging fiber
assemblies) and t = 30 min, where m would be based
overwhelmingly on the [MB] in the minutes preceding
the conclusion, rather than the total amount of MB in
the effluent over that time.
TWA sampling of PACT: Handling, parametrics,
interferents, and Limits of detection Desorption of MB
from the SPME fibre over the time that lapsed between
sample acquisition and analyses was evaluated. With
respect to TWA sampling of the airstream in the PACT
system, the fiber guide was buried into a septum (to
seal the tip of the fibre guide), immediately following
acquisition for a hold time of 0, 30, 60, or 195 min.
Alternatively, the fibre guide was analyzed without
being buried in a septum after hold times of 0 or 60

for comparison. We report results from compulsory
experiments and discuss the potential for SPME-based
sampling techniques to quantify MB in effluent from
postharvest chamber fumigations.
MATERIALS AND METHODS
Modeling experimental details are as reported by
Hall et al. (2015).
RESULTS AND DISCUSSION
SPME use with PACT: Time-weighted averaging
(TWA) versus Direct fibre exposure (DFE) sampling.
The effect of the airstream flow rate on the quantification
of MB in the PACT system was evaluated. Airflows
of 75 mL min-1 or 224 mL min-1 were established as
the outlet flow from each channel of the PACT system
with [MB]s metered to 5,092 ppmv or 548 ppmv
for TWA and DFE sampling respectively. For both
sampling approaches, a T-test showed no difference at
the 99% confidence interval between MB quantification
at either flow rate
(TWA, T-test: t4 = 0.7436, P > │t│ = 0.5023; DFE, T-test:
t6 = 0.6214, P > │t│ = 0.5680).

However, if the simulated ventilation of a
postharvest chamber fumigation is sampled using the
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Fig. 2. The effects of interferents with values reported as x ± s : A, time-weighted average (TWA) sampling of methyl
bromide concentrations ([MB]) from either humid (≥70% r.h. or dry (≤25% r.h.) airstreams (dashed horizontal
line indicates the theoretical concentration, solid horizontal lines the 95% confidence intervals); B, TWA sampling
of [MB] in static headspace with or without hexane

min. A linear least-squares analysis (Fig. 1) of the
data (solid line = with septa: R2 = 0.2074, F1,46 =
12.0366, P = 0.0011; dashed line = without septa: R2
= 0.8026, F1,26 = 105.707, P < 0.0001) showed that
burying the fibre into the septum resulted in minimal
MB loss over –30 min (solid line), with just 0.089%
loss per min. Without burying the fibre into a septum,
a statistically significant loss (95% confidence interval)
of MB occurred after –11 min (solid vertical line),
consistent with a 0.4% loss of MB per min.
Experiments were conducted to address the
possibility that a non-target compound, or interferent,
could (compete for sorption sites on the fibre) and
impact the quantification of MB using TWA sampling.
The PACT system was metered to a [MB] of ca. 725
± 53.13 ppmv ( x ± 95% CI) with either –25% dry
or –75% r.h. Wet airstreams and 6 channels (n = 6)
were sampled for 15 min using the TWA approach.
Three independent replicate analyses were performed
for each condition and the [MB] was calculated
from a calibration curve based on response under
dry conditions. When mean [MB] for each of the six
analyses was adjusted for model uncertainty, there
was no significant difference between wet and dry
conditions (Fig. 2A).
Hexane, which has a higher vapour pressure
relative to H2O (O’Neil, 2001) was selected as a
surrogate volatile organic carbon (VOC) interferent

to MB quantification. A [MB] of ca. 1,040 ppmv was
established in the static head space of 8 vials and
then 1 mL aliquots of the head space were removed.
Four of the vials received 1 mL aliquots of air, while
the other four were fortified with 1 mL aliquots of
–170,000 ppmv hexane in air. Three vials, both with
and without hexane fortifications, were sampled with t
= 5 min using the TWA technique, while the remaining
two vials were with t = 10 min (Fig. 2B). Based on
triplicate analyses, a consistently lower (357 ± 22 ng)
(x ± s), but not statistically distinct, amount of MB
was detected in the hexane-fortified vials relative to
the control (416 ± 36 ng) with t = 5 min (T-test: t16
= –1.7304, P < t = 0.0514). Interference was more
pronounced with t = 10 min, as ~ 20% less MB (510
± 9 ng) (n = 3, x ± s ) was detected in the hexanefortified vial relative to the control (610 ± 14 ng MB)
(T-test: t4 = -10.337, P > │t│ = 0.0005). This result
indicates that with longer sampling times; compounds
with physiochemical properties similar to hexane may
affect TWA sampling of MB in the PACT system.
SPME is a sampling technique, not a method
of analysis; the ability to resolve the signal for MB
from any interferents and background depends on
the method of analysis used. As with interference,
the limit of detection (LOD) (Armbruster, 2008) is
dependent on the instrument and parameters used
for analysis. For TWA sampling of MB in the PACT
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system, determining a LOD was complicated by
physical limitations of the rotameters, which could
not be metered below [MB] of ~1,100 ppmv. At
this lower limit of [MB], the LOD was 14.7 ng MB
based on 7 replicates (n = 7) TWA samplings with
t = 30 s and subsequent GC-FID detection, which
corresponds to an average “time-weighted” [MB]
of 14.9 ppmv over the 30-min timespan (t = 30
min) when the ventilation of a postharvest chamber
fumigation was simulated.
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Application to ventilation effluent from chamber
fumigations
Collectively, the results supported the use of
TWA sampling for quantifying MB in the airstream
of the PACT system. These results indicate similar
utility when applied to the ventilation effluent from
postharvest chamber fumigations, as the concentrations
of MB and the sampling intervals will be the same
as in this study. Future studies must examine how
handling, parametrics, and interferents will affect the
extension/application of TWA sampling for MB to
commercial-scale fumigation chambers, commodity
loads, and ventilation systems.
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Postharvest chamber fumigation with cylinderized phosphine to
control key insect pests of fresh citrus
S S WALSE*, R L JIMENEZ, J S TEBBETS
USDA, Agricultural Research Service, San Joaquin Valley, Agricultural Sciences Center, 9611
S. Riverbend Avenue, Parlier, California, USA, 93648-9757
ABSTRACT

Each year, the central valley of California exports fresh citrus valued at >200 million USD.
The goal of this research was to provide this sector with a commercially viable postharvest methyl
bromide alternative that is effective against insect pests that serve, or have a potential to serve,
as trade barriers to export. We discuss the progression of this research from initial toxicological
investigations, through laboratory-scale optimization, to commercial-scale confirmatory testing.
We report how to modulate the fumigation parameters to ensure control of key insect pests (e.g.,
Fuller’s rose beetle, bean thrips, California red scale, etc.) across a variety of citrus types, including:
navel oranges, Valencia oragnes, lemons, and mandarins. Quantifying the residues and off-gassing
potential were critical steps in assessing commercial viability, as any proposed use must result
in residues compliant with domestic (United States) food tolerances, international maximum
residue level (MRL) regulations, and worker exposure regulations. Detailed below is efficacy data
related to the control of bean thrips, Caliothrips fasciatus (Pergande) (Thysanoptera: Thripidae).
Key words: Citrus, Ecofume, Quarantine, Vaporphos
Bean thrips (BT), Caliothrips fasciatus (Pergande)
(Thysanoptera: Thripidae), is a pest of concern
to certain countries that import fresh citrus fruit
from California, USA. A series of laboratory-scale
exploratory fumigations with phosphine at 4.9 ± 0.3ºC
(x ± 2s) were conducted to evaluate the postharvest
control of adult BT. Confirmatory fumigations
were then conducted using infested navel oranges
at pulp temperature ≤5°C with three formulations
of cylinderized phosphine (1.6% (v/v) balanced in
nitrogen, VAPORPH3OS, and ECOFUME. Data
are discussed in the context of quarantine control of
BT following commercial fumigation of fresh citrus
exports to Australia.
MATERIALS AND METHODS
Insects, rearing and infestation: BT were captured
from an alfalfa, Medicago sativa, planting near Parlier,
California approximately 40 km southeast of Fresno,
California. Plants were uprooted, transferred to a
0.0283 m3- fine mesh (U.S. #40 mesh) enclosure, and
*Corresponding
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delivered to the USDA-ARS-SJVASC. Enclosures were
fumigated with ca. 70,000 ppmv carbon dioxide for ~45
s to anaesthetize the captured specimens. Immobilized
adult BT specimens were transferred with a fine brush
(Daler Rowney, Script/Liner), damped with Ringer’s
solution, from leaves or stems onto a glass microscope
slide. Slides were viewed using a dissection microscope
and species identification was based on the presence
of white banding on the legs and a transverse white
band on the front wings as described in (UC ANR,
2015). Species were cataloged and are available for
independent species confirmation. Following species
confirmation, adult BT specimens were transferred to
lima bean plants (Phaseolous lunatus) housed in a ca.
1m3 rearing enclosure covered with fine mesh located
in a shaded greenhouse at the USDA-ARS-SJVASC
maintained at 20° to 30°C and 60 ± 5% r.h.( x ±s).
The BT colony was reared on lima bean plants in
the enclosure described above. Approximately twice
each fall, BT were captured, identified to species, and
introduced into the SJVASC colony.
Adult specimens were collected from the enclosure
using a mouth aspirator. To obtain an aliquot of adult
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BT for exploratory and confirmatory fumigations,
10 specimens were consecutively aspirated into a
10 mL stainless-steel mesh cage using a customized
arrangement of the aspirator and cage. The cages
were sealed with rubber stoppers. Five BT-containing
vials were placed in each chamber for the exploratory
fumigations (vide infra). For the confirmatory
fumigations involving infested fruit, fresh navel
oranges commensurate with postharvest commercial
distribution from California USA, and particularly
export to Australia, were obtained from Bee Sweet
Citrus (Fowler, CA). Prior to use, fruit was refrigerated
at 0.9 ± 0.7°C (x ± s) in a 21.9 m3 cold-storage unit
(Super Insulated Structures, Imperial Manufacturing,
Portland, OR). Infestation was based on modification
of methods described in Leesch et al. (2004, 2008)
and Harman et al. (2007). Preceding infestation,
each fruit was warmed to 25°C overnight (ca. 24 h),
inspected and those exhibiting fungus, damage, rot,
or bruising were discarded. Specimens (10) were then
anaesthetized by fumigating the vials with carbon
dioxide as above. All ten immobilized specimens were

then gently tapped out of the vial peripherally to the
navel of a navel orange, which had a ring of “stickytac” mounting putty (Menco, Inc. Avon, OH) molded
concentric to the navel opening. A nylon mesh disc
was then anchored to the putty to contain the BT. To
drive the BT into the navel, the infested oranges were
then cooled to 5°C at ca. 2°C h-1 over the course of
10 h in a Binder MK 53 Freezer Chamber.
RESULTS AND DISCUSSION
Exploratory fumigations: The average air
temperature ( x ), 4.9 ºC, was calculated across all
trials. Deviation in temperature was assumed to follow
a normal distribution with the estimated margin of
error reported as ± 2s, 0.3 ºC, the 95% confidence
interval (Quinn, 1983). Respective duration-mortality
regressions for (applied doses and) [PH3]ss of 250
ppmv (µLL-1) (0.4 mgL-1), 500 ppmv (0.8 mgL-1),
and 1000 ppmv (1.5 mgL-1) were modeled using
Polo Plus (LeOra Software, 2002-2007). The number
of adult BT specimens treated (250 ppmv: 1644
subjects and1648 controls; 500 ppmv: 1644 subjects

100
[PH3]ss(ppmv)
1000
500

80

Mortality (%)

250

Profit regression parameters

60
250 ppmv
*duration*
LT50
LT95
LT99

40

3.9
9.6
14.0

95% Cl
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3.6
8.8
12.5

500 ppmv
UL

*duration*

4.1
10.6
16.0

3.6
9.2
13.7

4.2 (+/–) 0.2
Slope
0.92
Heterogeneity
Treated (control) 1642 (1648)

20

2

6

10

95% Cl
LL
UL
3.2
8.4
12.0

3.9
10.4
16.2

18

*duration*

95% Cl
LL

UL

3.4
7.2
13.0

3.1
6.7
11.8

3.6
7.8
15.5

3.8 (+/–) 0.2
0.74
1643 (1648)

3.9 (+/–) 0.3
1.24
1644 (1648)

14

1000 ppmv

22

26

30

Fumigation duration (h)

Fig.1. Mortality of bean thrips adults following phosphine fumigation at 4.9 ± 0.3 ºC (x ± 2s) and probit regression
analyses (Polo Plus, LeOra Software, 2002-2007) of the duration-mortality response respective to applied doses
and steady state headspace concentrations, [PH3]ss of 250, 500, and 1000 ppmv, showing the number of specimens
treated, non-fumigated control specimens, the regression heterogeneity (H), the projected durations to cause 50, 95,
and 99% mortality in the treated population (respectively LT50, LT90, and LT99), and the corresponding estimates
of the upper (UL) and lower limits (LL) at the 95% confidence interval (CI).
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Fig. 2. Lethal time ratios (LTRs) associated with steadystate headspace concentrations, [PH3]ss, of 250, 500,
and 1000 ppmv were calculated ± 95% confidence
intervals across the treatment durations projected to
cause 10 to 99% mortality in the treated population
of adult bean thrips. LTRs respective to durations
predicted to yield >85% mortality all overlapped
a value of 1 (unity), indicating that maintaining
a [PH3]ss, of 250, was no more efficacious than
maintaining [PH3]ss, at 500 or 1,000 ppmv levels

Fig. 3. The projected durations to cause 99% mortality in
the treated population (LT99) of bean thrips adults
did not vary as a function of steady-state headspace
concentrations, [PH3]ss, over the range 250 to1,000
ppmv, indicating that variability in phosphine levels
within that range will not change the efficacy of
fumigation. Error bars are the estimates of the upper
(UL) and lower limits (LL) at the 95% confidence
limit (see Fig. 1)

and 1,648 controls; 1,000 ppmv: 1,643 subjects and
1,648 controls), the regression heterogeneity (H),
the projected durations to cause 50, 95, and 99%
mortality in the treated population (respectively LT50,
LT90, and LT99), and the upper (UL) and lower limits
(LL) of the 95% confidence level (CL) are shown in
Fig.1 (Finney, 1944, 1971). Likelihood ratio-based
hypothesis testing of equality was not rejected (P =
0.118, χ2 = 7.36, df = 4), indicating that the slopes as
well as the intercepts of the regressions respective to
[PH3]ss were not significantly different. Likelihood
ratio-based hypothesis testing of parallelism was not
rejected (P = 0.660, χ2 = 0.83, df = 2), indicating that
the slopes of the regressions respective to [PH3]ss were
not significantly different.
Lethal time ratios (LTRs) were calculated with
with 95% confidence intervals (CI) across the durations
projected to cause 10 to 99% mortality in the treated
population and used to identify that [PH3]ss of 500
or 1000 ppmv were no more efficacious toward BT
adults than an applied dose of 250 ppmv, as LTRs
respective to durations > LT85 all overlapped or
superseded a value of 1 (unity) (Fig. 2). The projected
durations (Fig. 3) to cause 99% mortality in the
treated population (LT99) of adult BT did not vary
as a function of [PH3]ss, indicating that variability in
[PH3] between 250 and 1000 ppmv did not change
the efficacy of fumigation. To rationalize this result,
note the seminal work of Winks on phosphine (1984,
1985, 1986, 1994) as related to Haber’s Rule (Czt =

w), which forms the basis for relating concentration (C)
and time (t) to toxicological efficacy (w), at least with
respect to fumigation science (Bliss, 1940; Miller et
al., 2000). For phosphine, z, the response evoked by a
specific toxicant in a particular organism, changes with
C. When considering data on mortality collected at
“fixed” concentrations over varying times, such as was
done in the exploratory fumigations, the applied dose
correlative to the onset of deviation (i.e., change in n)
is termed the “narcosis threshold”, the concentration
above which further change in z results in the narcotic
effect of phosphine and an increased tolerance. The
results from the exploratory studies indicated the
narcosis threshold for adult BT spans [PH3] ≥ 250 and
≤ 1000 ppmv; future work will explore the minimum
and maximum [PH3] associated with the threshold.
The LL (95% CL) of the durations predicted to cause
99% mortality in the treated population (LT99) were
ca. 12 h. Moreover, none of the 3,134 specimens
survived fumigation with [PH3] ≥ 250 ppmv for a
duration ≥ 10 h, results that suggest fumigation of
fresh citrus at ≥ 5.0ºC will control adult BT infestations
if [PH3] is maintained ≥ 250 ppmv for a duration ≥
12 h. Confirmatory trials were conducted to test this
hypothesis, the results of which are presented below.
Commodity fumigations: A series of commodity
fumigations were conducted in a scaled-down replicate
of commercial fumigation chamber with a load of
48.1% as related to verifying control (i.e., efficacy) of
adult BT infesting navel oranges following application
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48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.1

958±12
979±8
982±10
974±13
988±12
972±9
986±12
975±8
990±12
977±10
995±12
972±11
969±10
986±6
982±11
991±7
987±12
968±9
979±10
983±14
968±12
975±9
988±12
992±11
981±10
99517
968±7
962±10
970±9
968±11

932±7
967±12
968±11
958±12
961±10
952±9
976±12
962±13
980±9
941±12
967±8
964±12
951±11
971±10
973±14
964±9
973±10
942±11
959±13
972±8
959±10
942±8
974±5
969±15
972±14
967±10
952±15
950±9
953±12
954±11

877±8
904±6
931±5
900±9
910±12
904±9
949±11
904±12
967±8
906±10
923±8
917±10
922±14
963±16
954±18
921±12
946±14
892±8
913±6
9561±7
932±12
894±7
923±8
916±12
931±10
921±11
916±10
903±9
922±14
931±11

842±10
821±8
887±9
856±6
851±8
823±12
937±12
884±10
932±9
849±6
842±7
857±14
877±15
928±11
930±8
867±7
900±10
816±12
854±11
924±18
907±11
810±8
865±5
848±9
902 ± 12
845±15
876±16
846±11
878±12
90S±10

199:13
200:17
200:9
198:18
201:14
200:16
201:11
200:20
198:22
199:15
202:20
200:15
197:8
200:7
201:17
202:14
200:6
201:14
197:20
198:5
200:30
200:18
200:5
198:18
202:12
205:14
202:12
200:21
200:17
199:6

									
Σ 4,994:364

4.9±0.2
4.8±0.2
4.7±0.2
4.9±0.2
5.0±0.2
4.9±0.3
4.8±0.2
4.7±0.2
4.9±0.2
5.0±0.2
5.0±0.2
4.8±0.2
4.7±0.2
4.8±0.3
4.9±0.2
4.9±0.2
4.8±0.2
4.7±0.3
4.9±0.2
4.9±0.2
4.8±0.2
4.8±0.2
4.7±0.3
5.0±0.2
5.0±0.2
4.9±0.2
4.7±0.3
4.7±0.2
4.9±0.2
4.8±0.2
92.71

93.47
91.50
95.50
90.91
93.03
92.00
94.53
90.00
88.89
92.46
90.10
92.50
95.94
96.50
91.54
93.07
97.00
93.03
89.85
97.47
85.00
91.00
97.50
90.91
94.06
93.17
94.06
89.50
91.50
96.98
32,492:0

1305:0
1301:0
1296:0
1300:0
1304:0
1298:0
1300:0
1302:0
1298:0
1299:0
1300:0
1301:0
1299:0
1296 :0
1304:0
1300:0
1300:0
1297:0
1302:0
1303:0
1305:0
1304:0
1282:0
1295:0
1301:0
1302:0
1301:0
1298:0
1300:0
1300:0
0.000092

0.002293
0.002300
0.002309
0.002302
0.002295
0.002305
0.002302
0.002298
0.002305
0.002304
0.002302
0.002300
0.002304
0.0)2309
0.002295
0.002302
0.002302
0.002307
0.002298
0.002296
0.002293
0.002295
0.002334
0.002311
0.002300
0.002298
0.002300
0.002305
0.002302
0.002302

351±8
357±5
368±6
348±10
364±7
376±4
375±8
363±5
371±4
361±7
398±2
401±2
397±2
396±2
400±2
395±3
398±2
397±3
399±2
397±2
48,756±70
49,258±72
48,723±55
47,967±105
48,204±95
48,651±65
49,371±88
49,004±107
48,556±91
48,905±82

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

1
1
1
1
1
1
1
1
1
1
2
2
2
1
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3

Adult BT
treated
p(surv.)

					
Applied
2h
6h
12 h	     Adult BT			
PH3
[CO2]
T
Load
[PH3]0
[PH3]t
[PH3]t
[PH3]t	    control			
Trial* scheme* (ppmv)
(°C)
(%)		    (ppmv)			
# obs. : mort (% mort.) *obs.:surv.

8.739

7.835
7.834
7.833
7.834
7.835
7.833
7.834
7.834
7.833
7,833
7.834
7.834
7.833
7.833
7.835
7.834
7.834
7.833
7.834
7.834
7.835
7.835
7.829
7.832
7.834
7.834
7.834
7,833
7.834
7.834

99.990

99.755
99.749
99.758
99.747
99.753
99.749
99.756
99.745
99.741
99.751
99.745
99.751
99.760
99.761
99.749
99.753
99.763
99.752
99.744
99.764
99.730
99.748
99.761
99.746
99.755
99.753
99.755
99.742
99.748
99.763

probit % mort.(MI)

Table 1 Efficacy analysis and parametrics associated with confirmatory fumigations of infested navel oranges having pulp temperature, T, and applied doses of ca. 1.5 mgL-1 (1000
ppmv) delivered by three formulations of cylinderized phosphine (1.6% (v/v) balanced in nitrogen- Scheme 1, VAPORPH3OS®- Scheme 2, and ECOFUME®- Scheme 3)
with respective carbon dioxide levels ([CO2]) and headspace concentrations of phosphine ([PH3])
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of ca. 1,000 ppmv (1.5 mgL-1) for 12 h at pulp
temperature (T) ≤ 5.0ºC (Table 1). The average T was
calculated over the course of each trial as described
above. Collectively, the fumigations resulted in 0
survivors from 32,492 treated BT, 99.990% (corrected)
mortality (probit 8.74, with 95% confidence level;
probit 9, with 65% confidence level). Demonstrating
mortality of quarantine insect pests as a function of
probit 9 analyses and associated confidence levels
is often requested to qualify phytosanitary treatment
efficacy, particularly when commodity is moved
internationally (Couey and Chew, 1986; Follet and
Neven, 2006; Liquido and Griffin, 2010).
Across all trials, regardless of applied phosphine
formulation, [PH3] levels dropped ca. 50 to 160 ppmv
over the 12h treatment time course; variation in [PH3]
loss is likely due to differential leakage of fumigant
from the chamber, as over sorption by (and residue
formation within) such similar loads is expected to be
nearly identical. Moreover, loads of fresh fruits that
vary by amount and type are known to only minimally
influence [PH3] levels, particularly with respect to
a12 h treatment duration, which is relatively short
requirement for treatment efficacy. It is also critical
to note that efficacy was not influenced by the three
different phosphine formulations (1.6% (v/v) balanced
in nitrogen- Scheme 1, VAPORPH3OS- Scheme 2,
and ECOFUME- Scheme 3), indicating that carbon
dioxide levels in chamber headspace, at least over the
range ca. 365 to 49,000 ppmv (0.036 to 4.9%), do not
influence the treatment efficacy.
In conclusion, results provide evidence to support
control, at efficacy levels consistent with international
phytosanitary standards (probit 9, with 65% confidence
level), of adult BT infesting fresh navel oranges at
pulp temperature ≥ 5.0ºC following fumigation with
an applied dose of 1,000 ppmv (1.5 mgL-1) phosphine,
when headspace levels are maintained ≥ 250 ppmv
(0.4 mgL-1) for ≥ 12 h.
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Assessment of loss during bulk storage of wheat (Triticum aestivum)
in India
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ABSTRACT

Food Corporation of India (FCI) and Central Warehousing Corporation (CWC), the nodal
central agencies of government of India, along with other state agencies, undertake procurement
of wheat under a price support scheme to ensure remunerative prices to the farmers for their
produce as an incentive for achieving better production. Millions of tonnes of foodgrains falling
within the specifications of Government of India, procured by FCI and CWC are stored in depots
such as godowns and cover and plinth (CAP), all over India. During 2014-15, unseasonal rains
and hailstorms across North India and its connected states caused heavy damages to Rabi crop
harvest mainly in March 2015. This unseasonal rainfall impacted the wheat crop which was
at different stages of harvest. In view of this, the Government of India relaxed the uniform
specification for wheat being procured during Rabi 2015-16, in Punjab, Haryana, Uttar Pradesh,
Rajasthan and Madhya Pradesh. This study was undertaken to assess the changes in that wheat
during three months storage in godown and CAP. The initial moisture content (m.c.) of wheat at
the time of procurement ranged between 8.40 and 12.55% wet basis (wb). After three months of
storage, the m.c. ranged from 9.20 to 12.55% wb. All the wheat stacks absorbed moisture during
storage. The weight of wheat also increased (gain in weight) in the range of 0.41 to 0.43% in
godown and 0.25 to 0.42% in CAP. In general, the study showed that there were appreciable
gains in weight of wheat procured under relaxed specification requirements whereas there were
no change in quality parameters during the three months storage period.
Key words: Bag storage, Bulk storage, Cover and plinth , Godown, Moisture content,
Quality, Relaxed specification, Warehouse, Weight gain, Wheat
Food Corporation of India (FCI) and Central
Warehousing Corporation (CWC), the nodal central
agencies of Government of India (GoI), along with
other state agencies, procure wheat under price support
scheme to ensure remunerative prices to the farmers as
an incentive for achieving better production. The stocks
brought to the purchase centers, if typically comply
with the Government specifications are purchased
at the fixed support price. The millions of tonnes of
foodgrains thus procured by FCI and CWC are stored
in storage depots such as godowns and cover and plinth
(CAP), all over India for varying periods.
During the year 2015, India experienced severe
hailstorms over northwest, central and adjoining
peninsular India at the end of February 2015. Total
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*Corresponding author email: a.a_sona@yahoo.in
3ICAR-CIPHET,

cultivable area in Rabi stands at 600 lakh ha and wheat
is the major Rabi crop in India. Among this total
area about 113 lakh ha in 14 states was affected by
this unseasonal rains and hailstorms. Bihar, Gujarat,
Haryana, Madhya Pradesh, Punjab, Rajasthan and
Uttar Pradesh were the worst hit, with wheat in the
stage of maturity and/or harvest. Wheat crop that was
harvested and left in the fields for collection suffered
extensive damage.
Before every procurement season the uniform
specification norms for foodgrains procurement are
decided by an expert committee. These specifications
should conform to the norm prescribed under the
Food Safety and Standards Act, 2006. But as a major
relief to wheat farmers affected by unseasonal rains
and hailstorms, the Centre relaxed quality norms for
wheat procurement in Haryana, Punjab, Uttar Pradesh,
Madhya Pradesh and Rajasthan.
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of three months till August 2015. After completion of
storage period the stacks were liquidated following
the methodology and guidelines of FCI and CWC.
Sampling: The methodology for sampling being
used by FCI and CWC (IS: 14818-2000) prescribed
by BIS was adopted.

Table 1 Depots provided by FCI and CWC and selected for
storage study
State

Number Name of depot
of depot		

Punjab
3
FSD Moga
		
CWC Moga II
		
SWC Rampuraphul
Haryana
2
FSD Barwala
		
CWC Karnal
Rajasthan 4
FSD Sawai
		Madhopur
		
CWC Sri
		Ganganagar-I
		
CWC Sri
		Ganganagar-II
		
CAP Alwar
Uttar
3
FSD Dhamora
Pradesh		
CWC Basti
		
FSD Raibareily
Madhya
3
FSD Chola
Pradesh		
FSD Ujjain
		
CWC Indore

Storage type
(Warehouse/CAP)
CAP
Warehouse
Warehouse
Warehouse & CAP
Warehouse
Warehouse & CAP

Data collection
During the storage period samples were drawn
from the peripheral bags of the stacks fortnightly using
above standard method by each centre in the presence
of FCI and CWC personnels. Various refractions, viz.
foreign matter, other foodgrains, damaged, slightly
damaged grains, shrivelled, broken and weeviled
were calculated on the basis of the sample weight
and expressed as percentage. During stacking and
dismantling the moisture content of samples were
determined using the Universal moisture meter (OSAW
make) and checked by hot air oven method (ASAE
Standard S352.2). The weighment of all wheat bags
(weight of full stack) before and after liquidation of
the stacks was taken using the nearby weigh bridge
to know actual loss or gain in weight by URS wheat.
From each sampling, data on the following parameters
were recorded.
• Moisture content – whole stack moisture content
at the time of stacking and dismantling; and peripheral moisture content on fortnightly basis
• Quality parameters of stack—fractions of
foodgrains (percentage of foreign matter, other
foodgrains, damaged, slightly damaged, shrivelled,
weeviled and broken)
• Level of infestation (clear/ few/ heavy)
• 1,000 grain weight
• Number of spray / fumigation with the name of
the chemicals used
• Incidences of rodents, birds, mites, monkey trouble
during storage
• Type of gunnies used
• Weight of spillage
• Incidence of pilferage, if any
• Temperature and relative humidity inside storage
depot
• Weather data with respect to ambient temperature,
total rainfall and RH from the nearest meteorological station
Calculation of weight loss or gain in URS wheat:
The change in total weight of grains due to change
in moisture content (w.b.) was computed using the
following formulae:
Mi − M f
Weight change (% ) =
× 100
100 − M f

Warehouse
Warehouse
CAP
Warehouse & CAP
Warehouse
Warehouse & CAP
Warehouse
CAP
Warehouse

This wheat procured by the Food Corporation of
India (FCI) under relaxed specifications was stored in
godowns and CAPs. Since high moisture grains are
susceptible to high rate of deterioration during storage,
this study was undertaken with the procured URS
wheat by storing them for three months at godowns
and CAPs in the above mentioned states of India.
MATERIALS AND METHODS
Wheat procured by the Government of India under
relaxed specifications during Rabi 2015-16 and stacked
in the godowns and CAPs owned by FCI and CWC
were selected for the storage study (Table 1). Totally
15 depots were selected in five states and two stacks
in each depot under godown and / or CAP storage
system (Table 6) were marked for storage study.
Allocation of godowns and CAPS: The centers
of All India Coordinated Research Project on PostHarvest Engineering and Technology (AICRP on
PHET) namely PAU Ludhiana, CCSHAU Hisar,
MPUAT Udaipur, ISRI Lucknow and JNKVV Jabalpur
were allocated godowns and CAPs falling in their
respective states for this study by the coordinating
unit of ICAR’s AICRP on PHET.
Stack constitution: All the study stacks of wheat
were constituted in each of the above selected depots
(godown and CAP) as per the norms and methods
followed by FCI and CWC in the months of April - May
2015 (depending upon the arrival of commodity in FCI
and CWC godowns). They were stored for a period
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where, Mi and Mf , initial and final moisture content
of stacked grains respectively (%, wet basis (wb)).
Loss or gain in weight (%) of food grains on
actual weighment basis was expressed by the following
equation:

basis is because of the huge difference between the
moisture content of peripheral and core samples. Bags
which are inside the stacks did not absorb moisture as
much as by the bags in periphery of the stacks.
During three months storage period the URS wheat
inside godowns gained weight to the tune of 0.47%
and 0.22% at Moga and Rampuraphul, respectively
(Fig. 1) based on 100% actual weighment. The gain
in CAP storage system was found lower (0.17%) than
the godown storage system at Moga, which may be
due to less moisture gain by wheat under CAP.
No significant changes were observed in quality
parameters of URS (Table 3) wheat during three
months storage under godown and CAP at Moga and
Rampuraphul.
Haryana: Wheat gained weight irrespective of
storage system. The results showed that there were
0.16 and 0.72% gain at Karnal and Barwala godowns,
respectively, on weighment basis, whereas there was
0.67% gain under CAP at Barwala (Fig.2). At Karnal
the moisture content of wheat was 10.5% at the time
of procurement (Table 2). Owing to this the wheat
did not gain more moisture even though the relative
humidity increased similar to other depots (Fig. 6).
It reflects lesser gain in weight at Karnal than that in
other places.

where, W1 and W2, initial and final weight of stack
(100% weighment), kg
Analysis of data: Data collected from each stack
were subjected to analysis of variance (ANOVA)
and the results are reported along with their standard
deviations.
RESULTS AND DISCUSSIONS
Region-wise loss/gain in URS wheat of Rabi 201516
Punjab: All the wheat stacks gained moisture
during the storage months from May-August, 2015
(Table 2). Based on moisture content the gain in weight
at Moga and Rampuraphul were 0.67 and 1.39%,
respectively, in godown; whereas at Moga under CAP
it was 0.83%. The difference between weight gain on
actual weighment basis of whole stack and on moisture

Table 2 Agro-climatic region-wise data on storage loss or gain
Warehouse depot
Agroclimatic region
		
		

Storage gain (+)/
loss(-), %
(weighment basis)

Average
storage
loss/gain,%

Godown storage
Moga		
0.47
0.43
Rampuraphul		
0.22		
Karnal		
0.16		
Barwala
Trans gangetic plain region
0.72		
CWC I Sriganganagar		
0.41		
CWC II Sriganganagar		
0.57		
Indore
Western plateau and hills region
0.41
0.41
Bhopal
Central plateau and hills region
0.31
0.43
Sawaimadhopur		
0.55		
Raibareily		
0.04
0.02
Basti
Upper gangetic plain region
0.10		
Dhamora		
-0.07		

Initial mc,
%wb

Final mc,
%wb

9.75
9.10
10.60
8.90
8.75
9.10
9.40
8.85
8.65
10.20
11.65
12.15

10.35
10.35
10.80
10.40
9.20
10.05
ND
11.45
9.80
11.45
11.95
12.35

9.30
8.90
8.65
8.50
9.75
12.55
12.10

10.05
9.55
9.85
10.35
10.65
12.55
12.40

CAP storage
Moga
Trans gangetic plain region
Barwala		
Ujjain
Western plateau and hills region
Sawaimadhopur
Central plateau and hills region
Alwar		
Raibareily
Upper gangetic plain region
Dhamora		

0.17
0.42
0.67		
0.27
0.27
0.22
0.25
0.28		
0.09
-0.02
-0.12		
449

CONTROLLED ATMOSPHERE AND FUMIGATION IN STORED PRODUCTS

Table 3

Refractions of URS wheat during stacking and dismantling in Punjab

Fraction			      Godown/CAP
	       Moga CAP		       Moga		      Rampuraphul

Foreign matter, %
Other food grains, %
Damaged grains, %
Slightly damage grains, %
Shrivelled and broken, %
Weeviled grains, %
Level of infestation-clear,
few, heavy

At the time of
stacking

At the time of
liquidation

At the time of
stacking

0.40
0.75
3.70
1.70
8.65
Nil
Clear

0.40
0.68
3.65
1.63
8.58
Nil
Clear

0.03
0.63
3.10
1.35
7.00
Nil
Clear

Gain, %

0.47

0.4
0.17

0.22

Moga-CAP

Rampuraphul

0.2
0.0
Moga

Fig. 1. Average storage gain in URS wheat in Punjab
warehouses on weighment basis
0.8

0.72

0.67

FSD Barwala

FSD Barwala
CAP

Gain, %

0.6
0.4
0.2

0.16

0
CWC Karnal

Fig. 2. Average storage gain in URS wheat in Haryana
warehouses on weighment basis
Table 4

0.04
0.58
2.25
1.75
7.55
Nil
Clear

0.25
0.45
2.75
2.90
8.45
Nil
Clear

0.25
0.48
2.78
2.90
8.45
Nil
Clear

At Barwala, the initial moisture content was
8.9% and during storage due to increase in RH the
moisture content increased to 10.4%. This increase
in moisture content was more than the CAP wheat at
Barwala. This may be due to the exposure of stacks
to the surrounding environment conditions inside the
godown whereas under CAP system the commodity
is completely wrapped under cover.
The gain calculated based on moisture content
indicated that gains were 0.22 and 1.67% at Karnal and
Barwala godowns, respectively. The gain in Barwala
CAP wheat was 0.72%. There was almost no change
in quality parameters of URS wheat stored during the
period of study (Table 4).
Uttar Pradesh: In Uttar Pradesh, initial moisture
contents of URS wheat stacked were higher than all
other depots under study; ranging from 10.2 to 12.55%.
There were not much variations in the moisture profile
of wheat during storage. Except Dhamora depot, wheat
at all depots gained weight. The gains at Raibareilly

0.8
0.6

At the time At the time of At the time
of liquidation
stacking of liquidation

Refractions of URS wheat during stacking and dismantling in Haryana

Fractions			      Godown/CAP
	      CWC Karnal		      FSD Barwala	       FSD Barwala (CAP)

Foreign matter (%)
Other food grains and
other wheat (%)
Damage (%)
Slightly damaged (%)
Shriveled broken (%)
Weeviled grains (%)
Level of infestation-clear,
few, heavy

At the time of
stacking

At the time of
liquidation

At the time of
stacking

0.5
1.2

0.5
1.2

0.37
0.5

0.37
0.5

0.37
0.37

0.37
0.37

2.45
1.5
9.1
Nil
Clear

2.45
1.5
9.1
Nil
Clear

1.77
8.75
Nil
Clear

1.77
8.75
Nil
Clear

1.63
8.87
Nil
Clear

1.63
8.87
Nil
Clear
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At the time At the time of At the time
of liquidation
stacking of liquidation

0.8

0.8

0.6

0.6

Gain, %

Loss (–)/Gain (+), %
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0.4
0.2

0.10

0.09

0.04

DhamoraCAP
Dhamora

–0.2

Basti

–0.07

0.31

0.27

Bhopal

Ujjain-CAP

0.2

0.0
Raibaeily

0.41
0.4

–0.12

0.0

–0.4

Indore

Fig. 3. Average storage gain/loss in URS wheat in Uttar
Pradesh warehouses on weighment basis

Fig. 4. Average storage gain in URS wheat in Madhya
Pradesh warehouses on weighment basis

and Basti under godown storage were observed as
0.04 and 0.10%, respectively, whereas under CAP it
was 0.09% gain at Raibareilly. At Dhamora both in
godown and CAP there were losses to tune of 0.07
and 0.12%, respectively (Fig.3).
Based on moisture content there were 1.41, 0.34
and 0.23% gain in the godown wheat at Raibareilly,
Basti and Dhamora, respectively, and 0.00% and
0.34% in CAP wheat at Raibareilly and Dhamora
respectively. There were no appreciable change in
quality parameters (Table 5) of URS wheat stored for
three months in UP also.
Madhya Pradesh: The moisture contents of wheat
at the time of stacking in Indore, Bhopal and Ujjain
were 8.65, 8.85 and 9.40%, respectively. During
three months storage (Mid May to Mid August 2015)
wheat absorbed moisture and reached up to the level

of 11.45%. The gain was up to 2.94% due to these
changes in moisture contents in the above depots.
It reflected in the 100% weighment of wheat also
after three months storage period. Based on this there
were 0.41 and 0.31% gain in weight at Indore and
Bhopal depots, respectively, under godown storage
and 0.27% gain under CAP storage at Ujjain depot
(Fig. 4). The changes in the quality parameters during
storage were not significant (Table 6).
Udaipur: Wheat stored in the warehouses of
Udaipur experienced gain irrespective of the storage
system. There were 0.41, 0.57 and 0.55% gains in
weight of wheat at CWC I Sriganganagar, CWC II
Sriganaganagar and Sawai Madhopur, respectively,
in godown storage. The gain under CAP at Sawai
Madhopur and Alwar were 0.22 and 0.28%,
respectively. These gains were lesser than those of

Table 5

Refractions of URS wheat during stacking and dismantling in Uttar Pradesh

Raibareily
Fraction

Foreign
matter,%
Other food
grains,%
Damaged
grains,%
Slightly
damaged
grains,%
Shrivelled
and
broken,%
Weeviled
grains,%
Level of
infestationclear, few,
heavy

Raibareily (CAP)

Godown/CAP
Basti

Dhamora

Dhamora (CAP)

At the
At the
At the
At the
At the
At the
At the
At the
At the
At the
time of
time of
time of
time of
time of
time of
time of
time of
time of
time of
stacking liquidation stacking liquidation stacking liquidation stacking liquidation stacking liquidation
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

2.34

2.86

3.77

3.82

3.04

3.18

2.21

1.44

2.24

2.72

-

-

-

-

-

-

-

-

-

-

4.76

5.27

6.17

6.34

4.80

5.52

3.31

4.90

4.57

5.86

0.3

0.38

0.2

0.22

0.45

0.78

0.80

0.52

0.64

0.48

Clear

Clear

Clear

Clear

Clear

Clear

Clear

Clear

Clear

Clear
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Table 6

Refractions of URS wheat during stacking and dismantling in Madhya Pradesh warehouses
Godown/CAP
Indore

Refraction

At the time of
stacking
Foreign matter (%)
1.63
Other food grains and other
1.63
wheat (%)
Damage (%)
0.63
Slightly damage (%)
5.63

Bhopal

At the time of
liquidation
0.65
-

Ujjain (CAP)

At the time At the time of
of stacking
liquidation
0.58
0.38
2.48
0.10

At the time
of stacking
0.23
0.08

At the time of
liquidation
0.35
0.10

0.78

0.75

0.15

0.18

0.45

5.18

5.38

5.40

3.55

3.40

Shriveled broken (%)

1.55

1.03

3.55

2.08

0.65

0.93

Weevilled

Nil

Nil

Nil

Nil

Nil

Nil

4.3
Clear

1.1
Clear

3.70
Clear

3.83
Clear

2.53
Clear

2.73
Clear

Brokens (%)
Level of infestation-clear,
few, heavy

in godown wheat. Based on moisture content the gain
in wheat were 0.50, 1.06 and 1.28% in CWC I and
II Sriganaganagar and Sawai Madhopur, respectively,
under godown storage and 2.06 and 1.01% in Sawai
Madhopur and Alwar, respectively, under CAP
system. There were no appreciable changes in quality
parameters of URS wheat during three months storage
period (Table 7).

0.8

Gain, %

0.57
0.6

0.55

0.41
0.4

0.22

0.28

0.2
0.0
CWC I, Sri
Ganganager

CWC II, Sri
Sawai
Sawai
Ganganager Madhopur Madhopur
(CAP)

Alwar
(CAP)

Fig. 5. Average storage gain in URS wheat in Rajasthan
warehouses on weighment basis

Storage loss or gain based on agro-climatic region
Moisture content of wheat at the time of stacking
ranged from 8.4 to 12.15% in godown and 8.4 to
12.55% in CAP. The initial moisture content was
low in the Central plateau and hills region and high

godown stacks (Fig.5).
In all the depots wheat absorbed moisture content
irrespective of storage system. The increase in
moisture contents were higher in CAP wheat than that
Table 7

Refractions of URS wheat during stacking and dismantling in Udaipur warehouses
Godown/CAP

Refraction

CWC
I-Sriganganagar
At the
time of
stacking

CWCIISriganganagar
At the
time of
stacking

Sawaimadhopur
At the
time of
stacking

0.37

At the
time of
liquidation
0.35

0.75

At the
time of
liquidation
0.65

Sawaimadhopur
(CAP)

Alwar
(CAP)

Foreign matter (%)

0.32

At the
time of
liquidation
0.39

Other food grains
and other wheat
(%)
Damaged (%)

1.30

1.13

1.10

1.07

1.50

1.54

1.25

1.35

1.50

1.44

1.13

1.05

1.05

0.99

1.70

1.60

1.50

1.65

1.10

1.35

Slightly damaged
(%)
Shriveled and
brokens (%)
Weeviled grains

3.50

3.96

3.30

3.65

4.50

4.20

4.00

4.40

1.70

1.35

6.45

6.60

6.50

6.55

8.40

8.30

8.00

7.60

8.30

8.10

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Level of
infestation-clear,
few, heavy

Clear

Clear

Clear

Clear

Clear

Clear

Clear

Clear

Clear

Clear
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At the
time of
liquidation
0.52
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after 9 weeks. In the present study
the storage temperature remained in
0.27
the range of 26°C-35°C but the safe
0.30
0.25
moisture levels remained throughout
0.20
storage period, which complied
0.10
0.02
with standards, might have
0.00
–0.02
restricted the growth of
Western plateau
Upper gangetic
Trans gangetic
Central plateau
–0.10
microorganisms in the stored
and hills region
plain region
plain region
and hills region
wheat. Karunakaran et al. (2001)
Agro-climatic region
determined the safe storage time
Godown storage
CAP storage
Fig. 6. Average storage gain or loss in wheat during three months storage period of high moisture wheat (15-19%
wb) stored at constant temperatures
on weighment basis in different agro-climatic zones under study
or with a step decrease in storage
temperatures. Deterioration rates were determined
in the Upper Gangetic Plains region. In Uttar Pradesh
by measuring germination capacity of the grain and
the procured wheat had above 12% moisture content.
respiration rates of grain and microorganisms. They
Remaining procurements were within the safe moisture
found that the respiration rates and germination
level. During the three-month storage period, the
percentages of 15 and 16% m.c. (lower m.c. taken for
moisture content of wheat increased significantly in
their study) wheat stored at 25°C remained constant for
all the stacks irrespective of the region. The moisture
70 d. Al-Yahya (2001) stated that with reduced grain
contents of wheat at the time of liquidation were in
temperature and moisture content the safe storage time
the range of 9.2 to 12.45% in godown and 9.55 to
of wheat grains can be increased due to less intensive
12.55% in CAP (Table 2). The liquidation moisture
grain respiration.
content was within the safe level of 12%, except in
Uttar Pradesh depots.
CONCLUSION
The effect of agroclimatic region on the storage
The changes during storage of wheat procured
loss or gain in URS wheat is shown in Fig. 6. The gain
under
relaxed specifications during the year 2015in wheat was not significant under godown storage
16, were determined under godown and CAP storage
except in Upper Gangetic Plains region. Under CAP
systems in four agro-climatic regions comprising.
storage system the gain was lower than the Godown
Punjab, Haryana, Uttar Pradesh, Rajasthan and
storage system. In the Upper Gangetic Plains region
Madhya Pradesh. The moisture level of wheat at the
the gain in godown and the loss in CAP were not
time of procurement, during a storage period of three
significant due to high initial moisture content.
months and at the time of liquidation were within
Among the states selected for study,Uttar
the safe limit (<12%) in all the depots, except those
Pradesh received the highest rainfall (300 mm) and
in Uttar Pradesh. All the wheat stacks absorbed
Madhya Pradesh the lowest (70 mm) during the
moisture during storage irrespective of the storage
storage period, which reflected in their moisture
system. The weight of wheat also increased in the
contents. It was also found statistically that the
range of 0.41 to 0.43% in godown and 0.25 to 0.42%
moisture at the time of procurement highly influenced
in CAP neglecting the minimal change in the region
the absorption of moisture from the surrounding
of Upper Gangetic Plains during the three-month
atmosphere leading to the weight gain. The gain in
storage period where there was minimal loss in
wheat was higher when the procured moisture content
weight. Also there were no significant changes found
was lower and vice versa.
in wheat quality parameters during three months
storage period.
Quality of stored wheat
Even though wheat was procured under relaxed
ACKNOWLEDGMENT
specifications after three months of storage there were
The authors thank the Food Corporation of India
no significant differences in quality. All the study
(FCI) for giving this opportunity and DDG (Engg),
stacks of wheat were free of infestation during the
ADG (FE), Indian Council of Agricultural Research,
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New Delhi for their supports, Director, CIPHET,
the stacks. Microbial (fungal/mold) infection was also
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(2010) found that there were visible mold growth only
Storage gain/ loss, %

0.50

0.43 0.42

0.41

0.43

0.40
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Comprehensive review about grain cooling as total solution for
protection of stored commodities to maintain quality and quantity
under humid tropical condition
BRAUNBECK, CLAUS MARTIN*
Frigor Tec GmbH,Hummelau 1, D-88279 Amtzell, Germany
ABSTRACT

Storage of grain, oils seeds and pulses requires a continuous management effort to maintain
quality and quantity of the stored commodity. Furthermore the expenses for the protection of
the goods as well as the harmfulness to the environment are an additional burden in storage
management. The use of GRANIFRIGORTM grain cooling is an alternative to the usual approach
of protection of grains, oil seeds and pulses. Grain cooling prevents not only physiologic
degradation and spoilage of grain but also protects from hazards like fungi development, weevil
infestation and water condensation. The paper will give a comprehensive review about grain
cooling as total solution for protection of stored commodities to maintain quality and quantity
under humid tropical condition.
Key words: Grain cooling, grain storage, grain quality
Worldwide conservation of grain is a must to
preserve harvested grains from being damaged during
storage due to the fact that not all grain can be processed
in a short time. Thereby various technologies are
utilized to maintain best quality of the commodity
before it is processed. Most common is to dry the grain
to reach a moisture content which allows a safe storage
when the harvested grain does not have a safe level
of moisture content after harvest. Other postharvest
processes are aeration and fumigation among many
others. Often a combination of practices are applied
to prevent loss of grain.
For more than 50 years commercial grain cooling
has been a postharvest technique which is applied
(Kolb, 2013). In the beginning it was mainly used to
extend the storage life of moist grain before drying
(Brunner, 1986) but now it is part of a comprehensive
approach for preserving grain during storage. Often
grain cooling is seen only as a side method of
postharvest management, which is underestimating
its potential not only for the storage of grain but also
for processing as well as maintaining food quality.
*Corresponding author email: claus.braunbeck@frigortec.de

The review of the literature regarding grain
cooling showed the potential of grain cooling for the
conservation of grain and incorporating this strategy
into postharvest management.
MATERIALS AND METHODS
Grain cooler
The grain cooler (Fig. 1) uses a refrigerant to
achieve a cooling force by a compressor during a
cooling cycle. Ambient air is sucked into the system
by a blower and the airpasses by a heat exchanger
where the refrigerant is evaporated. The passing
ambient air is cooled down to the desired temperature
and the air becomes saturated. Afterwards the relative
humidity of the saturated air needs to be reduced to
match to the moisture content of the grain to prevent
moistening of grain. This is done by a slight increase
of the air temperature whereby an electric heater or
heat exchangers of condensing refrigerant is used.
The grain cooler is PLC controlled to achieve
a constant air temperature and relative humidity
throughout of the operation. It is usually mobile,
however, a fixed installation is applicable as well. The
operation is weather independent.
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is cooled to the desired temperature, usually in a
range of 10 to 18°C depending on the storage time.
Afterwards the grain cooler is turnedoff and the air
inlet and vent openings are closed. The cooled grain
remains in the silo until it is removed or cooled again
if the temperature will increase after several months
of storage. Pictures of the application at a vertical silo
and warehouse are shown in Figs 2, 3.
RESULTS AND DISCUSSION

Fig. 1.

Prevention of respiration loss
Grain continues to respire after being harvested.
Losses in freshly harvested grain are primarily caused
by its cellular respiration and its heating. The rate
of the activity is dependent on the grain’s moisture
content and temperature as shown in Fig. 4 (Jouin,
1964). Respiration becomes more intensive as the
temperature and moisture content of grain increase.
The consequence of heating by respiration is loss
of dry weight. Respiration increases as heat increases.
Aside from heat,water content rise as result of the
oxidation of grain carbohydrates or fats. The water
content will decrease the storage life of the grain
and render the grain more favorable for infestation
of bacteria, mites, insects and fungi. A grain cooler
reduces the chances of grains being damaged during
storage.
At higher temperatures grain loses more weight
during storage time by respiration than when it is cooled
(Table 1). Along with the mass loss there is an economic
loss, which can be prevented with grain cooling.

Grain cooler

Application of grain cooling
The grain cooler is connected to the grain storage
by a flexible hose. The treated air is blown into the
grain bulk. The air flow passes the grain and removes
the heat of the grain. The air becomes humid and
warm and exits the storage bin through vents at the
top. The grain cooling continues until the entire bulk

Influence of grain cooling on weevil development
Weevils and other insects can damage stored grain
and their activity and development is influenced by the
temperature of the environment. Maier and Navarro
Fig. 2. Application of grain cooler at vertical silo

Fig. 4. Heat generation during grain storage modified
according to Jouin (1964)

Fig. 3. Application of grain cooler at warehouse
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Table 1 Calculation of paddy loss by respiration at different
storage temperatures (Sontag, 2014)
Respiration losses – dry substance loss
Given:
Paddy moisture content
14.5%
Paddy temperature
30°C
Paddy price
300 EUR/t
Storage period
8 months
Storage quantity
10,000 t
Formula
heat generation [MJ/t, day]** ×
storage duration (day) ×
storage mass (t)
Substance loss (t) = ——————————————
15,000 (MJ/t)
Result
		
		
Uncooled at 30°C**
Uncooled at 25°C
Colled at
10°C

Substance
Mass
loss (t)
loss (%)
128
1.28
64
0.64
minimal (<1)
-

Fig. 6. Development of fungi at grain storage (Lacey, 1980)

Loss
(EUR)***
52,650
26,325
-

biologically active and circumstances change over
the time. This is certainlytrue when the respiration
activity of the grain is high and water and heat rise.
Moisture content of the grain, its storage temperature
and the relative humidity will lead to fungus growth.
Thereby the danger of fungal contaminationis not
only the deterioration of the grain but the increase in
mycotoxins which have toxic effects on humans and
animals. Most mycotoxins are heat-stable and can
persist through grain processing. For this reason, the
formation of toxins must be prevented by preventing
harmful fungi (Rodemann, 1999). Grain cooling can
decrease damage from fungi.

*After drying or direct from field in summer; **see Fig. 5;
***grain’s moisture content and rice husk taken into account.

(2002) showed that at temperature above 20` to 32
°C the development of the insects is in optimum.
However temperature less than 10° to 15°C reduced
the activity (Fig. 5). Therefore, the grain is protected
when grain is cooled.

Extension of storage time of cooled grain
The safe storage time of grains depends on the
moisture content as well as on the storage temperature
of the grain (Agena, 1961;Wimberly, 1983). The
storage period timer (Fig. 7) showed the estimated
safestorage time for grain according to its temperature
and moisture content (Sontag, 2014). The safe storage
time for any particular condition of grain can be read
by matching the grain’s moisture content against its
Fig. 5. Weevil development according to temperature
(Sontag, 2014)

Prevention of fungi by grain cooling
Microorganisms such as fungi and bacteria adhere
to the surface of the grain kernel (Mühlbauer, 2009).
The development of fungi depends on the temperature,
humidity and the grain’s moisture content as shown
in Fig. 6 (Lacey, 1980), heirgrowth is prevented
in the storage facility by drying and grain cooling.
Therefore, it has to be considered that grain is

Fig. 7. Storage timer of grain (Sontag, 2014).
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actual temperature. The section of the line on the
vertical axis of the storage period gives the possible
safe storage time of the grain. It is obvious what grain
cooling does for the extension of safe storage life
of grains particularly in tropical environments. The
example showed that for a moisture content of 14.5%
the safe storage life at 31°C is around 18 days while
at 10°C it is increased to around 300 days.

commodities. It brings benefits which keep quantity,
quality and the processing of a crop in the most
economic condition. Its implementation in the tropics
and subtropics will lead to essential improvement of
grain handling, loss reduction and good management
practice, which has been proven in moderate climate
already for more than 5 decades but also in the tropics
since 1980.
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ABSTRACT

Tribolium castaneum (Herbst) and Alphitobius diaperinus (Panzer) are pests of stored cereals,
their products and poultry feed. They cause qualitative and quantitative losses to agricultural
produce and products during storage. The present research activity was carried out to evaluate
the bioactivity of extracts of Azadirachta indica (L.), Citrullus colocynthes (L.) and Moringa
oleifera (Lam.) against T. castaneum (Herbst) and A. diaperinus (Panzer). Three concentrations
(10, 20 and 30%) of leave extract of A. indica; fruit extract of C. colocynthes and leaf extract of
M. oleifera prepared in acetone solvent were evaluated. There were three replications of each
treatment. Two bioassays were conducted to evaluate the toxicological and repellent effect of
these extracts. The collected data were analyzed statistically for analysis of variance. Tuckey
HSD test was used to compare the means of significant treatments. Results revealed that plant
extracts were more effective against A. diaperinus (Panzer) relative to T. castaneum. Mortality
and repellency increased with the increase in relative dose and time. In case of A. diaperinus the
highest mortality and (64%) was caused by the extract of M. oleifera (Lam.) leaves was with
30% concentration. In case of T. castaneum, the highest mortality of T. castaneum (35.40%) with
30% concentrations of C. colocynthes whereas minimum mortality of T. castaneum (16.01%) was
caused by A. indica with 10% concentration. A. diaperinus was more susceptible as compared
to T. castaneum and 64% mortality of A. diaperinus was caused by 30% extract of M. oleifera.
This insect was more killed by the M. oleifera as compared by other two plant extracts. Results
showed that with the increase of dose rate and exposure time, repellence caused by the plant
extracts increased. In case of repellency of test insects caused by plant extracts, results showed
that T. castaneum was more repelled by these extracts as compared to A. diaperinus. Neem was
more repellent plant extracts showing 88.88% repellency of T. castaneum and 71.10% repellency
to A. diaperinus after 168 h exposure time with 30% dose of the extract. Overall results revealed
that these plant extracts can be used in IPM of stored grains for sustainable management of
stored product insect pests
Key words: Alphitobius diaperinus, Azadirachta indica, Citrulus colocynthes, Mean
mortality, Moringa oleifera, Percent repellency, Proximate composition, Refraction analysis,
Tribolium castaneum
Insect pests cause serious food grain losses in
storage, particularly at farm level in tropical and
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subtropical countries. Foodgrain losses in India
during storage at farm level approximate 10% of
the production (Lal, 1988). In sub-Saharan Africa,
foodgrain losses during storage at farm level can reach
as high as 25-40% (Dichter, 1976). Such high level
of foodgrain losses generally result from adequate
postharvest management practices and poorly design
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storage structures. In Pakistan, wheat is a major cereal
crop used as staple food. It suffers from heavy losses
during storage due to the attack of insect pests, which
results not only in the deterioration of the quality but
quantity of attacked commodity is also destroyed
(Nadeem et al., 2012). Insect infestation can result
in significant weight loss, considerable reduction
in volume and reasonable decrease in germination
percentage of grains (Phillips and Throne, 2010).
The lesser mealworm or darkling beetle, Alphitobius
diaperinus (Panzer) (Coleoptera: Tenebrionidae) is
reported to be the most abundant beetle inhabiting
poultry, feed, litter and manure (Pfeiffer and Axtel
1980, Stafford et al.,1987). A. diaperinus can cause
structural damage when last instar larvae tunnel into
insulation and structural materials (Vaughan et al.,
1984) and are capable of harbouring several types of
poultry pathogens (Elowni and Elbihari, 1979).
Red flour beetle (Tribolium castaneum) is an
important pest of stored grain commodities throughout
the world (Sokoloff, 1977). This species has had a
long association with human stored food and is found
associated with diverse range of commodities such as
grain, flour, peas, beans, cocoa, nuts, dried fruits, and
spices, but milled grain products such as flour is the
most preferred food (Good, 1936). Both the larvae
and adults cause damage. In severe infestation, the
flour turns grayish and mouldy, and has a pungent,
disagreeable odour making it unfit for human
consumption (Atwal and Dhaliwal, 2005). Direct
feeding on grains of host promotes mould growth and
excretion of hydroxyquinone compounds that causes
contamination and damage to grains (Campbell and
Runnion, 2003).
During the last few decades, fumigants mainly
phosphinne and methyl bromide have played significant
role in the control of stored product insect pests. But
now phase out of methyl bromide has started and its
worldwide abandonment as a fumigant of public sector
storages is programmed for the year 2015 (Bell, 2000).
Conversely, there are several limitations for the use
of phosphine like corrosiveness, resistance, need of
specialized equipment etc. (Bell, 2000; Champ and
Dyte, 1976). Currently one of the main methods for
controlling insect pests of stored products is the mixing
of chemicals protectants with grains (Oberlander et
al., 1997; Kostyukovsky and Trostanetsky, 2004).
However, owing to loss of fumigants, resistance to
organo phosphate insecticides, and serious ecological
and health concerns, it is obvious that there is urgent
need for alternative control measures, which are safe
to humans and environment friendly (Kostyukovsky
and Trostanetsky, 2004; Oberlander et al., 1997).

Present research activities were planned to evaluate
the insecticidal and repellent impact of plant extracts
against two tenebrionid beetles (Tribolium castaneum
and Alphitobeus diaperinus).
MATERIALS AND METHODS
Rearing of homogenous insect culture
Population of red flour beetle was collected from
flour mills and storages of grain market from the
district of Faisalabad, whereas beetles of Alphitobius
diaperinus (Panzer) were gathered from poultry sheds,
feed mills and grain markets. Collected insects were
reared to make homogenous population in laboratory
at optimum conditions of temperature (30 ± 2ºC)
and relative humidity (65 ± 5%) in Stored Grain
Pest Management Laboratory of Department of
Entomology, University of Agriculture Faisalabad.
After 5 days adults were sieved out from diet of
insects (flour for T. castaneum while poultry feed for
A. diaperinus).
Preparation of plant extract
Fruits of Citrullus colocynthes (L.), leaves of
Azadirachta indica and leaves, twigs and pods of
Moringa oleifera were collected. After collection,
these were shade dried at room conditions. The plant
materials were ground into powder using a grinding
mill. The powder was added in a conical flask along
with acetone (1:3 W:V ratio). The conical flasks were
placed on rotary shaker and shook at 220 rpm for 48
h, after that the solution was filtered out. The filtrate
was having acetone and plant extract was placed in
rotary evaporator to get pure extract by evaporating
the acetone. The plant extract was considered as stock
solution and three concentrations/dilutions (10, 20 and
30%) were prepared using acetone as solvent. These
concentrations of plant extracts were used to check
their toxic and repellent effect against two stored
product insect pests.
Bioassay 1: Toxicological impact of plant extracts
on adults of Alphitobius diaperinus and
Tribolium castaneum
Three concentrations (10, 20, 30 %) of extracts
of Azadirachta indica, Moringa oleifera and C.
colocynthes were evaluated against adults of A.
diaperinus and T. castaneum. Each extract was applied
on a filter paper. The treated filter paper was allowed
to dry at room temperature. These filter papers were
placed in plastic jars having thirty adults of test insects
feeding on the grains. The lids of the jars were closed
and were made air tight using cellophane tape. Data
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of percent mortality of test insect were observed after
three, five and seven days. Corrected mortality from
data were calculated using Abbot’s Formula (Abbot,
1925).

Overall results showed that concentrations and
exposure time had significant effect on the mortality
and repellency caused by plant extracts. Results
regarding toxic effect of plant extract revealed that
mortality of both insect species increased with the
increase and exposure time. The highest mortality
(Table 1) of T. castaneum (35.40%) with 30%
concentrations of C. colocynthus, whereas minimum
mortality of T. castaneum (16.01%) was caused by
A. indica with 10% concentration. A. diaperinus
was more susceptible as compared to T. castaneum.
Extract (30%) of M. oleifera caused 64% mortality
of A. diaperinus. This insect was more killed by the
M. oleifera as compared by other two plant extracts.
The results shows the effect of exposure interval
(Table 2) on the toxic effect of plant extracts showed
that the mortality of both insect species increased with
the increase of exposure time. Exposure period of 168
h was considered responsible for 32% mortality of T.
castaneum and 87% mortality of A. diaperinus using
the extract of M. oleifera. In case of C. colocynthus
34% mortality of T. castaneum and 62% mortality
of A. diaperinus was reported after highest exposure
duration (168 h).
Results regarding the effect of concentration and
exposure times on the repellent effect of plant extracts
are given in Tables 3, 4 respectively. Results showed
that with the increase of dose rate and exposure time,
repellence caused by the plant extracts increased.
Regarding the effect of concentrations, M. oleifera
extract was more effective as compared to other two
plant extracts. Repellent effect of plant extracts was
higher against red flour beetle as compared to darkling
beetle. The highest repellence up to 80% was observed
in experiment of red flour beetle whereas maximum
repellence due to plant extracts in A. diaperinus was
61% with highest dose of A. indica.
Many scientists have worked on the insecticidal

Bioassay 2: Repellent effect of plant extracts against
Alphitobeus diaperinus and Tribolium castaneum
Percent repellency of different concentrations of
plant extracts was evaluated using Area preference
method. Whatman No 1 filter paper was used for this
purpose. Two halves were made of each filter paper.
The respective dose of each extract was applied on one
half of each paper, while other filter paper was treated
with acetone alone. Both the treated and untreated
halves were allowed to air dried. These were united
together with adhesive tape on their lower side. The
filter paper was placed in petri dishes. Beetles (30) of
test insect were placed atop, in the center of the filter
paper. Petri dishes were covered and wrapped with
adhesive tape to avoid the escape of beetles. Data
were observed after three, five and seven days. Percent
repellency was calculated using following formula
Percent Repellency = (Nc - Nt/Nc + Nt) ×100
Nc , insects on untreated half; Nt , insects on
treated half.
Analysis of data
Analysis of all the collected data regarding percent
mortality and repellency was analyzed using statistical
software. Tuckey HSD test was used for the comparison
of means of significant treatments.
RESULTS AND DISCUSSION
The main aim of the present study was to check
the repellency and mortality of Tribolium castaneum
and Alphitobius diaperinus against botanical extract
of Azadirachta indica, Citrullus colocynthis, and
Moringa oleifera

Table 1 Toxic effect of different concentrations of three plant extracts against Tribolium castaneum and Alphitobius diaperinus
Plant extract

Conc.

Mortality (%)
Tribolium castaneum

Azadirachta indica

10%
20%

d.f.=2
F-val=5.45

30%
Citrulus colocynthus

10%
20%
10%
20%
30%

24.28 + 3.20 ab

Alphitobius diaperinus
d.f.=2
F-val=5.91

26.57 + 3.76 a
d.f.=2
F-val= 37.22

30%
Moringa oleifera
(leave extract)

16.01 + 1.84 b

18.55 + 2.04 c
27.19 + 2.77 b
16.97 + 2.57 b
21.90 + 3.14 b
32.18 + 3.10 a
461

41.57 + 6.86 ab
50.77 + 8.77 a

d.f.=2
F-val=9.42

35.40 + 2.81 a
d.f.=2
F-val=18.37

36.62 + 1.14 b

22.44 + 5.81 b
38.98 + 6.37 ab
41.68 + 9.41 a

d.f.=2
F-val=5.42

51.09 + 9.64 a
58.01 + 9.30 ab
64.19 + 1.91 b
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Table 2 Effect of exposure time on the toxic effectiveness of plant extracts against Tribolium castaneum and Alphitobius
diaperinus
Plant extract
Azadirachta indica

Exp.
time (h)
72
120

Mortality (%)
Tribolium castaneum
d.f.=2
F-val=10.22

21.00 + 2.52 b

168
Citrulus colocynthus

72
120
72
120

d.f.=2
F-val=126.20

30.45+ 3.05 a
d.f.=2
F-val= 31.02

27.41 + 3.84 b

d.f.=2
F-val= 55.28

34.55+ 3.91 a
d.f.=2
F-val=22.31

36.88 + 4.01 b
13.94 + 3.07 c
26.58 + 4.20 b
62.57 + 5.78 a

15.33 + 2.07 c
23.31 + 2.91 b

168

13.31 + 2.41 c
78.77 + 3.72 a

19.18 + 5.18 c

168
Moringa oleifera
(leave extract)

Alphitobius diaperinus

15.41 + 2.33 b

d.f.=2
F-val=20.98

32.42 + 3.43 a

28.18 + 6.32 c
57.21 + 7.54 b
87.91 + 3.51 a

Table 3 Repellent effect of different concentrations of three plant extracts against Tribolium castaneum and Alphitobius diaperinus
Plant extract

Conc.

Azadirachta indica

10%

Repellence (%)
Tribolium castaneum

20%

d.f.=2
F-val=42.13

10%
20%
10%
20%

49.16 + 8.72 b
52.66 + 5.39 b

80.73 + 4.22 a
d.f.=2
F-val= 9.80

77.03 + 4.02 a

58.51 + 5.64 b

d.f.=2
F-val=3.26

65.92 + 4.50 b

30%
Moringa oleifera

d.f.=2
F-val=6.76

62.21 + 6.47 b

30%
Citrulus colocynthus

Alphitobius diaperinus

40.73 + 7.65 c

32.64 + 6.85 b
47.49 + 6.59 ab

82.21 + 2.72 a
d.f.=2
F-val=6.05

54.78 + 9.09 a

63.70+ 4.17 b

d.f.=2
F-val=7.57

77.03 + 2.96 a

30%

19.99 + 6.29 b
38.66 + 5.77 ab

79.99 + 4.00 a

59.25 + 7.57 a

Table 4 Effect of exposure times on the repellent effectiveness of plant extracts against Tribolium castaneum and Alphitobius
diaperinus
Plant extract

Exp.
time (h)

Azadirachta indica

72
120

Repellence (%)
Tribolium castaneum
d.f.=2
F-val= 35.21

168
Citrulus colocynthus

72
120
72
120

58.51 + 7.83 b

Alphitobius diaperinus
d.f.=2
F-val=3.24

80.73 + 4.07 a
d.f.=2
F-val= 5.27

168
Moringa oleifera

44.44 + 7.53 c

59.99 + 6.75 b
68.88 + 4.58 ab

168

65.99 + 4.90 b
75.55 + 4.15 ab
79.25 + 2.82 a

57.03 + 7.21 a
61.10 + 5.21 a

d.f.=2
F-val=1.06

77.77 + 3.14 a
d.f.=2
F-val=3.80

51.10 + 7.93 a

35.53 + 7.78 a
47.38 + 7.25 a
50.36 + 8.96 a

d.f.=2
F-val=1.00

31.48 + 9.01 a
42.21 + 7.40 a
45.92 + 8.46 a

insecticidal properties of the essential oils of Ageratum
conyzoides are mainly associated with their precocene
content (Menut et al., 1993; Vera, 1993). Our results are
supported by the Anwar et al., 2005), as they evaluated
the neem (Azadirachta indica) oil against four insect
pests of stored grains Rhyzopertha dominica, Sitophilus
granarius, Tribolium castaneum and Trogoderma
granarium at different dose rates (5%, 10%, 15% and

properties of plant extracts (Gakuru and Foua-Bi,
1996; Kimura et al., 1981; Meehan, 1980) and their
essential oils (Haubruge et al., 1989; Singh et al., 1978).
Although the chemical composition of the essential
oils of the plants was reported (Arora and Kohli, 1993;
Lamaty et al., 1992), their isolation and biological
evaluation tests are necessary to determine the
efficacy of their active principles. Studies revealed that
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20%) under natural conditions at various time points
(30, 60, and 90 days) in a warehouse. They recorded
that all the concentration induced more than 82.99%
mortality after the interval of 30 days, and mortality
increased with an increase in relative concentration
of the spray material. Odeyemi and Ashamo (2005)
evaluated same conclusions that exposure of larvae
and adults of T. granarium to neem extract, mortality
rate of both stages of the insect was increased with the
increase in dose rate, ultimately the infestation of this
insect reduced and overall quantitative loss was also
decreased in stored groundnuts. Similar results were
reported by Sagheer et al. (2013) who checked the
impact of four medicinal plants and concluded that with
increase in dose rate and exposure time mortality of
red flour beetles (Tribolium castaneum) also increased.
They also noted that Nicotiana tabacum plant extract
proved most effective at higher concentration (10.0%)
than Pegnum hermala, Saussurea costus and Salsola
baryosma extracts.
Finally it is concluded that these botanical extracts
could find a place in IPM strategies, especially where
the emphasis is on organic approaches for control of
stored product insect pests.
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Fumigation as a quarantine disinfestation treatment of imported
germplasm: A case study of cereals
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ICAR- National Bureau of Plant Genetic Resources, Pusa Campus, New Delhi 110012, India
ABSTRACT

During two decades (1996 to 2015), over 2.3 million germplasm samples and breeding trials
of cereals comprising, Avena sativa L., Hordeum vulgare L., Oryza sativa L., Triticum aestivum
L. and Zea mays seeds were imported into India. These were imported through Consultative
Group on International Agricultural Research (CGIAR) Centers and from about 60 countries.
In addition, 10,772 samples of transgenic planting material of O. sativa, T. aestivum and Z.
mays with different genes were also imported. These were processed for quarantine clearance
at ICAR-National Bureau of Plant Genetic Resources, New Delhi, a nodal organization to
issue the Import Permit for germplasm including transgenics meant for research purposes. The
samples were processed for the detection of pests and over 9,000 samples of germplasm were
found infested with insect-pests mainly coleopterans [Sitophilus granarius L., S. oryzae L., S.
zeamais (Motschulky), Trogoderma variabile (Ballian), Cryptolestes ferrugineus (Stephens),
Rhizoper thadominica (Fabricius), Tribolium castaneum (Herbst), etc.] and lepidopterans (Plodia
interpunctella (Hubner), Sitotrog acerealella (Fabricius)). Of the 10,772 samples of transgenics,
1,568 samples of O. sativa were found infested with different pests. As pest tolerance in quarantine
is zero, all the infested samples were salvage dusing suitable phytosanitary techniques/ treatments.
The infested samples were fumigated with a mixture of ethylene dichloride-carbon tetrachloride
(EDCT) in the ratio of 3:1 by volume @ 320 mgL-1 for 48 h or 640 mgL-1 for 24 h at 30°C in an
airtight fumigation chamber at normal air pressure. Prophylactic fumigation was also given to >
11 lakh samples with EDCT mixture as above. The regulations applicable to the use of fumigants
were diligently followed to be in compliance with international agreements. Fumigation used for
disinfestation purposes resulted in quarantine security and has effectively prevented the entry
and spread of insect-pests of quarantine significance into clean areas.
Key words: Barley, Cereals, Disinfestation, EDCT mixture, Fumigation, Germplasm, Maize,
Oat, Quarantine, Rice, Transgenics, Wheat
The basic tenet of plant quarantine is to regulate the
movement of plant material to mitigate the associated
pest risk to facilitate its pest-free exchange. Plant
quarantine is a government endeavor enforced through
legislative measures to regulate the introduction of
plant material, plant products, soil, living organisms
etc. to prevent inadvertent introduction of pests,
pathogens and weeds harmful to the agriculture of a
country/ state/ region and if introduced, to prevent their
establishment and further spread. The pests introduced
in an area can be much more devastating than they have
*Corresponding
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been in their native places. There are several glaring
examples of such devastations worldwide (Khetarpal,
2004; Bhalla et al., 2014). Various international and
national quarantine regulations are in place to check
such spread of pests across geographical boundaries.
The globalization and liberalized trade with
the advent of World Trade Organization (WTO)
has enhanced the risk of inadvertent movement of
dangerous pests along with commodities, which may
harm the agriculture and the environment of clean
areas. WTO provides for principles to frame and
implement the regulations for trade among different
countries. WTO-Agreement on Applications of
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Sanitary and Phytosanitary (WTO-SPS) Measures
relates to phytosanitation in trade to protect animal or
plant life or health within a territory of the member state
from the risks arising from the entry, establishment
or spread of pests. The International Plant Protection
Convention (IPPC), recognized by the WTO under
the SPS agreement, frames International Standards for
Phytosanitary Measures (ISPMs) (http://www.ippc.int/
IPP/En/standards.htm), which provides the guidelines
for harmonization of national quarantine regulations
for effective implementation of the SPS agreement.
At present, India imports agricultural commodities,
germplasm including transgenics as per the provisions
of Plant Quarantine (Regulation of Import into India)
Order 2003 issued under Destructive Insects and Pests
(DIP) Act 1914 (herein after referred to as PQ Order
2003) promulgated by Ministry of Agriculture and
Farmers’ Welfare (MoA&FW), Government of India
(http://plantquarantineindia.nic.in/PQISMain/Default.
aspx). This is to fulfill India’s legal obligation under
various International Agreements. The Directorate of
Plant Protection, Quarantine and Storage (DPPQS) of
MoA & FW is the apex body for implementation of
plant quarantine regulations. It has a national network
of 57 plant quarantine stations at different airports,
seaports and land frontiers. In all, two categories
of material are being imported under the PQ Order,
2003: (a) bulk consignments for consumption and
sowing/ planting, and (b) samples of germplasm in
small quantities for research purposes. The DPPQS
undertakes quarantine processing and clearance of bulk
consignments for consumption or sowing purposes
(http://plantquarantineindia.nic.in/PQISMain/Default.
aspx). The various schedules of PQ Order, 2003 specify
the details of fumigation treatments as a mandatory
procedure to be followed during quarantine processing.
Indian Council of Agricultural Research-National
Bureau of Plant Genetic Resources (ICAR-NBPGR) is
the nodal agency to undertake the quarantine of plant
genetic resources and transgenic planting material
imported into the country for research purposes. Every
year about 80,000 germplasm accessions are imported
and processed for quarantine clearance, which involves
inspection of material for detection of pests therein
and salvaging of the infested material using various
treatments/ techniques.
Quarantine treatments demand a very high
level of security as the pest tolerance in quarantine
is extremely low. Disinfestation is an important
quarantine strategy to facilitate movement of plant
material in a pest-free state. This involves exclusion
of pests using various techniques/ treatments. The kind
of disinfestation method to be employed depends upon

the type of material to be disinfested and the nature of
disinfestation. Of the various treatments, fumigation
is able to provide 100% quarantine security against
the seed pests of cereals. It is a unique treatment for
disinfestation of space and commodities especially
during pre-shipment because a fumigant acts as a
gas, penetrates the commodity during fumigation and
diffuses out without disturbing the commodity in any
way. Fumigation results in complete mortality relatively
quickly, leaving no or minimum residue and is thus
the most befitting of various quarantine treatments.
A fumigant may be a gas (methyl bromide), liquid
(ethylene dichloride-carbon tetrachloride mixture),
solid (aluminium phosphide) or a crystalline powder
(naphthaline) at room temperature, but to be effective
it should be highly volatile and with good penetrability.
A fumigation schedule generally comprises dosage,
concentration of fumigant (C), exposure period/ time
(T), temperature and pressure. The specific quarantine
fumigation schedules are generally documented for
each country. The Clause 3(16) and 3(17) of the PQ
Order deal with fumigation, disinfestation/disinfection
of consignments imported into the country as specified
in the various schedules of the legislation (http://
plantquarantineindia.nic.in/PQISMain/Default.aspx).
MATERIALS AND METHODS
During the two decades (1996–2015), about 23
Lakh germplasm samples and breeding trials of cereals
comprising, Avena sativa L., Hordeum vulgare L.,
Oryza sativa L., Triticum aestivum L. and Zea mays L.
seeds from different countries/ sources were imported
into India (Table 1). In addition, 10,772 samples of
transgenic O. sativa, T. aestivum and Z. mays were
also imported for research purposes (Table 2). These
samples were imported through Consultative Group
on International Agricultural Research (CGIAR)
Centres viz., International Rice Research Institute
(IRRI), the Philippines; International Centre for
Maize and Wheat Improvement (CIMMYT), Mexico;
International Centre for Agricultural Research in Dry
Areas (ICARDA), Syria, and from about 60 countries.
All the samples were processed for quarantine
clearance and examined visually by naked eye or with
magnifying glass/ illuminated magnifier/ stereoscopic
binocular for the detection of external symptoms of
damage/ insects and stages thereof. As O. sativa and
Z. mays may carry hidden infestation, the suspected
samples were subjected to X-ray radiography (Bhalla
et al., 2003). The infested samples were disinfested
using fumigation with ethylene dichloride-carbon
tetrachloride (EDCT) mixture in the ratio of 3:1 by
volume@ 320 mgL-1 for 48 h or 640 mgL-1 for 24 h at
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Table 1

Number of germplasm samples of cereals imported into India (1996-2015)

Crop

Source/ countries

Total samples

Infested samples

77,576

248

Hordeum vulgare L. ICARDA (Syria), Australia, Canada, Denmark, Iraq, Mexico,
Sweden, Syrian Arab Republic, USA
Oryza sativa L.

IRRI (Philippines), Bangladesh, Belgium, Canada, China, CIAT,
Colombia, Egypt, France, Germany, Hong Kong, Indonesia, Japan,
Kenya, Nepal, Singapore, Sri Lanka, Taiwan, UK, USA, Vietnam

1,318,961

3,882

Triticum aestivum
L.

CIMMYT (Mexico), ICARDA (Syria), Australia, Azerbaijan,
Belgium, Benin, Canada, China, France, Germany, Greece,
Hungary, Israel, Mexico, Nepal, Serbia, South Africa, Switzerland,
Syrian Arab Republic, Turkey, UK, Ukraine, Uruguay, USA

571,293

2,780

T. durum Desf.

CIMMYT (Mexico), ICARDA (Syria)

8,466

102

Zea mays

Argentina, Austria, Bolivia, Brazil, Bulgaria, Chile, China,
Colombia, Egypt, France, Germany, Ghana, Guatemala, Hungary,
Indonesia, Israel, Italy, Kenya, Malaysia, Mexico, Netherland,
Nigeria, Philippines, Puerto Rico Republic, South Africa, Spain,
Sri Lanka, Syrian Arab Republic, Thailand, Turkey, USA,
Uzbekistan, Zimbabwe

3,93,739

1864

Avena sativa

Australia, Bulgaria, Mexico, Russia, Sweden, UK, USA

Triticale

CIMMYT, ICARDA

Total
Table 2

Source/ Country

Oryza
sativa

Australia, Belgium,
China, England, France,
Germany, Korea,
Philippines, Singapore,
Switzerland, UK, USA,
Vietnam

Triticumaestivum
Zea mays

Total

Total
Infested
samples samples
10,110

1,568

USA

44

-

Philippines, Italy, Brazil,
Argentina, South Africa,
USA

618

-

10,772

1,568

85
168

2,382,092

9,129

(L.), Sitophilus oryzae (L.), Sitophilus zeamais
Motschulsky, Trogoderma variabile Ballion, Tribolium
castaneum (Herbst), Trogoderma granarium (Everts)
and lepidopterans –Plodia interpunctella (Hubner),
Sitotroga cerealella (Olivier) (Table 3). Of these, S.
granarius and T. variabile are not yet reported from
India and C. ferrugineus and S. zeamais are regulated
pests under the PQ Order 2003. All the infested
samples were subjected to quarantine treatment i.e.
fumigation with EDCT mixture in the ratio of 3:1 by
volume @ 320 mgL-1 for 48 h or 640 mgL-1 for 24 h
at 30°C in an airtight fumigation chamber at normal
air pressure against their target pests. Over 99% of
the infested samples are made pest-free and released
to the indenters (Tables 1 , 2; Fig. 1). In addition to
curative fumigation, prophylactic fumigation was given
to 11,56,530 samples of different cereals and 5,032 of
transgenic O. sativa (Fig. 2). The fumigation is one

Import of transgenic cereal germplasm into India

Crop

593
11,964

30°C in an airtight fumigation chamber at normal air
pressure. The prophylactic fumigation was also given
to the suspected samples. The regulations applicable
to the use of fumigants were followed diligently.
The various schedules of PQ Order, 2003 specifying
the details of fumigation treatments as a mandatory
procedure were followed during quarantine processing.

Samples salvaged
168
248
85
1864
102

RESULTS AND DISCUSSION
The quarantine processing revealed that 9,129
samples of different crops (Table 1) and 1,568 samples
of transgenic O. sativa (Table 2) were infested with
different pests, mainly coleopterans-Cryptolestes
ferrugineus (Stephens), Lasioderma serricorne (F.),
Rhizopertha dominica (Fabricius), Sitophilus granarius

3882

2780

Hordeum vulgare (L.)
Oryza sativa
Transgenic rice
Triticum aestivum (L.)
T. durum (Desf.)
Zea mays
Avena sativa
Triticale

1568

Fig. 1.
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Table 3

Insect-pests intercepted against which fumigation was given

Crop

Source/ Country

Interception

Hordeum vulgare

Morocco

Rhizopertha dominica (Fabricius), Tribolium castaneum (Herbst)

Syrian Arab Republic

R. dominica

ICARDA, Syria

Lasioderna serricorne (Fabricius)

Argentina

R. dominica, Sitotroga cerealella (Olivier)

Bangladesh

R. dominica, S. cerealella, Sitophilus oryzae (L.), T. castaneum

Malaysia

R. dominica, S. oryzae

Nepal

S. cerealla, R. dominica, S. oryzae, T. castaneum

Philippines

#Cryptolestes

Thailand

L. serricorne, R. dominica

USA

R. domnica, S. cerealella,

O. sativa (transgenic)

Singapore

#C. ferrugineus, R. dominica, S. cerealella, S. oryzae,T. castaneum

Triticum aestivum

Australia

R. dominica, *Trogoderma variabile Ballion

Azerbaijan

R. dominica

CIMMYT, Mexico

#C. ferrugineus, R. dominica, S. oryzae, S. cerealella, T. castaneum,

ICARDA, Syria

R. dominica

Nepal

S. oryzae, #S. zeamais (Motschulsky)
T. castaneum

USA

*Sitophilus granarius (L.)

Serbia

R. dominica

South Africa

S. cerealella

Syrian Arab Republic

R. dominica

USA

*S. grananius

T. durum

Lebanon

R. dominica

Zea mays

Argentina, CIMMYT (Mexico),
Mexico

#S.

Bolivia

S. cerealella

Colombia

Larval form

Egypt

S. oryzae

Indonesia

S. oryzae, #S. zeamais

Philippines

R. dominica, #S. zeamais, S. oryzae, S. cerealella, T. castaneum

Thailand

R. dominica, S. oryzae, #S. zeamais, S. cerealella, T. castaneum

U.S.A

Carpophilus sp., Plodia interpunctella (Hübner), S. oryzae, #S.
zeamais, T. castaneum

Oryza sativa

ferrugineus (Stephens), R.dominica, S. oryzae

Trogoderma granarium (Everts)

zeamais

*Pest not yet reported from India; # pest regulated under Plant Quarantine (Regulation of Import into India ) Order 2003.

of the most important quarantine treatments due to
the penetrability of the fumigants. Methyl bromide
(MB), aluminium phosphide and EDCT mixtures
are registered fumigants in India to mitigate the pest
problem in stored commodities, plants and plant
products meant for import and export. MB has been
designated as ozone depleting substance (ODS) under
the Montreal protocol and thus has restricted use in
quarantine. EDCT, a liquid fumigant is a mixture of

two chemicals namely, ethylene dichloride-carbon
tetrachloride in a ratio of 3:1 by volume. It is used
for the disinfestation of cereals, pulses and seeds.
However, it is not used for disinfestation of products
rich in fat, living plants or vegetable. Earlier workers
studied the efficacy of EDCT mixture against various
stored product pests and its safety. It is very effective,
cheap, non-inflammable, non-explosive, non-injurious
to stored commodities and not dangerous to human
468
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intercepted in both transgenic and non-transgenic
material, are regulated pests under the PQ Order in
imports of maize from several countries (Table 3).
Likewise, S. zeamais intercepted in wheat and maize
is a regulated pest under PQ Order. Also, many of the
pests intercepted despite being reported from India,
pose a quarantine risk during import due to their high
economic significance and the possibility of presence
of new area specific strains/ biotypes. New strains or
biotypes are also included in the category of pests
according to the definition of ‘pest’ by IPPC (http://
www.ippc.int/IPP/En/standards.htm). New strains
having greater physiological adaptability pose a higher
degree of risk during import.
A quarantine treatment for the elimination of
pests associated with plant material is conducted
in accordance with phytosanitary regulations of the
importing country so as to prevent the dispersal of the
pests to the clean areas. The major considerations for
any phytosanitary treatment include:
Pest tolerance - theoretically, quarantine pest
exclusion implies pest tolerance after a quarantine
treatment as ‘Zero’, i.e. the treatment must result
in 100% kill of the pest, but practically it is not
achievable. Hence, ‘Probit 9’ is the level of kill
acceptable in quarantine. The concept of ‘Probit 9’ is
not valid for pests which can develop from a single
individual. The concept of pest tolerance varies from
country to country. Commodity tolerance- as there is
very fine margin between the lethal dose for a pest
and that causing phytotoxicity in the plant material
infested. A quarantine treatment is expected to cause
no or minimum acceptable changes in the commodity.
Residue tolerance- A quarantine treatment should have
no or minimum residue in commodity so that it does
not harm human beings, animals or the environment.
The residue tolerance for a quarantine treatment
is established by maximum residue limits (MRL)
prescribed by the Codex Alimentarius Commission,
which was recognized by the WTO to develop
international standards. Also, a quarantine treatment
must not be very time consuming so that it causes
only a minimum delay in quarantine clearance of the
material (Kapur, 1995; Anonymous, 1998).
There are certain factors that need to be considered
while undertaking fumigation. A fumigation schedule
generally comprises dosage, concentration of fumigant
(C), exposure period/ time (t), temperature and pressure.
Concentration Time Product (C`T) is usually constant
for a Schedule. After a minimum concentration builds
up, exposure period can be adjusted or vice versa. Dose
as per the schedule is calculated on the basis of volume
of the space containing the commodity and not on the

Crop

Fig. 2. Prophylactic fumigation given to different cereals
against insect infestation

beings. Khalsa et al., 2014) tested EDCT mixture (3:1)
against T. castaneum (Herbst), T. granarium (Everts)
and Latheticus oryzae (Watrh) in various animal feed
and found that animal feed like crushed barley, crushed
gram and wheat bran can be effectively disinfested
by fumigation with EDCT mixture. However, the
order of susceptibility of the three test insects varied
considerably. In all the cases, adults and pupae were
found to be more susceptible than larvae.
The various pests intercepted are presented in
Table 3. Of these, T. variabile (Matsush) intercepted
in wheat from Australia is most common on cereals
and cereal products, such as rice, wheat, maize, barley,
oatmeal, pasta and breakfast cereals, but has been found
on pulses, fruit and nuts. It is known from Europe,
Asia, Australia, Central America, Mexico, Canada and
USA where it favours drier areas (Partida and Strong,
1975). Although it has been recorded from Central,
South and West Asia, Saudi Arabia, China, Mongolia
and the USSR (erstwhile), it is yet not reported from
India and is therefore of high quarantine significance.
The pest develops at temperatures of 17°–38°C, but
does not have the tolerance of hot, dry conditions that
is a characteristic of T. granarium. Another quarantine
pest Sitophilus granarius intercepted in wheat from
USA is a species reported from India more than a
century ago based on records of NHM, London, 1905
with no reports thereafter and is, thus, very important
from quarantine viewpoint. It is distributed throughout
the temperate regions of the world and in tropical
countries it is rare and limited to cool upland areas
(CAB International, 2007). The FAO global survey of
insecticide susceptibility recorded it from more than
18 countries spanning five continents. All the samples
infested with these quarantine pests were salvaged
using fumigation (Gupta et al., 2013).
Some of the pests such as C. ferrugenius
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volume of commodity. However, sorption/ uptake of
gas by solids in the system, results in a loss of fumigant
and necessitates monitoring of concentration and also
if required, topping up of the fumigant as and when
required during fumigation. Penetrability (capacity
of a gas to diffuse through air and commodity) can
be improved by fans or blowers, or by vacuum i.e.
reducing the air pressure; temperature affects physical
absorption of fumigant as well as the insect respiration
(Couey and Chew, 1986).
On the basis of pressure at which the fumigation
is conducted, it is termed as atmospheric or vacuum
fumigation. Atmospheric fumigation is conducted at
normal air pressure (NAP) in any airtight enclosure,
which can retain a fumigant during the exposure period
without appreciable loss through leakage. This can
take care of most insects, mites and stages thereof
that are external or surface feeders. In the process of
vacuum fumigation most of the air in the chamber is
removed, requiring a specially designed/ constructed
chamber capable of withstanding external pressure
up to one atmosphere. This hastens penetration of
fumigant through the tightly packed material or the
internal infestation. The operation generally takes 25 h as compared to atmospheric fumigation, which
takes a minimum of about 24 h. Gas leak detectors,
viz. Riken gas indicators or thermal conductivity
meter, concentration monitoring units, first aid, a selfcontained breathing apparatus (SCBA) and anti-dotes
should always be kept readily available (Bhalla et al.,
2014). The specific quarantine fumigation schedules
are generally documented for each country viz., the
Plant Quarantine Treatment Manual, USDA (1998)
and NSPM-11 (http://plantquarantineindia.nic.in/
PQISMain/Default.aspx). Any deviation from the
prescribed schedule may be hazardous or result in
fumigation failure.

duly authorized by the PPA on his behalf. The various
schedules of the PQ Order 2003 specify the details of
fumigation treatments as a mandatory procedure to be
followed during quarantine processing. The national
standard (NSPM-11, 12) promulgated by the DPPQS
give the details on MB fumigation and accreditation of
fumigation agencies, responsibility of these agencies
like client transport etc. It also specifies the offshore
(at the port of shipment) and onshore (at the port of
entry) treatments required under the Schedule V and
VI of the PQ Order (http://plantquarantineindia.nic.in/
PQISMain/Default.aspx). The development of national
standards is a vital breakthrough for compliance with
international standards and facilitates trade (Khetarpal
and Gupta, 2006).
The other relevant regulations applicable to the use
of fumigants include, (i) The Insecticide Rules, 1971
issued under the Insecticides Act, 1968 as amended in
1999 pertaining to licensing for sale, stock, distribution
and use of insecticides including fumigants; manner
of labeling, packing, storage and transport; medical
examinations, first aid measures, protective clothing,
respiratory devices, training of workers in observing
safety precautions and handling safety equipments;
disposal of used packages; (ii) Gas Cylinder Rules,
1981 issued under the Indian Explosives Act, 1884
applying to specification of cylinders and valves for
storing the gases such as MB, storage and transport
of cylinders etc; (iii) Rules of the Prevention of Food
Adulteration Rules, 1955 issued under the Prevention
of Food Adulteration Act, 1954 about the prescribed
tolerance limits of residues of insecticides including
fumigants; and the relevant Bureau of Indian Standards
for code of safety and fumigation practices for
aluminum phosphide, MB; welded and seamless steel
gas cylinders for MB filling; methyl bromide retention
valve; specifications of fumigation covers; gas masks;
and package requirements.

REGULATIONS GOVERNING FUMIGATION
TREATMENTS

CONCLUSION

The International Standard for Phytosanitary
Measure- 28 (2007) provides for harmonizing the
phytosanitary treatments to enhance mutual recognition
of treatment efficacy by the National/ Regional Plant
Protection Organizations (N/RPPOs) so as to facilitate
trade.
As per Clause 3 (17) of the Plant Quarantine
(Regulation of Import into India) Order 2003 issued
under the Destructive Insects & Pest Act, 1914, all
the fumigation, disinfestations or disinfection of the
consignment shall be carried out through an agency
approved by the Plant Protection Adviser (PPA) to the
Government of India under the supervision of an officer

Disinfestation treatments are instrumental in
facilitating the movement of plant material especially
under the present liberalized WTO regime, which
provides for free trade subject to countries meeting
international phytosanitary standards. India can
boost its trade prospects by developing disinfestation
protocols in line with the international standards.
Presently, the most commonly used fumigant in
quarantine– MB– is being phased out due to its being
designated as an ODS in the Montreal Protocol under
WMO/ UNEP, and is to be eventually completely
phased out. However, some exceptions such as
Quarantine Pre-shipment (QPS) and emergency use of
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MB are not regulated under the Montreal Protocol. The
use of another important fumigant phosphine is also
threatened due to pest resistance concerns. Therefore,
efforts are being made the world over to develop
alternatives (Kapur et al., 2004). However, use of
chemical fumigants cannot be replaced because of their
inherent advantages over other treatments. Fumigants
are the most convenient, relatively residue-free and
quick method of disinfestation which can be applied
in case of bulk material and are also economically
feasible. But at the same time being non- specific
and toxic to all life forms, it is imperative to have
trained manpower to handle the chemicals and the
equipment taking all safety precautions to overcome
their limitations in order to harness the full benefits
of this technology. However, search for new/ alternate
fumigants is also likely to continue because fumigation
has been the most convenient, quick and economically
feasible method of disinfestation especially in case
of bulk material. There is also a renewed interest
in developing safer eco-friendly fumigants (Kapur
et al., 2004), which need to be standardized for use
as quarantine fumigants.
Fumigation used for disinfestation purposes made
available pest-free material to the researchers, is a
success story, which has effectively prevented the entry
and spread of insect pests of quarantine significance
over the past two decades.
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Entomocidal effect of diatomaceous earth and thiamethoxam alone
and in combination against Tribolium castaneum
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ABSTRACT

Current investigation was carried out to study the efficacy of thiamethoxam and three
formulations (Concern®, Organics® and Food grade®) of Diatomaceous Earth (DE) against
Tribolium castaneum. Thiamethoxam was applied at 0.25, 0.50 and 0.75 ppm while DE was
applied at 200, 400 and 600 ppm concentrations. The experiment was performed on sterilized,
crushed wheat grains at 30 ± 2 ºC and 65 ± 5 relative humidity (r.h.) under completely randomized
design (CRD) with three replicates for each treatment. The results showed that maximum percent
mean mortality (100%) was achieved with combination of DE Food grade® + thiamethoxam and
DE Concern® + thiamethoxam after exposure of 21 days while combination of DE Organics® +
thiamethoxam caused (82.22%) mean mortality after 21 days. According to results of bioassay
in which DE formulations and thiamethoxam were applied alone, higher percent mean mortality
(71.66%) was recorded in thiamethoxam @ 0.75 ppm after 21 days. For DE tested formulations,
Food grade ® showed better results and caused percent mean mortality (66.77%) @ 600 ppm
after exposure period of 21 days. The efficacy was lower for DE Concern ® and Organics ®,
which caused 59.98 and 51.11% mean mortality at concentrations of 600 ppm and 400 ppm,
respectively, after 21 days exposure time. Efficacy of Diatomaceous Earth can be enhanced
with combinations of Diatomaceous Earth (DE) and thiamethoxamat lower rates, potentially
improving the management of Tribolium castaneum.
Key words: Concentrations, Diatomaceous earth, Exposure time, Mortality, Thiamethoxam,
Tribolium castaneum

Stored-product insects are serious pests of dried,
stored, durable agricultural commodities and of many
value-added food products. Red flour beetle, Tribolium
castaneum (Herbst) (Coleoptera: Tenebrionidae) is a
severe insect pest of stored grain products in the world
(Haines 1991). Both, adults and larvae are voracious
feeder of stored commodities and cause quantitative
and qualitative losses of crushed cereal products such
as wheat flour, milled rice and peanuts (Rees, 2004).
Control of this insect pest is achieved mostly with
fumigants and synthetic pesticides (Boyer et al., 2012).
However, the selection of insecticides is limited due
to regulatory requirements imposed for the safe use
of synthetic insecticides near or on the stored food
commodities (Padin et al., 2002).
*Corresponding

author e-mail: mansoorsahient@gmail.com

Resistance of stored-product insect pests,including
T. castaneum, to chemical pesticides and fumigants
is also observed in many countries (Opit et al.,
2012). Abundant resistance to some pyrethroid (e.g.
resmethrin and bioresmethrin) and organophosphates
(e.g. Malathion) was observed in T. castaneum (Arthur,
1992). Beside the resistance, consumer demands
for pesticide residue-free food and health concerns
emphasize on the need for assessing alternative control
approaches that can be effective against T. castaneum
(Arthur, 1996). One potentially favourable substitute
to contact pesticides is the use of Neonicotinoid
insecticides and DEs. Neonicotinoid insecticides
are popular contemporary group of insecticides.
Neonicotinoid insecticides are target-specific and act
on insect nervous system by inhibiting the nicotinic
acetylcholine receptor (nAChRs) (Kim et al., 2003;
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Tomizawa, 2004). These attributes make neonicotinoids
attractive alternatives to traditional organophosphate,
carbamate and pyrethroid insecticides to which
insects are developing resistance (Maienfisch et
al., 1999). Thiamethoxam is a broad spectrum (i.e.
effective against large number of insects) and contact
insecticide belonging to the neonicotinoid and is used
as a seed treatment (Hofer and Brandl, 1999). It has
low toxicity towards mammals and beneficial insects.
Thiamethoxam was assessed first time by Arthur et al.
(2004) for its grain protection capacity on maize and
wheat against Tribolium castaneum (red flour beetle),
Sitophilus zeamais (maize weevil) and Oryzaephilus
surinamensis (sawtoothed grain beetle).
DE is nearly pure silicon-dioxide, made-up of
fossilized-diatoms of algae (Shah and Khan, 2014)
which causes insect death through dryness and
disruption of the lipid layer in the cuticle of insect.
Latest diatomaceous earth formulations were found
effective protectants against numerous stored-product
pest species, involving T. castanaeum (Athanassiou
and Steenberg, 2007). Objective of the study was to
evaluate the efficacy of various combinations of DE
and thiamethoxam against red flour beetle, Tribolium
castaneum.

(100% pure diatomaceous earth) were used. Infestation
free crushed wheat (Triticum aestivum) was used as
test stored commodity.
Bioassay for percent mortality through
thiamethoxam and Diatomaceous Earth against
Tribolium castaneum: Three concentrations (0.25,
0.50 and 0.75 ppm) of Diatomaceous Earth (DE) and
thiamethoxam (200 ppm, 400 ppm and 600 ppm) were
applied on the sterilized, crushed wheat of 50 g and
were allowed to equilibrate moisture content for a
reasonable time period and then placed in the plastic
jars. Thirty adults of T. castaneum were released in
the plastic jars containing treated commodity. The
plastic jars were tightly covered with muslin cloth
and were placed in incubator at 30 ± 2°C and 65 ±
5% r.h. Each treatment was replicated three times
using completely randomized design (CRD). Adult
mortality was recorded after exposure period of 2, 7,
14 and 21 days.
Bioassay for percent mortality of Tribolium
castaneum through combinations of thiamethoxam and
diatomaceous Earths: Experiments were conducted to
evaluate the the optimal concentration of thiamethoxam
and each DE formulation applied in combination on
sterilized, crushed wheat of 50 g. Initially commodity
was treated with thiamethoxam and allowed for
reasonable time period to equilibrate moisture. After
that, DE formulations were applied to wheat treated
with thiamethoxam. Control was maintained by treating
the commodity with water only. Thirty adults of T.
castaneum were placed in the plastic jars containing
treated commodity. Jars were tightly covered with
muslin cloth and were placed in incubator at 30 ±
2°C and 65 ± 5% r.h. Experiment was replicated three
times using CRD. Adult mortality was recorded after
exposure period of 2, 7, 14 and 21 days.

MATERIALS AND METHODS
The current study was steered in Grain Research,
Training and Storage Management Cell of the
Department of Entomology, University of Agriculture,
Faisalabad, during the year 2013-14.
Collection and rearing of insects: Infested wheat
flour was collected from flour mills, grain market and
godowns located in Faisalabad and were sieved out
to collect adults of Tribolium castaneum. Collected
insects were kept in plastic jars under optimum
conditions inside incubator at 30° ± 2°C and 65° ±
5% r.h. Wheat flour was used as culture media for
rearing T. castaneum. In each plastic jar, 100 adults
of test insects were released on 250 g sterilized flour
and covered with muslin cloth. Adults were allowed
to mate and lay eggs. After oviposition period of
3 days, beetles were sieved out from the flour. The
flour, having the eggs, was again put into jars, which
were kept in incubators at optimum growth conditions.
Homogenous population was achieved after a 28-35
days (Islam and Talukder, 2005).
Actara formulation (wettable granule) of
thiamethoxam was used, which contains 250 g/kg
of active ingredient. Various formulations of DE
Concern® (85% SiO2, 10% other elements oxides
and 5% moisture), Organics® (85% SiO2, 10% other
elements oxides and 5% moisture) and Food Grade®

Statistical analysis
There corded data were analyzed using statistical
software and the corrected mortality was computed
following measured Abbotts formula (Abbott, 1925).
Analysis of variance (ANOVA) of the data was
computed using statistica 8.1 software. Means of
significant treatments were separated using Tuckey
HSD test at α = 5%.
RESULTS AND DISCUSSION
The data (Table 1) showed that maximum mortality
was obtained after 21 days at concentration 0.75 ppm
followed by 0.5 ppm and 0.25 ppm. Data after 14
days showed that maximum per cent mean mortality
was 58.30% followed by 0.5 ppm (39.96%) and 0.25
ppm (26.61 %). Least percent mean mortality (8.33%)
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proved comparatively least effective and gave 26.66%
and 33.33% after 2 days.
In the present experiment three formulations of
DE (Concern®, Organics® and Food Grade®) and
a new inorganic insecticide thiamethoxam against
T.castaneum adults to check the effect on mortality.
The results showed that combination of DE and
thiamethoxam were more effective against this
stored grains pest .The maximum mean mortality
in combination of these tested insecticides was
100% after an exposure period of 21 days. These
results are similar to Wakil et al. (2013). They
observed the combined effect of thiamethoxam and
diatomaceous earth (DE), SilicoSec on wheat, maize
and rice against of Rhyzoperthadominica. After 14
d exposure the greater mortality was observed with
combination of DE and low doses of thiamethoxam
as compared to thiamethoxam alone. The DE
showed synergism effect with other integrated pests
management techniques as reported by (Korunic and
Rozman, 2010). They investigated the combined
efficiency of deltamethrin and diatomaceous earth
against R.dominica, T. castaneum and S.zeamais.
Results showed higher synergism effect between
deltamethrin and DE.
Among alone application of tested insecticides,
thiamethoxam caused mortality more than 70%, which
also reported by Arthur et al. (2004). Their study
reveal that that thiamethoxam is very efficient against
T. castaneum, R. dominica, S. zeamais, and S.oryzae.
The mortality of R. dominica and S. oryzae was below
than 60% at the exposure period of 1 and 2 days on
treated wheat, but after exposure period of 6 days it
gave 100% mortality. However, in that experiment they
used 1 to 4 ppm dose rate of thiamethoxam which are
significantly higher than the application rates of 0.25

Table 1 Percent mean mortality of Tribolium castaneum using
thiamethoxam at different concentrations and time
exposures
Time (Days)

Concentrations
(ppm)

Mortality
(%) ± SE

2

0.25
0.5
0.75

8.33 ± 1.66 b
13.33 ± 1.66 ab
20.00 ± 2.88 a

7

0.25
0.5
0.75

16.65 ± 2.41 b
23.32 ± 2.41ab
36.65 ± 2.41 a

14

0.25
0.5
0.75

26.61 ± 2.26 a
39.96 ± 2.64 a
58.30 ± 2.82 a

21

0.25
0.5
0.75

38.28 ± 1.27 a
53.29 ± 2.65 a
71.64 ± 2.67 a

mortality was observed at 0.25 and 0.5 (13.33%)
after 2 days exposure time. Time and concentration
relationship was found synergistic.
Maximum mortality (59.98%) was given by
Food Grade® and DE Concern® (Table 2) and were
statistically at par at concentration 600 ppm after 21
days of treatment application, followed by 52.20% at
400 ppm. The least mortalities 6.66 % and 7.77% were
observed in DEOrganics®and Concern® at 200 ppm
and 400 ppm, after exposure of 2 days. Food Grade®
and DE Concern® proved effective against the target
insect pest of stored grains.
Combined effect (Table 3) was very effective
and maximum mortality (100%) was achieved by
combination of DE Food Grade ® (600 ppm) +
Thiamethoxam (0.75 ppm). The combinations of DE
Organics® (400) + thia.(0.75), DE Concern® (600)+
thia.(0.75) and DE Food Grade®(600) + thia.(0.75)

Table 2 Percent mean mortality of Tribolium castaneum using Diatmaceous Earths at different concentrations and time exposures
Time (Days)

Concentrations (ppm)

Mortality (%) ± SE
Organics®

Concern®

Food Grade®

2

200
400
600

6.66 ± 1.92a
8.88 ± 1.11a
7.77 ± 1.11a

3.33 ± 1.92a
6.66 ± 1.92a
12.22 ± 2.93a

5.55 ± 2.93a
8.88 ± 1.11a
13.33 ± 3.84a

7

200
400
600

25.55 ± 2.93a
27.77 ± 2.93a
26.66 ± 1.92a

14.42 ± 2.94b
24.42 ± 2.94ab
34.43 ± 1.44a

16.66 ± 1.92a
27.77 ± 2.93b
36.66 ± 1.92b

14

200
400
600

37.76 ± 2.00a
39.98 ± 2.33a
38.87 ± 2.18a

29.98 ± 2.09b
41.09 ± 2.94ab
48.87 ± 1.94a

32.20 ± 2.00a
46.65 ± 1.92b
52.21 ± 2.94b

21

200
400
600

51.08 ± 2.28a
52.20 ± 2.22a
51.08 ± 2.94a

43.31 ± 2.09a
52.20 ± 2.84a
59.98 ± 2.82a

45.53 ± 2.88a
57.75 ± 2.94a
67.76 ± 1.78a
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CONCLUSION

Table 3 Combined effects of diatomaceous earths and
thiamethoxamn Tribolium castaneum using different
concentrations and time exposures
Time
(Days)

Concentrations (ppm)

Mortality(%)±
SE

2

D.E Organics®
(400) + Thia. (0.75)
D.E Concern®
(600)+ Thia. (0.75)
D.E Food Grade®
(600)+ Thia. (0.75)

26.66 ± 1.92e
33.33 ± 2.33de
36.66 ± 2.10cde

7

D.E Organics®
(400) + Thia. (0.75)
D.E Concern®
(600) + Thia. (0.75)
D.E Food Grade®
(600) + Thia. (0.75)

45.55 ±2.93a
54.44 ± 2.00a
60.00 ± 2.93a

14

D.E Organics®
(400) + Thia. (0.75)
D.E Concern®
(600) + Thia. (0.75)
D.E Food Grade®
(600) + Thia. (0.75)

66.63 ± 2.84b
81.08 ± 2.93ab
89.97 ± 2.33a

21

D.E Organics®
(400) + Thia. (0.75)
D.E Concern®
(600) + Thia. (0.75)
D.E Food Grade®
(600) + Thia. (0.75)

82.21 ± 2.84a
100.00 ± 0.00b
100.00 ± 0.00b

From this experiment it is concluded that these
insecticides can efficiently be used in integrated
pest management strategies of stored grain pests.
Diatomaceous earth is a natural compound having
more than 80% of SiO2 which is safer for human health
and environmental friendly. Similarly, thiamethoxam
is very less persistent in the environment and have
very low mammalian toxicity. These insecticides have
great synergetic effect on T. castaneum in prevailing
population and also on the progeny.
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Efficacy of ethanedinitrile and hydrogen cyanide
on wood infesting insects
JARMILA MALKOVA1*, RADEK AULICKY2, MILAN DLOUHY1, VACLAV STEJSKAL2,
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zavody Draslovka a.s. Kolin, Czech Republic
ABSTRACT

Two fumigants, EDN (with active substance ethanedinitrile) and BLUEFUME (BF) (with
active substance hydrogen cyanide (HCN)) are alternatives to the ozone depleting chemical
methyl bromide (MBr). The aim of the study was to measure the concentration-time (Ct)
product achieved during the EDN and BF fumigation to examine the efficacy of fumigation
through mortality rates of several wood boring pests (Hylotrupes bajulus, Bursaphelenchus
xylophylus and Anoplophora glabripennis). Values of Ct product for EDN (initial dose 50 gm-3)
were 105.62 ghm-3 and 311.57 ghm-3 for larvae of Hylotrupes bajulus and of Bursaphelenchus
xylophilus, respectively. Concerning BF (initial dose 20 g/m3), the values of Ct product for larvae
of Hylotrupes bajulus and of Anoplophora glabripennis were <18.66 gh m-3 and <17.67 gh m-3,
respectively. The results showed excellent efficacy of both fumigants against wood boring pests.
Key words: Ethanedinitrile, Fumigant, Hydrogen cyanide , Insects, Wood

As industrial insecticides, both ethanedinitrile
(EDN) and BLUEFUME (BF) are fast-acting fumigants
(respiratory poisons) with a broad range of pest-control
applications. EDN is usually used for fumigation of
soil (Mattner et al., 2004). However, Ren et al. (2006)
have proven EDN efficiency against e.g Anoplophora
glabripennis and other timber pests. Another fumigant,
HCN, was used for insecticide fumigation of wooden
parts of historic buildings, churches in particular. HCN
fumigation was used to treat parts of the gallery as well
as the structural woodwork, which had been infested
by various wood pests. There are data published on
the efficacy of HCN for controlling wood-infesting
pests of the genera Anobium sp. and Lyctus sp. under
various temperatures, concentrations, and exposures
(Parkin and Busvine, 1937; Bletchly, 1953).
In this study, we focused on efficacy of these
fumigants against several other wood boring pests
(Hylotrupes bajulus, Bursaphlenechus xylophilus and
Anoplophora glabripennis) that were tested in wooden
blocks in a fumigation chamber.
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MATERIALS AND METHODS
Larvae of two species of house borer (Hylotrupes
bajulus and Anoplophora glabripennis) and pine wood
nematode (Bursaphelenchus xylophilus) were tested.
House borer exposure was performed in small wooden
blocks (1 larva/1 block), while in the case of pine
wood nematode, the tests used pine sawdust (20 g) in
50 ml polyethylene ampoules with fabric instead of
a cap. The initial dose of EDN was 50 g m-3 and of
HCN 20 g m-3. Exposure duration of fumigant efficacy
measurement was 1, 3 and 6 h for both fumigants and
6, 12 and 18 h for EDN.
After the fumigation, house borer larvae mortality
was determined by counting the living and dead
individuals, whereas the nematodes were separated
by Baermann method and after a 12 h extraction
their mortality was determined by microscope. Three
time independent trials with five repetitions in each
application were performed. During the experiment,
the temperature was kept constant. The experiment
was conducted under GEP conditions according to
officially approved methodology. The results were
evaluated statistically by STATISTICA 12 CZ program
and Excel (MS Office). The statistical significance
of comparing the differences in normally distributed
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Table 1 Mortality (%) of larvae of Hylotrupes bajulus and
Bursaphelenchus xylophilus for EDN (50 g m-3) for
1, 3, 6, 12 and 18 h exposure

Table 2 Mortality (%) of larvae of Hylotrupes bajulus and
Anoplophora glabripennis for BF (20 g m-3) for 1,
3 and 6 h exposure

Insect species		   Exposure time (h)

Insect species		   Exposure time (h)

Control
House Longhorn beetle 0±0
Hylotrupes bajulus
 	

Control

Pine wood nematode
0±0
Bursaphelenchus xylophilus

1

3

6

73±16

100±0

100±0

6

12

18

100±0

100±0

100±0

Control

variables between the groups was determined by nonparametric Kruskal-Wallis ANOVA test.

1

3

6

House longhorn beetle
Hylotrupes bajulus

0±0

100±0 100±0

100±0

Asian longhorned beetle
Anoplophora
glabripennis

0±0

100±0 100±0

100±0

the available but neglected fumigants EDN and HCN
might be a promising alternative to timber fumigation
technologies and protocols that use MBr.

RESULTS AND DISCUSSION
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We investigated EDN fumigant efficacy on
house borer larvae (Hylotrupes bajulus) and pine
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Traditional grain storage practices among Soligas of Karnataka, India
N L NAVEENA1*, S SUBRAMANYA2, R SIDDAPPA SETTY3
1CeNSE,

IISc, Bengaluru, Karnataka 560012, India
ABSTRACT

Indigenous grain storage practices are economically viable, eco-friendly and location specific.
In recent times, they are fast disappearing due to advancement in grain technology. However,
these indigenous grain storage practices are still in practice in tribal areas. This may be due to
the failure of extension activities in reaching the new technologies in grain storage practices to
the needy or higher application costs. Tribal communities of the country play an important role
in nation’s food security. ‘Soligas’ — a forest dwelling tribe living in small settlements called
Podus in the Biligirirangana Hills, Karnataka, India practice subsistence agriculture and store
the grains by their own traditional methods. The Soligas use different types of traditional storage
structures, namely thenemane, maize (Zea mays L.) cobs tied to overhead ropes, mud pots, bamboo
basket, gunny bags and cloth bags for safe storage of food grains. They also adopt different
grain protection measures, viz. frequent drying, red earth smearing, mixing lime powder, neem
(Azadirachta indica A. Juss) leaf, use of lakkisoppu (Vitex negundo L.), mixing kaadugeru seeds
(Semicarpus anacardium L.), mixing of dry chillies (Capsicum sp.), mixing ash of mattimara
[Terminalia crenulata (Heyne) Roth], mixing ash and smearing of castor (Ricinus communis
L.) oil to protect the grains from various stored grain insects. This study sought to evaluate the
different structures and grain protection measures, and grain damage by stored grain insects
(SGI) which varied from 30 to 70%. The results revealed that none of these storage structures
were suitable for safe storage of grains, as they had one type of disadvantage or the other; not
being airtight, nor moisture proof, not insect or rodent proof.
Key words: Plant products, Podus, Soligas, Stored grain insects, Traditional storage structures

Indigenous Knowledge (IK) is unique to a
particular culture and society. It is the basis for local
decision making in agriculture, health, natural resource
management and other activities. Learning from IK, by
investigating first, what local communities know and
have can improve the understanding of local conditions
and provide a productive context for activities designed
to help the communities (Dunkel and Sears, 1998).
Throughout history, many cultures have used natural
products from plants to protect themselves, their
crops and their livestock against insects (Dunkel and
Sears, 1998).
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3ATREE, Srirampura, Bangalore, Karnataka, India
*Corresponding author e-mail: nlnaveena@gmail.com

Traditional storage methods adopted by farmers are
well anchored in the culture of local people. However,
they seem to be ineffective in containing the heavy
losses caused by pest infestations. Effective storage
plays an important role in stabilizing food supply
at the household level by smoothing seasonal food
production. However, despite significant advances in
food storage methods, many communities still rely
on traditional storage methods for food, fodder and
seed. Although these traditional storage methods are
being relatively simple and inexpensive to construct
and maintain, lead to substantial post-harvest losses.
Biligirirangana hills (BR Hills) is spread over
an area of 540 km2 in Chamarajanagara district of
Karnataka, India. It had wide variations in elevations
(700 - 1,800 msl) and vegetation (dry deciduous to
wet evergreen forests) as a result temperature and
relative humidity varies with the elevations. Soligas, a
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semi-nomadic tribe have been living in the BR Hills in
settlements called, Podus which are distributed across
the forest (Naveena et al., 2015).
The Soligas engage in shifting cultivation to
grow a variety of crops within the forest areas of BR
Hills. While practicing shifting cultivation, Soligas
used to burn the land, the ash of the burnt plants
added nutrients to the soil. However, after resorting
to settled agriculture, they do not add nutrients either
through organic or inorganic fertilizers. Soligas are still
practicing the traditional cultivation practices which
were followed during the shifting cultivation. In the
present study, we documented and analyzed the storage
structures and grain protection measures followed by
Soligas to safeguard their food grains.

storage structures, viz. thenemane, plastic woven sac,
biscuit tin, metal drums, steel box, steel bins, plastic
pot, plastic box, mud pots, cloth bag, bamboo basket,
gunny bags and maize cobs tied to overhead ropes.
Among the different structures observed, plastic
woven sac was the most commonly used grain storage
unit by Soligas, being used in 28 out of 30 selected
Podus (93.33%), followed by gunny bags (16 Podus;
53.33% of selected Podus), mud pots (16 Podus;
53.33% of selected Podus) and maize cobs tied to
overhead ropes within houses (8 Podus; 26.67% of
selected Podus), while the least used structures were—
thenemane (1 Podu; 3.33% of selected Podus) and
plastic pot (1 Podu; 3.33% of selected Podus). Use
of such storage structures appears to be common in
tribal and rural areas across the globe. Similar practices
(square or rectangular shaped earthen containers and
bamboo baskets) were observed in the tribal farmers
in Hoshangbad and Chindwara districts of Madhya
Pradesh (India) (Arjjumend, 2004). Traditional storage
structures like Ningei, Kei, Kot, Apuachouba, Chujak
yum and Chujakmapun are used by Kabui tribes in
Manipur (Barwal and Devi, 1993). Mud rhombus,
thatched rhombus and underground pit were the
common storage structures existing in Sudan Savannah
zone of Nigeria for storing millets, sorghum [Sorghum
bicolor (L.) Moench], maize and cowpea [Vigna
unguiculata (L.) Walp.] (Adejumo and Raji, 2007)
as similar to the structures (Ragiguli, thenemane and
thombe) used by Soligas.
The grains stored in these storage structures
were found being infested by stored grain insects. An
analysis of the grain samples stored in these storage
structures indicated that the level of insect infestation
ranged from 31 to 70% (Table 1), indicating that the
different structures used did not effectively aid in
controlling insect infestation of grains stored in them.
Highest infestation was found in grains stored in cloth
bag (70.06%), followed by gunny bags (64.19%) and
mud pots (53.27%).
An evaluation of these structures for the safe
storage of grains reveals that, none of the traditional
storage structures were found to be suitable for safe
storage of grains as they had one or the other type of
disadvantages like not airtight, neither moisture proof
or insect or rodent proof. The structures which are more
recent types had more tight lids and were rodent proof,
but they failed to provide protection against insects
(Table 1). Survey of literature indicates that this has
been the case in all situations where a traditional or
local method of grain storage has been practiced. The
gunny bags, gumme, hagevu, vadevu and earthen pots
were common practices to store the grains in tribal

MATERIALS AND METHODS
The Biligirirangana Hills (BR Hills) (77°78°E, 11°-13° N) are in the southeast corner of
Chamarajanagara district in the Karnataka, India. The
BR Hills is a point where the Western and the Eastern
Ghats meet. The reserve has an undulating terrain, a
network of valleys, and a number of hills (Anon. 2016).
About 57 Soliga Podus have been identified in
BR Hills, and are spread across different altitudes
and forest types. Of these, 30 individual Podus were
selected as sampling units for the present study. The
Podus were selected in such a way that all the isolated
Podus and Podu clusters were represented (Fig. 1).
Grain sample collection from Soliga households
Regular visits were made to the selected Podus for
about two years, to collect the infested grain sample
and carried out a detailed questionnaire survey to
elucidate information on storage structures used and
grain protection measures followed by Soligas and
were photographed for documentation purpose.
At each of the Soliga house visited during the
study, about 100 g infested grain samples stored in
those storage structures with different protection
measures were collected in a polyethylene pouch, later
transferred to the laboratory and stored in a plastic
container for further study. The grain samples were
analyzed for the damage and per cent grain damage
was calculated.
RESULTS AND DISCUSSION
Storage structures used by Soligas
During the survey, about 263 Soligas from 30
Podus were contacted to know the grain storage
practices being followed by them across BR Hills. It
was found that the Soligas use 13 different types of
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Fig. 1. Details of the study area

and under developed areas in Northern Karnataka and
among these structures, earthen pot was the only rodent
proof structure, while hagevu and vadevu were found
to be insect proof (AICRP-PHT, 1992).

practices, viz. frequent sun drying, mixing ash, red
earth smearing, mixing kaadugeru (Semicarpus
anacardium L.) seeds, use of lakkisoppu (Vitex
negundo L.), mixing dry chillies (Capsicum sp.),
mixing ash of mattimara [Terminalia crenulata
(Heyne) Roth], mixing lime powder and smearing
neem (Azadirachta indica A. Juss) and smearing castor

Grain protection measures used by Soligas
Soligas adopted 10 different grain protection
483
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Table 1

Extent of insect infestation in storage structures used by Soligas *

Storage
structures

Insects observed

Soligas
using the
structure
(#)

Presence of
infestation
(%)

Grain preservation
practices

Presence of
Soligas
infestation
using the
(%)
practice (#)

Thenemane

Sitophilus zeamais
(Motschulsky)

12

41.67

Frequent drying

241

35.27

Maize cobs tied
to overhead
ropes

Sitophilus zeamais,
Carpophilus dimidiatus
(L.)

180

48.89

Red earth smearing

234

56.41

Mud pots

Callosobruchus
chinensis L.

214

53.27

Mixing lime powder

23

47.83

Bamboo
baskets

S.oryzae (L.)
Cryptolestes ferrugineus
Ganglbauer, Tribolium
castaneum (Herbst)

29

41.38

Neem leaves

25

36.00

Gunny bags

Carmenta theobromae
Busck, Clinocottus
analis Giard, Stegobium
paniceum Motschulsky
Sitotroga cerealella
(Olivier)

215

64.19

Use of lakkisoppu

173

56.07

Cloth bags

C. analis, Corcyra
cephalonica (Stainton)
S. cerealella

157

70.06

Mixing kaadugeru
seeds

68

33.82

Plastic woven
sacs

Lasioderma serricorne
(Fabricius), C. chinensis

220

53.18

Mixing of dry chillies

49

46.94

Biscuit tins

S. zeamais, C.
theobromae

36

33.33

Mixing ash of
Terminalia crenulata

28

32.14

Metal drums

S.cerealella, S. oryzae,
C. theobromae

91

42.86

Coating the grain with
castor oil

37

34.12

Steel boxes

Rhyzopertha dominica
(Fabricius), S. paniceum

98

37.76

Steel bins

C. theobromae, S.
paniceum

45

31.11

Mixing with ash

157

42.68

Plastic pots

C. analis, C. theobromae

10

40.00

Plastic boxes

L. serricorne, S.
paniceum

129

34.11

*N = 263

(Ricinus communis L.) oil over the grains for safe
storage of grains. Despite the use of these methods,
it was found that insect infestation still persisted up
to 56.00% among the samples collected. Among
the practices followed, mixing of T. crenulata ash
revealed considerable protection to grains (32.14 %
infestation), followed by mixing of kaadugeru seeds
with grains (33.82 % infestation), coating the grains
with castor oil (35.14 % infestation) and mixing with
ash (42.68 % infestation). The highest percentage of
infestation was found in grains coated with red earth
(56.41% infestation), followed by the use of lakkisoppu
(56.07 % infestation) and mixing lime powder (47.83

% infestation) (Table 1). Similarly, in Ethiopia alone,
Tadesse and Eticha (1999) reported 25 traditional grain
preservation practices for stored maize.
Analysis of grain samples collected from the Soliga
households stored in different storage structures and
grain preservation practices, revealed that Soligas
were unable to store their grains safely and experience
considerable grain loss, which may be up to 70% in
certain cases. Thus, a detailed study of the grain storing
practices by Soligas at BR Hills indicates that their
grain preservation practices which are traditional do
not help in any way to store their food grains safely.
As a result, there is a need to improve the grain storage
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methods practiced by Soligas in BR Hills by educating
them about use of proper storage structures like metal
or plastic bins with tight lids, which effectively prevent
moisture migration and are insect and rodent proof.
Such structures would effectively prevent crossinfestation. Since Soligas were not even aware that the
primary source of infestation is mainly through field
infestation, there is a need to educate them and make
them understand the nature and source of stored grain
infestations and the methods of removing the same and
subsequent scientific method of storing their grains.
However, in the present process of developmental,
increasing environmental concerns and emphasis on
evergreen revolution institutionalization of Indigenous
Traditional Knowledge is necessary to reap its immense
utilitarian value as they are sustainable and eco friendly.
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Abiotic and biotic changes in wheat (Triticum aestivum) bulks stored
under Indian traditional practice of cover and plinth structure
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K ALAGUSUNDARAM2, SUJEETHA R P J ALICE1
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ABSTRACT

An experiment was conducted to study the moisture and temperature changes in bulk stored
wheat (Triticum aestivum L.) in traditional Cover and Plinth (CAP) type of storage and placed
in open space on a raised platform. Four wheat bulks with 5 tonnes wheat in each of them were
used. Each stack made of 100 jute bags of wheat. Of the four wheat bulks, three covered with
PVC coated polyester sheet and the fourth one with black polyethylene sheet. The sheets were
weighted to the concrete floor with a series of double layer of sand snake bags. In addition, the
sheets were taped using surgical tapes on the floor to avoid entry of rodents, dust and water. The
temperature and moisture changes in the bulk, the quality parameters such as the colour and
gluten content and the insect infestation were monitored for six months, starting October 2014
to March 2015. The temperature values were recorded at a frequency of 6 h using an automatic
data logger. The other parameters were determined by drawing wheat samples from 24 places
in each of the stacks at an interval of 15 days. The data from the three stacks covered with PVC
coated polyester sheets were averaged. The moisture content of wheat in both stacks increased
from November to January and decreased from February to March. The increase in moisture
content in black polyethylene covered bulk stacks was nearly 4% (based on wet basis) higher
than the PVC coated polyester covered stacks. The temperature of the wheat bulks decreased
from November to January and increased afterwards. The highest temperature recorded during
the 6 months of storage was 35.4º and 36.1oC in PVC coated polyester and black polyethylene
covered stacks, respectively, and it was near the centre of the wheat bulk stacks in both the covers.
The average number of insects in the black polyethylene covered wheat bulk stacks was three
times higher than the PVC coated polyester covered stacks during the storage period. The ‘a*’
value of wheat in black polythyne covered stacks was 5.5% less than the PVC coated polyester
covered bulk stacks, indicating that the wheat covered in PVC coated polyester sheet retained
its glossy colour than the wheat covered in black polyethylene sheet. The dry gluten content of
wheat decreased during the storage period in wheat stacks covered by both sheets. The loss was
4.5% higher in the wheat stacks covered with the black polyethylene sheets. Based on overall
observations, the quality of wheat covered in PVC coated polyester sheet was found better and
safer than the wheat covered in black polyethylene sheet.
Key words: Cover and plinth storage, Grain quality changes, Temperature and moisture
distributions, Wheat
In India, wheat (Triticum aestivum L.) after
harvesting is procured from the farmers by government
2ndian Council of Agricultural Research, New Delhi 110  012
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agencies like Food Corporation of India (FCI), the
Central Warehousing Corporation (CWC) or the State
Warehousing Corporation (SWC), and stored in bulk
for public distribution and future purposes as buffer
stock. Whenever the conventional godowns and silos
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are full, grain stacks are built outdoor on a raised
area (plinth), the grain bags are stacked on a wooden
platform and stacks are covered with 250 micron
polyester covers, having five sides, leaving the bottom
open (Sahay and Singh, 2001) and stored for 6 to 12
months. The grain stored by this method is called
Cover and Plinth storage (CAP). These structures can
be constructed in less than 3 weeks and economically
on a large scale (Mishra, 1985). During the harvest
glut periods, government stores the procured grains
over CAP structures. A typical CAP storage size is
8.55 m × 6.3 m for 3000 bags of 50 kg per bag (i.e.
150 tonnes of grains).
The grains under CAP storages are easily
susceptible to spoilage by rodents, moisture, birds
and insects, if not maintained properly. Unexpected
rainstorms and bad weather spoils the grain quickly.
When the grain moisture and storage temperature
exceed a particular level, microflora and insects
multiplies spoiling the grain quickly. Among these
stored grains insect pests, the red flour beetle
[Tribolium castaneum (Herbst)] and the lesser grain
borer [Rhyzopertha dominica (Fabricius)], are capable
of doing severe damage to the stored grains.
In a storage ecosystem, several biotic and abiotic
factors interact to cause damages to the stored grains.
The insects, mites and the microorganisms that attack
stored grains and the stored grain itself constitute the
biotic factors of the storage system. The physical
environment includes the temperature and the moisture
content of the stored grain, and the inter-granular
gaseous environment. The biotic factors like storage
insects, for instance, grow and multiply fast in dry and
warm grains, and microorganisms prefer wet and warm
conditions. Controlling the role of biotic factors on
quality of stored wheat by monitoring the temperature
fluctuations and moisture migration within the storage
systems is essential during the storage period.
The scientific knowledge about the effects abiotic
and biotic factors on stored wheat grains in jute bags
on the CAP structure is important to understand the
changes of the grains during storage. The present
investigation was undertaken to study the temperature
and moisture variations in Cover and Plinth storage of
wheat bulk and also quality changes of stored grain
for a period of six months.

(b) × 0.6 m (h) were used as dunnage material for
wheat bulk stacks. The sheets used for CAP storage
of wheat bulk were PVC coated polyester and black
polythene (control). The thickness of sheets used was
0.215 mm and 0.175 mm for PVC coated polyester
and black polyethylene respectively.

MATERIALS AND METHODS

The wheat grains were subjected to storage study
under the ambient conditions in the CAP storage,
starting from October (2014) to March (2015) for 6
months. During the storage period, the temperature
and moisture changes in the wheat bulk, the quality
parameters such as the colour and gluten content,

Wheat bulk stacks
The grain chosen for the CAP bulk storage is wheat
‘Sabarmati’ cross, procured from Bhopal, Madhya
Pradesh, with initial m.c. of 9.5 ± 0.5% w.b. The
selected wheat variety was packed in 50 kg gunny
bags, having size of 0.67 m (l) × 0.56 m (b) × 0.25
m (h). About 4 bulk stacks of 5 tonnes capacity each
(i.e. 100 jute bags per stack) for the floor area of 2.2
m × 2.2 m and nine bag height (2.25 m) was stacked.
Up to eight bag height, about 12 bags were stacked
in each layer in criss-cross direction. The ninth layer
was stacked only with four bags for the easy runoff
of rainwater without any stagnation on the top of the
wheat bulk stacks. The three bulk stacks were covered
with PVC coated polyester cover and the fourth one
with normal black polythene as the control cover. The
sheets were weighted to the concrete floor with a series
of double layer of sand snake bags. In addition, the
sheets were taped using surgical tapes on the floor to
avoid entry of rodents, dust and water. The top view
arrangement of wheat bulk stacks is shown in the Fig 1.
The three wheat bulk stacks were then covered with
the PVC coated polyester covers and the fourth stack
with black polyethylene cover (control).

2.2

7.5

Storage

2.2
8.5

(dimensions in metre)

Fig. 1. Top view of 4 wheat bulk stacks under cover and
plinth storage

Cap storage structure
A reinforced cement concrete (RCC) plinth
structure of size 17 m (l) × 7.5 m (b) × 0.9 m (h)
was used for CAP storage studies of wheat bulk. The
wooden crates having the size of 1.1 m (l) × 1.1 m
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Fig. 2. Schematic presentations of positions of thermocouples
for measuring temperature distribution in bulk wheat
stack

Fig. 3. Schematic presentation of wheat bulk stack showing
the sampling positions for measuring the moisture
content

and the insect infestation were measured at regular
period of intervals. The data from the three stacks
covered with PVC coated polyester sheets were
averaged.
Temperature measurement : The t-type
thermocouple having a temperature range of –200º
to 350ºC was used for measuring the grain temperature
during the storage period. The thermocouples were
placed at nine locations, as shown schematically in Fig.
2. The thermocouples were connected to 36 channel
temperature data logger (Data taker DL2e, Delta-T
Devices Ltd, United Kingdom), interfaced with a
computer for auto recording of temperature at every
6 h interval during the storage period. All temperature
measurements recorded at 6 h intervals were averaged
for daily measurements.
Moisture content measurement : The wheat
samples from the bulk stack were taken from different
locations using the sampling probe at an interval of
15 days. The moisture content sampling positions for
a wheat bulk stack are schematically shown in Fig.
3. The moisture content of wheat was determined by
drying 10 g wheat in a hot air oven (Thermo Electron
Corporation, Marietta, Ohio) at 130°C for 19 h (ASAE
Standard, 2002). The moisture content was calculated
using.

(M1 +M2+ M3+ M4 +
Average moisture
M5 +M6+M7+M8)
content in top layer = -------------------------------------------...(2)
8
(M9+M10+M11+M12 +
Average moisture
M13+M14+M15+M16)
content in middle = -------------------------------------------- ...(3)
8
layer
(M17+M18+M19+M20 +
Average moisture
M21+M22+M23+M24)
content in bottom = -------------------------------------------- ...(4)
8
layer
where, M1 to M8, moisture sampling locations in
top layer; M9 to M16, moisture sampling locations in
middle layer; M17 to M24, moisture sampling locations
in bottom layer.
Measurement of colour : The colour of the wheat
sample was measured at ambient condition in Hunter
colour meter (Color Flex EZ, Hunter Associates
Laboratory Inc., Virginia, USA) in the reflectance mode
at regular intervals of 15 days. The variation of in L
(lightness to darkness), a*(redness to greenness) and
b* (yellowness to blueness) values of wheat in both
the stacks were measured during the storage period.
Measurement of gluten content : The gluten content
of wheat was determined by hand washing method
(AACC, 2000) at regular intervals of 15 days. The
dry gluten content was calculated using equation 5.

Wi – Wf
Moisture content, % w.b. = ------------------× 100 ...(1)
Wf

where, Wi, initial weight of wheat before keeping to
hot air oven, g; Wf, final weight of wheat after taking
out of hot air oven, g.
The average moisture content was calculated by
dividing bulk stack into three layers: top, middle and
bottom and calculated using the equation 2 to 4.

dry gluten weight, g
Dry gluten (%) = ----------------------------------------- × 100 ...(3)
flour weight, g
Insect infestation: The insect infestation in the
wheat bulk stack was determined at regular intervals
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Fig. 5. Mean temperature distribution at different locations in the central axis of wheat bulk stack covered
with PVC coated polyester cover during storage period from October (2014) to March (2015)

of 15 days by drawing 100 g grain sample randomly
and counting the number of insects present in it
(Hangstrum, 2001).

RESULTS AND DISCUSSION
Temperature distribution in wheat bulk stacks
The variation in the ambient temperature and the
mean temperature in the wheat bulk stacks during
the storage period from October (2014) to March
(2015) months is shown in Fig. 4. The temperature
inside wheat bulk in PVC coated polyester and black
polyethylene covered stacks was found 2.5°C and
2.6°C, respectively, higher than that of the ambient
temperature. The temperature was 2.6 ± 1°C higher at
the end of the storage period (March 2015) than the

Analysis of data
The experimental data of storage parameters were
analysed by Statistical Program for Social Sciences
(SPSS 21.0, Chicago, IL, USA) software under analysis
of variance (ANOVA) technique. The temperature
distribution at different locations in the CAP storage
was analysed using data analysing and graphing
software Origin Pro 9.2.
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beginning (October 2014) due to changes in weather
from cold to hot condition. The highest temperature
inside the wheat bulk stacks was observed usually
during the noon and lowest in the morning. These results
indicated that the hot sun temperature warmed up the
grain during the day time. Similar results were obtained
by Jian et al. (2009) for wheat stored in metal silo.
The variation in temperature along the central axis
in both PVC coated polyester and black polyethylene
covered stacks are shown in Fig. 5 and Fig. 6 respectively.
The highest temperature was observed at the centre of
the middle layer (T3) in both PVC coated polyester
covered and black polyethylene covered stacks. The
lowest temperature was observed at the lower surface
(T9) of the wheat stacks. The centre of the middle layer
(T3) of wheat bulk stacks was found to have 2.1°C
higher than that of the temperature at the bottom surface
of the stacks (T9) in PVC coated polyester covered
stacks. Similarly, in black polyethylene covered stack,
it was found to have 2.4°C higher than that of the
temperature at the bottom surface (T15). Jian et al. (2009)
also observed high temperature at the centre of grain
bulk in wheat stored in metal silo.The minimum and
maximum temperatures at the centre of the middle layer
(T3) observed within PVC coated polyester covered
stacks was 28.0 ± 1°C (59 day) and 35.4 ± 1°C (8 day)
while that of black polyethylene covered stack 27.4 ±
1°C (28 day) and 36.1 ± 1°C (172 day) respectively.
The lowest temperature during the storage period was
observed during December (i.e. 27.0 ± 1ºC and 26.56
±1ºC in PVC coated polyester and black polyethylene
covered stacks respectively).

The temperature at different positions along the
central axis in PVC coated polyester covered stacks
were compared using least square difference (LSD)
method at α= 0.05. There was a significant difference
between the temperatures at the centre and bottom
of the wheat bulk stacks (P<0.05) in PVC coated
polyester covered stacks. In black polyethylene
covered stacks, there was significant difference
between the temperatures at the centre of the middle
layer (T3) and the top surface of the wheat bulk (T1).
There was also a significant difference between the
temperatures at the centre of the middle layer (T3)
and the lower surface of the wheat bulk (T9) in black
polyethylene covered stacks.
The variation in mean temperature distribution near
the four side walls under PVC coated polyester and
black polyethylene covered stacks during the storage
period from October (2014) to March (2015) are
shown in Fig. 7 and Fig. 8 respectively. The standard
deviation for the mean temperature near the wall in
black polyethylene covered stacks was 7.8% more
than the PVC coated polyester covered stacks, which
implies that the temperatures near the walls were
mainly influenced by seasonal weather changes in the
outside ambient conditions. Similar observations
were reported by Jian et al. (2009) in wheat stored
in metal silos.
The mean temperature distribution near the four
sides in PVC polyester coated covered stacks were
compared using least square difference (LSD) method
at α = 0.05. There was no significant difference
(P>0.05) observed in the temperatures among the four
490

T JAYASREE JOSHI, C V KAVITHA ABIRAMI, S ANANDAKUMAR, K ALAGUSUNDARAM, SUJEETHA R P J ALICE
38
36

Temperature (°C)

34
32
30
28
26
24
22
0

20
Oct

|

40

60
Nov

|

80
Dec

|

100

120
Jan

|

140
Feb

|

160

180

Mar

|

|

Storage period (d)
T4

T5

T6

T7

Fig. 7. Mean temperature distribution near the side walls of PVC coated polyester covered bulk wheat stack during
storage period from October (2014) to March (2015)
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Fig. 8. Mean temperature distribution near the side walls of black polyethylene covered bulk wheat stack during
storage period from October (2014) to March (2015)

walls of PVC coated polyester and black polyethylene
covered wheat bulk stacks.
The mean temperature distribution near the
walls of the wheat bulk stacks showed similar
trends during the storage period from October
(2014) to March (2015) in PVC coated polyester
and black polyethylene covered stacks. The lowest
temperature near the walls during the storage
period was observed in December (2014). The

mean temperature near the walls were found to
be 27.59 ± 1ºC and 26.98 ± 1ºC in PVC coated
polyester and black polyethylene covered stacks,
respectively, during December (2014). The highest
temperature near the walls during the storage
period was during March (2015). The mean
temperature during March was 33.09 ± 1ºC and
33.42 ± 1ºC in PVC coated polyester covered
and black polyethylene covered wheat bulk stacks
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*
Fig. 10. Changes in a value of wheat in PVC coated polyester and black polyethylene results in their study, that the
wooden dunnage provided at
covered bulk stacks from October (2014) to March (2015)
the bottom of bags soaked
respectively.
with water during the rainy season resulted in the
increase of moisture content at the bottom layer of CAP
Grain moisture distribution in wheat bulk stack
storage of wheat grains.
The relationship between grain moisture content
In black polyethylene covered stacks, the moisture
in PVC coated polyester cover and black polyethylene
content was found to be 3.1% higher than the PVC
covered stacks during storage period from October
coated polyester covered stacks. This may be due to
(2014) to March (2015) is shown in Fig. 9. The initial
the increased insect growth and their respiration which
m.c. of wheat was 9.6% (w.b.). The moisture content
might have resulted in the increased moisture content
of wheat showed increasing trend with respect to the
of the grain. Kusinska (2003) also reported increase
storage period starting from November to January
in the moisture content of grain bulk due to increased
months. During the storage period from November to
infestation.
January, the grain m.c. increased from 9.5 to 11.5%
(w.b.) and then decreased slowly to 10.3% (w.b.)
Changes in colour
from February to March in the PVC coated polyester
The variation of L (lightness to darkness), a*
covered wheat bulk stacks. Similarly, the grain m.c.
(redness to greenness) and b (yellowness to blueness)
increased from 9.5 to 12% (w.b.) from November to
values of wheat in both stacks during storage period
January and then decreased slowly to 10.8% (w.b.)
from October (2014) to March (2015) month were
13
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Fig. 11. Changes in dry gluten content of wheat grains in PVC coated polyester and black
polyethylene covered bulk stacks from October (2014) to March (2015)

analysed statistically. There was no significant
difference (P>0.05) in the L and b* values of wheat
during storage period in both the stacks. A significant
difference (P<0.05) was observed in the a* value of
the samples during the storage period in both the
stacks. The changes in a* value of wheat grains in
PVC coated polyester and black polyethylene covered
bulk stacks during storage period from October
(2014) to March (2015) is shown in Fig. 10. The
a* value of the wheat grains was found to be 8.14
± 1 initialy and it decreased to 6.77 and 5.99 in
PVC coated polyester and black polythene covered
stacks, respectively, from October to November.
During storage period from December (2014) to
March (2015) months, a* value increased to 8.32 ±
1 and 8.22 ± 1 in PVC coated polyester and black
polythene covered stacks respectively. This variation
in the colour value of the wheat grains may be due to
the variaion in the temperature and moisture content
in the wheat bulk stacks. The a* value of wheat in
black polythyne covered stacks was 5.5% less than
the PVC coated polyester covered bulk stacks. Similar
trend of decrease in the a* value of wheat during
storage period due to infestation by Tribolium species
was observed by Masood et al. (2004).

exhibited significant difference (P<0.05) between
the dry gluten values of wheat in PVC coated
polyester and black polythene covered stacks. In
black polyethylene covered wheat stacks, the loss
was found to be 4.5% higher than the PVC coated
polyester covered stacks which may be due to insect
infestation. More et al. (2013) reported similar trend
in the decrease in dry gluten during storage of wheat.

Changes in gluten
The dry gluten content showed a decreasing trend
during the storage period in PVC coated polyester
and black polyethylene covered stacks Fig. 11. The
initial dry gluten content of wheat was 13.6 ± 0.2%
and at the end of the storage period, it decreased to
13.1 ± 0.2% and 12.5 ± 0.2%, respectively, in PVC
coated polyester and black polythene covered stacks.
The gluten values compared statistically using F test

CONCLUSION

Insect infestation
Insect species Tribolium castaneum (Herbst) and
Rhyzopertha dominica (Fabricius) were found in the
wheat bulk stacks which, could be due to immigration
from outside environment (i.e. cross contamination).
The average number of total insects in the black
polyethylene covered wheat stack was found to be
three times more than the PVC coated polyester
covered wheat stack during the storage period (Fig.
12). This was reflected in the quality of the wheat
which started turning to powdery mass after 5 months
of storage in black polyethylene covered stack. The
infestation values compared statistically using F test
revealed significant difference (P<0.05) between the
values of PVC coated polyester and black polyethylene
covered stacks.
The moisture content of wheat in both stacks
increased from November (2014) to January (2015)
and decreased from February to March (2015). The
temperature of the wheat bulks decreased from
November (2014) to January (2015) and increased
afterwards. The insect infestation observed in the
black polyethylene covered wheat bulk stacks was
three times higher than the PVC coated polyester
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Fig. 12. Insect infestation in PVC coated polyester and
black polyethylene covered bulk wheat stacks
during storage period from October (2014) to
March (2015)

covered stacks during the storage period. The ‘a*’
value of wheat in black polythyne covered stacks was
found to be 5.5% less than the PVC coated polyester
covered bulk stacks. The loss of dry gluten was 4.5%
higher in the wheat stacks covered with the black
polyethylene sheets. Based on overall observations,
the quality of wheat covered in PVC coated polyester
sheet was better and safer than the wheat covered in
black polyethylene sheet.
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Effect of PVC coated fabric cover on quality of paddy (Oryza sativa)
during cover and plinth (CAP) storage
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SUJEETHA R P J ALICE1, MUNENDRA SINGH3
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ABSTRACT

Cover and plinth (CAP) storage is an on farm outdoor storage practice followed by farmers
for short life period. The general fumigation cover used in the storage godown is black poly
ethylene (PE) cover. In this study, the effect of black PE cover and poly vinyl chloride (PVC)
coated poly ester (PET) cover on quality of bulk storage of (20 tonnes) paddy (oryza sativa
L.) was measured. The thickness, tensile strength and yield strength of the fumigation covers
decreased with the increasing storage period. The difference in initial and final thickness of
PVC coated polyester cover and black PE cover were recorded as 0.227 mm and 0.185 mm;
0.221 mm and 0.180 mm respectively. Similarly, the final yield points and tensile strength of
the PVC coated polyestercover and black polyethylene were 37.5 kgf and 5.03 kgf respectively.
The highest retention of PH3 was found 734.38 ppm in PVC coated polyester compared to 636
ppm in black PE which was at the end of 6 months fumigation study. At the end of the study, the
quality parameters of paddy stored in PVC coated polyester covered stack and black PE covered
stack were measured. The quality such as hardness, cooking volume and final viscosity of paddy
stored in PVC coated polyester were 5.40 kgf, 452 ml and 596 cp respectively. Similarly, for
black PE covered paddy these were 5.41 kgf, 455 ml and 611 cp respectively.
Key words: CAP storage, Fumigation, Paddy, Phosphine, Peak viscosity, Rice quality
Paddy (Oryza sativa L.) is the most important and
extensively grown food crop in the world. It is the
staple food of more than 60% of the world population.
India has the largest area under paddy in the world and
ranks second in the production after China. According
to World Bank Report (1999), the post-harvest losses
in India amount to 12 – 16 million tonnes of food
grains each year.
The primary factors influencing spoilage of stored
grain are moisture and temperature. High moisture
content in grain can occur due to improper moisture
monitoring of grain during harvest, further moisture
migration can be caused by in‐storage air convection
currents, moisture diffusion within bulk seed, or entry
of water into the bulk storage (Khankari et al., 1995)
Cover and Plinth (CAP) where the food grains bags
2ICAR,

New Delhi, 3SRF limited, Chennai.

*Corresponding author e-mail: s_anandakumar@iicpt.edu.in

are stored in dome shaped stacks of standard size and
height on high plinth with masonry work and properly
covered with low density polyethylene covers.
Storage in CAP is vulnerable to wind damage and
the covers should be inspected frequently to detect
damage. The system requires careful management
if severe losses are to be avoided. The retention of
phosphine gas during fumigation is mainly depended on
gas barrier properties of fumigation cover, temperature
and moisture content. The general fumigation cover
used in the storage godown is black PE cover.
During storage, quantitative as well as qualitative
losses occur due to insects, rodents, and microorganisms. The occurrence and numbers of stored
grain insect pests are directly related to geographical
and climatic conditions (La1 and Srivastava, 1985).
Tribolium (Jacquelin du val) confusum and T.
castaneum (Herbst) are two important beetles in storage
godowns. Fumigation plays a vital role in insect pest
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elimination of stored food grains. Aluminium and
magnesium phosphide react with atmospheric moisture
to produce phosphine (hydrogen phosphide gas and
metallic hydroxides). Aluminium phosphide slowly
releases about one-third of its weight as phosphine over
periods of between 24 and 72 hours, depending on the
particular formulation. Hence considering the storage
practices, climatic factors and effect of fumigation
methods and covers on the quality of paddy during
storage, a research attempt was made for CAP storage
of bulk paddy with different fumigation covers such
as black PE and PVC coated polyester.

each fumigation covers were taken and placed between
the probes of thickness calliper. The thicknesses of
10 sheets were measured at different locations and
the average value was recorded as the thickness of
selected fumigation cover.
Tensile strength
As per the ASTM D 882 procedure, the tensile
strength and yield strength of fumigation covers such
as PVC coated polyester and black polyethylene covers
were noted using the Universal Testing Machine
regularly at an interval of 30 days. The Universal
Testing Machine (Pack Test 3000 kg, Gujarat) with
load cell 20 kgf was used for estimation of tensile
and yield strength.

MATERIALS AND METHODS
The CAP storage studies were carried out on
paddy variety of ‘Sona masuri’. Good quality paddy
(20 tonnes), free from insects, were procured from
M/s Selvam Modern Rice Mill, Kangayam district,
Tamil Nadu. The initial physico-chemical properties
and quality of paddy have been analyzed as per the
standard procedure.

Fumigation of bulk paddy stack
The bulk paddy stacks were fumigated two times
during the entire storage period of 6 months. The paddy
bulk stacks were fumigated with the recommended
standard dosage of 3 aluminium phosphide tablets/
tonne for 7 days (Fumigation Manual, GoI, 1997).
The number of tablets taken for each stack of 5 tonne
capacity was 15.

Cap bulk storage of paddy
The paddy variety was packed in 50 kg gunny
bags. The size of the bag was 0.67 (l) × 0.56 (b) × 0.3
(h) m. About 4 bulk stacks of each 5 tonne capacity
(i.e. 100 gunny bags per stack) for the floor area of
2.26 m × 2.20 m and nine bags height (2.46 m) was
stacked. Up to eight bag height, about 12 bags were
stacked in each layer in crisscross direction. The ninth
layer was stacked only with four bags to form cone
shaped structure for easy runoff of rain water, without
any stagnation on the top of the paddy bulk stacks
(Fig. 1). The total volume of each stack was 12.32
m3. Among the four stacks, three paddy bulk stacks
were covered with PVC fabric coated polyester cover
and the fourth one was covered with black polythene
cover (conventional) as the control.

Hardness
The hardness of paddy was measured using Kiya
Hardness tester (Fujihara Seisakusho Ltd, Japan)
during the storage periods. The peak force required for
the breakage of the rice was measured at one month
intervals (Kanlayakrit and Maweang, 2013).
Cooking volume
Cooking quality is the major determinant of the rice
quality (Sowbhagya and Ali, 1991), based on which
the variety fetches the best price in the market. To
analyse the cooking volume of rice, 10 g milled rice
was taken with 25 ml water (2.5 times) in graduated
test tube. The rice was cooked by double pot method
for 45 min and the final volume was noted. While
cooking, the test tubes were covered with glass balls
to prevent evaporation. When the cooked rice cools
to room temperature, the cooked rice volume was
measured and the result is expressed in ml/100 g of
rice as per following equation

Thickness
The thickness of fumigation covers has been
measured using thickness calliper gauge. Ten sheets in

Cooking volume (ml) = Level of volume increased
			
*10
Pasting behaviour
Pasting characteristics were determined by the
approved method AACC 61-02 (AACC, 2000) with a
Rapid Visco Analyser (RVA). To conduct the analysis,

Fig.1. Effect of PVC coated polyester cover on paddy storage
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2.5 g samples were weighed into a dried empty
container, then 25 ml distilled water was dispensed
into the canister containing the sample. The solution
was mixed and the canister was well fitted into the
RVA, as recommended. The slurry was heated from
50oC with 2 min holding time. The rate of heating and
cooling were at a constant rate of 11.25oC/min. Peak
viscosity, trough, breakdown, final viscosity, setback,
peak time and pasting temperature were read from the
pasting profile with the aid of thermo cline for windows
software connected to a compute (Kanlayakrit, 2012).

tensile property of PE films became lower (15.08%)
during ultraviolet aging process of 120 h compared
with thermal aging (6.07%).
Phosphine fumigation
The bulk paddy stacks were fumigated twice
during the entire storage period. The average phosphine
concentration in both PVC coated polyester and black
polyethylene paddy stacks showed a similar trend
during fumigation at the beginning of the storage
period (Fig. 3). The peak concentrations of paddy
bulk stacks covered with PVC coated polyester and
black polyethylene were 851.42 ppm and 848.33 ppm
respectively. The final concentrations of PVC coated
and black polyethylene were 36.17 ppm and 27.92
ppm respectively. During the fumigation period of 7
days, the phosphine concentration but increased in the
initial 3 days but decreased later. During the second
fumigation study with the same covers at the end of
storage period, the maximum phosphine concentration
obtained was less than the first fumigation. The
peak concentrations during the second fumigation
were 734.38 ppm and 636.43 ppm for PVC coated
polyester and black polyethylene respectively. The
peak concentration was found less, being 24.97%

RESULTS AND DISCUSSION

Yield strength, kgf
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Fig. 3. Effect of PVC coated polyester cover on retention
of phosphine during the fumigation of bulk paddy
stack

in black polyethylene and 13.75% in PVC coated
polyester cover compared to that of first fumigation.
The phosphine retention of black polyethylene was
13.33 % less than PVC coated polyester covered stacks
Hardness
The hardness increased with the increase in storage
periods for both covered paddy stacks (Fig. 4). The
hardness for polyethylene (PE) covered paddy stacks
and PVC fabric coated paddy stacks on day 180 of
storage was 5.41 and 5.40 kgf respectively. The initial
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Thickness and tensile strength of fumigation covers
The thickness of the fumigation covers such as
PVC coated polyestercover and black PE cover was
measured during the CAP storage period of paddy. The
initial thickness of PVC coated polyestercover and
black PE cover was 0.227 mm (900 gauge) and 0.185
mm (750 gauge) respectively. Similarly, the thickness
of the fumigation covers at the end of storage period
was 0.221 mm (884 gauge) and 0.180 mm (736 gauge)
respectively. The reduction in thickness of fumigation
covers was due to the continuous lifting and closing
of covers in day time for aeration of paddy stack and
caused friction between the stack and fumigation
covers (Rajendran et al., 2003).
The initial yield strength of PVC coated polyester
cover and tensile strength of black PE cover was
50.81 and 6.95 kgf, with the deflections of 24.2 mm
and 431.5 mm respectively (Fig. 2). Similarly, the
tensile strength and deflections of the fumigation
covers of PVC coated polyester and black PE at the
end of storage period was found as 37.5 kgf and 8.5
mm and 5.03 kgf and 16.1 mm respectively. Among
the covers, the tensile strength value was found high
in PVC coated polyester cover compared to the black
PE cover. Chen and Shingling (2013) reported that

Black PE

Fig. 2. Tensile strength of fumigation covers during storage
periods
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stacks. The peak viscosities for polyethylene (PE)
covered paddy stacks and PVC fabric coated paddy
stacks on day 180 of storage were 296.6 and 301.3
cp respectively.
The RVA analysis revealed that the samples
showed significant decreases in peak viscosity and
breakdown after being aged. The decrease in peak
viscosity during aging of rice showed that the starch
granules of aged rice were more resistant to swelling
than that of fresh rice (Wattinee and Sanguansri,
2012). The initial peak viscosities of PVC coated PET
and black PE were 368.6 cP and 367.6 cP. The final
viscosities on day 180 of storage were 597.3 cP and
611.3 cP respectively. Statistical analysis showed that

Grain hardness, kg
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PVC coated PE

150
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Fig. 4. Effect of fumigation covers on hardness of paddy
during the storage periods

Table 1 Cooking characteristics of paddy during storage
Days

Cooking volume (ml)

Peak viscosity(cP)

Final viscosity (cP)

PVC coated polyester

Black PE

PVC coated polyester

Black PE

PVC coated polyester

Black PE

0

441.3 ± 1.52

440.6 ± 3.05

368.6 ± 2.08

367.6 ± 2.51

497.0 ± 2.00

494.6 ± 2.51

30

447.6 ± 1.15

441.6 ± 2.08

361.6 ± 1.52

356.6 ± 2.08

512.3 ± 2.51

504.3 ± 1.52

60

449.6 ± 1.15

443.6 ± 1.15

355.3 ± 1.52

348.6 ± 4.16

529.0 ± 1.00

516.3 ± 1.52

90

450.3 ± 2.51

445.3 ± 1.52

343.0 ± 2.00

341.3 ± 1.52

544.3 ± 1.52

539.3 ± 2.08

120

451.6 ± 1.15

448.6 ± 3.21

329.3 ± 2.08

323.3 ± 3.51

562.3 ± 2.08

549.3 ± 1.15

150

453.3 ± 3.21

450.6 ± 1.15

317.3 ± 2.51

312.0 ± 2.00

583.6 ± 2.51

574.6 ± 1.52

180

455.0 ± 2.00

453.0 ± 1.00

301.3 ± 1.15

296.6 ± 2.08

611.3 ± 1.52

597.3 ± 2.08

hardness of rice was 5.30 kgf. The changes in the
hardness were due to the moisture absorption and
drying of paddy during the storage period, and were
found to be less in PVC coated polyester cover than
black PE covered paddy stacks. Similar results were
observed for paddy variety ‘NERICA 1’ (Siebenmorgen
et al., 1989; Meullenet, 2000).

for peak viscosity, Fcric (4.28) was greater than the Fcalc
(1.07) value. Hence there was no significant difference
between the samples. Similarly, for final viscosity the
Fcric (4.28) was greater than the Fcalc (1.18) value.
CONCLUSION
It was concluded from cover and plinth storage
sludies that the retention of phosphine gas during
fumigation was higher in PVC coated polyester than
black polyethylene during the storage period. Cooking
volume of paddy covered in black polyethylene was
1% less than PVC coated polyester. Grain hardness
for storage period showed no significance difference
between PVC fabric coated and polyester (PE) covered
stacks.

Cooking characteristics
The cooking volume of paddy was increasing with
the increasing storage periods for both polyethylene
covered paddy stacks and PVC fabric coated paddy
stacks (Table 1). The rate of change in cooking volume
was higher in PVC fabric coated polyester covered
paddy stacks compared to polyethylene (PE) covered
stacks. The cooking rice volume of polyethylene (PE)
covered stacks and PVC fabric coated paddy on day
180 of storage were 453 ml and 455 ml respectively.
The initial cooking rice volume of paddy recorded
were 440.6 and 441.3 ml.
It was also observed that the peak viscosity of
rice was decreasing with increasing storage period
for both polyethylene (PE) covered paddy stacks
and PVC fabric coated paddy stacks (Table 1) and
final viscosity of rice was increasing with increase
in storage periods for both plastics covered paddy
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Traditional grain storage practices in India: SWOT analysis
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ABSTRACT

Storing of grains is of prime importance to avoid social unrest, seasonal variation, to provide
seeds for next planting season, prevent deterioration and ensure food security in the country.
India’s food grain production is around 257 million tonnes (2014–15) and an additional 150
million tonnes has to be produced by 2040 to feed almost 1.5 billion people. Thus, the campaign
for higher production of foodgrain and reduction in storage losses has to continue with increased
efforts. About 65–70% of total food grains produced in the country is stored at farm level in
traditional structures like Bakhara, Kanaja, Kothi, Sanduka, earthern pots, and Gummi. These
indigenous storage structures are suitable for storing grains in their region specific conditions.
About 6.0 to 10% of total production food grains are damaged due to moisture, insects, rodents,
fungi, exposure to rains, floods and negligence. According to an Indian study of grain storage
practices, 41.5% of farmers are using gunny bags, 18.1% using bulk storage in rooms, 11.1%
using metallic bins and remaining 30.0% stored grains in other traditional structures made up
of local materials like storage baskets made exclusively of plant materials, calabashes, gourds,
earthenware pots, jars, solid wall bins, underground storage, wooden/ mud structures. Here it
lays the significance of improved storage structures for specific regions, which provide safer
and economical means of grain storage for long durations. If a farmer stores the grain properly,
he should be given some incentive apart from normal government price. This ultimately would
lead to reduced losses at farmers level, which subsequently would reduce the pressure on storage
space with the Food corporation of India (FCI), central and state warehousing corporations which
are still running short of 45 million tonnes storage capacity. This paper discusses in detail the
existing grain storage practices being followed in India and critically presents the strengths,
weaknesses, opportunity and threat involved in the traditional storage system.
Key words: food grains, Storage structure losses, Traditional storage
India produced record 265.04 million tonnes
(MT) of foodgrains in the year 2013–14 followed by
around 257 million tonnes in 2014–15 with advances
in technology, better seed varieties and good monsoon.
However, despite making huge strides in production
proper storage facility and capacity are not adequate
to reduce storage losses that are incurred annually to
national food grain inventory. The Central Institute for
Post-Harvest Engineering and Technology CIPHET,
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Ludhiana, Punjab, in a national level study reported
losses of 4.65 to 5.99% in food grains at different
post-harvest stages during 2014–15 (Jha et al., 2015).
This amounts to around 16 million tonnes of food
grains that are lost every year. Singh (2010) reported
the monetary value of the losses amounts to more than
` 50, 0,000 million per year.
Indian Government fixes a minimum support prices
for different food grains every year, and guarantees the
farmers to buy their produce at this price if they fail
to sell in market. The government buys food grains
from the farmers and distribute them later at ration
shops, but does not have adequate space to store
the grains. The Food Corporation of India (FCI) has
insufficient number of grain silos (modern storage
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facilities), and covered godowns with adequate storage
capacities. However, farmers hold about 65% of the
total produce of food grains for their consumption and
use. The percentage of overall food crop production
retained at the farm-level, and the period of storage
is largely a function of farm-size and yield per acre,
family-size, consumption pattern, marketing pattern,
form of labour payment, credit availability and future
crop expectations (Greeley, 1978). Traditional grain
storage practices at village farm level are followed,
which are often crude and unscientific.
Foodgrain is stored in villages in different
traditional storage structures and containers. The
indigenous storage methods range from mud structures
to modern bins. Traditional grain storage plays an
important role in preventing losses, which are caused
mainly due to weevils, beetles, moths and rodents
(Kartikeyan et al., 2009). The containers are made
from a variety of locally available materials, differing
in design, shape, size and functions according to agroclimatic conditions (Kanwar and Sharma, 2003). The
materials used include mud, bricks, cowdung, paddy
straw, wheat straw, bamboo, reeds, wood, etc.
Grains are stored in different ways–indoors,
outdoors or even underground (Channal et al., 2004).
Kanaja is an underground grain storage container made
of bamboo. The base is usually round and has a wide
opening at the top. The height and capacity varies. The
kanaja is plastered with mud and cowdung mixture
to prevent spillage and pilferage of grains. The top is
also plastered with mud and cowdung mixture or may
be covered with paddy straw or gunny bags. Also,
wooden boxes known as sanduka, are usually used
for storing smaller quantities of grains, pulses, seeds.
Storage capacity of these boxes may vary from 3 to
12 q. Partition walls may also be made inside the box
to store two to three types of grains simultaneously. A
big lid on the top with a small opening enables taking
out the grains. To protect the grains from moisture,
the box is kept 12 inches (about 30.5 cm) above the
ground level with the help of stands/legs. The box has
to be regularly polished for its maintenance. Kothi is
another storage structure used to store paddy (Oryza
sativa L.) and jowar or sorghum [Sorghum bicolor
(L.) Moench]. A room with a large door is built for
pouring grains. Grains are taken out from a small outlet.
Similarly, earthen pots are indoor storage containers
for storing small quantity of grains. These are made
locally using burnt clay and are of different shapes and
sizes. The earthen pots are placed at the floor level.
They are arranged one above the other and known as
dokal (Channal et al., 2004).

STRENGTHS
India being the second largest producer of food
grains and given the meager storage capacities
available with public and private stakeholders,
traditional storage practices have grown as major
storage option in India. Today, farmers store around
65% of total produce of food grains at home or farm,
using traditional methods for their consumption and
further use as seed. These traditional methods of
foodgrain storage are time tested and have evolved
over time to avoid losses that occur due to insect
and pest infestation. Evolution of traditional storage
practices has taken place in accordance to the diverse
agro-climatic conditions prevalent in India. Traditional
storage structures have varying designs, materials and
capacities suiting different agro-climatic regions. It
enables foodgrain storage at pan India level, besides
helping against any imminent collapse of food-supply
system in advent of any natural calamity.
In order to meet the requirement of feeding 1.5
billion mouths, there is a perpetual endeavour to
enhance the grain production with efforts to exploit
high potential of increasing productivity and crop
area. The potential to have bumper harvests in future
although necessitates to bolster public and private
investment in organized storage sector, however,
traditional storage practices have acted as a buffer in
the event of non-availability of such facilities. Also,
traditional storage has helped in preventing overburdening of the already scant facilities in organized
sector. Besides, easy availability of agricultural byproducts as raw materials structures facilitates and
encourages employing traditional methods for grain
storage. This helps in reducing storage costs, better
utilization of by-products, and disposal of wastes.
Moreover, local artisans develop such structures
depending on storage requirement, availability of
space and raw material.
WEAKNESSES
Traditional storage practices have significantly
contributed in protecting the food grain stocks
at farmer’s level, but the practices are rife with
inadequacies and there are substantial limitations in
projecting these practices as solution to all storage
problems. The meager capacity of traditional storage
structures available in comparison to overall food grain
production is one of the main concerns that limit the
possibility of safe and economical grain storage at farm
level. Farmers sell their produce at lower prices for
not being able to store grains due to storage capacity
constraint. This leads to a glut in the market, forcing
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government agencies to intervene and buy food grains
eventually to strain its own resources and already
inadequate storage facilities.
The non-uniformity in the quality of traditional
storage structures due to lack of established quality
standard leads to variations in the quality parameters
of stored food grains. This results in lower returns for
some food grains wherein same effort had been made
for storage. Besides, traditional storage structures are
prone to rodent attacks necessitating regular watch
by the farmers. Moisture migration inside traditional
storage structures is another concern and may
cause severe spoilage if proper care is not taken to
avoid it.
The spatial mismatch between production and
storage is another concern that limits the use of
traditional storage structures (Sawant, 1994). Even
if structures are made at farm level food grains
are prone to theft. This, sometimes discourages the
farmers to invest in farm-level structures, as there are
no provisions to check stealing from farms. Besides,
the inability to identify or reduce the difference in
quality of grains also hampers the use of traditional
storage structures as it may lead to deterioration of
grain.
Low level of marketability of stored grains after
making efforts for their storage for long duration is
another reason that dissuades the farmers from using
and advocating the use of traditional storage structures.
The fragmented land holdings make it difficult and
uneconomical for farmers to invest for storage and
instead sell their produce at lower prices. Many a times
they have to buy back the grains for their consumption
and seed purpose subsequently.
The low level of the supply chain integration makes
it difficult to sustain the whole idea of small farm
level or domestic storage of foodgrains by farmers.
The missing links in the chain until ratified, would
keep on discouraging the farmers from picking up
on traditional storage practices at a more enthusiastic
and integrated manner.

the raw material is readily available and low expertize
is needed for the same. Further, there is possibility in
improving the design of traditional storage structures
given availability of scientific know-how and new
improved materials. Problems like moisture migration,
rodent attacks, and variation in grain quality can
be minimized with simple scientific interventions.
The idea of organic storage could easily be taken
up at traditional storage level with a little scientific
intervention.
Traditional storages could positively influence
the possibilities of forming producer groups and
cooperative structures at village level or in production
catchments. This would further strengthen the
traditional practices and make them more economical
and profitable to the farmers. The development of rail
networks and improvement of quality of roads for better
transportation offer increased opportunities to farmers
for employing traditional storage methods. It helps in
eliminating the over-dependence on middlemen, agents
or big business houses. Traditional storage practices
could also prove pivotal in balancing price fluctuations
and restoring the continuity of raw material flow from
a producer to a processor.
THREATS
The decrease in the international prices of food
grains may pose a threat to the traditional storage
practices if a relevant economical model is not created
that pours food grains at competitive prices into the
market. The increase in prices of production inputs
like plant protection, fumigants etc. presents another
constraint in developing a remunerative system of
traditional storage. Besides, the growing trend of
alternate use of grain, e.g. bio fuels, reduces the grain
supply for consumption purposes thereby threatening
the importance of traditional storage methods. Rural
people feel that traditional storage structures are
fixed, require regular maintenance and need local
skilled persons for their construction, whose number
is decreasing day- by- day. Moreover, improved grain
storage structures are also status symbol for the rural
family. The decrease in consumer demand for products
of processed grain is another concern that would need
some attention.

OPPORTUNITIES
Although there are certain limitations with the
traditional storage practices for food grains, they could
turn into opportunities with proper intervention. The
decreasing size of land holdings has made traditional
storage structures highly relevant. Farmers can
construct small structures for their smaller produce
and avoid selling at lower prices and buying back at
higher prices later. It is also possible to take up largescale production of traditional storage structures, as

CONCLUSION
Many rural farm families use traditional knowledge
for constructing grain storage structures and use
traditional storage practices at household and farm
level, to meet the demand of food, feed and seed. With
the advent of modern improved storage structures,
changing international agricultural business scenario,
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and varied consumer demands, the practicality and
economic feasibility of traditional storage structures
need to be ascertained. The easy availability of raw
material from agricultural by-products, low-priced
labour, traditional knowledge and limited access to
improved warehousing drive rural farmers towards
traditional storage practices. However, there are
limitations that question the idea of storage by
traditional methods in rural areas. Nevertheless, given
the massive gap between production and modern
storage capacity, it is imperative to encourage and
improve the traditional storage practices. It offers
many opportunities given the infrastructural constraints
with public as well as private stakeholders. The need
of the hour is to bolster traditional storage methods
with modern inputs and to provide cost-effective
storage structures to farmers, so as prevent enormous
storage losses on one hand and strengthen national
food security on the other.
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Transformed traditional storage of crops in India – Challenges and
potential impacts
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ABSTRACT

One out of every eight individuals in the developing world goes to bed hungry. It is predicted
that as the global population increases, the amount of food produced has to double by 2050 in
order to feed the world population. One of the strategies, often the first choice, is to increase
yield by increasing the amount of cultivable land and using intensive agricultural practices.
Such agricultural practices however result in environmental degradation. This warrants for
the development of eco-friendly and sustainable agricultural practices to ensure food security.
Post-harvest losses as it stands accounts for almost 27–40% of the total food produced globally,
with almost 50% of the produced food going to waste in developing countries. Food, if properly
stored for longer periods, could eventually help feed millions of people in the developing world
and help combat malnutrition and ensure food security for future generations. This is really
important in era of global food insecurity. Storage of grains and horticultural crops under proper
conditions of temperature, humidity and types of structure used are critical in determining the
storage life. In India most of the storage structures used are traditional, that have been in practice
for hundreds of years. These structures are not updated to accommodate the latest findings
from storage research so as to minimize losses. This paper highlights the challenges faced in
implementation of ‘transformed traditional structures’ for storage. These challenges vary from
farmer’s economy, lack of governmental policies, lack of awareness and proper infrastructure.
Some of the traditional structures used in the storage of horticultural crops, its pros and cons were
discussed and several case studies where scientific intervention and transformation of traditional
structures were reviewed confirm a reduction in storage losses.
Key words: Controlled atmosphere storage, Cooling, Drying, Post-harvest, Refrigeration,
Storage
Food security and food safety are two most
pressing issues that agricultural engineers are tackling
in the current global scenario (FAO, 2013). Our current
agricultural practises with the use of synthetic chemical
fertilizers to increase yield, pesticides, fungicides and
weedicides to prevent infestation of the crop to preserve
quality is detrimental to the soil quality (Kader, 2002).
It degrades the fertility of the soil by contaminating
the soil with excessive levels of chemicals. Further,
it pollutes the watertable as the chemicals seeps deep
into the groundwater. Also, current irrigation systems
and post-harvest processing of the produce demand
*Corresponding author e-mail: shrikalaa.kannan@mail.
mcgill.ca

high energy inputs which further leads to usage of coal
and fossil fuels as main energy sources, leading to
increased levels of green-house gas emissions (Kays,
1991). This warrants for the development of more
eco-friendly sustainable agricultural practises that
meets the market demand with high yield of produce.
Also, newer eco-friendly source of energy is needed
to meet the future demands of agricultural energy
to preserve our earth ‘green’. This calls for several
areas of agriculture and food management practices to
perfect laws related to policies and standard operating
procedures to meet the increasing demand.
Agriculture is the mainstay of the Indian economy,
as it constitutes the backbone of the rural livelihood
security system. It is the core of planned economic
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development in India, as the trickle-down effect of
agriculture is significant in reducing poverty and
regional inequality in the country. Growth in agriculture
has a maximum cascading impact on other sectors,
leading to the spread of benefits over the entire
economy and the largest segment of population. It is
essential not only for self-reliance but also for meeting
the food and nutritional security of the people, to bring
about equitable distribution of income and wealth in
rural areas, and to reduce poverty and improve the
quality of life. India is bestowed with a varied agroclimate, which is highly favourable for growing a large
number of horticultural crops such as fruits, vegetables,
root tuber, aromatic and medicinal plants, spices and
plantation crops. India is the second largest producer
of fruits and vegetables in the world (Narrod et al.,
2009). In 2006, horticultural crops occupy around 13%
of India’s gross cropped area, producing 177.41 million
tonnes (Malaisamy et al., 2007). The Government of
India has identified horticulture as one of the major
areas for priority attention and immediate action.
The major problem facing the horticultural sector
is the deficiency in postharvest management. Lack
of suitable infrastructure, technological options and
market information is the cause of huge postharvest
losses in India. It is estimated that only 2% of the
horticultural produce is processed and postharvest
losses as it stands accounts for almost 27–30% of the
total food produced globally, with almost 50% of the
produced food going to waste in developing countries
(Fig. 1) (Parfitt et al., 2010). Reclaiming these losses
would provide the country with enormous resources to
help feed millions of people in the developing world
and help combat malnutrition and ensure food security
for future generations.

Food, being readily perishable, is easy target for
moulds, fungi, bacteria and viruses that could cause
harmful diseases in humans (Eskin, 1989). Postharvest
technology from ancient times had focussed on slowing
down or eliminating microbial growth to extend the
shelf life of food. Our ancestors took advantage of
the weather conditions that they experienced, in
tropical climates they adapted sun drying to preserve
vegetables and fruits, in cold regions they used ice to
preserve meat and meat products, in regions bordering
oceans they adapted salting technique to preserve food.
Refrigeration technology began with the use of ice to
cool the food, thereby extending the shelf life. The
refrigeration technology was adapted in large scale by
the meat processing industries in late 1800’s. Since
then refrigeration has evolved from using toxic mercury
chloride as refrigerant to environmentally hazardous
chlorofluorocarbons to hydrocarbons which are ecofriendly and is current standard for the refrigeration
units. Refrigeration has been widely employed to
extend the shelf life of horticultural produce from farm
to fork in the developed world. However, there are huge
gaps in the refrigeration cold chains in the developing
countries, which could explain huge post-harvest losses
seen in developing countries. In addition to this, most
small scale farmers in the developing countries still rely
on the traditional practices to store harvested produce
from the field. These traditional structures often do
not incorporate the advances in engineering, science
and technology to minimize losses.
Agricultural engineers are addressing these
challenges by developing research strategies that
evaluate newer and better green technologies to be
implemented in agricultural practises. With their
commitment, the field of postharvest technology
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Fig. 1. (A) Post-harvest loss in horticulture crops in different countries (data from (Parfitt et al., 2010)). (B) Post-harvest
loss in horticulture crops at different stages (G.S.V 2005). The losses incurred post-harvest intensifies during
storage and distribution. With the advent of post-harvest technology, there is value addition at each stage
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has seen some of the greatest ideas and techniques
being implemented in industries to preserve food.
With respect to horticultural industry, post-harvest
technology aims to store the produce to preserve/
maintain the freshness of the produce for extended
periods of time. For instance, postharvest technology
with respect to meat products includes canning,
salting, pickling, drying and frozen food. Our
environment conscious society may even perceive
the fresh horticultural produce to be more ‘green’ as
there is less energy input demand compared to the
more energy demanding industry processed preserved
foods. In addition, there is no pollution from the
packaging material in the packing-free horticulture
produce. For this reason, horticulture industry
has heavily invested in finding new eco-friendly
preservation techniques. This paper focuses on issues
and challenges faced to develop amenable technology
towards better food security and safety practices and
advancements over the past few decades in Indian
scenario that is inching us close to better sustainable
food safety and security.

and other forms of injury. This is a serious concern
as such damages make the produce very susceptible
to microbial invasion.
DEVELOPMENT AND GROWTH
Some of the produce is harvested when they are
young in their life cycle (Verma and Joshi, 2000). As
they grow they germinate, sprout and develop shoots
and roots, which is detrimental for the quality and
nutrition content, as they are used for the growth of
produce. This makes the produce less attractive for
the commercial market (Chadha, 2001).
MICROBIAL AND PEST SPOILAGE
As horticultural produce is rich in nutrition, they are
a very attractive source of nutrition for microbes (Sela
et al., 2009). Despite the innate defence mechanism that
prevents microbial invasion, horticultural produce is
susceptible for microbial contamination and spoilage.
This is further enhanced by the fact such produce are
rich in moisture (Sela et al., 2009). Refrigeration could
help avoid or slow down such growths, spoilage from
pests and insects are other major contributors to huge
post-harvest losses in India.

CHALLENGES TO TRANSFORM
TRADITIONAL STORAGE STRUCTURES

POLICY FACTORS—DEFICIENCIES IN
INFRASTRUCTURE

Horticulture produce after harvesting undergoes
biological processes that might deteriorate the quality
of the produce. The normal physiological processes do
not cease to function after harvesting, as the produce
is fresh. The golden rule in the field of post-harvest
biology is that the horticulture produce could be
stored to maintain quality but never to be processed
to enhance the quality of the produce (Dongowski,
1973). The quality of the produce at harvesting and
post-harvesting is determined by the physiological
factors such as respiration, transpiration and water loss,
level of ethylene and ripening state of the produce.

All of the above factors could be partly corrected
by establishing proper infrastructure by the policy
making and governing agencies. Lack of proper
infrastructure is at multiple levels. It could be
split into farm level and governance level. As the
quality of the product at time of harvesting greatly
determines the quality of the produce during postharvest storage and in market, it is essential to
address the issues related to harvesting (Kitinoja et
al., 2011). In India, agricultural practices are mostly
traditional, as the knowledge about agricultural
practices is acquired from ancestors. Such practices
are age old and the agricultural engineers have made
tremendous progress in farm mechanization over the
past few decades. However in Indian agricultural
scenario, which is rich in small-scale farmers, the
idea of mechanization is seen as financial burden
(Kitinoja et al., 2011). This is mainly due to the
ignorance of the farmers about the advantages of farm
mechanization. This leads to the common belief that
mechanization is a risk-full adventure. This scenario
has to be changed by establishing proper outreach and
educative counselling programmes for the farmers
(Kitinoja et al., 2011), which are being done with
the current infrastructure, however, it needs to be
modernized and expanded.

ENVIRONMENTAL FACTORS
Apart from the above mentioned physiological
status of the produce, the ambient environment where
the produce is stored post-harvest can determine the
quality of the produce.
MECHANICAL STRESS
Horticulture produce is rich in moisture. As a result
of which their tensile strength is poor (Sudheer and
Indira, 2007). They are susceptible to damage even
with mild mechanical stresses. Improper harvesting
practices, poor handling during storage, packaging
and transport could lead to enormous amount of
losses to the produce (Sudheer and Indira, 2007). Such
practices could lead to scoring, splitting, breaking,
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TRANSFORMATION OF TRADITIONAL
STORAGE STRUCTURES

CO2 resulting from metabolic activities. Potatoes
storages were subjected to the following treatments: (i)
night time ventilation; (ii) ventilation and evaporative
cooling; (iii) traditional pit storage; (iv) pit storage with
ventilation; and (v) cold storage. The effectiveness of
the treatments was evaluated in terms of mass loss
(which includes physiological, sprouting and rotting
losses), and biochemical properties such as dry matter
content, reducing sugar and starch contents. The total
weight loss at the end of a 120 day-storage period was
the highest in the traditional pit storage at 53% and
the least in cold storage at 0.5%. The weight loss was
9.8% in ventilated storage and 3.2% when evaporative
cooling was combined with ventilation (Sosle et al.,
2008). The quality of potatoes under ventilation was
comparable to those under cold storage. This study
demonstrated the potential of night-time ventilation
in Ooty as a low-cost alternative to cold storage for
the growers.
One of the other traditional storage structures
of potatoes is called ‘thumboo’ or ‘daddi’ and it is
erected in the fields. Upon implementation of the use
of perforated plastic pipes that are laid through the
potato piles in criss-cross fashion to provide ventilation
into the bottom and centre of the piles prevented the
occurrence of hot spots due to the respiration of the
potatoes which would lead to rot. The ventilation
provided by the pipes decreased loss of potatoes in
storage due to rot from 56 to 80% down to 3 to 5%.
The use of the new structures and the ventilation pipes
greatly extended the length of storage from 40 days
to 120 days and tripled the income for the farmers
(Sosle et al., 2008).

Mobile pre-cooling technology
The horticultural growth rate in south India has
been about 6% in the last decade. However, this has
not resulted in an income growth for farmers on any
substantial scale. The losses after harvesting are huge
and are occurring at a level of 30 to 40%. One of the
key problems in handling fruits and vegetables, is the
damage arising from the field heat. It takes 6 to 9 h to
transport the produce to the markets or retailers, and
much of the damage occurs during this time period.
The tropical climate of Tamil Nadu leads to an average
produce temperature of 30º to 35ºC during transport
and handling. This has resulted in faster degradation
and consequent loss of produce. With the rapid pace
of economic growth in the state and the building
of 4-lane highways connecting major commercial
centres of Tamil Nadu, the time taken for transport
of commodities from rural to urban areas has fallen
by about 50%; however cold storage is the biggest
missing link in the food supply chain. It would be ideal
to have mobile pre-cooling equipment that would cool
the produce from 30–35ºC to 10–12ºC in about 5 h.
Initiatives were taken to design and develop precooling devices suited to a variety of situations. A
hydro cooling technology was designed for cooling
fruits such as tomatoes (Solanum lycopersium L.) and
root vegetables such as carrots [Daucus carota subsp.
sativus (Hoffm.) Sehubl. & G. Martens]. For leafy
vegetables, vacuum cooling is the preferred method
of removing heat (Rennie et al., 2001). However,
this method is more expensive than other pre-cooling
methods. So, we usually recommend a pre-cooling
method that is compatible with the product to be
pre-cooled. Pre-cooling has successfully reduced the
high level of wastage of lettuce C in transit in a hot
humid climate from 40% to 5%, thereby helping the
farmer to increase their revenue substantially (Sosle
et al., 2008).

OTHER POTENTIAL MODERN
TECHNOLOGIES
Solar drying of tomatoes, chillies, and coconuts
was demonstrated with great success in southern
India (Orsat et al., 2008). Large-scale and small-scale
tunnel dryers were built and implemented in the field
to minimize loss. Controlled atmosphere (CA) storage
is emerging as an important technology option for
extending shelf life of high value commodities in south
India such as mango, flowers, onions and vegetables.
The CA storage of tomatoes, citrus and lime has shown
to extend the shelf life up to 50 days.

VENTILATION AND EVAPORATIVE COOLING
Potatoes (Solanum tuberosum L.) in Nilgris district
is often subjected to traditional pit storage. Potatoes
of cultivar ‘Kufri Jothi’, harvested in November 2011
in Ooty were put into ventilated storage trials for 4
months. The temperature in the Nilgiris district varies
between 14º and 28°C during the day and from –3º
to 14°C during the night in the storage season. Since
the air temperature at night time is low, it was used as
a source of cold air for ventilation. When ventilation
is used in potato storage, it will remove the heat and
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Physico-chemical properties of wheat (Triticum aestivum) under
different storage receptacles
DATTATREYA M KADAM*, MANJU BALA, SHIKHA BATHLA, SUPRIYA RATTAN
ICAR-Central Institute of Post-Harvest Engineering and Technology (ICAR-CIPHET),
PO PAU, Ludhiana, Punjab 141004, India
ABSTRACT

Wheat is widely cultivated as a cash crop because it produces a good yield per unit area and
grows well in a temperate climate even within a moderately short growing season. The demand
of wheat remains high throughout the year because it is considered as staple food in many
countries, which necessitates the proper storage and maintenance systems to obtain quality grains.
Keeping this view point, the present study aimed to seek the physico-chemical properties of wheat
variety- HD 2967, stored in different receptacles like silo, metal containers, plastic tank and in
sacks. The physico-chemical characteristics like moisture, protein, ash, fat, carbohydrate, falling
number, bulk density, angle of repose, angle of friction, hectolitre weight were recorded after
every 45 days for a period of 180 days. The results revealed decrease in mean moisture (8.42 to
7.75%), protein content (13 to 11%), stirring number (1,821 to 1,021), 1,000 kernel seed weight
(28.99 to 26.30 g), angle of repose (23.74° to 20.30˚), angle of friction (glass sheet- 29.16° to
14.03°, wooden sheet -22.73° to 16.69°, steel sheet -24.03° to 15.10° and on iron sheet- 30.87°
to 21.80°) and colour value (L*,a*,b*,z*). An increase was observed in ash (1.78 to 2.02%)
content and also in bulk density (748 to 828 kg/m3). However, the physico-chemical properties
of wheat grains remained within the reference range during the storage period and the results
showed that no significant (P<0.05) difference was observed between the storage receptacles
under the study period.
Key words: Containers , Physicochemical characteristics, Storage, Wheat
Wheat, an amble cereal grain, from the Levant
region of the Near East but is now cultivated
throughout the world. Wheat is the main constituent
of vegetable protein for human food, as compared
to other cereal grain such as maize (corn) or rice.
Moreover, wheat is cultivated as a cash crop as it
produces a good yield per unit area, grows well in a
temperate climate with a moderately short growing
season (FAO, 2015; USDA, 2016). The popularity of
wheat food creates a huge demand in economy with
significant food surpluses. In the Punjab region of
India and Pakistan, as well as North China, irrigation
has been a major contributor to increased grain output.
Over the past four decades in developing countries,
a massive use of fertilizer along with the increased
*Corresponding
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availability of semi-dwarf varieties has greatly
increased yields per hectares (Swaminathan, 2004).
Previous researches have mentioned that owing to lack
of storage structure, 10% of total wheat production
is lost at farm level, another 10% is lost due to poor
storage and road networks, and additional amounts
lost at the retail level. The study conducted in ICARCIPHET, Ludhiana (India) on post-harvest losses of
cereal grains showed that total loss of wheat in farm
operations (during harvesting, collection, threshing,
winnowing, drying, packaging and transport) was
4.07±0.29% and 0.86±0.13% during storage channel
that includes from farm, godown, wholesale, retailers
and processing. The overall total post harvest loss
of wheat grains was 4.93±0.20% in 2005-07 (Jha et
al., 2015). Another study claims that if these postharvest losses of wheat grain could be eliminated
with better infrastructure and retail network, in India
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alone enough food would be saved every year to feed
70 to 100 million people over a year (Basavaraja
et al., 2000). The aim of the present research work
is to investigate the physico-chemical properties of
wheat under different storage receptacles so that post
harvest losses can be minimised.

b*) give understandable designations of colour i.e.
the value ‘a*’ measures redness when positive, grey
when zero and green when negative. The value ‘b*’
measures yellowness when positive, grey when zero
and blueness when negative. In terms of these coordinates L*, a*, b*, z* these data’s were converted
to function of colour as total difference ∆E which was
given on the display.

MATERIALS AND METHODS
Procurement of wheat grains
The freshly harvested grains of wheat variety- HD
2967, were procured and stored in different receptacles
like silo, metal tank, plastic tank and in sacks for a
period of six months. The atmospheric (temperature,
°C and relative humidity, %) and physico-chemical
parameters were monitored at an interval of 45 days
for a period of six months.

Statistical analysis
All the experiments were performed in triplicates
and values are represented as Mean±SD. The difference
between the means was further analyzed using
Turkey’s Post-Hoc Test at 0.05% level of significance
on statistical package of social science (SPSS, 2007)
version 16.
RESULTS AND DISCUSSION

Physico-chemical analysis
The moisture, ash, crude protein and crude fat
were estimated using the standards methods (AOAC,
2000). Bulk density was calculated as weight of grains
divided by volume occupied the grains and expressed
as kg/m3. 1,000 kernel weight was determined using
Indosan (Ambala, India) seed counter. It is expressed
as weight in grams of 1,000 seeds of grains. The falling
number was estimated using Rapid Visco Analyser
(RVA) by Tech Master, Newport Scientific (Australia)
at a temp of 95°C with 160 rpm for 3 min for testing
viscous properties (α- amalyse activity). The angle of
repose can range from 0° to 90°. Angle of repose was
calculated using different diameter of disc ranges such
as 10, 15 and 20 cm.

Moisture
Change in moisture was observed after every 45
days for a period of six months among the different
storage receptacles (Table 1). After six months of
storage period, plastic container has reduced minimum
moisture content as compared to rest of containers.
However, that was statistically non-significant
(P>0.05). The results are in line with the previous
work that containers significantly affected the moisture
content of grains of all varieties. One of the studies
reported that grain moisture is an important attribute
affecting the quality of flour. Increase in moisture
content increases lipolytic and proteolytic activities
resulting in production of more free fatty acids and loss
of nutrients (lipid, protein) that contributes to inferior
sensory qualities (Kent and Evers 1993; Hruskova and
Machova 2002). However, another study reported that
the moisture content increased under conditions of
high humidity (Raza et al., 2010).

Ø= tan-1 (Height of Cone/radius of disc)
Angle of friction was determined on a fixed
inclined plane made up of glass, iron, steel and wooden
sheets with horizontal surface so that a body with
second surfaces placed on it just starts sleeping. Angle
of friction was calculated using the following formula:

Bulk density
The effect of storage on test weight of wheat grains
is given in Table 1. The bulk density of stored grains in
sack decreased (748 to 734.41 kg/m3) as compared to
others containers i.e. metal (748-828.30 kg/m3), plastic
(748 to 792.71 kg/m3) and sack (748 to 781.70 kg/
m3). One of the studies reported that wheat grains of
higher test weight are usually considered to mill more
readily and to yield finer flour, which can be related
to greater ratio of endosperm to bran layer for kernel
(Gaines et al., 1997). Similarly, the test weight of stored
wheat grains affects the storage containers (Raza et
al., 2010). Chaudhry et al. (1987) also observed that
grains stored at 16% moisture content in cotton bags

Coefficient of friction = µ
Angle of friction = Ø = tan-1µ
Coefficient of friction = Dead Weight/Sample
weight
Ø = tan-1 (Dead Weight/Sample weight)
For analysing the colour value, wheat grains
were processed to make it into fine flour and the
colour of wheat flour was measured by using Minolta
Spectrophotometer in the Hunter lab colour mode
(Japan). The Hunter scale, ‘L*’ which, measures
brightness band varies from 100 for perfect white to
zero for black. The chromaticity dimensions (a* and
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Table 1
Parameter

0 days
^(30.5°C,
58 %RH)

Moisture, %
Silo
8.42±0.16a
Metal
8.42±0.16 a
Plastic
8.42±0.16 a
Sack
8.42±0.16 a
3
Bulk density, kg/m
Silo
748.00±0.00
Metal
748.00±0.00
Plastic
748.00±0.00
Sack
748.00±0.00
1000 Kernel seed weight, g
Silo
28.99±0.02
Metal
28.99±0.02
Plastic
28.99±0.02
Sack
28.99±0.02
Falling number
Silo
1821.5±358.5
Metal
1821.5±358.5
Plastic
1821.5±358.5
Sack
1821.5±358.5

Effect of storage container on physical properties of stored grains
45 days
^(27.45°C,
48.9%RH)

90 days
^(22.08°C,
50.70%RH)

135 days
^(28.30°C,
44.32%RH)

180 days
^(19.40°C,
55.76%RH)

7.67±0.16b
7.65±0.02b
8.38±0.13a
7.16±0.28c

8.96±0.38a
9.15±0.52a
8.96±0.31a
7.30±0.37b

7.77±0.12b
8.04±0.29ab
9.37±1.14a
8.25±0.25ab

7.48±0.71a
8.02±0.52a
8.34±0.59a
7.75±0.83a

747.76±0.13
746.81±0.56
720.98±0.04
747.80±0.10

735.29±0.10
745.24±0.06
714.58±0.01
746.69±0.01

723.55±0.49
734.55±0.64
709.33±0.45
744.55±0.69

734.41±1.29
828.30±0.30
792.71±0.50
781.70±0.13

28.96±0.66
28.12 ±0.12
28.27±0.41
27.49±0.76

27.37±0.42
27.09±0.44
27.33±0.34
28.53±1.12

26.79±0.54
28.58±0.60
28.84±0.52
28.66±0.49

28.46±0.44
29.42±0.27
26.30±0.57
26.43±0.56

2086±2.82
1792±176.77
2001±260.92
1979±23.03

1667.6±114.22
1649.33±70.61
1390.66±115.33
1515.33±37.42

1428±16.97
1622.5±112.4
1628±29.69
1414.5±20.50

1393±74.95
1552±19.79
1618.5±4.94
1021.5±4.94

^implies storage temperature (°C) and relative humidity (% RH); *Tukey Post-Hoc test significance at 5% level; superscript
with different alphabets implies significant difference at P<0.05
Table 2
Parameter

Effect of storage container on chemical properties of stored grains

0 days
^(30.5°C,
58 %RH)

45 days
^(27.45°C,
48.9%RH)

90 days
^(22.08°C,
50.70%RH)

135 days
^(28.30°C,
44.32%RH)

180 days
^(19.40°C,
55.76%RH)

Ash, %
Silo
Metal
Plastic
Sack

1.78±0.11a
1.78±0.11a
1.78±0.11a
1.78±0.11a

1.75±0.05a
1.77±0.03a
1.79±0.07a
1.76±0.04a

1.67±0.15b
1.98±0.01a
1.84±0.02ab
1.98±0.02a

2.18±0.54a
1.93±0.01a
1.91±0.02a
1.83±0.03a

2.00±0.01a
2.01±0.04a
2.01±0.02a
2.02±0.07a

Protein, %
Silo
Metal
Plastic
Sack

13.06±0.10a
13.06±0.10a
13.06±0.10a
13.06±0.10a

13.69±0.28ab
13.38±0.59ab
12.61±0.54b
13.91±0.40a

11.94±1.32a
12.07±0.97a
12.95±0.60a
12.54±0.72a

12.35±0.30a
11.35±1.14a
11.54±0.26a
11.45±2.04a

11.86±0.48a
10.98±0.45a
11.33±0.26a
11.37±0.87a

1.54±0.06
1.54±0.06
1.54±0.06
1.54±0.06

2.29±1.01
4.14±1.24
3.85±1.78
2.94±1.67

1.03±0.31
4.79±2.50
1.06±0.37
2.43±1.26

0.85±0.53c
2.67±1.22a
0.23±0.09d
1.86±0.35b

2.22±0.35b
3.42±1.12a
2.17±1.32b
2.36±1.39b

Fat, %
Silo
Metal
Plastic
Sack

^implies storage temperature (°C) and relative humidity (% RH); *Tukey Post-Hoc test significance at 5% level; superscript
with different alphabets implies significant difference at P<0.05

and tin container had lower test weight as compared
to grains stored with 8 and 12% moisture level. These
variations in test weight were related to change in

moisture content of grains. The higher the moisture
of grains the lower the test weight. Earlier researches
reported that bulk density of wheat grain decreased
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from 695.750 to 646.451 kg/m3 with the increase in
moisture content (Bhaise et al., 2014).

2.02±0.07% (sack). However, containers and storage
period does not affect the ash content significantly.
Another study reported that the ash content was 1%
in soft wheat (David et al., 2015).

1,000 kernel seed weight
The data on 1,000 kernel grain weight of wheat
packed in different types of packing materials are
presented in Table 1. The results indicated that the
maximum 1000-grain weight decrease with progress
of storage period from 28.99±0.02 to 28.46±0.44 g
(silo), 27.46±0.27 g (metal), 26.30±0.57 g (plastic) and
26.43±0.56 g (sack). Chattahk et al. (2014) reported
that with the progression of storage period, 1000 kernel
seed weight decreased from 44.37 to 43.48 g after
storage period of twelve months. In contrast, Hussain
et al., (2015) reported that the thousand kernel weight
increased from 38.597 g to 42.406 g with the increase
in moisture content for grain.

Protein
Wheat is a good source of protein (12%) and the
storage affects wheat protein content (FAO, 2002).
The results revealed that during storage period, wheat
protein content decreased from 13 to 11% in all the
storage receptacles (Table 2).The maximum content
of protein was in silo as compared to sack and plastic
container. The results are in line with work reported by
Pessu et al. (2005), that there was a significant decrease
in protein content in different storage containers at
the end of storage period. Another research finding
reported that the protein content of wheat stored in
earthen bin was 10.35% and in gunny bag 8.65%
(Chukwu and Abdullahi, 2015).

Falling number
Falling number is directly related to α-amylase
activity. It has considerable significance, since there
is a direct relationship between enzyme activity and
finished product. Pre-harvest sprouting or sprouting
during storage, due to high temperature and humidity,
increases the level of ά- amylase enzyme (Hussain
et al., 2015; Bhise et al., 2014; Kruger et al., 1980).
Stirring number decreased (Table 1) from 1821.5±358.5
to 1393±74.95 (silo), 1552±19.79 (metal), 1680.5±4.9
(plastic) and 1021±4.94 (sack) after six months storage
period. Raza et al. (2010) also reported that falling
number is affected by the atmosphere conditions. In
contrast to present work, Gyori (1999) found no change
in the falling number of wheat during storage for 10
months. Many other studies by various researchers also
showed different results like, falling number of wheat
stored in sacks did not change during the storage period
of four months at a temperature of 10° to 13ºC (Zoltan
and Zoltan, 2007). Hruskova et al. (2004) observed that
the falling number increased over the storage period of
10 months in jute sacks at a temperature of 2° to 20ºC
and with relative humidity of 51 to 72%. Similarly,
Lukow et al., (1995) found that falling number values
increased significantly in cotton bags for 15 months
storage at ambient temperature (-4º to 25ºC) and relative
humidity (28-73%). It is therefore not possible to reach
at any conclusion regarding the suitability of storage
containers based on falling number.

Fat

Wheat as a staple diet for human beings contributes
20% of food calories of the world and contains 2%
fat (David et al., 2015).The findings revealed that
fat content increased in all the storage containers
after a period of six months i.e. 1.54±0.06 (initial) to
2.22±0.35 (silo), 3.42±1.12 (metal), 2.17±1.32 (plastic)
and 2.36±1.39 (sack) resulting in increased lipolytic
activity (Table 2). However, metal container has the
minmum loss of fat as compared to the rest of the
containers. David et al. (2015) reported fat content
as 1.33g/100g in soft wheat.
Angle of repose
Angle of repose decreased after a period of six
months in all the storage containers. The angle of
repose of wheat grains stored in different containers
decreased (Table 3) from 23.74° to 22.95° (silo), 20.10°
(metal), 22.29° (plastic) and 20.30° (sack). However,
Bhise et al. (2014) reported that the angle of repose
increased from 23.09° to 25.28° with the moisture
range of 10 to 18% of cereal grains.
Angle of friction
Angle of friction on different materials such as
glass, wood, steel and iron sheets decreased after a
period of six months in all the storage containers
(Table 3).

Ash

Colour value
The colour of stored wheat grain in different
containers are measured in terms of L*, a*, b*
and z*% value (Table 4). The L* and Z* values
decreased in all the storage containers as compared

Results (Table 2) revealed ash content (%)
increased in all the storage containers after six
months i.e. 1.78±0.11% (initial) to 2.00±0.01%
(silo), 2.01±0.04% (metal), 2.01±0.02% (plastic) and
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Table 3
Parameter

Effect of storage on the angle of repose (°) and angle of friction (°) of stored wheat grains

0 days
^(30.5°C,
58 %RH)

45 days
^(27.45°C,
48.9%RH)

90 days
^(22.08°C,
50.70%RH)

135 days
^(28.30°C,
44.32%RH)

180 days
^(19.40°C,
55.76%RH)

Angle of repose
Silo
20”
15”
10”

23.66
23.74
20.40

23.58
23.65
21.40

24.84
23.26
21.40

23.26
23.74
20.40

24.36
22.95
20.22

Metal
20”
15”
10”

23.66
23.74
20.40

23.46
23.25
20.15

23.26
22.29
22.09

24.22
20.80
20.10

22.95
20.10
19.66

Plastic
20”
15”
10”

23.66
23.74
20.40

23.44
22.18
20.80

23.74
21.10
21.10

24.03
19.79
21.40

20.30
22.29
24.70

Sack
20”
15”
10”

23.66
23.74
20.40

22.98
23.01
21.22

22.78
22.83
22.09

23.55
21.80
21.80

21.98
20.30
18.77

Angle of friction
Silo
Glass sheet
Wood sheet
Steel sheet
Iron sheet

29.16
22.73
24.03
30.87

23.66
19.73
21.55
26.65

17.95
14.19
14.19
24.03

20.90
18.15
20.00
23.60

14.03
16.69
18.77
21.80

Metal
Glass sheet
Wood sheet
Steel sheet
Iron sheet

29.16
22.73
24.03
30.87

22.66
18.55
21.22
23.56

17.38
15.85
13.33
23.31

19.44
16.96
20.65
22.14

13.49
20.80
15.10
24.22

Plastic
Glass sheet
Wood sheet
Steel sheet
Iron sheet

29.16
22.73
24.03
30.87

22.33
19.56
23.22
25.55

19.39
15.37
22.14
23.74

16.59
18.10
15.53
18.10

12.95
19.79
15.10
22.78

Sack
Glass sheet
Wood sheet
Steel sheet
Iron sheet

29.16
22.73
24.03
30.87

27.55
18.98
21.68
24.65

24.89
15.05
16.22
23.31

16.69
16.69
19.49
21.00

14.03
20.30
15.64
26.10

^implies storage temperature (°C) and relative humidity (% RH)

to a* and b* values, which increased slightly during
the storage period. The findings are in line with
the work reported by Bhise et al. (2014) that the
Lightness (L*) of grain decreased from 58.42 to
56.40, a* value (red-green axis) decreased from 8.12
to 6.94, b* value (yellow-blue axis) decreased from

23.93 to 22.51 with increase in moisture content
from 10 to 18 % of cereal grains. Hue angle (z*%)
decreased from 14.44 to 13.59. A linear decrease
in L*, a*, b* and hue angle with the increase in
moisture content of wheat grain was observed during
the study period.
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Table 4
Parameter

Effect of storage on the colour value of wheat stored in different containers

0 days
^(30.5°C,
58 %RH)

45 days
^(27.45°C,
48.9%RH)

90 days
^(22.08°C,
50.70%RH)

135 days
^(28.30°C,
44.32%RH)

180 days
^(19.40°C,
55.76%RH)

L* value
Silo
Metal
Plastic
Sack

82.51±1.18
82.51±1.18
82.51±1.18
82.51±1.18

82.21±2.51
83.00±0.26
84.32±1.43
83.19±0.97

81.72±0.26
82.56±0.11
82.72±0.32
80.65±0.13

81.24±0.81
81.59±0.33
82.89±0.43
81.07±1.09

80.25±0.38
81.11±0.27
81.55±0.24
81.57±0.29

a* value
Silo
Metal
Plastic
Sack

				
2.74±0.05
3.04±0.23
2.71±0.04
1.55±0.11
2.71±0.35
2.74±0.05
2.90±0.04
2.39±0.10
2.86±0.12
3.25±0.27
2.74±0.05
2.72±0.04
2.47±0.11
2.38±0.08
2.59±0.23
2.74±0.05
2.87±0.10
2.91±0.06
2.95±0.12
2.47±0.11

b* value
Silo
Metal
Plastic
Sack

14.24±0.13
14.24±0.13
14.24±0.13
14.24±0.13

22.40±15.49
14.63±0.21
14.13±0.21
14.78±0.47

15.08±0.18
14.61±0.09
14.70±0.17
15.53±0.11

15.38±0.33
16.00±0.20
14.74±0.19
15.33±0.29

14.63±0.08
14.96±0.34
14.73±0.11
14.11±0.28

z* value
Silo
Metal
Plastic
Sack

47.49±1.79
47.49±1.79
47.49±1.79
47.49±1.79

46.50±4.02
48.03±2.13
50.50±2.30
48.07±1.14

45.50±0.54
47.23±0.25
47.42±0.62
43.52±0.25

44.52±0.19
44.51±0.66
47.61±0.71
44.31±1.85

46.68±0.56
44.72±0.22
45.56±0.48
46.10±0.68

^implies storage temperature (°C) and relative humidity (% RH)

CONCLUSION
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The present study was aimed at examining the
physico-chemical properties of wheat variety- HD
2967, stored in different receptacles like silo bag,
metal containers, plastic tank and jute bags. The results
revealed decrease in moisture, protein content and
stirring numbers, angle of repose, angle of friction
and colour value (L*,a*,b*,z*) in all the storage
receptacles. However, the physico-chemical properties
of wheat grains remained within the reference range
during storage period and no significant differences
were observed among storage receptacles under the
study period.
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Storage of wheat (Triticum aestivum) in jute (Corchorus sp.) bags:
An Indian storage system case study
D K SHARMA*
AICRP on PHET, Hisar Centre, Department of Processing & Food Engineering,
COAE &T., CCSHAU, Hisar, Haryana 125004, India
ABSTRACT

Jute (Corchorus sp.) is bio-degradable whereas synthetics are not environment-friendly.
The disposal of unserviceable jute bag is not as big a problem as may be for synthetic bags.It
is true that HDPE bags are not a good option for storing wheat (Triticum aestivum L.) because
they do not breathe but for rice they are the best option. Jute bags for rice need very heavy
fumigation, which is not eco-friendly. Usually, each jute bag undergoes 10 handlings from the
stage of procurement to its final stage of distribution. As foodgrain handling is largely manual,
the handling labour takes support of 6-inch (approx. 150 mm) hooks to lift the bags. Owing to
multiple uses of hooks at each handling, leakages, bursting, spillages are frequent. No wonder
then that Food Corporation of India (FCI) percentage of transit shortages is almost three times
of the storage shortages.
Key words: Jute bags, Gunny bags, Synthetic bags, JPM (Jute packaging materials), Highdensity polyethylene (HDPE)
The history of jute manufacturing is lost in the
narrow passage of time. Jute (Corchorus capsularis L.
and Corchorus olitorius L.) is believed to have been
cultivated around 800 BC. In these environmentally
conscious times, jute contributes lasting solution to
the universal problem of pollution. It is environment
friendly as its contents, cellulose and lignin, are
biodegradable. Like most synthetic products, it
does not generate toxic gases when burnt. The jute
fiber is available in inexhaustible quantities and at
comparatively low prices. It also has the potential
to replace several expensive fibers and scarce forest
resources. As per the government decision, at least
90% of foodgrains produced and 20% of the sugar
production is reserved for packaging in jute. This is
by Revoking a previous decision, the government
has now made it mandatory for all foodgrains sold in
the domestic markets to be packed only in jute bags.
This order will hit the jute industry employing 0.25
million workers and 4 million jute growers, mostly
in West Bengal and Bihar. But though jute farmers
benefit, gunny bags are expensive. The cost of a jute
*Corresponding

author e-mail: dksharma.hau@gmail.com

bag is around ` 10 for 50-kg bag size, whereas the
cost of a HDPE bag is virtually half. As HDPE bags
also last longer, they are preferred over jute. In other
words, instead of the cheaper and more resilient
polypropyelene (PP) bags, local millers, processors
and even wholesalers will now have to switch to
jute bags. Hence, sales of companies producing PP
bags are likely to fall. FCI alone buys jute bags
worth several thousand million annually.Moreover,
consumer packs of quantity of above 10 kg and up
to 25 kg for packing of foodgrains should be done in
jute bags for distribution of foodgrains under the Food
Grains Security Act subject to such bags being cost
competitive compared to HDPE/PP bags considering
the subsidy/reimbursement provided by Government
of India. More importantly, even the popular 15-kg
consumer packs of cleaned wheat and rice, especially
basmati and sugar will now have to be retailed by
grocers and supermarkets in jute bags only. With a
view to reducing the cost of jute bags all future orders
of the government shall be for lighter weight bags
of 580 and 600g subject to conformity with relevant
Bureau of Indian Standards (BIS). Wheat and rice,
the two major staple food commodities, are stored
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and handled in jute bags. The bags containing the
grains undergo at least 10 handlings from the start
of procurement to reaching retail stores. Government
agencies and the co-operatives keep the grain-stocks in
their warehouses and the surplus stocks are stored in
the open in Cover and Plinth (CAP) storages. Outdoor
storage involves wheat and paddy only. Although
improved storage structures and modern chemical and
physical control techniques are now employed for the
safe storage of produce, in many countries 70-90%
of foodgrain is still stored for 6 months to a year at
farmer’s level in traditional storage structures made
of locally available material, such as paddy straw,
split bamboos, reeds, mud, bricks, etc., which are not
insect-proof (Semple, 1990). In some countries, grains
are sometimes mixed with sand, limestone, or ash to
provide physical obstacles to movement of insects
through the grain and reduce deposition of eggs. In
Nigeria, both local herbs and smoke from small fires
are also used as insect repellents and fumigants to
deter insect establishment in stored food grain (Ezueh
1983). The size of on-farm storage may range from a
few hundred kilograms to a few tonnes. Gunny bag
storage, as practiced widely in some countries, is
not the most efficient way of storing foodgrains and
is vulnerable to pest attacks. Prophylactic chemical
and physical treatments, such as aeration, radiation,
refrigeration, heating, or hermetic storage in controlled
nitrogen or carbon dioxide gaseous environments,
are not only prohibitively expensive but not always
feasible, because in villages the foodgrain is generally
stored within the confines of human dwellings. Also,
widespread resistance to insecticides, including the
juvenoidmethoprene, among populations of major
post-harvest insect pest species (Benezet and Helms
1994; Champ and Dyte, 1976; Muggleton, 1987) and
concerns about health hazards associated with the use
of chemicals are other limitations of chemical control
at village levels. Although methyl bromide is used
as a fumigant for more than 70 years for controlling
insect pests in durable and perishable commodities,
concerns of its role in ozone depletion indicated that
it will eventually be removed from the list of few
remaining products capable of preventing the damage
in food and other commodities (Taylor, 1994). This
situation demands alternative control measures that
reduce the dependence on contact insecticides. It has
been an age-old practice in India to mix dried neem
leaves with grains meant for storage. The practice of
mixing neem materials with stored products became
rooted as part of traditional wisdom and culture.
Pruthi and Singh (1944) recorded that neem leaves
were spread in 5-7 inches thick layers in grains and

neem fruits were crushed on the inner surfaces of
grain containers. Mixing of neem leaves (2-5%) with
wheat, rice, or other grains is even now practiced in
many villages in India and Pakistan. Other common
practices include mixing of neem leaf paste with the
mud that is used for making earthen bins and overnight
soaking of gunny bags in boiled neem leaf extract
(2-10%), which are then used for storing grain.The
traditional uses of neem may differ in different regions
or with farmers of different cultural backgrounds.
For example in southern Sind, Pakistan, farmers mix
dried neem leaves with grains stored in jute sacks, or
they apply crushed neem leaves on the inner surfaces
of mud bins before filling them with grains (Jilani
and Amir, 1987). In central Sind, where “palli” (a
giant basket) made of plant materials is a common
storage structure, crushed neem leaves mixed with
mud are used as plaster for its inner sidewalls and
top. In southern Punjab, Pakistan, neem leaf extract
is sprinkled on wheat straw packed at the bottom of
“palli” 2 to 3 days before filling with grain. A survey
of various types of on-farm storage practices revealed
that a combination of two or three control measures,
including the use of neem leaves, was used by 29%
of the farmers in Punjab and 47% of the farmers in
Sind (Borsdorf et al., 1983). In Sri Lanka, farmers’
burn neem leaves to generate smoke for fumigation
against insect pests that attack stored paddy and pulses
(Ranasinghe, 1984). Also, chopped green leaves are
kept over the heap of paddy in a container; as leaves
dry up, they are replaced periodically. Ahmed and
Koppel (1987) conducted a survey of post-harvest
control practices of 145 farmers in 11 districts of six
provinces in India. They found that 30-60% of the
farmers who stored wheat, rice, sorghum, and millet,
used 4-10% neem leaves (wt/wt) for protection. The
grain was stored in large, open straw baskets or in
jute bags.In Nigeria, the traditional use of neem for
protecting stored grains is well-documented (Bugundu,
1970; Prevett, 1962).
The traditional use of neem materials simply
emerged from experience and understanding that
relatively less damage occurred in the treated stored
commodity than when stored in jute bags without neem.
Little consideration was given to the large quantities
of neem material needed for affording protection
because of the ubiquity of neem tree in villages and
on homesteads. The characteristic garlicky odor of
neem materials permeating the closed storage
environment presumably repelled insects and bitter
compounds in neem materials mixed with the stored
grain discouraged insect feeding. Probably, the oil
present in neem seed or kernel also discouraged egg
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deposition on grains, particularly on leguminous seeds.
There could also be other less visible but significant
effects of neem on behaviour and physiology of stored
product pests.

pests to neem materials varies, almost all the species
are sensitive to neem. There are a few exceptions,
such as Oryzaephilus surinamensis Linnaeus (Sarup
and Srivastava, 1971) and O. acuminatus (Carle)
(Thomas and Woodruff, 1983), which can infest old
neem seed kernels.
Although seed damage is not always reduced
by neem materials at par with synthetic insecticides
(Sehgal and Ujagar, 1990), the advantage of neem
treatment is that it does not impair the germination of
stored seed (Gupta et al., 1989). In fact, rice seedlings
raised from seed treated with 2.5% neem seed kernel
extract or with 2% neem cake were more vigorous
and had higher root and shoot growth indices and dry
weights than those germinated from untreated seed
(Abdul Kareem et al., 1989). India was the first to
demonstrate that powdered neem kernel when mixed
with wheat seed at a proportion of 1-2 to 100 (wt/
wt) parts satisfactorily protected against S. oryzae, R.
dominica, and Trogoderma granarium for 270, 320,
and 380 days, respectively. Rahim (1997) found that an
ethanolic neem kernel extract, containing azadirachtin,
at 75mg/ kg protected stored wheat against R. dominica
for up to 48 weeks. In warehouse trials, wheat grain
treated with neem oil at a proportion of 8 ml to 1 kg
grain, prior to storing for 8 months in gunny bags,
had 50 to 70% less infestation by S. oryzae (L.),
R. dominica (Fabricius), T. castaneum (Herbst), and
Cryptolestes spp. (Ketkar 1976). Application of neem
oil at a low concentration of 0.1% (wt/wt) to wheat
grain reduced egg laying by Sitotroga cerealella as
effectively as a 5% malathion dust treatment (Verma
et al., 1985).
In commercial trials conducted in Pakistan, it was
demonstrated that paper or cloth or jute grain storage
bags treated with water extract of neem leaves at
20% (wt/vol) or water extract of neem seed at 5%
(wt/vol) observed the penetration of stored grain pests
into the bags for 6 months during storage (Malik et
al., 1976; Jilani, 1981). In an on-farm trial conducted
in Sind, Pakistan for 13 months, the application of
ethanolic neem seed extract (600 μg/cm2) to storage
jute bags or directly to wheat grain controlled more
than 80% of the population of Tribolium castaneum,
R. dominica, S. oryzae, and S. cerealella (Olivier) and
prevented grain damage up to 6 months (Jilani and
Amir, 1987). The treatments remained effective up
to 13 months, providing more than 70% protection;
insect infestation and the percentage of weevil attacked
grains was much lower than in the untreated control.
Paddy grain that had been fumigated and then
treated with neem oil or, after fumigation, stored
in neem oil-treated bags, also had fewer adults

Practical experiences
The synthetic bags are becoming popular with both
farmers and storage agencies, because these bags are
perceived to be cheaper, lightweight, functional and
hygienic. These synthetic bags are responsible for
the environmental and agricultural land degradation
that has used up precious resources of the earth, in
particular, petroleum. In fact a synthetic bag can last
up to 1,000 years in the soil inhibiting the breakdown
of biodegradable materials around or in it. Commonly,
jute bags are recommended as an environment friendly
alternative to plastic bags because the bags are made
from biodegradable material which comes from a
plant fiber called jute, mostly consisting of cellulose.
This is eco-friendly and has no harmful effects on the
environment and agriculture. Some of the countries in
the world are producing huge amount of jutes, such
as, India and Bangladesh. These countries are in a
much better position to lobby for the much sought
global alternative of plastic bags.Jute bags preserve
the quality of dry food items like rice and wheat as
the bags have the inherent aeration property and are
safe for storage purposes. They are stable and do not
slide down when stacked. Jute bags are also easy to
handle both manually and mechanically.
Jute bags used in the agro-based products treated
with vegetable oils to destroy the harmful effect of
hydrocarbons are also called hydrocarbon free bags.
Over the past three decades, neem, Azadirachta indica
(A. Juss.), a botanical cousin of mahogany, has come
under close scientific scrutiny as a source of natural
pest control materials. The tropical tree is widespread
in Asia and Africa and has long been known to be
free from pests and diseases. The scientific name of
neem is derived from “azaddirakht-i-hind,” which
in Persian language means the “free or noble tree
of India.” Here, the traditional uses and the possible
practical applications of neem materials for averting
losses in foodgrains and other commodities caused by
stored products insect pests are reviewed and evaluated
on scientific bases.How neem materials, whether raw,
enriched, or purified, including bi-active compounds,
such as azadirachtin, affect behaviour, growth and
development, and survival and reproduction of stored
product insects was reviewed earlier (Jotwani and
Srivastava, 1981; Mordue (Luntz) and Blackwell, 1993;
Pascual et al., 1990; Saxena et al., 1989; Schmutterer,
1988). Although the sensitivity of stored product insect
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of T. castaneum, R. dominica, S. oryzae, and O.
surinamensis, as compared with the fumigated or the
untreated paddy grain. C. cephalonica infestation was
found in the stored paddy only after 4 months and
remained low throughout the trial in treated as well
as untreated paddy.

cigarette beetle, Lasioderma serricorne (F.) (Coleoptera:
Anobiidae) from tobacco storages in the southeastern
United States. Resistant Pest Management 6: 17–19.
Borsdorf R, Foster K, Huyser W, Pedersen J, Fost H P,
Stevens H, Wright V (1983) Post-harvest management
project design in Pakistan. Food and Feed Grain Inst.
Rep. No. 91, Manhattan, 91 pp.
Bugundu LM (1970) The storage of farm products by farmers
in my village. Samaru Agriculture Newsletter 12: 2.
Champ BR, Dyte CE (1976) Report of the FAO global
survey of pesticide susceptibility of stored grain pests.
FAO Plant Product Protection Series No.5, FAO, Rome.
Ezueh MI (1983) Control of stored products pests, pp.
250-263. (In) Youdeowei A, Service M W (eds) Pest and
Vector Management in the Tropics. Longman, London.
Fry JS (1938) Neem leaves as an insecticide. Gold Coast
Farmer 6: 190.
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Evaluation of some nonedible oils as grain protectants
in wheat and their subsequent effect on germination.
Indian Journal of Entomology 50: 147–150.
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Cropping Systems. Int. Rice Res. Inst. Manila, 1988. 28
pp. (mimeo.).
Jotwani MG, Srivastava KP (1981) Neem insecticide of
the future. I. As protectant against stored grain pests.
Pesticides (Bombay) 15: 19–23.
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Juss) and its by-products. Directorate of Non-edible Oils
& Soap Industry, Khadi & Village Industries Commission,
Bombay, India, 234 pp.
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trials of neem seed extract as wheat protectant from
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CONCLUSION
There is a big scope globally for Indian Jute bags
as an alternative to plastic bags. In the present scenario
the jute industry is facing a stiff competition against
the rising demand for plastic bags for storage and
transportation purpose. This is because the present
jute bag making process was not sophisticated and
production of jute bags takes more time. Nevertheless,
jute bags are preferred to plastic bags for packaging of
agricultural products because plastic bags are not ecofriendly. Jute bags are being preferred to plastic bags for
packaging of agricultural products like sugar, vegetable
and fruits because of growing awareness about the
harmful effects of plastic bags. In countries like India,
petrochemical products especially plastic bags have
become a menace to municipalities. Indiscriminate
use of carry-bags made of plastic has wreaked havoc
on the environmental front. Soil pollution, visual
pollution, choking of drains, blocking natural water
streams has all added to the plunder. The alternative
may not come as cheap as its plastic counter parts,
but the price paid will still be cheap for the cost of
saving to the environment. Jute bags may be tailored
as per customer’s specifications in terms of size and
to meet the ever-increasing demand for jute bags in
the farm sector and agro-based industries. These are
specifically used for the purpose of storing agrobased products, known as hydrocarbon free bags that
have been treated with vegetable oils to destroy the
harmful effect of hydrocarbons. The neem oil may
be considered as an option for treatment of jute bags.
India and Bangladesh must propagate jute bags for
storage of foodgrains.
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Norms for storage gains/losses: A case for wheat (Triticum aestivum)
stored in FCI/ godowns in India
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ABSTRACT

Food Corporation of India (FCI) is dealing with the storage and movement of foodgrains,
therefore, some amount of storage and transit loss is inevitable in heavy operations conducted
by the corporation in such perishable commodities. However, since the corporation is thriving
on the subsidy from government of India only, the utmost endeavor of each and every official
must be to minimize the storage and transit losses in the corporation. Moreover, in India where
millions face problem in getting twice meals a day, wastage of even a single grain is unaffordable.
The storage gains/ losses are calculated on monthly basis,depot and commodity basis. However,
for the purpose of investigation or fixation of responsibility, stack may be taken as unit. And, for
the purpose of regularization, period of computation is taken on yearly basis instead of monthly
basis, in respect of cases relating to the preceding years. From the state agencies procuring
wheat stocks for central pool, FCI takes 1% gain while taking over the stocks from agencies.No
norms for storage and transit loss have been fixed by FCI. However, as per convention, certain
regions such as Punjab and Haryana are calculating justified storage losses on the basis of two
parameters namely, loss in weight on reduction in moisture content (allowance of 0.7%) and
period of storage (0.2% per year).
Key words: Norms for storage grains, Wheat stored
Wheat (Triticum aestivum L.) and rice (Oryza
sativa L.), the two major staple food commodities, are
stored and handled in jute bags. The bags containing
the grains undergo at least twelve handlings from
the start of procurement to reaching retail stores.
Government agencies in India keep the grain-stocks in
their warehouses and the surplus stocks are stored in
the open in Cover and Plinth (CAP) storages. Outdoor
storage involves wheat and paddy only. The bag-stack
grain storage system is preferred by FCI/CWC as it
facilitates ventilation throughout the storage period
and aids rapid distribution as well as dissipation
of fumigants but at the same time it favours crossinfection by crawling and flying insect pests. In many
of the warehouses there is rapid turnover of stocks
and the system of first-in first-out is not followed. The
major pests encountered in grain stacks and storage
premises are Sitophilus oryzae (L)., Rhyzopertha
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dominica (Fabricius), Tribolium castaneum (Herbst),
Oryzae philus surinamensis (Linnaeus), Togoderma
granarium (Everts) and Ephesti acautella.
Food prices play an important role in the wellbeing of the poor and poverty reduction in developing
countries. India has one of the largest food subsidy
programmes in the world that has created a relatively
effective social safety net but is also under increasing
criticism because of its large contributions to
government budget deficits, economic inefficiency
and poor targeting. The Food Corporation of India
(FCI) is always under attack from all quarters for
perceived operational inefficiencies leading to
increase in the food subsidy burden. The procurement
incidentals include statutory charges such as market
fee, rural development/ infrastructure development
cess, VAT and non-statutory charges like dami/arhatia
commission, mandilabour charges, cost of gunny
bags, handling charges, internal transport and interest
charges. Some of these charges are under the control
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of FCI and in some cases FCI has no role. However,
since the corporation is thriving on the subsidy from
government of India only, the utmost endeavour of each
and every official must be to minimize the storage and
transit losses in the corporation. Moreover, in India
wastage of even a single grain is unaffordable. The
storage gains/ losses are calculated monthly, depot
and commodity basis. However, for the purpose of
investigation or fixation of responsibility, stack may be
taken as unit. And, for the purpose of regularization,
period of computation is taken on yearly basis instead
of monthly basis, in respect of cases relating to the
preceding years. From the state agencies procuring
wheat stocks for central pool, FCI takes 1% gain
while taking over the stocks from agencies. No norms
for storage and transit loss have been fixed by FCI.
However, as per convention, certain regions such as
Punjab and Haryana are calculating justified storage
losses on the basis of two parameters namely, loss in
weight on reduction in moisture content (allowance of
0.7%) and period of storage (0.2% per year).

treatment. Nevertheless, occasionally fumigation of
entire warehouse (shed-fumigation) with shell-type
is carried out using alumunium phosphide tablets.
Reports supported by gas concentration data on whole
godown treatment are, however, lacking. Detection
and gas monitoring devices for phosphine are hard to
come by and hence these are rarely used to assess the
safety of the working environment when fumigation
operations are under way. Phosphine concentrations
as high as 2 ppm are estimated in the workplace
during grain fumigation. In the absence of suitable gas
mask canisters, transient symptoms of occupational
exposure in the workers involved in fumigation work
are noticed. Also, quality checks are periodically made
on aluminium phosphide tablet formulations supplied
by the manufacturers as per the standards laid by the
Bureau of Indian Standards (BIS, 1980). Accordingly,
the tablet formulations should weigh 3 g, containing
not less than 56% aluminum phosphide by mass
and the tablet should not decompose in 30 min to
liberate phosphine in 100% humidified chamber. The
aluminium phosphide content is determined by the
reaction of phosphine carried by a stream of nitrogen
with potassium per-manganate. As the rate of nitrogen
carrier gas flow is not specified in the method of BIS
(1980), chances of variable results exist. The optimum
flow rate of nitrogen to carry phosphine to potassium
permanganate is 15-25 ml/min. Tablets manufactured
in India were to be analysed. Aluminium phosphide
content ranged from 56 to 70%. Fumigation sheets/
covers should also conform to the criteria stipulated
in Indian standard (BIS, 1991). There are various
tests exemplified by fumigation retention test, tests
for workmanship, strength of joints, tensile strength,
ease of repair, blocking test, flex test, accelerated
ageing test, etc. During fumigation of bag-stacks with
aluminium phosphide tablets, 50% of the tablets are
distributed on the top and 50% all around the stack.
It is known that the decomposition of the tablet is
influenced by ambient humidity and temperature.
Even in the presence of favourable conditions like
25oC and 75% relative humidity, it was reported that
undecomposed aluminium phosphide up to 5% persists
in the spent dust. This is a source of contamination
of grains.
An important component of procurement is the
cost of gunny bags which account for 22–23% of
total cost. Other components of procurement
incidentals include internal movement, interest
charges, mandi (market) labour charges, custody
and maintenance charges, etc., and this account for
about 15–20% of the cost. Almost a similar trend
was observed in rice.

Practical experiences
No norms for storage and transit loss have been
fixed by FCI. However, as per convention, certain
regions such as Punjab and Haryana are calculating
justified storage losses on the basis of two parameters
namely, loss in weight on reduction in moisture content
(allowance of 0.7%) and period of storage (0.2% per
year). This lacks scientific justifications.
Besides routine prophylactic treatment of bagstacks and storage premises with malathion (0.15 g/
m2) and dichlorvos (0.2 g/m2), the grain stocks are
fumigated with phosphine under fumigation covers or
sheets. Black low-density polyethylene (LDPE) covers
of 0.25 mm thickness and, in a few places, rubberized
fabric with aluminium finish on one side are used
for fumigation of bag-stacks. The cover is weighted
down to the floor with sandsnakes, mud, loose sand or
merely gum tape. The stacks are fumigated on more
than one occasion at a dosage of three aluminium
phosphide tablets per tonne with five days exposure
period. The longer the stack remains in the storage
depot the more it is fumigated. As many as seven
fumigations with phosphine are permitted for stored
grains. The exposure period is rarely extended to ten
days or more, which is necessary when the temperature
is 20oC or less and when Sitophilus spp. or phosphineresistant strains are present. Palliative treatments
with higher application rates i.e., ten tablets/t and/or
inadequate exposure periods i.e., less than five days
are not ruled out. Most of the warehouses with gabled
asbestos roofs are not suitable for whole-godown
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CONCLUSION

No norms for storage and transit loss have been
fixed by FCI. However, as per convention, certain
regions such as Punjab and Haryana are calculating
justified storage losses on the basis of two parameters
namely, loss in weight due to reduction in moisture
content (allowance of 0.7%) and period of storage
(0.2% per year).

India’s food subsidy system has been a major
component of the social safety net for the poor,
guaranteeing the availability of foodgrains at affordable
prices, helping to reduce malnutrition and ensuring
price stability in the country. The procurement price
is the most important determinant of food subsidy.
The distribution costs are less important compared
with other factors.
The climatic conditions in India allow rapid
multiplication of insects in short durations and
the current grain storage system permits quick
re-infestation of fumigated commodities. Hence,
fumigants and insecticides are repeatedly applied.
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ABSTRACT

An integrated grain protection system in Russia includes preventive measures as well as
destructive ones. The preventive measures are storage preparation (repairing, sealing, cleaning,
weeds control and disinfestation) and grain preparation (drying, cooling, conservation with liquid
insecticides, infestation monitoring). The destructive measures are divided into physical methods
(separation, heating or freezing of grain) and chemical methods (phosphine fumigation, methyl
bromide quarantine fumigation, treating with Actellic as well as with other liquid insecticides). To
protect grain from being contaminated by insects in metal silos, three innovative systems (Stored
Grain Condition Remote Monitoring System, Recycling Fumigation in the Unmovable Grain
System, and Anti-Insects Grain Preservation with Liquid Insecticides System) are incorporated
into the facility.
Key words: Grain, Integrated protection, Preventive and destructive measures
Russia is situated in the north-eastern part of
Eurasia. It occupies 17,000,000 km² (first place in the
world). In Russia, about 100,000,000 tonnes of grain
a year are grown.
There are several types of grain storages in Russia:
concrete elevators with general capacity 50-200
thousand tonnes and bins capacity 200-600 tonnes
each; flat brick storages (60 m × 20 m × 3 m) with
capacity 3000 tonnes each; metal silos of different
capacity with bins capacity 1000-15000 tonnes each;
hockey rings of different capacity; sleeves of different
capacity.
The most wide-spread grain pests in Russia
are Sitophilus sp., Rhizopertha dominica, S.
cerealella, Tribolium sp., Oryzaephilus surinamensis,
Laemophloeus sp., and Acarina. These insects and
mites live in many countries.
MATERIALS AND METHODS
In Russia, an integrated grain protection system
operates. It includes preventive measures as well as
destructive ones. Preventive measures include storage
preparation (repairing, sealing, cleaning, weeds
control and disinfestation) and grain preparation
(drying, cooling, conservation with liquid insecticides,
*Corresponding author e-mail: vlaza@list.ru

infestation monitoring). Destructive measures are
divided into physical methods (separation, heating or
freezing of grain) and chemical methods (phosphine
fumigation, methyl bromide quarantine fumigation,
treating with Actellic as well as with other liquid
insecticides).
There are three methods of storage disinfestation in
Russia. The first method is called wet disinfestation of
storage. It means that insecticide is mixed with water.
Sprayer produces drops of more than 100 microns.
The advantage of wet disinfestation is the fact that it
is not necessary to seal storages as such drops quickly
fall on the surface. Disadvantages of this method
include: quite labour-consuming, water-consuming
and insecticides are dispersed unevenly.
The second method is aerosol disinfestation of
storage with liquid insecticides. Aerosol generators
produce drops of less than 50 microns. Such drops are
falling on the surface during 16–18 h. The advantages
of aerosol disinfestation are: it is not necessary to mix
insecticide with water; even spread of insecticide; drops
penetrate into hard-to-reach places; high capacity;
low labour consumption. The disadvantages are: it
is necessary to seal storages and to wait for 24 h for
keeping insecticide inside during its precipitating;
it is necessary to clean the storage very well before
treatment.
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Table 1

Integrated grain protection system

Preventive measures

Destructive measures

Storage preparation

Grain preparation

Physical methods

Chemical methods

Repairing

Drying

Separation of grain

Phosphine fumigation of grain

Sealing

Cooling

Heating of grain

Methyl bromide quarantine fumigation
of grain

Cleaning

Conservation with liquid insecticides Freezing of grain

Treating of grain with Actellic

Weeds control

Infestation monitoring

Treating of grain with other liquid
insecticides

Disinfestation

The third method is phosphine fumigation. In the
Russian market only tablets are available, so tablets are
spread over the floor surface on the trails after cleaning
and sealing of building. Then workers periodically read
phosphine concentration and calculate the product of
average phosphine concentration in g/m3 and time of
exposition in h (C×T product in g∙h/m3).The tablets
agent finishes its reaction approximately in a couple
of days. When C×T product reaches the standard size,
the building is degased. The standard size of C×T
product for insects that form hidden infestation of grain
(Sitophilus sp., Rhizopertha dominica, S. cerealella) is
25 g∙h/m3 and for other insects the standard size of C×T
product is 7g∙h/m3. Residues are carefully collected
and pulled out of the building. They are deactivated
and utilized in canalization system.
There are three requirements that should be
accomplished to save grain. Water content of grain
should be12–13 % or less and the grain temperature
should be 12–13 ºС, as molds and mites are not able
to evolve under such circumstances. Insect monitoring
should be performed. These conditions are sometimes
impossible to provide in practice. That is why we have
to fumigate grain to save it.
To fumigate grain with phosphine in concrete
elevator silos tablets are placed into grain stream during
grain moving from one bin to another. The degassing
process is started approximately 3–5 days after C×T
product turns 25 g∙h/m3. But in order to move grain
from one silo to another a lot of electric power is
spent. Besides, we get extra 2% of broken kernels. It
means we lose about 1% of grain mass according to
Russian grain standards.
To conduct phosphine grain fumigation in flat
storage, 3 tablets per tonnes of grain are spread with
some special devices. The distance between tablets
is 2 m in area and 0,1 m in height. After placing of
tablets grains are covered with film. Upper grain layer
is treated with liquid insecticides.

To fumigate grain with phosphine in trains on the
way to the enterprise before train departs, the tablets
are mixed with grain and put in sleeves. Sleeves are
inserted in the grain mass. Then train is sealed with
covers. When the train arrives at the enterprise, the
sleeves are pulled out of the grain. Tablets residuals
are deactivated. The grains are discharged to storage
under phosphine monitoring.
Lately metal silos used for grain storage are built
in Russia in quantities. Abrupt temperature changes
in autumn from high in the daytime to low at nights
lead to the build-up of high moisture of the warm grain
top and silo walls adjoining layers. Sometimes grain
sweating occurs in metal silo. Storage facilities do
not have the proper stored grain condition monitoring
system. Neither do they have any mechanism to protect
grain from being spoilt by insects and molds. As a
result, grains germinate, and are injured by insects
and molds.
RESULTS AND DISCUSSION
We have found the solution to the problem by
incorporating into the facility two innovative systems:
Stored Grain Condition Remote Monitoring System
(GRMS) and Recycling Fumigation in the Unmovable
Grain System (RFGS).
Briefly the grain protection system is presented
in the Recycling Fumigation in the Unmovable Grain
System (RFGS)
The RFGS consists of a specially designed
phosphine generator, a fan, a system of air ducts and
a set of ventilation channels in the silo floor covered
with perforated metal sheets. One air duct goes from
the fan`s outlet to the inlet of the ventilation system
channels. The second air duct joins the phosphine
generator inlet with the grain overhead space. RFGS
is like SIROCIRCTM, which was used in active
fumigation system (Winks and Russell, 1997).
The main difference is in fumigants. Winks and
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Russell used gas Phosfume 2% PH3 in CO2. We
used PH3 received from tablets on-line in the special
generator.
Paddy (Oryza sativa L.) rise of 1500 tonnes was
stored in the metal bin. The bin was equipped with
RFGS. Aluminum phosphine tablets in the dosage of
9 g/ m3 were put into the phosphine generator. The
recirculation fan operated for 72 h, with another 3
h to vent the phosphine out of the grain mass. Tests
showed a very uniform distribution of phosphine
in all the sectors of the grain mass. After the
fumigation all adults S. granarius, as well as their

preimaginal stages, the hidden infestation in the grain,
were dead.
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Storage of under reduced specifications of wheat (Triticum aestivum)
K PAWAR*, D K SHARMA, V K SINGH, M K GARG
Chaudhary Charan Singh Haryana Agricultural University, Hisar 125 004 India
ABSTRACT

Climate changes are bringing variations in precipitations of rains. It has become usual for the
last couple of seasons that during the harvest timing of wheat (Triticum aestivum L.), unexpected
rains bring various problems not only for farmers but also for storage organizations such as Food
Corporation of India (FCI), Central Warehousing Corporation (CWC) or State Warehousing
Corporation (SWC). In order to sort out the distress of farmers, the storage organizations are
procuring wheat which is termed as Under Reduced Specifications (URS). A study was conducted
when URS wheat was stored under covered godowns, to assess the gain/loss dynamics of weight
loss in the stacks. Moisture variations were recorded in the stored wheat samples and the variations
in proximate composition (fat, protein, carbohydrate, ash, gluten), and refraction analysis of the
wheat samples were assessed during the storage.
Key words: Moisture, Proximate composition, Refraction analysis, Storage, Under reduced
specifications, Weight loss, Wheat
Wheat (Triticum aestivum L.) is one of the
significant staple grains with worldwide production
being 2,544 million tonnes in 2016, 0.6% (15.3 million
tonnes) higher than the 2015 estimate (FAOSTAT,
2016). Wheat is widely consumed by humans in
the countries of primary production (over 100 in
the FAO production statistics for 2004) and in other
countries where wheat cannot be grown. In India,
wheat is mainly milled to whole-wheat flour for the
production of unleavened flat bread locally known
as ‘Chapati’ while the rest is used for other bakery
products like bread, biscuits, cakes, pastries, pizzas
etc. Moisture content of flour is very important quality
indicator for predicting its shelf life, and the lower
the flour moisture, the better its storage stability
(Nasir et al., 2003). Increasing environmental stress
on wheat production associated with climate change
will affect both the yield and quality of wheat during
storage. Thus the quality of wheat grains is defined
by a range of physical and compositional properties
where threshold requirements are set according to
end-use requirements (Nuttall et al., 2016). There is
also requirement to ensure the organoleptic quality of
wheat grains to ensure good commercial returns and
safety (Evans et al., 2000).
*Corresponding
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Wheat also produces different volatiles with the
changing storage time. Grain quality maintenance
has traditionally been the responsibility of grain
storekeepers who rely on measurements of grain
or its milled products and on implicit knowledge
gained through scientific results, common sense and
job experience. It has a good adaptability, and it has
a lot of variety, and the demand of these varieties
is widespread. The consumption of it is huge, the
confectionary, the baking, etc use it. The wheat is good
fodder also, and the secondary products are valued,
the wheat bran contains a lot of protein. The straw is
a good litter (Nuttall et al., 2016).
The conservation of grain quality now-a-days is
the real concern throughout the world. Deterioration
of grain quality may begin in fields before harvesting,
which further aggravates during improper storage
(Kent and Evers, 1993). High quality grain is that
which is rich in nutrients and free from pathogens,
physical and chemical contaminants (Weinberg et al.,
2008). A few studies have shown that a significant part
of the grain quality deterioration has been connected
with insufficient storage systems and climatic
conditions such as high moisture content, dampness
and temperatures (Gourama and Bullerman, 1995;
Ahmad et al., 1998; Williams, 2004). Fluctuations in
temperature, humidity and prolonged storage result
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in considerable nutrients loss (South et al., 1991;
Shah et al., 2002; Naoufal et al., 2012). In addition,
the storage of the cereals is a very complex exercise,
because it is an active material and is not in the full
ripe state, but the microorganism, the insects can also
infect it. (Chattha et al., 2015).
Thus, the first aim of the storage is to keep the
quality of the wheat. If the storage is safe, the wheat
quality will be in a good condition (physical, chemical
state, technological behaviours, nutritive, hygiene).
The quality of the wheat includes the external and
the internal component of the kernel (Hrušková and
Machová, 2002). The internal component is the protein,
starch, lipid, cellulose, minerals, etc. Hence present
investigation was undertaken with the objective to
study the effect of the storage conditions on moisture,
proximate compositional aspects and refraction
analysis of the under reduced specifications (URS)
wheat grains.

Table 1 Under reduced specifications wheat study for four
months at CWC, Karnal and FSD, Barwala
Storage type Wheat grains stacks used

CWC Karnal
FSD-FCI, Barwala

Warehouse
Warehouse

12 B and 12 C
1 B and 1 C

May 2015 for the quantitative and qualitative analysis
of URS wheat grains. Similarly, the URS wheat grains
which were stored in chambers (1B- replica first and
1C- replica second) at Food Storage Depot (FSD),
Barwala, FCI Dist.-Hisar (Haryana) in the month of
May 2015 for the quantitative and qualitative analysis
of URS wheat grains.
The samples were collected from all the four lateral
sides and from the top of the stack at fortnightly. The
samples were taken from the stacks. Two kg samples
of each stack were mixed thoroughly. The 2 kg sample
was then divided into four subsamples of 500 g with
the help of sample divider. The m.c. of each sub-sample
was determined. The subsample of 500 g grains were
spread into a plate and then the sample were taken
from the nine random places. The total 20 g sample
was taken for proximate analysis from the subsamples.
The proximate analysis of the wheat grains was
carried out in the Food Analysis Laboratory, Department
of Processing and Food Engineering, Chaudhary
Charan Singh Haryana Agricultural University,
Hisar, Haryana, India. The wheat grain samples were
processed into whole wheat flour with mini flour mill
for the proximate analysis while the refraction analysis
was carried out with the wheat grains samples. The
samples were sealed in moisture proof bags and stored
at room temperature. The samples were analysed as

MATERIALS AND METHODS
The samples of the URS wheat grains were
collected from the Central Warehousing Corporation,
Karnal (Haryana), and Food Storage Depot-Food
Corporation of India (FCI), Barwala (Haryana). The
URS wheat grains study was conducted for a fourmonth period. Two chambers were selected for wheat
grains each at Karnal (12 B and 12 C) and Barwala
(1-B and 1-C) and thus storing the stacks of wheat
grains in each selected depot for a four-month storage
period for selected URS wheat commodity (Table 1).
The URS wheat grains were stored in chambers (12
B -replica first and 12C-1-replica second) at the CWC,
Karnal, FCI Dist. Karnal (Haryana) in the month of
Table 2

Name of Depots

Under reduced specifications wheat study for four months at CWC, Karnal

Commodity

Godown storage
Total
number
of stack
liquidated

Liquidated
stack
number

Date of
constitution

Date of
liquidation

Initial
weight of
the stack,
Qty

Final
weight of
the stack,
Qty

Replica First

12-B

1

6 May 2015

6 August 2015

1,343.10

1,345.20

10.60

10.80

Replica Second

12-C

1

6 May 2015

6 August 2015

1,342.44

1,344.69

10.60

10.80

Wheat grains

Table 3

Initial
Final
moisture
moisture
content, % content, %
wb
wb

Under reduced specifications wheat study for four months at FSD, Barwala

Commodity

Godown storage
Total
number
of stack
liquidated

Liquidated
stack
number

Date of
constitution

Date of
liquidation

Replica First

1-B

15

6 May 2015

5 August 2015

1,537.9

1,548.6

8.90

10.30

Replica Second

1-C

34

6 May 2015

5 August 2015

1,532.2

1,543.7

8.90

10.50

Wheat grains
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Initial
Final
Initial
weight of weight of moisture
the stack, the stack, content, %
Qty
Qty
wb

Final
moisture
content,
% wb
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Table 4 Quantitative analysis of under reduced specifications
wheat stored for four months at CWC, Karnal

Table 7 Qualitative analysis of under reduced specifications
wheat stored for four months at FSD, Barwala

Quantitative analysis	   12 B-Replica	 12 C-Replica
	     First		   Second
Refraction analysis
6 May 6 August 6 May 6 August
2015
2015
2015 2015

Quantitative analysis	    1 B-Replica	 
1 C-Replica
		     First		  
Second
Proximate analysis
6 May 11 August 6 May 11 August
		
2015
2015
2015 2015

Foreign matter (%)
Other food grains (%)
Damage (%)
Slightly damage (%)
Shriveled broken (%)
Luster loss grain (%)
Sound grains (%)

Moisture content (%) w.b.
Fat (%) 2.30
Protein (%)
Total carbohydrate (%)
Ash (%) 1.80
Wet gluten (%)
Dry gluten (%)

0.50
1.20
2.40
1.70
9.00
72.3
12.9

0.50
1.20
2.40
1.70
9.00
72.3
12.9

0.50
1.20
2.50
1.30
9.20
73.0
12.3

0.50
1.20
2.50
1.30
9.20
73.0
12.3

wheat stored for four months at CWC, Karnal
Quantitative analysis	   12 B-Replica	 12 C-Replica
		     First		   Second
Proximate analysis
6 May 6 August 6 May 6 August
		
2015
2015
2015 2015
10.80
2.10
12.00
73.35
1.50
30
13.9

10.60
2.00
11.67
74.13
1.48
30
14

0.50
0.50
1.80
9.25
70.0
17.95
10.30

0.25
0.50
1.75
8.25
60.0
29.25
08.90

10.30
12.90
73.40
30
11

The initial m.c. of wheat grains stored in CWC
Karnal was 10.60% in May and it was increased up
to 10.80% in August (Table 2), while no significant
(P > 0.05) change in refractions was found. While the
initial m.c. of wheat grains stored in FSD, Barwala
was 8.90% in May and it was increased up to 10.40%
in August (Table 3). The change in the m.c. in the
URS wheat grains may be attributed to the variations
in the relative humidity and the storage temperature.
The results of quantitative and qualitative
analysis of URS wheat grains at CWC, Karnal and
FSD, Barwala are presented in Tables 4, 5, 6 and 7.
There was no significant (P > 0.05) change in the
refraction and proximate analysis of the URS wheat
grain samples during the 4- month storage period at
the above-mentioned locations. The crude fat and
crude protein (Table 5 and 7) of whole wheat flour
was slightly decreased during the storage period of
4 months. The changes in the m.c. in wheat flour
favoured proteolytic activity, thus crude protein content
got affected slightly. The decrease in crude fat may
be attributed to the lipolytic activity of enzymes, i.e.
lipase and lipoxidase, as reported earlier (Haridas et
al., 1983; Leelavathi et al., 1984) while there was no
effect on the ash content. The results were in a close
agreement with the results obtained by Nasir et al.
(2003) and Chattha et al. (2015).

10.80
11.50
74.22
30
13

Quantitative analysis	    1 B-Replica	 
1 C-Replica
		     First		  
Second
Refraction analysis
6 May 11 August 6 May 11 August
		
2015
2015
2015 2015
0.50
0.50
1.80
9.25
70.0
17.95
08.90

8.90
1.98
13.00
74.60
1.42
31
12

RESULTS AND DISCUSSION

Table 6 Quantitative analysis of under reduced specifications
wheat stored for four months at FSD, Barwala

Foreign matter (%)
Other food grains (%)
Damage (%)
Slightly damage (%)
Shriveled broken (%)
Luster loss grain (%)
Sound grains (%)

10.30
2.00
13.00
72.75
1.50
31
13

and experimental data were subjected to analysis
of variance (ANOVA) technique and thus analyzed
according to two factorials completely randomized
design. The critical difference value at 5% level was
used for making comparison during storage.

Table 5 Qualitative analysis of under reduced specifications

Moisture Content, (%) w.b.10.60
Fat (%) 2.44
2.15
Protein (%)
12.40
Total carbohydrate (%)
72.81
Ash (%) 1.75
1.70
Wet gluten (%)
32
Dry gluten (%)
14.4

8.90
2.20
13.54
73.46
1.75
32
14

0.25
0.50
1.75
8.25
60.0
29.25
10.50

rapidly as possible to minimize the changes that might
occur during storage. Moisture, protein and ash were
determined on the ground whole wheat samples in
triplicate using AOAC (1995) methods. Carbohydrates
were calculated by differences method. Wet and dry
gluten was determined with AACC (2000) method.
All data were computed with the software
application programmers (Microsoft Excel 2007). All
the reported values are the mean of three replicates

CONCLUSION
The URS wheat grains stored in the godowns had
slight variations in the quantitative and qualitative
529
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attributes of the wheat grains. However, the major
factor affecting the quality of the grains is the moisture
and thus under controlled storage conditions the quality
of the wheat grains could be maintained.
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Structured recording of data and analysis of loss in public
storage system
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ANIL K DIXIT1, T V ARUN KUMAR1
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ABSTRACT

The storage loss has negative welfare effect on society because it curtails the supply on one
hand and incurres expenditure on the other. The extent of losses varies with commodities and
agro-climatic regions. In this backdrop, a systematic data recording and analysis on storage
losses corresponding to the factors responsible for such losses has been undertaken in 48 depots
of Food Corporation of India (FCI) and Central Warehousing Corporation (CWC) covering 13
agro climatic zones in 22 States of India. To manage enormous data, software was developed
which mainly comprises of Central Data Management at Indian Council of Agricultural ResearchCentral Institute of Post Harvest Engineering and Technology (ICAR-CIPHET) and Local Data
Management by collaborating Centres. In this paper, data entity relationship, database approach
and its advantage were discussed. The developed data entry software is user friendly, efficient,
systematic, well secured and avoids duplicity. It can generate the reports in desired format, which
will help to recommend norms for effective management of losses in public storage system.
Key words: CWC, Database, FCI, Software, Storage losses
Storage loss reduces the amount of food which may
be quantitative and/or qualitative. Food grains play a
vital role in the vegetarian Indian diet. Irrespective
of increasing production in food grain sector, there is
still a pitfall in food and nutritional security mainly
due to poor storage management. A large number of
losses incur due to insects, rodents, micro-organisms
and environmental conditions such as type of storage
structure (Godown/CAP), temperature, relative
humidity etc. which upshot the storage situation to
greater extent (Sashidhar et al., 1992). The fiscal value
of these losses amounts to more than ` 50,000 crore/
year (Singh, 2010).
In developing country like India, the production
and harvest periods are relatively short, whereas, the
consumption extends throughout the year. Storage
provides time utility and ensures food security, price
2ICAR-Indian

Institute of Agricultural Statistical Research
Institute, New Delhi 110012, India
3CCS Haryana Agricultural University, Hisar 125 004,
Haryana, India
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stabilization and helps in maintaining internal/external
export. Above all, the indispensable objective of grain
storage is to keep the grains in good condition for
marketing and processing while preserving their quality
and nutritive value, thereby reducing the physical
and financial losses. The storage losses, however, are
location as well as season specific to such an extent that
makes the concept of average levels of loss sometimes
inconsequential.
In the light of foregoing study, an appropriate
strategy for recording data has to be viewed in its
proper perspective. It must be borne in mind that
the objective of developing such software is to
provide methods yielding standardized results so
that an effective analysis of storage study could
be made.
This paper presents a Data Entry Software
developed by ICAR-IASRI and ICAR-CIPHET
under ‘ICAR-FCI project on ‘Determining losses
in food grains in FCI and CWC warehouses’. Its
underlying principle is based on the expansion of a
database application that share data and operations
through a database. Data entry software will be

CONTROLLED ATMOSPHERE AND FUMIGATION IN STORED PRODUCTS

centres of All India Coordinated Research Project on
Post-Harvest Engineering and Technology (AICRP on
PHET) (Table 1) are being recorded in master sheet.
In addition, there are 5 spread sheets, namely
Schedules Data Entry, Report Generation/Print report,
Data Analysis, Export and Add/Edit users. Under
Schedule Data Entry, observation can be recorded
(i) at time of procurement, (ii) fortnightly, quarterly,
(iii) at the time of liquidation and (iv) environmental
factor. The software was developed in visualbasic.
net and Entity Relationships Diagram and Software
Architecture given as Figs. 2 and 3. The architecture of
data entry software consists of Local Data Management
System (at collaborating centres of AICRP on PHET)
and Central Data Management System (at headquarter
of AICRP on PHET, ICAR-CIPHET, Ludhiana). The
number of depot and stacks selected for which data
to be recorded in software is given in Fig. 4.
The central coordinating unit will enter master
sheet and link will be available to collaborating centres
whereas, Local data management by collaborating
centres will do all the schedule entries. Through import
and export facility, data can be shared between local
management and central management system (Fig. 3).
The observations on physical and microbial quality
parameters of the commodity are being recorded
fortnightly and liquidation is being done at quarterly
basis. Besides, environment data of the depot are
recorded on daily basis. The loss/gain in percentage
will be calculated automatically by using the following
formula and results will be displayed under label
‘Report Generation/Print Report’.
(i) The Moisture content (%)

helpful for collecting periodic data from different
godowns in the desired format and will generate
statistical tables and MIS/Query reports for
monitoring of storage losses. Moreover, the software
facilitates the data entry and avoids duplication
of the data. Furthermore, it is useful for FCI and
CWC for analysing food grain loss/gain and factors
contributing to such loss.
Database approach
A database is a group of allied files, and a database
management system DBMS is the software designed to
create, store and operate a database. Basically DBMS is
intended to handle various individual records to execute
their functions (Turban, 1993). In the developed data
entry software, the provision is made for commodities
such as wheat, rice, paddy, parboiled rice and maize,
however, a number of commodities can be entered with
some modification. The data pertaining to 48 godowns
and Cover and Plinth (CAP) in India covering 22 states
under 13 agro-climatic zoness (Fig. 1) and participating

 Wi − W f 
Md = 
 × 100
 Wf 


where, Mdb is moisture content on dry basis (%, db);
Wi is mass of sample prior to drying (g); and,
Wf is mass of sample after drying (g)
The moisture content can be converted from dry
basis to wet basis using the following relationship.

Mw =
Fig. 1.

where, Mw is moisture content on wet basis (%, wb).

Location of godown and CAP storage
Table 1.

100 M d
(100 + M d )

Participating centres of AICRP on PHET

Akola-PDKV

Coimbatore - TNAU

Kharagpur-IIT

Raipur-IGKVV

Almora- VPKAS

Hisar-CCS HAU

Lucknow-IISR

Ranchi-BAU

Bangalore-UAS

Jabalpur-JNKVV

Ludhiana-PAU

Srinagar-SKUAST

Bapatla-ANGRAU

Jorhat-AAU

Pusa-RAU

Tavanur – KAU

Bhubaneswar-OUAT

Junagadh-JAU

Raichur – UAS
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Godown/CAP

Depot
(State, District
and Zone)

Procurement
(Commodity)

Stack condition

Source/type/grain
quality

Treatment/Chemicals
infestation/Disease

Environmental
data

Fornightly, monthly
and quarterly
observations

Liquidation

Fig. 2. Entity relationship diagram

Local data management
(by Cooperating centres)
Master data sheet
Import
AICRP Centre

Schedules data
entry

Export

Central data
management
(ICAR-CIPHET)

State
District

Procurement
Fortnightly

Agro climatic zone

Quarterly

Depot

Liquidation

Output report

Godown/Chamber

Environmental factors

/CAP
Data analysis and
Report generation

Fig. 3.

Data entry software architecture
Storate type

Godown

WHEAT
Depots (33 Nos)
Total stacks (792)

CAP

RICE
Depots (36 Nos)
Total stacks (864)

Fig. 4.

MAIZE
Depots (01 No)
Total stacks (08)

WHEAT
Depots (08 Nos)
Total stacks (96)

PADDY
Depots (04 Nos)
Total stacks (32)

Selected commodity depots

(ii) Loss/gain in weight (%) on actual weighment
basis

(iii) 1000-grain weight (TGW)

 W − W1 
Gain/loss (%) =  2
 × 100
 W1 
where, W1, initial weight of food grain (kg);
W2, final weight of food grain (kg)

n
where, Mt ,1000-grain weight (g);
n, number of grains;
Wp , weight of n grains (g).

Mt =
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1000 × Wp
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Flow of data input and output
The following sequence of data flow is to be followed.
1. Initially, details of each depot and their godowns
are to be entered.
2. Date of procurement details are to be entered by
each godowns
3. Periodic sample results and their corresponding
commodity procurement reference are to be entered by each centre.
4. Liquidation details and their corresponding commodity procurement reference are to be entered
by each centre.
5. Monthly environmental data to be entered by each
Centre.
6. Whenever any updates are needed in any schedule,
the required changes are to be entered.
7. All the data entered/updated need to be sent to
CIPHET using the export utility provided. For
migrating the individual centre data in central
database, import utility provided will be used.
8. Identified standard reports can be generated
through the software. Data can be exported to
excel for further analysis

(iv) Loss due to insect infestation will be estimated
using standard method prescribed by Bureau of
Indian Standards BIS vide IS: 4333 (Part I) and
IS: 4333 (Part II).
Li =

( Ni × Mt − 1000 M p ) × 100
1000 Mt

where, Li , Loss due to insect infestation (%);
Ni , number of insect damaged grains;

Mp, weight of Ni insect damaged grains (g);
Mt , initial 1000-grain weight (g).

All weights were converted to initial moisture
content basis to eliminate the effect of moisture gain
or loss.
Designing of database
The database was developed for recording data
in software in well structured sheet/tables. The
recorded data helps in defining the structure of files
in the database. The developed software comprises
of Main Switchboard (8 subsystems), Master data
(7 subsystems), Schedules data entry (6 subsystem),
as presented in Fig. 5.
The master data need to be entered once and
the software establish links with Schedule data. The
procurement/liquidation need to be entered in the
scheduled sheet of database (Fig. 6). Further data
integrity and security are maintained by those who
are authorized to use, update and delete. Moreover,
the provision of primary key favours no duplicity and
acts as a unique identifier to a user.

Fig. 5.

Advantage of the data entry software
It is a computer-based system intended to retrieve,
extract and integrate data from various sources in order
to analyze the extent of losses/gain in the storage study
(Kamisli, 2004). The built software has following
characteristics:
1. It is user-friendly software designed to store and
retrieve the data in an efficient and systematic
way.

Sheets of data entry software
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Fig. 6.

Entry form and report generation

2. It supports record keeping and data processing
functions.
3. All data and information can be used only by one
authorized personnel, thus system’s security is
provided.
4. Primary keys are provided, hence no duplicity is
favoured.

in efficient warehouse management.
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