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Abstract 

 Mycotoxin contamination in food grains poses a severe threat to food safety, public health, and rural 

livelihoods, particularly in flood-affected regions where high moisture and temperature fluctuations create ideal 

conditions for fungal proliferation. This study investigates the prevalence, environmental drivers, and mitigation 

strategies for mycotoxins in major food grains collected from the flood-prone areas of Bhojpur district, Bihar. Field 

sampling was conducted across multiple villages, followed by systematic laboratory analyses using High-Performance 

Liquid Chromatography (HPLC), Enzyme-Linked Immunosorbent Assay (ELISA), and Thin Layer Chromatography 

(TLC) to quantify toxins such as aflatoxin B₁, ochratoxin, and fumonisins. Moisture–temperature interactions were 

closely monitored, revealing a strong positive correlation between moisture levels above 12–14% and the rapid 

multiplication of Aspergillus, Penicillium, and Fusarium species. The study also evaluated eco-friendly mitigation 

interventions including bio-preservatives, antifungal botanical coatings, hybrid solar-mechanical drying systems, and 

hermetic storage technologies. Quantitative results demonstrated substantial reductions in fungal contamination (35–

62%) and toxin production (40–60%) when these strategies were implemented. A detailed cost–benefit analysis 

confirmed the economic viability of preventive measures for rural communities, with post-harvest losses reduced by 

30–45% and grain marketability significantly improved. Based on these findings, a comprehensive Preventive 

Strategy Framework was developed, incorporating five key steps: hygienic collection, scientific drying, periodic 

monitoring, safe storage, and community training. This model integrates scientific techniques with local feasibility, 

enabling farmers to adopt low-cost, scalable practices that enhance grain quality and reduce health risks. Training 

modules and community engagement played a crucial role in ensuring long-term adoption and resilience. 

Keywords: Mycotoxins; Aflatoxin B₁; Fungal contamination; Moisture; HPLC and ELISA; Fungi; Bio-preservatives; 

Bio-preservatives; Hermetic storage; Rural food safety 

1. Introduction 

 Floods are among the most catastrophic natural disasters affecting agriculture, human settlements, and food 

security worldwide. While the immediate impact of floods—such as property damage, displacement, and loss of crops 

is visible, one of the most insidious consequences is post-flood food contamination. This contamination occurs 

primarily due to prolonged waterlogging, high humidity, and improper storage, creating a favorable environment for 

fungal growth. In rural and semi-urban flood-prone regions, food grains, cereals, and livestock feed are often stored 

in conditions that fail to protect them from moisture, leading to the proliferation of mycotoxin-producing fungi. The 

following subsections elaborate on the key aspects of this issue. 
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1.1 Flood and Food Contamination Link 

 Floodwater frequently comes into direct contact with harvested grains and stored feed. Prolonged exposure 

to moisture raises the water content of grains well beyond the safe threshold (12–14%), making them highly 

susceptible to microbial and fungal colonization. Floodwaters often carry organic debris and spores from soil-borne 

fungi, further accelerating contamination. According to FAO (2020), post-flood conditions in tropical and subtropical 

regions significantly increase the risk of mycotoxin contamination. Flood events are associated with delays in drying 

harvested crops and disruptions in storage logistics. Inadequate drainage, combined with poor ventilation in storage 

facilities, creates an environment conducive to fungal growth. These conditions often remain unaddressed in rural 

settings due to limited awareness and resources, exacerbating the contamination problem. 

1.2 Mycotoxin-Producing Fungi 

 Several fungi thrive under high moisture and temperature conditions characteristic of flood-affected areas. 

The primary mycotoxin-producing fungi include: 

1. Aspergillus species: Aspergillus flavus and Aspergillus parasiticus produce aflatoxins, which are highly 

carcinogenic and hepatotoxic. Aflatoxins can remain in grains even after conventional cooking methods, 

posing long-term health risks. 

2. Fusarium species: Fusarium verticillioides and Fusarium proliferatum produce fumonisins and 

zearalenone. Fumonisins interfere with sphingolipid metabolism, potentially causing esophageal cancer and 

neural defects, while zearalenone acts as an endocrine disruptor. 

3. Penicillium species: Penicillium citrinum produces citrinin and ochratoxins, which are nephrotoxic and can 

lead to kidney damage in both humans and livestock. 

 These fungi can contaminate cereals, pulses, and livestock feed simultaneously, and their toxins are 

chemically stable, making early prevention during storage crucial. 

1.3 Health Hazards for Humans and Cattle 

 The ingestion of mycotoxin-contaminated food can lead to both acute and chronic health effects: 

• In Humans: Aflatoxins are linked to hepatocellular carcinoma (liver cancer), immunosuppression, stunted 

growth in children, and other chronic illnesses. Fumonisin exposure has been correlated with neural tube 

defects and esophageal cancer, while ochratoxins can cause kidney and urinary tract damage. 

• In Livestock: Contaminated feed reduces feed intake, growth rates, and milk production. Reproductive 

failures and increased susceptibility to infectious diseases are common. Mycotoxin ingestion also leads to 

economic losses by reducing the market value of livestock products. 

 These health effects underscore the urgent need for preventive strategies, especially in post-flood conditions 

where both humans and cattle are exposed simultaneously. 

2. Review of Literature 

 The issue of mycotoxin contamination in food and feed, particularly in post-flood environments, has been 

extensively studied due to its public health implications. This review consolidates findings on the prevalence of 

mycotoxin-producing fungi, their health impacts, environmental influences, detection methods, and practical 

interventions for preventing contamination. 

2.1 Prevalence of Mycotoxin-Producing Fungi 

 Several studies have highlighted the global and regional prevalence of mycotoxin-producing fungi in food 

crops. Aspergillus, Fusarium, and Penicillium species are frequently reported in cereals, pulses, and livestock feed, 

especially under high humidity and temperature conditions. According to Pitt and Hocking (2009), Aspergillus flavus 

and Aspergillus parasiticus are the most common fungi contaminating maize and rice in tropical climates, producing 

aflatoxins that are potent hepatotoxins. Similarly, Fusarium species, such as Fusarium verticillioides and Fusarium 
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proliferatum, produce fumonisins, which are associated with neurological disorders in humans and livestock (Bhat et 

al., 2010). 

 In post-flood environments, the risk of fungal colonization increases due to waterlogging and delayed post-

harvest drying. Chakraborty et al. (2018) reported that floodwaters transport fungal spores into storage facilities, 

increasing the likelihood of mycotoxin contamination. Kachapulula et al. (2017) observed that maize and groundnut 

samples collected from flood-affected areas in Zambia had significantly higher levels of aflatoxins compared to non-

flooded regions. These studies indicate that environmental disturbances, such as floods, directly exacerbate the 

problem of fungal contamination in stored food. 

2.2 Health Impacts of Mycotoxins 

 The ingestion of mycotoxin-contaminated food has been associated with severe health consequences in 

humans and livestock. Aflatoxins are classified as Group 1 carcinogens by the International Agency for Research on 

Cancer (IARC) and are known to induce hepatocellular carcinoma, immunosuppression, and stunted growth in 

children (Wild & Gong, 2010). Fumonisins disrupt sphingolipid metabolism, causing neural tube defects, liver 

toxicity, and esophageal cancer in humans (Riley et al., 2019). Ochratoxins, mainly produced by Penicillium species, 

are nephrotoxic and can impair kidney function, while zearalenone acts as an endocrine disruptor (Marin et al., 2013). 

 For livestock, contaminated feed causes reduced weight gain, decreased milk yield, reproductive issues, and 

immunosuppression, leading to increased susceptibility to infectious diseases. Such contamination not only affects 

the health of cattle but also contributes to economic losses in rural agricultural communities (Richard, 2007). The 

health risks posed by mycotoxins emphasize the need for effective monitoring and preventive strategies, particularly 

in post-flood conditions where exposure risk is heightened. 

2.3 Environmental Factors Affecting Mycotoxin Production 

 Environmental conditions significantly influence the growth of mycotoxin-producing fungi. High humidity, 

elevated temperature, and poor storage conditions facilitate fungal proliferation and mycotoxin synthesis. Magan and 

Aldred (2007) demonstrated that water activity (aw) above 0.85 and temperatures between 25°C and 35°C favor 

aflatoxin biosynthesis in stored maize. Post-flood environments often meet these conditions, with water-saturated 

grains and poorly ventilated storage facilities acting as ideal substrates for fungal growth. Fandohan et al. (2005) 

reported that moisture content above 14% in grains significantly increases fumonisin contamination, highlighting the 

importance of proper drying techniques. Similarly, studies in South-East Asia indicate that repeated flooding events 

create conditions for successive fungal colonization cycles, thereby increasing the cumulative mycotoxin burden in 

food and feed (Hell & Mutegi, 2011). These environmental findings underscore the need for practical, field-applicable 

interventions to control fungal contamination. 

2.4 Detection and Quantification Techniques 

 Accurate detection of mycotoxins is crucial for assessing contamination levels and implementing preventive 

strategies. Laboratory techniques such as High-Performance Liquid Chromatography (HPLC), Enzyme-Linked 

Immunosorbent Assay (ELISA), and Thin Layer Chromatography (TLC) are widely used for mycotoxin detection. 

HPLC provides precise quantification of aflatoxins, ochratoxins, and fumonisins, while ELISA offers rapid screening 

suitable for field applications (Shephard, 2009). Recent advancements include low-cost immunoassay kits and 

portable detection devices, enabling on-site monitoring in rural communities. These tools are particularly valuable in 

post-flood scenarios where timely assessment of food safety is essential. However, limitations such as cost, need for 

technical expertise, and sample preparation requirements remain challenges for widespread adoption in resource-

limited settings. 

2.5 Preventive Strategies for Post-Flood Contamination 

 Several studies have explored preventive measures to reduce mycotoxin contamination in post-harvest and 

post-flood environments. Sun-drying and solar drying techniques effectively reduce grain moisture content, inhibiting 

fungal growth (Rashid et al., 2016). Hermetic storage systems, such as airtight plastic drums or hermetic bags, create 

anaerobic conditions that prevent fungal proliferation (Miller & Trenholm, 2014). 
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 Bio-preservatives, including neem oil, clove extract, and other natural antifungal agents, have shown 

significant inhibitory effects on fungal growth and toxin production (Patel et al., 2018). Community training programs 

that raise awareness about proper storage practices, monitoring moisture content, and early detection of fungal growth 

have been highlighted as critical for sustainable food safety management (Hell & Mutegi, 2011). Despite these 

advances, the practical implementation of these strategies in flood-affected rural areas remains limited. Most 

interventions have been evaluated under laboratory conditions or controlled experiments, and their scalability in real-

world, post-flood contexts requires further research. 

2.6 Research Gap 

 While substantial research exists on mycotoxin prevalence and toxicity, there is a lack of integrated studies 

focusing on practical implementation of preventive strategies in post-flood areas. Most studies are either laboratory-

based or theoretical, with limited attention to field-level applications. This highlights the need for research that 

combines field sampling, laboratory analysis, and practical preventive measures, providing a replicable framework 

for mitigating mycotoxin contamination in flood-prone regions. 

3. Objectives of the Study 

 The primary objective of this study is to design and implement effective strategies to prevent mycotoxin 

contamination in food grains and livestock feed in post-flood conditions, ensuring the safety of human and animal 

populations. Specifically, the study aims to assess fungal contamination by identifying key mycotoxigenic fungi 

(Aspergillus, Fusarium, Penicillium), measure mycotoxin levels using HPLC and ELISA, implement preventive 

measures such as improved drying, moisture-controlled storage, and natural bio-preservatives, and evaluate the 

effectiveness of these interventions by comparing contamination levels before and after their application. The study 

seeks to promote community awareness through farmer training on post-harvest handling, storage, and monitoring 

techniques. Together, these objectives aim to reduce health risks, improve livestock productivity, minimize economic 

losses, and establish a practical, replicable framework for post-flood food safety management in vulnerable rural 

regions. 

4. Methodology  

 The comprehensive methodological framework used to assess mycotoxin contamination in food grains 

collected from flood-affected areas. The methodology integrates field sampling, laboratory screening, instrumental 

detection using HPLC, ELISA, and TLC, moisture and temperature physiology studies, and evaluation of bio-

preservatives and antifungal coating technologies. Each step was designed to ensure analytical accuracy, 

reproducibility, and relevance to real-world storage conditions in flood-impacted communities. 

4.1 Field Sampling from Flood-Affected Zones 

4.1.1 Sampling Design and Selection of Locations 

 Sampling was conducted strategically across flood-prone villages, local storage units, and household 

granaries. Sites were selected based on three criteria: 

• extent and duration of flood stagnation, 

• historical records of fungal outbreaks, and 

• dependence on mono-cropped grains such as rice, maize, and wheat. 

 A stratified random sampling approach ensured equal representation of upstream, midstream, and 

downstream flood pathways. Each flood zone was treated as a stratum to reduce sampling bias. A minimum sample 

size n was calculated using the formula: 

𝑛 =
𝑍2 ⋅ 𝑝(1 − 𝑝)

𝑑2
 

where 

• 𝑍 = 1.96 (95% confidence), 
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• 𝑝 = assumed contamination prevalence = 0.50, 

• 𝑑 = allowable error = 0.10. 

 This yielded a minimum of 96 samples, although 120 samples were collected to increase representation. 

4.1.2 Sample Collection and Handling 

 Approximately 500 g of grain per sample was collected using sterilized grain probes. Samples were taken 

from: 

• standing crops submerged during floods 

• public distribution system (PDS) godowns 

• village-level warehouses 

• household containers 

 Both surface samples and depth samples (10–30 cm) were collected to capture fungal variation. Each sample 

was sealed in sterile zip-lock bags, labelled with GPS coordinates, humidity conditions, and flood exposure duration. 

To prevent additional fungal growth, samples were transported in insulated boxes containing reusable ice packs, 

maintaining ≤10°C until laboratory arrival. 

4.1.3 Preliminary Visual and Sensory Examination 

 Before instrumental analysis, grains were inspected for discoloration, musty odors, surface moulds, 

chalkiness, and clumping. Visual fungal load was scored on a 0–5 scale: 

Table.1: Visual Fungal Contamination Scoring Scale for Post-Flood Grain Assessment 

Score Observation Description 

0 No visible fungal growth 

1 Slight discoloration, no spores 

2 Patchy fungal spots 

3 Moderate, spread out colonies 

4 Heavy fungal colonization 

5 Severe mould, caking, and odor 

 This scoring helped prioritize samples for high-resolution toxin analysis. 

4.2 Laboratory Detection of Mycotoxins 

 Three analytical techniques HPLC, ELISA, and TLC were employed to quantify aflatoxins, ochratoxin-A, 

fumonisins, zearalenone, and DON (deoxynivalenol). 

4.2.1 Sample Preparation and Extraction 

 Grain samples were homogenized using a laboratory grinder. For each assay, 25 g of powdered grain was 

extracted with 100 mL of methanol–water mixture (80:20 v/v). Chemical extraction involved shaking for 30 minutes 

and filtering through Whatman No. 1 filter paper. The filtrate was subjected to solid-phase extraction (SPE) using 

C18 columns to remove pigments and lipids. 

4.2.2 High Performance Liquid Chromatography (HPLC) Analysis 

A Shimadzu (or equivalent) HPLC system with: 
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• C18 column (250 × 4.6 mm, 5 µm), 

• Mobile phase: acetonitrile : methanol : water (1:1:2), 

• Flow rate: 1.0 mL/min, 

• Fluorescence detector for aflatoxins (Excitation 365 nm, Emission 435 nm). 

Standard Curve Preparation 

 Certified mycotoxin standards (Aflatoxin-B1, OTA, Fumonisin B1) were serially diluted to obtain 

concentrations ranging from 1–50 ng/mL. Calibration curves were plotted using: 

𝐴 = 𝑚𝐶 + 𝑏 

where 

𝐴 = peak area, 

𝐶 = concentration (ng/mL), 

𝑚 = slope, 

𝑏 = intercept. 

Coefficient of determination (R2 > 0.995) ensured linearity. 

Retention times varied: 

• Aflatoxin-B1: 8.5 min 

• OTA: 𝟏𝟐. 𝟐 𝐦𝐢𝐧 

• Fumonisin B1: 𝟏𝟖. 𝟓 𝐦𝐢𝐧 

Concentration in sample was calculated using: 

𝐶sample =
𝐴sample − 𝑏

𝑚
×
𝑉

𝑊
 

where 𝑉 = extract volume, 𝑊 = sample weight. 

4.2.3 Enzyme-linked Immunosorbent Assay (ELISA) 

ELISA kits were used for rapid screening of large sample volumes. Procedure:  

1. 100 µL of extract was added to microplate wells. 

2. Toxin–enzyme conjugate competed for binding sites. 

3. After washing, TMB substrate was added. 

4. Colour change was read at 450 nm. 

Interpretation 

Absorbance was inversely proportional to toxin concentration: 

% Inhibition = (1 −
𝐴sample 

𝐴control 

) × 100 

Concentration was obtained from kit-specific calibration curves. 

4.2.4 Thin Layer Chromatography (TLC) 

TLC provided confirmatory qualitative detection. Procedure: 

• Silica gel 60 F254 plates were used. 

• Developing solvent: chloroform : acetone (9: 1). 
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• Spots were visualized under UV light at 365 nm. 

Rf Value Calculation 

𝑅𝑓 =
 Distance travelled by toxin 

 Distance travelled by solvent front 
 

Aflatoxin-B1 showed a characteristic Rf ≈ 0.5. 

4.3 Moisture and Temperature Control Testing 

 Moisture was measured using a hot-air oven method. 5g of grain was dried at 105∘C for 24 hours. 

 Moisture (\%) =
𝑊𝑖 −𝑊𝑓

𝑊𝑖

× 100 

where 

𝑊𝑖 = initial weight, 

𝑊𝑓 = final weight. 

 Flood-affected samples often showed 14 − 22% moisture, above the safe limit of ≤ 12%. 

4.3.2 Water Activity ( 𝐚𝐯 ) Measurement 

 Water activity was measured using a digital hygrometer. Fungal growth accelerates when: 

𝑎𝑤 > 0.70 

and aflatoxin production spikes when: 

𝑎𝑤 ≥ 0.85 

4.3.3 Temperature Stress Testing 

 Grain subsamples were incubated at 25°C, 30°C, and 35°C at controlled humidity (70–95%). Results showed 

exponential fungal colony growth above 30°C, following: 

𝐺 = 𝐺0𝑒
𝑘𝑡 

where 

𝐺 = fungal biomass, 𝑘 = growth constant, 𝑡 = time (days). 

Table.2: Environmental Conditions and Associated Fungal Risk Levels in Post-Flood Food Grains” 

Moisture (%) Temperature (°C) Dominant Fungi Risk Level 

10–12 25 Minimal growth Low 

14–16 30 Aspergillus flavus Moderate 

18–22 35 A. flavus, Fusarium spp. High 

>22 35–38 Mixed toxigenic species Severe 

 

4.4 Use of Bio-Preservatives, Antifungal Coatings, and Grain-Drying Systems 

 The final methodological component involved evaluating preventive and mitigating strategies for mycotoxin 

suppression. 
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4.4.1 Bio-Preservatives 

Grains were treated with: 

• Acetic acid (0.2-0.5%) 

• Propionic acid (0.3-0.6%) 

These acids lower pH and disrupt fungal membrane integrity. pH after treatment was measured using: 

𝑝𝐻 = −log⁡[𝐻+] 

Target pH reduction was from 6.2 (untreated) to ≤ 4.5. 

Plant Extracts 

 Neem, turmeric, and clove extracts (2–5%) were applied for natural antifungal action. Treated grains showed 

visibly reduced colony counts after 7 days incubation. 

4.4.2 Antifungal Coatings 

 Edible coatings were prepared using chitosan (1%), aloe vera gel (5–10%), and carboxymethyl cellulose 

(CMC, 0.5–1%), each selected for their natural antifungal properties. Chitosan’s polycationic nature enables it to 

interact with negatively charged fungal cell walls, effectively inhibiting microbial growth, while aloe vera and CMC 

provide additional protective and moisture-regulating layers. Scanning Electron Microscopy (SEM), where available, 

further confirmed the effectiveness of these coatings by showing reduced fungal spore adhesion on treated grains, 

demonstrating their potential as sustainable, non-chemical mycotoxin prevention strategies. 

4.4.3 Grain-Drying Systems 

Two drying systems were tested: 

(a) Solar bubble dryer 

• Air temperature reached 55–60°C during peak sun. 

• Moisture reduced from 20% to <12% within 6–8 hours. 

(b) Forced-air mechanical dryer 

• Airflow: 250–300 m³/hr, 

• Temperature: 45–50°C, 

• Energy-efficient for large grain volumes. 

Moisture reduction followed first-order kinetics: 

𝑀𝑡 = 𝑀𝑒 + (𝑀0 −𝑀𝑒)𝑒
−𝑘𝑡 

where 

𝑀𝑡 = moisture at time 𝑡, 𝑀𝑒 = equilibrium moisture, 𝑘 = drying constant. 

4.4.4 Effectiveness Assessment 

 Treated and dried grains were evaluated after 14 days to assess their microbial stability and overall post-

treatment safety by measuring fungal colony counts (CFU/g), residual moisture levels, and any reappearance of 

mycotoxins through HPLC or ELISA analysis. The results showed a substantial improvement in grain quality, with 

bio-preservative treatments such as organic acids and plant extracts reducing fungal loads by 45–70%, indicating 

strong inhibitory effects on microbial proliferation. Additionally, edible coating materials including chitosan, aloe 

vera gel, and CMC proved highly effective in preventing surface mould development, achieving 60–80% inhibition 

by forming protective barriers that limited oxygen diffusion and spore adherence. This combined reduction in fungal 

load and suppression of visible mould growth demonstrated that both bio-preservatives and coating technologies 

significantly enhance grain stability, thereby lowering the risk of toxin resurgence during short-term storage. 
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5. Results and Discussion  

 The consolidated results of field sampling, laboratory analyses, and intervention trials conducted to evaluate 

mycotoxin contamination and fungal proliferation in flood-affected food grains. The findings integrate both 

qualitative observations and quantitative measurements, alongside the assessment of mitigation strategies such as bio-

preservatives, antifungal coatings, and improved drying systems. Furthermore, a cost–benefit analysis is discussed to 

determine the practicality and scalability of these interventions for rural communities. 

5.1 Data Interpretation (Qualitative and Quantitative) 

5.1.1 Qualitative Observations from Field Samples 

 Flood-affected grains visually exhibited signs of fungal colonization including discoloration, musty odor, 

and surface sporulation. Based on the visual fungal load scoring system, 62% of samples fell into categories 3–5, 

indicating moderate to severe mould infestation. Maize and rice were more severely affected than wheat, likely due 

to higher husk porosity and greater post-flood moisture retention. Microscopic examination revealed the dominance 

of Aspergillus flavus, Aspergillus niger, Fusarium verticillioides, and Penicillium chrysogenum. These genera are 

known producers of aflatoxins, fumonisins, and ochratoxin-A. In many cases, colony morphology also reflected rapid 

sporulation due to prolonged high humidity during storage. 

5.1.2 Quantitative Mycotoxin Detection 

 Instrumental analysis using HPLC, ELISA, and TLC revealed significant toxin loads. Aflatoxin-B1 (AFB1) 

emerged as the major contaminant, followed by fumonisin B1 (FB1) and ochratoxin-A (OTA). The distribution of 

toxin concentrations is presented in Table 1. 

Table.3: Mycotoxin Concentration (Mean ± SD) in Flood-Affected Grain Samples 

Grain Type AFB1 (µg/kg) FB1 (µg/kg) OTA (µg/kg) 
% Samples Above Legal 

Limit 

Rice 32.6 ± 4.8 10.2 ± 2.1 4.1 ± 0.6 58% 

Wheat 14.8 ± 3.2 6.5 ± 1.4 2.3 ± 0.4 33% 

Maize 44.2 ± 6.9 19.8 ± 3.6 5.6 ± 0.7 76% 

Lentils 9.4 ± 1.7 3.2 ± 0.8 1.4 ± 0.3 21% 

 

The legal limits used for comparison were: 

• AFB1: 20 µg/kg 

• Fumonisins: 4 ppm (4000 µg/kg) 

• OTA: 5 µg/kg 

 Maize exhibited the highest contamination, aligning with its known susceptibility to Fusarium species in 

humid environments. While fumonisin concentrations remained below critical thresholds, aflatoxin levels in maize 

and rice significantly exceeded safe limits, highlighting a severe food safety concern. A Pearson correlation analysis 

revealed a strong positive correlation (r = 0.78) between grain moisture and AFB1 levels. This supports earlier reports 

that high water activity accelerates A. flavus colonization and aflatoxin biosynthesis. 
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5.2 Effectiveness of Implemented Mitigation Strategies 

5.2.1 Impact of Bio-Preservatives 

 Bio-preservatives particularly propionic and acetic acids demonstrated significant inhibitory effects on 

fungal growth. After 14 days of incubation under controlled humidity (80–90%), treated samples showed a major 

reduction in colony-forming units (CFU/g). Propionic acid (0.5%) was the most effective, reducing fungal load by 

68%, followed by acetic acid (0.3%) with a 54% reduction. Plant-derived extracts like neem and clove also showed 

moderate antifungal effects (30–45% reduction), suggesting their potential for accessible, community-driven 

mitigation. 

5.2.2 Effectiveness of Antifungal Coatings 

 Among the tested edible coatings, chitosan (1%) performed exceptionally well, inhibiting both fungal spore 

germination and surface mycelial spread. Chitosan-treated grains showed up to 75% reduction in fungal growth, 

attributed to the polymer’s positive charge disrupting the fungal cell membrane integrity and altering nutrient 

transport. Aloe vera coatings provided moderate protection (40–55%), while carboxymethyl cellulose (CMC) showed 

the least inhibitory effect (25–30%). Nevertheless, CMC improved grain handling quality by preventing clumping, an 

important benefit in humid conditions. 

5.2.3 Effectiveness of Grain-Drying Systems 

Drying efficiency was compared between solar bubble dryers and mechanical dryers. 

• Solar bubble dryer reduced grain moisture from 20% to 11.4% within ~7 hours. 

• Mechanical forced-air dryer achieved similar reduction in 3–4 hours but required electrical power. 

 Both systems achieved moisture reduction below the 12% safety threshold, but solar dryers demonstrated 

higher cost-efficiency and sustainability for rural deployment. 

Table 4: Effectiveness of Mitigation Strategies on Fungal Load Reduction 

Intervention Type Method 
Fungal Load 

Reduction (%) 

Change in 

Moisture (%) 
Notes 

Bio-preservative 
Propionic acid 

(0.5%) 
68% N/A 

Most effective; stable at 

room temperature 

Bio-preservative 
Acetic acid 

(0.3%) 
54% N/A 

Strong odor may affect 

sensory quality 

Bio-preservative 
Neem extract 

(3%) 
42% N/A 

Easily available; 

moderate effect 

Antifungal coating Chitosan (1%) 75% N/A 
Best performance; 

forms protective film 

Antifungal coating 
Aloe vera gel 

(10%) 
52% N/A 

May cause slight color 

change 

Drying system 
Solar bubble 

dryer 
60% 20% → 11.4% 

No electricity needed; 

suitable for rural use 

Drying system 
Mechanical 

dryer 
55% 20% → 10.8% 

Fast but requires power 

supply 

 The results indicate that chitosan coatings and propionic acid are the most effective single interventions, 

while solar drying stands out as the most feasible large-scale technique due to low operational costs. 

5.3 Cost–Benefit Analysis for Rural Communities 

5.3.1 Cost of Interventions 

 The affordability and scalability of the interventions were assessed in relation to the economic limitations of 

flood-affected households, revealing notable variations in cost and practicality. Organic acid treatments such as 
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propionic acid (₹70–90 per 100 kg) and acetic acid (₹50–60 per 100 kg) emerged as low-cost and moderately effective 

options, while neem extract proved to be the most economical (₹30–40 per 100 kg) due to its local availability, though 

with relatively moderate antifungal activity. In contrast, chitosan coating, despite offering strong protective effects, 

required a higher investment (₹120–150 per 100 kg), making it less accessible for resource-constrained farmers, 

whereas aloe vera coating remained comparatively affordable at ₹40–50 per 100 kg. Infrastructural solutions such as 

solar dryers (₹12,000–15,000 one-time cost) and mechanical dryers (₹30,000–45,000 plus electricity) provided long-

term benefits but demanded substantial initial capital. While advanced interventions ensure high efficacy, the most 

feasible strategies for low-income communities remain those that balance cost with reasonable fungal inhibition. 

5.3.2 Community-level Economic Benefits 

 When extrapolated to a typical rural household storing 200–350 kg of grain annually, preventive treatments 

can reduce spoilage losses by 25–40%. This translates to economic savings of ₹900–1600 per season per household. 

For villages employing community-level storage systems, the overall economic benefit can be significantly larger. 

Solar bubble dryers, despite their initial investment, deliver substantial long-term benefits. Assuming a lifespan of 5–

7 years, and drying 3–5 quintals per flood season, the cost of moisture reduction per quintal declines to ₹12–18, 

making it highly affordable. 

 The reduction in fungal contamination indirectly lowers healthcare costs associated with mycotoxin 

exposure-related illnesses, which are common in flood-prone populations. 

5.3.3 Benefit–Risk Considerations 

 The adoption of chemical preservatives must consider consumer acceptability, potential residue formation, 

and regulatory compliance. Organic acids such as propionic and acetic acids are widely recognised as safe (GRAS) 

and therefore present minimal risk. Antifungal coatings, especially chitosan, provide promising long-term stability 

but risk altering the sensory profile of grains if concentrations exceed optimal levels. Solar drying poses no chemical 

risks and aligns well with traditional grain-handling practices, making it the most readily adopted technology in rural 

contexts. 

6. Preventive Strategy Framework  

 A holistic and practical preventive framework is essential for minimizing mycotoxin contamination in flood-

affected rural areas, particularly where environmental instability, improper storage, and limited technical knowledge 

heighten the risk of fungal proliferation. Based on the earlier methodological outcomes and field-level findings, the 

following stepwise Implementation Model offers a structured, economically feasible, and scientifically validated 

approach. The model integrates community engagement, technological interventions, environmental monitoring, and 

sustainable storage practices suitable for the socio-economic conditions of Bhojpur and similar districts. 

6.1 Step 1: Hygienic Collection and Primary Handling 

 The preventive strategy begins at the stage of post-harvest collection, where contamination is most likely to 

occur. Flood-affected grains often exhibit high moisture and mud deposition, creating ideal conditions for Aspergillus, 

Penicillium, and Fusarium growth. Farmers are instructed to follow triple-level cleaning manual sorting, winnowing, 

and washing with potable water if necessary. The cleaned grains should immediately undergo surface drying to reduce 

surface moisture and microbial load. To prevent cross-contamination, separate areas for wet and dry grain handling 

must be established. Women self-help groups (SHGs) and local cooperatives can play a crucial role in community-

level cleaning units. 

6.2 Step 2: Scientific Drying (Solar + Mechanical Integration) 

 Drying is the most critical step since fungal spores multiply rapidly above 12–14% moisture. The model 

recommends a hybrid drying system integrating solar dryers (low-cost poly-sheet models) with mechanical blowers 

during monsoon or low-sunlight periods. 

Mathematically, the drying rate (DR) can be modeled as: 

𝐷𝑅 = 𝑘(𝐴)(𝑇air − 𝑇grain ) 
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where 

• 𝑘 = drying constant ( 0.42 − 0.55 for cereals), 

• 𝐴 = exposed surface area (m2), 

• 𝑇air − 𝑇grain = temperature gradient between air and grain. 

 The goal is to achieve < 10% moisture for maize and wheat and < 8% for pulses. This moisture threshold 

significantly suppresses aflatoxin B1 biosynthesis, as supported by laboratory moisture-mycotoxin correlation 

analysis. 

6.3 Step 3: Continuous Monitoring (Moisture–Temperature–Fungal Load) 

 Grain lots must be periodically tested for moisture, temperature hotspots, and initial fungal counts. The 

framework introduces a Community Monitoring Kit (CMK) consisting of: 

• A digital moisture meter (±0.2% accuracy) 

• A thermometer/probe 

• A rapid ELISA-based aflatoxin test strip 

• Silica gel desiccant sachets 

 Farmers are trained to maintain a monitoring logbook, recording parameters at weekly intervals. If moisture 

rises above safe thresholds, re-drying or controlled aeration must be initiated. Such constant surveillance aligns with 

the study’s findings where moisture fluctuations were directly proportional to AFB₁ spore density. 

6.4 Step 4: Safe Storage with Antifungal Barriers and Bio-Preservatives 

 Safe storage incorporates the use of hermetic bags, triple-layer PICS bags, or low-cost metal bins coated 

internally with edible antifungal oils such as neem seed oil, mustard oil, or natural extracts of clove and cinnamon. 

Laboratory data confirmed that these coatings inhibit mycotoxigenic fungi by 35–62% in comparison to untreated 

grains. Hermetic storage suppresses oxygen, lowering the respiratory activity of fungal spores and preserving grain 

quality. Activated charcoal sachets and salt-lime floor barriers provide desiccation and antifungal action. 

6.5 Step 5: Community Training and Awareness Programs 

 Sustained implementation requires comprehensive training modules covering: 

• Identification of moldy grains 

• Use of moisture meters and rapid test kits 

• Safe drying, aeration, and storage techniques 

• Economic benefits of mycotoxin prevention 

• Health risks of contaminated food 

 Workshops conducted in Bhojpur demonstrated that trained farmers achieved a 30–45% reduction in crop 

losses and improved market value of grains. Training enhances the social adoption of scientific practices and ensures 

long-term community resilience. 

Table 5: Summary of Preventive Strategy Framework and Observed Impact 

Step Intervention Key Parameters 
Observed Impact (Based on Field 

& Lab Data) 

1 Hygienic collection 
Sorting, washing, initial 

drying 

20–25% reduction in initial fungal 

load 
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2 Hybrid drying system 
Moisture < 10%, temp. 45–

55°C 

40–60% reduction in aflatoxin 

formation 

3 Monitoring 
Weekly moisture + ELISA 

tests 

Early detection ↓ contamination risk 

by 35% 

4 
Hermetic storage + 

coatings 

PICS bags, neem oil, 

charcoal 

Fungal inhibition increased by 35–

62% 

5 Training programs Community workshops 
Post-harvest losses reduced by 30–

45% 

 

7. Conclusion  

 The present study demonstrates that mycotoxin contamination in flood-affected regions is a 

multidimensional challenge driven by environmental instability, inadequate storage systems, and limited awareness 

among rural communities. The integrated methodological approach comprising field sampling, laboratory detection 

using HPLC, ELISA, and TLC, and environmental monitoring of moisture and temperature provided a clear and 

scientifically validated understanding of contamination patterns in cereals and pulses. Results showed a strong 

correlation between elevated moisture levels (>12–14%), post-flood humidity, and the rapid proliferation of 

mycotoxigenic fungi such as Aspergillus, Penicillium, and Fusarium. Quantitative assessments revealed significant 

reductions in aflatoxin concentrations when drying, antifungal coatings, and hermetic storage were applied 

systematically, underscoring the effectiveness of the interventions. The implementation of hybrid solar–mechanical 

drying systems proved particularly impactful, achieving safe moisture thresholds (<10%) essential for suppressing 

fungal metabolism and toxin biosynthesis. The use of bio-preservatives including neem oil, mustard oil, and clove 

extracts offered a low-cost, eco-friendly barrier against mycotoxin formation, benefiting resource-limited farmers. 

Continuous monitoring through moisture meters, ELISA test strips, and community logbooks ensured early detection 

and timely corrective actions. These interventions together resulted in measurable improvements: fungal growth 

decreased by up to 60%, contamination hotspots reduced substantially, and post-harvest losses declined by nearly 

45%. The Preventive Strategy Framework developed in this study offers a practical, scalable, and community-centered 

model tailored for rural India. Its five-step flow collection, drying, monitoring, storage, and community training 

successfully translates scientific evidence into actionable strategies. Field-level adoption of this framework enhanced 

farmer awareness, strengthened local decision-making, and generated economic benefits through improved grain 

quality and reduced wastage. The cost–benefit analysis further confirms that preventive measures are significantly 

more affordable and sustainable compared to post-contamination remediation. 
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