Quality and Durability of Agricultural
Products and Food Staffs

e ISSN: 2783-3410
Journal Homepage: https://sanad.iau.ir/journal/qafj/

Islamic Azad University
Kerman Branch

Research Paper

The Impact of Absorbent Packaging Characteristics on Mycotoxin
Accumulation in Stored Rice

Ehsan Karamrezaee!”, Fatemeh Karamrezaee 2
! Department of Food Science and Engineering, Payam-e Noor University, Tehran, Iran
2Nasibeh Campus, Farhangian University, Tehran, Iran

Received: 23/08/2025, Accepted: 25/09/2025

Abstract

Mycotoxin contamination in stored rice resulting from the growth of toxigenic fungi under suboptimal storage
conditions, particularly elevated temperature and humidity poses a serious threat to food safety and economic
sustainability in rice-dependent regions and can lead to post-harvest losses of 5% to 15%. This study
investigated the role of moisture-absorbing packaging characteristics in mitigating mycotoxin accumulation. A
total of 120 samples of long-grain rice (Oryza sativa) were stored for six months under controlled conditions
(25-35°C, 60-90% relative humidity) in four packaging types: silica gel-based, clay-based, nanoparticle-
enhanced, and control (non-absorbent). Mycotoxin levels were quantified biweekly using high-performance
liquid chromatography (HPLC), and fungal growth was assessed via colony-forming unit (CFU) counts. Data
were analyzed using two-way ANOVA and regression modeling in R software. Results demonstrated that
nanoparticle-enhanced and silica gel-based packaging reduced mycotoxin levels by approximately 62%.
Specifically, mean aflatoxin and fumonisin concentrations reached 1.8 pg/kg and 3.5 pg/kg, respectively,
compared to 12.4 pg/kg and 9.8 pg/kg in the control group (p < 0.001). Furthermore, a strong and statistically
significant positive correlation was observed between moisture and mycotoxin accumulation in non-absorbent
packaging (r = 0.89, p < 0.01). These findings indicate that advanced absorbent packaging systems effectively
enhance food safety by suppressing fungal proliferation and offer practical solutions for reducing both health
hazards and economic losses. Nevertheless, further research remains essential to identify more cost-effective
options for large-scale implementation.
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Extended Abstract

Introduction

Rice, as a staple food for over half of the
global population, plays a pivotal role in
ensuring food security. However, its
susceptibility to fungal contamination
during storage poses a serious threat to
both human health and economic stability,
particularly in tropical and subtropical
regions. Mycotoxigenic fungi mainly
Aspergillus and Fusarium species produce
toxic secondary metabolites such as
aflatoxins and fumonisins, which are
potent carcinogens and
immunosuppressants. Annually, 5-15% of
stored rice is lost due to such
contamination, with significant
implications for public health and trade,
especially in low-income, rice-dependent
countries like those in Southeast Asia and
Sub-Saharan Africa. Conventional storage
methods often fail under high temperature
and humidity conditions, exacerbating
fungal growth and mycotoxin
accumulation. In  response, innovative
packaging  technologies  particularly
moisture-absorbing and  toxin-binding
systems have emerged as promising
strategies to mitigate these risks. This
study investigates the efficacy of advanced
absorptive packaging materials, including
silica gel, activated clay (montmorillonite),
and nano-enhanced composites, in
suppressing mycotoxin accumulation in
stored rice under simulated tropical storage
conditions.

Methods

The research was conducted in a
controlled laboratory environment
simulating tropical storage conditions (25—
35°C and 60-90% relative humidity). A
total of 120 samples of long-grain rice
(Oryza sativa) were sourced from
commercial suppliers in Southeast Asia to
reflect real-world post-harvest scenarios.
Samples were divided into four groups
(n=30 each): (1) control (non-absorptive

woven polypropylene bags), (2) silica gel-
based packaging, (3) activated clay-based
packaging, and (4) nano-enhanced
packaging incorporating silica
nanoparticles (10 nm, surface area: 600
m?/g) and zeolite. Prior to packaging, rice
was standardized to 12% moisture content
and screened for pre-existing fungal or
chemical contamination. Over a six-month
period, samples were monitored biweekly
for fungal load (via colony-forming units,
CFU/g) and mycotoxin levels (aflatoxin
B1 and fumonisin B1) wusing high-
performance  liquid  chromatography
(HPLC; Agilent 1260 Infinity Il). Data
were analyzed using two-way ANOVA
and multiple regression models in R
(v4.3.2) to assess the interaction effects
between packaging type and
environmental conditions. Ethical and
biosafety protocols were strictly followed,
including institutional biosafety committee
(IBC) approval and proper hazardous
waste disposal.

Results and Discussion

The findings demonstrate that absorptive
packaging significantly reduced both
fungal proliferation and mycotoxin
accumulation compared to the control.
After six months, the nano-enhanced
packaging exhibited the highest efficacy,
reducing total mycotoxin levels by 62%
relative to the control. Specifically,
aflatoxin concentrations were 1.8 + 0.3
ug/kg in  nano-packaged rice versus
12.4 £ 1.5 pg/kg in the control (p<0.001).
Similarly, fumonisin levels under 90%
humidity were limited to 3.5 + 0.6 pg/kg
in nano-packaged samples, compared to
98 + 1.4 pg/kg in controls. Silica
gel-based packaging also performed well
(aflatoxin: 2.3 + 0.4 pg/kg), while
clay-based packaging showed moderate
effectiveness (8.7 + 1.2 pg/kg), likely due
to its lower moisture absorption capacity
(~20% vs. 35% for nano-composites).
Fungal CFU counts mirrored these trends,
with  nano-packaging yielding only
1.2 x 108 CFU/g versus 5.8 x 103 CFU/g in
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controls. Regression analysis confirmed a
strong positive correlation between fungal
load and mycotoxin levels (B = 0.76,
p<0.001), underscoring the causal link
between microbial growth and toxin
production. Notably, humidity emerged as
a stronger predictor of contamination than
temperature, with Pearson correlation
coefficients (r) for fumonisin and humidity
reaching 0.89 in control samples but
dropping to 0.38 in nano-packaged rice,
indicating effective environmental
buffering. These results align with recent
literature highlighting the dual
functionality of nanomaterials moisture
control and direct toxin adsorption through
high surface area and ionic interactions.
However, concerns regarding nanoparticle
migration into food and high production
costs necessitate further safety and
economic evaluations before widespread
adoption, especially in resource-limited
settings.

Conclusion

This study confirms that advanced
absorptive packaging particularly nano-
enhanced and silica gel-based systems can
significantly enhance the safety and shelf-
life of stored rice in humid, tropical
climates by suppressing fungal growth and
mycotoxin  accumulation. The nano-
composite packaging demonstrated
superior performance, attributed to its high
moisture absorption capacity and direct
binding affinity for mycotoxins. These
findings support the integration of smart
packaging into post-harvest management
strategies, offering a scalable solution to
reduce food loss and mitigate health risks
in vulnerable regions. Nevertheless, real-
world validation through field trials, cost-
benefit analyses, and rigorous
toxicological assessments of nanomaterial
migration are essential next steps. Future
research should also explore hybrid
approaches combining absorptive
packaging with biological controls (e.g.,
Bacillus subtilis) or green nanocomposites
to balance efficacy, affordability, and

sustainability. Ultimately, such
innovations align with global sustainable
development goals particularly Zero
Hunger (SDG 2) and Responsible
Consumption (SDG 12) by strengthening
food security and safety across the rice
value chain.
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