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Abstract

India is the largest jute and fifth largest maize producing country in the world. In India maize is commonly stored
and transported in jute bags which are used multiple times. Aflatoxin contamination of maize is a major issue in
India. This study evaluated the potential impact of re-using jute bags on the risk of aflatoxin contamination of maize
in the food supply chain. A total of 121 jute bags were collected in India; 95 had been used for maize and 26 bags
were new. Significantly higher numbers of viable aflatoxigenic fungi were counted from re-used bags (27.8 times)
(P<0.05), than the number from new bags. There was no significant difference between aflatoxin concentration
found in the re-used jute bags and the new jute bags (P>0.05). Further analysis revealed that the aflatoxigenic
fungal population (3.0 times) and aflatoxin concentration (1.2 times) were significantly higher in jute bags that had
been used for maize with higher aflatoxin contamination (14-188.4 pg/kg total aflatoxins) than in those that had
been used for maize with lower contamination (0.8-5.4 pg/kg total aflatoxins) (P<0.05). The significant positive
correlation (P<0.05) between the aflatoxigenic fungal population of used jute bags and aflatoxin contamination of
their packed maize indicated there is a risk of cross-contamination in the supply chain introduced by re-using jute
bags. This is the first study to systematically reveal the potential impact of re-using jute bags on the fungal population
and aflatoxin contamination risk. The application of readily applied treatments to re-used jute bags would help to
minimise the aflatoxin contamination.
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1. Introduction

Aflatoxins are a group of highly toxic compounds produced
mainly by Aspergillus flavus and Aspergillus parasiticus.
Aflatoxin B, can cause liver cancer (Ostry et al., 2017).
Aflatoxins have become a global food security risk affecting
the whole food supply chain due to globalisation and
e-commercialisation (Klingelhofer et al., 2018). Data from
the Center for Disease Control in the USA indicate that more
than 4.5 billion people in developing countries are at risk
of exposure to aflatoxins in their food supply (CDC, 2012).

Conditions leading to the biosynthesis of aflatoxins are
complex. Nevertheless, numerous studies have demonstrated

that aflatoxin production by fungi is typically influenced by
drought stress, a combination of heat and humidity, and
food or feed substrates (Amare and Keller, 2014; Chang et
al., 2005; Fountain et al., 2018; Nierman, et al., 2015; Villers,
2014). Major geographic and regional differences in climate
conditions may help explain why many countries in Africa
and Asia show much more severe aflatoxin contamination
than North America and European countries (Palliyaguru
and Wu, 2013). Well-designed agricultural and food
processing systems can greatly reduce the food safety risks
associated with aflatoxin and other mycotoxins (Kumar et
al., 2017). Current principles for aflatoxin risk management
in the field focus mainly on the weather conditions during
the pre-harvest period, the temperature and humidity
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during post-harvest (including storage and transportation),
biological control, and crop breeding (Mahuku et al., 2019;
Paramawati et al., 2016; Yu, 2012). However, specific
conventional practices in agronomy and supply chain
management are different between countries and regions.
People are less exposed to aflatoxins in developed countries
due to better practices and stricter regulations than in
many developing countries. Fungal growth and mycotoxin
contamination are serious issues for many foods and
feedstuffs in developing countries; contamination can then
be exacerbated by improper post-harvest practices during
storage, packaging and processing (James and Zikankuba,
2018; Wu and Khlangwiset, 2010). The influence of different
conventional practices on aflatoxin risk in the food supply
chain, e.g. packaging materials used during storage and
distribution, has attracted increasing attention (Udomkun
etal., 2017).

Significant resources are invested annually by the food
production industry to source and test raw materials
(including in-bound acceptance testing at the factory
gate) to avoid using aflatoxin contaminated ingredients in
food products. Aflatoxin contamination is a major reason
for the rejection of many raw materials with high value
or usage volume, such as peanuts and maize; large scale
rejection of raw materials can disrupt factory production
and corresponding business plans (Baker et al., 2014).
This is an issue in the major maize production country,
India, where it has been noted that maize production has
a high food safety risk due to aflatoxin contamination
(Rajarajan et al., 2013). Human consumption of maize
is much higher in India (28% of total maize production)
than in other developed countries where the bulk of maize
produced is used as a raw material for the extraction and
fermentation industry (Murdock and Baoua, 2014; Ranum
et al., 2014). The high human consumption of maize in
India drives a particularly urgent demand for aflatoxin
management. The reported high aflatoxin contamination
levels of maize in India provided an opportunity for a case
study to identify potential supply-chain causes for aflatoxin
contamination beyond well-established variables such as
climate and geographic location. One conventional supply
chain practice in India, re-use of jute bags for both storage
and transportation of maize, was identified as a potential
factor that could contribute to aflatoxin contamination.
This practice was the focus of this study.

Jute is one of the strongest and most affordable natural
fibres available, leading to its common use in storage bags
for many crops including rice, wheat, maize, cocoa beans,
and coffee beans. About 98% of world jute was grown in
India and Bangladesh in 2017 (FAO, 2019). India is the
world’s largest producer of jute and contributes more
than half (55.7%) of the world’s total production. India
and Bangladesh are also countries that utilise significant
quantities of jute fibre and products. Indian and Bangladeshi

regulations require that most food grains produced for
the domestic market are packed in jute bags; this strategy
may be designed to support their position as the world’s
leading jute producers and to help support the jute sector.
Jute is considered to be very suitable for bulk packaging
of agricultural commodities due to its biodegradability
and versatility (Maity, 2016). However, the strength of jute
decreases in humid climates or when exposed to shifts in
environment, resulting in susceptibility to microbial attack
(Ferreira et al., 2016).

Some studies have demonstrated that jute bags are superior
to plastic woven bags for peanut storage, whereas others
found no evidence of improved antimicrobial effects when
jute bags were compared to plastic woven bags (Bulaong,
2002; Wagacha et al., 2013). Jute bags are commonly re-
used in the supply chain due to environmental and cost
considerations, and re-use of jute bags in the maize supply
chain is a typical practice in India (Bari et al., 2012). The
practice of transporting and storing maize in re-used jute
bags continues throughout the supply chain, extending to
individual consumers as well as food production facilities.

Previous studies have assessed the potential effects on
the fungal population and aflatoxin contamination of
maize stored in bags made of different materials, such
as jute, polypropylene and polyethylene, under various
storage conditions. However, most of these studies were
making assessments based on new bags (Malaker et al.,
2008; Mutegi et al., 2013; Nakai et al., 2008; Suanthie et
al., 2009). To date there has been no systematic research
that specifically assessed the carried over aflatoxigenic
fungal populations and aflatoxin contamination of jute bags
after they had been used for maize storage. These were the
objectives in this study.

2. Materials and methods
Jute bag sampling in India

Jute bags previously used for maize transportation
and storage were collected from maize suppliers in
Telangana, India (‘re-used’: n=95). Re-used jute bags were
randomly collected from 54 batches of packed maize
(with approximately 50 kg of maize packed in one jute
bag, five tons of maize per batch). New jute bags were
bought from two local stores that only sell new and used
jute bags in Telangana, India as controls (‘new’: n=26).
Further classification of the re-used jute bags was based on
in-bound acceptance testing of individual batches of maize.
In-bound acceptance tests were conducted to evaluate the
aflatoxin concentration of maize packed in these jute bag
samples, using the standard protocol for Ridascreen °FAST
Aflatoxin (R-Biopharm AG, Darmstadt, Germany). Bags
from maize batches with aflatoxin concentration lower
than 12 pg/kg were grouped as ‘released’ (n=26), whilst
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bags from maize with aflatoxin concentration higher than
12 pg/kg were grouped as ‘rejected’ (n=69).

Each jute bag sample was considered as a rectangle and
evenly divided into six smaller rectangles from one side
and a further six from the reverse side. A square cloth
(20 cm x 20 cm) was cut evenly in the middle of each
small rectangle using sterilised scissors, resulting in a total
of 12 sub-samples of material from each jute bag sample.
These sub-samples were subsequently cut into small fibres
using a Fellowes paper shredder 99MS (Fellowes, Itaska, IL,
USA). The small fibres were collected carefully and mixed
thoroughly as one sample.

Total Aspergillus flavus and Aspergillus parasiticus
fungal isolation from jute bags

The isolation method was based on that developed by Pitt ez
al. (1983), with modifications. A. flavus and A. parasiticus
agar (AFPA) plates were prepared using AFPA base
(Oxoid, Basingstoke, UK) with additional chloramphenicol
supplementation (Oxoid) (final concentration 100 mg/1).
25 g fibres from the jute bag samples were weighed and
transferred into sterile distilled water (225 ml) at room
temperature, whilst stirring at 1.1xg. After 1 h, the mixed
solution (200 pl) with serial dilutions (10°, 1071, and 1072
was inoculated onto AFPA plates. Three replicate plates
were used per dilution. The inoculated AFPA plates were
incubated at 30 °C for three days. The total population of
A. flavus and A. parasiticus group fungi of each new or
used jute bag was determined by the dilution applied, the
average number of orange colonies on the AFPA, and the
amount of aliquot plated.

Aflatoxigenic fungal isolation from jute bags

A visible fluorescence determination method was applied
with modifications to further separate aflatoxigenic and
non-aflatoxigenic fungi (Dyer and Mccammon, 1994; Franco
etal., 1998). Coconut cream agar (CCA) was prepared using
50% coconut milk (Real Thai; Thaitan Foods International
Co., Ltd., Bangkok, Thailand) and 1.5% agar (BD, Sparks,
MD, USA). The edges of all the orange colonies on AFPA
plates were cut and inoculated onto individual CCA plates,
which were incubated at 30 °C. After 7 days, UV light (365
nm) was used to differentiate between toxigenic and non-
toxigenic fungi. To avoid false results, aflatoxin production
of suspect toxigenic fungi selected from the CCA plates was
confirmed using the Romer ELISA kit AgraQuant Total
Aflatoxin Assay 1/20 (Romer Labs GmbH, Tulln, Austria).
A. flavus NRRL 3357 was obtained from the American
Type Culture Collection (ATCC, Manassas, VA, USA) and
used as the toxigenic reference strain for AFPA isolation
(orange), and CCA (fluorescence). Negative controls were
empty AFPA or CCA plates (three replicates).

Analysis of aflatoxin concentration of jute bags

ELISA was used for aflatoxin analysis of the jute bags.
A sample (10 g) of the homogenised fibres from each jute
bag was extracted with 80% methanol (100 ml) (Agilent
Technologies, Santa Clara, CA, USA) whilst stirring for
20 min over a magnetic stirrer. The extraction solution
was collected and filtered using a 0.45 pum filter membrane
(Agilent Technologies). The filtered extraction solution
was cleaned-up following the standard protocol for Romer
AflaStar™ R immunoaffinity Columns (Romer Labs GmbH).
The cleaned-up aflatoxin extraction solution was diluted
to 70% methanol and used for ELISA tests to determine
the aflatoxin concentration in the jute bag samples, using
the standard protocol for the Romer ELISA kit AgraQuant
Total Aflatoxin Assay 1/20 (Romer Labs GmbH). The OD
absorbance was measured at 450 nm and 630 nm using a
Synergy H1 Hybrid Multi-Mode Reader (BioTek, Winooski,
VT, USA).

Validation of analytical method for quantification of
aflatoxins

The performance of sample extraction and the ELISA
method was validated before analysis of the experimental
samples. A new jute bag with tested aflatoxin concentration
of ‘0 pg/kg’ by the ELISA method mentioned above
was selected as the ‘blank’ Recovery experiments were
performed by spiking the blank jute bag samples (10 g of
each) and jute bag samples (10 g of each from the same bag
used for the blank) with aflatoxin standard (Romer Labs)
to obtain an aflatoxin concentration of 1.0, 1.5, 2.0, 2.5, and
3.0 ug/kg. Spiked samples were incubated in air overnight
at room temperature, followed by sample extraction and
ELISA testing as described above. All samples were analysed
in three replicates. The recovery rates of aflatoxins were
76.4% with a relative standard deviation (RSD) of 9.3% for
the jute bags.

Statistical analysis

Mixed effects models were used to investigate differences
between the jute bag types. A random batch effect and
a fixed effect of jute bag-group was used. Square root
transformation of the outcomes was modelled to meet the
assumptions of normality of the residuals. Furthermore,
a bag-type specific residual error variability was specified
to deal with a larger variability in the outcomes of the
rejected jute bags, compared to the released and new
bags. Pairwise comparisons between the groups of jute
bag were corrected for multiple testing by means of a
Bonferroni correction.

Associations between the outcomes in the jute bag
(aflatoxin concentration, aflatoxigenic fungi) and the
aflatoxin concentration in packed maize were investigated
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using a regression model. This model incorporated a
random batch effect and a fixed effect for the aflatoxin
concentration of packed maize. The regression slope
was allowed to be jute bag type specific by means of an
interaction term. A 5% level of significance and a 1% level
of very significance were used, and statistical analyses
were performed in SAS for windows version 9.4 (SAS,
Cary, NC, USA).

3. Results
Aflatoxin contamination of maize packed in jute bags

The average aflatoxin concentration of the 48 different
maize batches that were packed in the sampled jute bags
was 32.2 ug/kg (Figure 1). The total aflatoxin concentration
of the packed maize was used to group the released or
rejected maize batches and their corresponding jute bags
(below or above 12.0 pg/kg). As there were some batches
of maize with severe contamination, the maize packed
in rejected jute bags showed a broad range of aflatoxin
concentrations from 13.3 to 188.4 ug/kg, with a median
value of 41.6 pug/kg. The maize in released samples showed
a narrow range of concentrations from 0.8 to 5.4 pg/kg,
with the median value of 1.1 pug/kg (Figure 1). The average
aflatoxin concentration of maize packed in rejected jute
bags (57.8 pg/kg) was significantly different to that in
released jute bags (2.0 pg/kg) (P<0.01).

In general, larger variability in the aflatoxin concentration
of packed maize was observed in the rejected jute bags
(standard deviation [SD] of 47.2 ug/kg) compared to
the released bags (SD of 2.0 ug/kg). This feature of the
data was reflected in the model by specifying a bag-type
specific random intercept variability and residual error
variability.

0— — el

' |
Rejected Released
Type of maize batches

Total aflatoxin concentration (ug/kg) of packed maize

Figure 1. Aflatoxin concentration distribution of maize packed
in the re-used jute bags. ** P<0.01.

Analysis of aflatoxin concentration of jute bags

The average aflatoxin concentration of all the re-used
jute bags (4.0 ug/kg) was 1.6 times that of the new jute
bags (2.6 pg/kg) (Figure 2A), however, this difference
was not statistically significant (P>0.05). Further analysis
demonstrated that the rejected bags had significantly
higher concentration of aflatoxin (4.7 pg/kg, 1.2 times) than
released ones (2.1 pug/kg) (P<0.05) (Figure 2B). There was
no significant difference in the concentration of aflatoxin
between new and released jute bags (P>0.05) (Figure 2).
In general, the aflatoxin concentrations detected in the
new or re-used jute bags were considerably lower than
the concentrations detected in the packed maize (Figure 1,
Figure 2A).

The aflatoxin concentrations of the packed maize did
not affect the aflatoxin concentration of the jute bags
that had been used for storage and transportation. The
association between aflatoxin concentrations of packed
maize and aflatoxin concentrations of re-used jute bags is
not statistically significant (P>0.05), further demonstrating
the low cross contamination risk upon the reusing practice
from the leftover aflatoxins in re-used jute bags.

Total Aspergillus flavus and Aspergillus parasiticus
fungal population of jute bags

Differences were noted in the populations of total A. flavus
and A. parasiticus isolated from the re-used and new jute
bags (Figure 3). Very significantly higher numbers of viable
A. flavus and A. parasiticus fungi were counted from re-
used bags (4.5x103 colony forming units (cfu)/g) (P<0.01);
this was 19.5 times higher than the number from new bags
(2.2x10? cfu/g) (Figure 3A). The viable count of A. flavus
and A. parasiticus fungi (5.4x 103 cfu/g) from rejected jute
bags was 2.0 times higher than that from the released jute
bags (1.8x103 cfu/g) and 23.5 times higher than that from
the new jute bags (Figure 3B). P50 of the dataset from
rejected jute bags (1.6x 103 cfu/g) was similar to that from
released bags (1.5x103 cfu/g), and much higher than that
from new bags (7.0x10! cfu/g). There were significant
differences between the total A. flavus and A. parasiticus
fungal population isolated from rejected jute bags and new
bags (P<0.01), and between released jute bags and new
bags (P<0.05), indicating that upon usage, the jute bags
carried more fungi to cause potential risks. However, the
difference between the viable count of total A. flavus and
A. parasiticus fungi from released jute bags and rejected
ones was not statistically significant (?>0.05) (Figure 3B).

Analysis of the aflatoxigenic fungal population of jute bags
Since not all of A. flavus and A. parasiticus produce

aflatoxins, isolation of non-toxigenic and toxigenic fungal
population was qualitatively investigated by the combined
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cultural assay and confirmed by the ELISA immunoassay.
Differences were noted in the populations of aflatoxigenic
A. flavus and A. parasiticus isolated from the re-used and
new jute bags (Figure 4). The number of viable aflatoxigenic
fungi isolated from re-used bags (2.3x10? cfu/g) was 27.4
times higher than the number from new bags (80 cfu/g)
(P<0.01) (Figure 4A). The viable count of aflatoxigenic fungi
from released (0.7x10? cfu/g) and rejected (2.8x103 cfu/g)
jute bags was very significantly higher than that from the
new jute bags (7.7 times and 34.0 times; P<0.01). These
results confirmed that toxic fungi could be carried over in
jute bags when reusing.

The viable count in rejected bags was also significantly
higher (3.0 times) than that of the released jute bags
(P<0.05) (Figure 4B). When further investigating by using

the regression model, the statistical result showed a very
significant association between the aflatoxin concentration
of packed maize and leftover aflatoxigenic fungi population
of the re-used jute bags (P<0.01), further demonstrating the
high cross contamination risk upon the re-using practice
from the leftover aflatoxigenic fungi in re-used jute bags.

4. Discussion

Post-harvest controls play a critical role in managing
mycotoxin risk in food and agriculture. Good storage and
packaging practices have been emphasised for many years
for mycotoxin control. There are many studies on improving
packaging materials and storage condition control
strategies, e.g. the PICS bags trials in Africa (Murdock
and Baoua, 2014). However, the widespread re-use of jute
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bags has barely attracted attention by researchers, despite
being a conventional practice in many countries in the
food supply chain.

Maize is the third most important food crop worldwide, after
rice and wheat. This is also true of India and Bangladesh
(Ranum et al., 2014). In this study the significantly higher
residual total and aflatoxigenic fungal populations were
detected in jute bags after they had been packed with
maize batches with high aflatoxin contamination (P<0.01).
However, the aflatoxin concentrations of these used jute
bags were very low. To date, no report has shown that
aflatoxigenic fungi can grow and produce aflatoxins with
jute fibre. Regarding the porous and the absorptive feature
of jute bags (Sudini et al., 2015), when used previously for
maize storage, jute bags can easily trap and absorb the
damaged maize kernels and dust that can contain a high
level of aflatoxins and aflatoxigenic fungi (Hoffmann ez al.,
in press), further resulting in the detection of aflatoxins and
aflatoxigenic fungi in the damaged maize kernel-colonised
jute bags. Previous studies demonstrating that the nutrient
composition and content of defatted substrates affects the
accumulation of aflatoxins, help to explain the result in
this study (Liu et al., 2016). It is likely that the growth and
aflatoxin production of fungi on jute bags were delayed due
to lack of optimal nutrition. In this study very low amounts
of both aflatoxins and aflatoxigenic fungi were detected
in samples from some new jute bags. This may be due to
environmental exposure after manufacture, and the porous
and the absorptive features of jute bags.

The development of aflatoxigenic fungi will be fostered
when contacting with their preferred hosts, e.g. maize,
and highly correlated with extraneous temperature and
moisture. Therefore, jute bag with large numbers of
aflatoxigenic fungi, e.g. from a rejected maize batch, has

the potential to spread aflatoxigenic fungi remaining in
it to another maize batch when re-using. When stored
under improper storage conditions, e.g. temperature
ranged from 25-30 °C and moisture content above 34%
(Giorni et al., 2007), growth of aflatoxigenic fungi and
aflatoxin contamination risk of this maize batch increases.
A similar study has been reported by Mutegi et al. (2013),
which demonstrated that peanut kernels stored in jute bags
under improper conditions showed increased aflatoxin
contamination risks.

This study included a larger sample size (48) of packed maize
compared to a previous study in the Indian market. 31%
of the packed maize batches sampled exceeded the Indian
limit of 30 pg/kg for aflatoxins, which was similar to the
previous study (Somashekar et al., 2004). Somashekar et
al. (2004) isolated A. flavus and A. parasiticus fungi from
different food and feed commodities. The authors reported
a range of 0-100x 103 cfu/g, with the highest number from
maize; a range of 1-43x10° cfu/g was found in jute bags
with the highest number from jute bags used for rejected
maize batches, thus reflecting the higher risk and potential
of residual fungi when jute bags are used for storage and
transportation of maize. In addition, the median ratio of
isolated aflatoxigenic to non-aflatoxigenic fungi (50%)
from the rejected jute bags was higher than the reported
aflatoxigenic fungi ratio from maize field soil (approximately
40%) (Razzaghiabyaneh et al., 2006). Comparable ratios
found in released (33%) and new jute bags (25%) were lower.
These findings would be expected because maize is the
preferred fungal host, and the more highly contaminated
maize batches may contain more viable aflatoxigenic
strains than batches with lower contamination. The higher
aflatoxigenic fungi ratio in re-used jute bags compared
with that from new bags further supports the aflatoxin
contamination risk associated with re-using jute bags.
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This study was a preliminary evaluation of the aflatoxin
risks associated with re-used jute bags. The results
confirmed the aflatoxin concentration of packed maize as
a predictor of the leftover aflatoxigenic fungi of these used
jute bags, which would bring an increased aflatoxigenic
fungi to supply chain when re-using according to a more
severe contamination condition of previously packed
maize by aflatoxins. The outcomes may be used to improve
mycotoxin management systems in the future to support
food security. Whilst these data suggest that stopping the re-
use of jute bags may be beneficial, this may not be realistic
due to cost, environmental and regulatory considerations
in various countries. There are many aflatoxin or fungal
decontamination methods reported, such as ozonisation,
ammonization, fumigation, biocontrol, irradiation, and
using certain hermetic storage methods instead of jute sacks
(Allameh et al., 2005; Basaran and Akhan, 2010; Beuchat
et al., 1999; Mannaa et al., 2017; Murdock and Baoua,
2014). Measures to reduce the risk of cross contamination
are of value, this study undertook preliminary evaluation
of some simple treatments to counteract this problem.
The preliminary results showed that both the ozone and
ultraviolet treatments decreased the number of residual
aflatoxigenic fungi in the re-used jute bags to certain extent,
confirming the possibility that cross contamination from
reused jute bags could be reduced by ozonisation and
irradiation. Additional practical treatments such as vacuum
and heat, will be evaluated in future studies. An alternative
approach through development of a strategy that involves
decontamination of the potential inoculation source could
substantially reduce the impact of jute bag re-use on supply
and farm economics.

Jute bags are also widely used for the transport and storage
of other raw materials including coffee beans, peanuts and
cocoa beans in many countries and regions (Broissinvargas
et al., 2018). Other types of food contamination, e.g. mineral
oil, mould, and insects have also been reported in jute bags
(Abdelghany et al., 2016; Grob et al., 1991). These potential
risks are also worthy to be assessed and managed in the
food supply chain.

This study has investigated the aflatoxin contamination and
the presence of aflatoxigenic fungi in jute bags used for the
storage and transportation of maize. The study identified
that re-using jute bags may be a factor increasing the risk
of aflatoxin contamination in the raw material supply chain.
Developing an applicable treatment to ‘clean-up’ the re-used
jute bags are recommended to control the risk. These data
may facilitate aflatoxin prevention and risk management
in India and other countries, shedding more light on the
impact this agricultural practice may have on the safety of
the food supply chain.
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