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Abstract
Storage of wheat in conventional packaging materials is not safe as seeds gain moisture from surrounding air of high relative humidity
which promotes growth of fungal and insect pests and loss of quality during storage. Implementing the dry chain, initial drying to low
moisture content followed by storage in hermetic bags to maintain low moisture may prevent these losses without using fumigants or
chemicals. Different levels of initial moisture contents (SMC), i.e., 8, 10, 12, and 14% and packaging materials, including hermetic
super bags along with paper, woven polypropylene (PP), jute, and cloth bags were used as two factors for this experiment. After
4 months of storage, small variation in SMC of seed was observed in super bags while SMC increased significantly in conventional
packaging materials. Higher storage losses (≈9%), grain quality losses and aflatoxin B1, B2, G1, and G2 contamination (1–2 ppb) in
conventional packaging materials were linked to high seed moisture contents. Storage in hermetic bags at 8 and 10% SMC ideally
preserved seed quality. In conclusion, hermetic storage of wheat at low seed moisture maintains a dry chain and prevents aflatoxin
contamination and grain quality losses and offers an organic approach to avoid contamination of food grains.
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Introduction

Globally, 50–60% losses have been recorded in cereal grains due
to poor storage practices and lack of technical efficiency (Kumar
and Kalita 2017). Direct and indirect losses of stored grain vary
according to regions with 10% losses in temperate regions and
almost 50% losses in humid tropical regions (Wijayaratne et al.
2018). Pakistan alone is facing economic losses worth 76 to 90
million USD every year due to improper storage facilities of
wheat grains (FAO 2013). Increased production without mini-
mizing the postharvest losses is not profitable as one third of total
production is lost at this stage (Bradford et al. 2018). Therefore,

food security in developing countries can be ensured by reducing
postharvest storage losses.

Farmers in developing countries mostly store their wheat
produce in porous jute and polypropylene bags. Most of the
farmers used these grains as seed for the next sowing season.
Even if properly dried, wheat seeds stored in porous bags
gained moisture, especially during monsoon season when rel-
ative humidity (RH) is higher due to excessive rains (Afzal
et al. 2019). Studies have suggested that highmoisture content
during storage is responsible for seed aging, storage insect
pests, and aflatoxin contamination (Afzal et al. 2017). Use
of pesticides for controlling pests of stored grains is a success-
ful approach but leaves behind toxic residues (Mobolade et al.
2019). Use of chemical fumigants is now globally discour-
aged due to environmental pollution, contamination of food
grains with toxic residues, and development of resistance in
stored grain pests (Kumar et al. 2017). Moreover, high RH in
storehouses leads to growth of aflatoxin-producing molds
such as Aspergillus flavus and A. parasiticus (Abdel-Hadi
et al. 2012; Wu et al. 2014). In developing countries around
4.5 billion people are prone to chronic aflatoxin exposure
(Williams et al. 2004). Wheat being the staple food in many
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countries contributes significantly for human exposure to af-
latoxin (WHO 2017).

There is a need to find organic storage solution which has
potential to protect food grains from both storage insect pests
and aflatoxin-producing molds. Storage of food grains in her-
metic bags has proved an ideal approach to reduce stored grain
pest infestation and aflatoxin contamination (Afzal et al. 2017;
Martin et al. 2015; Williams et al. 2014). The basic idea of
hermetic bag technology is to cut off oxygen supply inside the
bags, which leads to reduce insect pest infestation and works
well for grain storage. Seed storage at low moisture is vital for
both grain and seed during the supply chain. Drying of seeds
to low moisture content is safe enough to retain seed viability
and then packaging in hermetic containers to keep seeds con-
tinuously dry is the basic principle of the dry chain (Bradford
et al. 2018; Afzal et al. 2019). Super bags are hermetic in
nature and their oxygen and water-resistant properties make
them suitable to implement the dry chain. In this study, pros-
pects of the dry chain have been explored using hermetic
super bags to control aflatoxin contamination, storage, and
grain quality losses.

Materials and methods

Experiment detail

Study was conducted in Seed Physiology Laboratory,
Department of Agronomy, University of Agriculture,
Faisalabad, Pakistan. Freshly harvested wheat seed free from
insect pests was obtained from Wheat Research Institute
Faisalabad, Pakistan. Initial seed moisture contents and ger-
mination were 10% and 99.5% respectively. Seed was dried to
four (8, 10, 12, and 14%) seed moisture levels. Conventional

packaging materials, i.e., paper, polypropylene, jute, and cloth
bags, were purchased from a local grain market while super
bags of 10 kg capacity were provided by GrainPro Inc., USA.
Hermetic super bags (SuperGrainbag® Premium RT) are
from high-strength PE with excellent water and gas barrier
properties. Packed seed was stored for 4 months and RH and
temperature of store room was recorded.

Seed drying

Seed was dried to various moisture levels in an airtight plastic
container by mixing it with zeolite seed drying beads. The
drying bead calculator developed by Bradford’s lab was used
to calculate the quantity of beads required for drying the seeds
to various moisture levels (Bradford et al. 2016). Wheat seeds
were dried up to 8% seed moisture contents by using seed
drying beads (Rhino Research Group) made of zeolite clay
material. To dry 4 kg of wheat seed, a total of 190 g of drying
beads having 23% drying capacity were mixed in it. As initial
seedmoisture content was 10%, so seeds were packed without
applying any drying treatment.

Equilibrating and increasing seed moisture contents

Saturated salt solution of K2S2O3 at 25 °C was placed in an
airtight container along with wheat seed to maintain 63% RH
(Greenspan 1977) which gave 12% equilibrium moisture con-
tents. Similarly, in order to maintain 14% equilibrium SMC,
seed was placed in an airtight plastic container containing
saturated solution of NaCl for 14 days at 25 °C temperature
that maintains 75%RH. Values of equilibrium relative humid-
ity were converted to equilibrium moisture contents using
moisture calculator as described by Bradford et al. (2016).
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Determination of seed moisture contents

Sampling was done after 4 months to determine seed moisture
contents. Seed sample (5 g) was dried at 103 °C in an oven for
the period of 17 h (ISTA 2015). Dry weight of sample was
recorded and seed moisture contents were calculated using
following equation of International Seed Testing Association.

Seed moisture contents %ð Þ ¼ Fresh weight−Dry Weight

Fresh weight
� 100

Biochemical analysis of stored seed

Omeg Analyzer (Omeg Analyzer G™, Bruins Instruments,
USA) was used for photometric determination of starch and
protein contents. For determination of malondialdehyde con-
tents, seed sample (1 g) was homogenized in 10% solution of
trichloroacetic acid (TCA). Absorbance of supernatant col-
lected after centrifugation of reaction mixture was recorded

at 450, 532, and 600 nm to determine malondialdehyde con-
tents (Zheng and Tian 2006).

MDA nmol=g FW or DWð Þ ¼ 6:45 A532−A600ð Þ−0:56� A532

Assessment of storage losses

Randomly drawn 100 g samples of stored wheat were sieved
with a standard sieve set (Fisherbrand™ stainless steel sieves
8 in. dia., Fisher Scientific, USA) to count the population of
stored grain pests. The number of larvae and adults of Khapra
Beetle was counted in a 100-g seed sample. Percentage of
weight loss was calculated with the help of equation given
by Adams and Schulten (1978).

Weight Loss %ð Þ ¼ UNd−DNu =

U Nd−Nuð Þ � 100

Here “U” represent the weight of undamaged grains where-
as weight of damaged grains is denoted by “D”. The number
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of damaged grains is represented by “Nd” while “Nu” is used
for the number of undamaged grains.

Determination of aflatoxin contamination

Thoroughly grounded wheat flour (50 g) of randomly drawn
seed samples from each replicate was used for quantification
of aflatoxins using VicamAfla HPLC column. HPLC-grade
methanol (1.5 mL) was used to elute the affinity column.
1.5 mL purified water was added to make the final volume
up to 3 mL. Sample derivatization was done before injection
(Saleemi et al. 2017). For detection of peak, 1 mL sample
from the bottom layer was injected to the LC column. The
sample was analyzed on HPLC (20A Prominence HPLC
System with Fluorescent detector, Shimadzu Scientific
Instruments, Japan). For quantification of aflatoxin, obtained
peaks were compared with the standard peaks prepared from
Sigma Chemical Corporation St. Louis, MO, over a range of
1–50 ppb. Certified Reference Material (CRM) of SUPELCO
Bellefonte, PA, was used to assure the analytical quality of the
applied method. The limit of quantification (LOQ) was
0.05 ppb whereas limit of detection was 0.02 ppb.

Temperature and RH of store room

Data of ambient RH and temperature of store room were re-
corded on an hourly basis, and daily average of RH and tem-
perature is presented (Fig. 1).Minimum temperature (20.7 °C)
was observed on the 29th of November, 2016, and maximum
(33.2 °C) was observed on September 16, 2016. Mean tem-
perature was 32.1, 32.2, 32.1, 28.9, and 23 °C during July,
August, September, October, and November 2016 respective-
ly. Average RH was 64.2, 66.2, 62, 60.7, and 58.3% recorded
during July, August, September, October, and November
2016 respectively. Minimum RH (53.7%) was recorded on
October 22, 2016, and maximum (73.9%) on August 06,
2016.

Statistical analysis of data

For statistical analysis of data, different packaging materials
and seed moisture levels were taken as factors. Completely
randomized design (CRD) with factorial arrangement was
used for keeping three replications. Data were analyzed using
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statistical software Statistix 8.1. Treatment means were com-
pared with Tukey’s test at a 5% probability level.

Results

Seed moisture contents

Wheat seed had maximum moisture contents when stored
in super bags at 14% initial seed moisture contents (SMC)
after 4 months of storage. Minimum SMC were recorded
for the seed having 8% initial SMC and were stored in
super bags (Fig. 2). An increase in seed moisture contents
was observed (from initial 8% SMC to ≈12% SMC) in all
packaging materials except super bags. Super bags
showed resistance to significant change in initial moisture
levels. Moisture contents of the seed slightly decreased in
super bags having 14% initial SMC.

Grain quality attributes

Maximum starch contents were measured in wheat stored in
super bags at 8–12% SMC while minimum starch contents
were found in wheat stored in cloth, jute, and paper bags
having 12 and 14% initial SMC (Fig. 3). Highest protein con-
tents were found in seeds stored in hermetic super bags at 8
and 10% initial SMC under Trogoderma granarium infesta-
tion.Minimum protein contents weremeasured from the seeds
stored at 14% SMC in polypropylene (PP) bags (Fig. 4).
Maximum malondialdehyde contents were present in wheat
stored in cloth and jute bags at 8–14% SMC and in PP bags at
8–12% SMC (Fig. 5).

Insect pest population and weight losses during
storage

Larvae and adults of Khapra Beetle (Trogoderma granarium)
were found during storage. Population estimates of larvae and
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adults of Khapra Beetle were made by manual counting. No
larvae and adults were found in hermetic super bags at all
levels of moisture contents. On contrary, severe attack of
Khapra beetle was observed in traditional packaging mate-
rials. The highest number of larvae was counted from cloth
bags at both 12 and 14% SMC (Fig. 6). Adult population was
maximum in cloth and polypropylene bags at 12 and 14%

initial SMC (Fig. 7). Significantly lower (<1%) quantitative
weight losses were observed for the grains stored in super
bags while higher weight losses (≈9%) were observed in the
rest of all packaging materials (Fig. 8). Losses in weight were
higher in conventional packaging materials at 12 and 14%
initial SMC whereas lowest weight losses were observed in
grains stored at 8 and 10% initial SMC.

Table 1 Aflatoxin contamination, protein and malondialdehyde (MDA) contents in stored wheat grains

Packaging materials SMC (%) Aflatoxin B1 (ppb) Aflatoxin B2 (ppb) Aflatoxin G1 (ppb) Aflatoxin G2 (ppb)

Super bag 8 yND ND ND ND

10 ND ND ND ND

12 ND ND ND ND

14 z2.3 ± 0.31 a 2.73 ± 0.82 a 1.97 ± 0.09 a 2.3 ± 0.12 a

Paper bag 8 ND ND ND ND

10 0.13 ± 0.09 f ND ND ND

12 0.33 ± 0.2 c–f 0.02 ± 0.01 e ND 0.04 ± 0.03 c

14 1.63 ± 0.09 ab 1.6 ± 0.31 a–d 0.93 ± 0.07 bc 1.85 ± 0.14 ab

Polypropylene bag 8 ND ND ND ND

10 0.20 ± 0.17 f 0.37 ± 0.20 de ND ND

12 0.27 ± 0.15 def 0.44 ± 0.30 cde 0.30 ± 0.30 c 0.07 ± 0.07 c

14 1.07 ± .07 b–e 2.03 ± 0.03 ab 1.17 ± 0.24 b 1.3 ± 0.32 b

Jute bag 8 ND ND ND ND

10 0.23 ± 0.13 ef ND ND ND

12 ND 0.12 ± 0.09 e ND 0.05 ± 0.04 c

14 1.1 ± 0.38 bcd 1.77 ± 0.29 abc 1.07 ± 0.15 b 1.37 ± 0.32 b

Cloth bag 8 ND 0.13 ± 0.07 e ND ND

10 ND 0.07 ± 0.03 e ND ND

12 0.50 ± 0.30 c–f 0.57 ± 0.47 b–e 0.23 ± 0.23 c 0.50 ± 0.29 c

14 1.17 ± 0.44 bc 0.73 ± 0.64 b–e 1.13 ± 0.30 b 1.43 ± 0.3 b

HSD value PM×SMC 0.85 1.38 0.68 0.69

yNot detected (≤0.02 LOD). zMeans within same column not sharing same letters are significantly different at p ≤ 0.05
PP polypropylene, SMC seed moisture contents
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Aflatoxin contamination

Aflatoxins B1, B2, G1, and G2 were not detected in wheat seed
stored in super bags at 8, 10, and 12% initial SMC. Similarly,
no traces of aflatoxin B1 were found in seeds stored at 8%
SMC in paper, PP, and jute bags and in cloth bags at 10%
initial SMC (Table 1). Seed stored in paper and jute bags at 8
and 10% initial SMC and seed stored in PP bags at 8% initial
SMC had no aflatoxin B2 contamination. Wheat seeds stored
at 8 and 10% initial SMC in paper and PP bags and in cloth
bags at 8% initial SMC had no aflatoxin G1. Seeds stored in
paper, PP, and jute bags at 8% initial SMC had also no detect-
able concentration of aflatoxin G2. Maximum concentrations
of aflatoxin B1, B2, G1, and G2 were measured in seeds stored
in super bags at 14% initial SMC (Table 1).

Discussion

Water vapor transmission rate of super bag is very low
(≤5 g−2 day−1) as there is a gas coating done in between mul-
tiple layers of polyethylene, which helps to restrict the entry
and exit of moisture into the grains (GrainPro 2020). Except
super bags, seed moisture contents varied in all conventional
packaging materials due to their permeable structure (Fig. 2).
In traditional packaging materials, seed moisture contents in-
creased with the increased ambient RH of the storage environ-
ment and vice versa. Moisture contents of stored maize in-
creased up to 3.14% when stored in woven polypropylene
bags as compared to hermetic PICS bags having only 0.25%
increase in moisture contents (Afzal et al. 2017). Data of seed
store indicate that mean RH was around 60–65% and maxi-
mum RHwas 75% in August 2016 (Fig. 1). High ambient RH
elevated the grain moisture in traditional permeable bags as
seeds gain and lose moisture depending upon ambient RH
(McDonald 2007).

Contamination of food grains with aflatoxin-producing
molds is a serious threat for developing countries where
around 4.5 billion people are at the risk of chronic exposure
to aflatoxins (Williams et al. 2004). High seed moisture con-
tents (14%) in super bags and in traditional porous bags re-
sulted in higher aflatoxin contamination. Aflatoxin-producing
molds grow in the conventionally stored grains under high
temperature and RH (Hell et al. 2010). For cereal seeds like
wheat, 13% seed moisture contents or higher are the baseline
for fungal growth and aflatoxin contamination (Bewley et al.
2013). Porous nature of the traditional packaging material
allowed the moisture ingress into the seeds under conditions
of high RH (Bakhtavar et al. 2019) that hasten the mold
growth and aflatoxin production in maize. However, in our
study, individual concentration of aflatoxin B1, B2, G1, and G2

in conventional packaging materials and aflatoxin B2, G1, and
G2 in super bags at 14% SMC is below compared to

permissible limit of individual aflatoxin, but total aflatoxin
concentration is higher than the permissible limit (4 ppb) in
food adopted by majority of the countries in the world. Total
aflatoxins are less than the permissible limit (20 ppb) for an-
imal feed. Concentration of aflatoxin B1 found in seeds stored
in super bags at 14% SMC is also higher than the permissible
limit (2 ppb) adopted by majority of countries for food grains
but less than the permissible limit (5 ppb) for animal feed.

Decline in protein contents was due to stored grain pests
feeding on embryo of wheat grains. Embryo portion of grains
mainly consisted protein that is why most of stored grain pests
preferably attack on it (Emery and Nayak 2007). High seed
moisture contents resulted in higher activities of reactive ox-
ygen species (ROS) that are responsible for production of
MDA through lipid peroxidation (Bailly 2004) and poor qual-
ity of grains. Hermetically sealed super bags hindered the free
access of oxygen to the seeds stored inside super bags, hence
reducing the chances of ROS productions and seed
deterioration.

Wheat storage in hermetic super bags at lower seed mois-
ture contents (the dry chain) resulted in better storage under
conditions of high RH without using any fumigant or chemi-
cal to control insect pests. Storage losses and aflatoxin con-
tamination were much lower in super bags at 8 and 10% SMC
while wheat storage in conventional packaging materials re-
sulted in higher storage and quality losses as well as aflatoxin
contamination. Higher aflatoxin contamination and grain
quality losses were observed in wheat stored in super bags at
14% SMC. This fact highlights the importance of drying be-
fore adoption of hermetic storage for grains.
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