



EXTRACTION OF AFLATOXIN FROM CONTAMINATED CEREALS AND ITS REMEDIAL MEASURES USING Bacillus subtilis
ABSTRACT
Aims: This study aimed to isolate Aspergillus species from peanut (Arachis hypogaea) and Toor dhal (Cajanus cajan), extract and characterize aflatoxin, and assess its degradation by Bacillus subtilis metabolites.
Study Design: The study was conducted involving sample collection, fungal isolation, toxin extraction, and bacterial degradation analysis.
Place and Duration of Study: The study was carried out at Centre for Bioscience and Nanoscience Research in Coimbatore District between December 2024 to February 2025.
Methodology: Peanut and Toor dhal samples were collected from the local market in Pappampatti, Coimbatore. Aspergillus spp. were isolated using standard PDA methods, and their growth was observed in Potato Dextrose Broth (PDB). Aflatoxin was extracted using acetone and dichloromethane solvent partitioning methods. Aflatoxin characterization involved TLC, UV-visible spectroscopy (maximum absorption at 360 nm with peaks at 224, 266, and 363 nm), FTIR, and HPLC (retention time: 7.132 min). Molecular identification was performed using 18sRNA sequencing. Bacillus subtilis culture was activated, and its secondary metabolites were extracted using ammonium sulfate precipitation. TLC revealed purple and orange-brown spots, indicating amino acids and aldehydes/ketones with Rf values between 0.750 - 0.897. Aflatoxin degradation by bacterial metabolites was confirmed through UV-visible spectroscopy, showing no absorption peaks at 260 nm and 340 nm. Total Viability Count (TVC) revealed a high bacterial population correlating with improved degradation.
Results: Aspergillus species isolated from peanut and Toor dhal produced aflatoxin, characterized as Aflatoxin B1 (AFB1). TLC, UV-visible spectroscopy, FTIR, and HPLC confirmed the presence of aflatoxin. Degradation studies indicated that bacterial metabolites from Bacillus subtilis effectively degraded aflatoxin as confirmed by the absence of characteristic absorption peaks.
Conclusion: The study demonstrates the successful isolation of Aspergillus spp., aflatoxin characterization, and effective degradation of aflatoxin using Bacillus subtilis metabolites, highlighting its potential as a biocontrol agent for aflatoxin contamination.
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1. INTRODUCTION
Aflatoxins are a group of highly toxic and carcinogenic secondary metabolites produced predominantly by Aspergillus flavus and Aspergillus parasiticus. These mycotoxins frequently contaminate staple crops such as maize, peanuts, and other cereals, especially in regions with warm and humid climates. Aflatoxins pose a significant threat to food safety and public health, with aflatoxin B1 (AFB1) identified as the most potent hepatocarcinogen among them (IARC, 2002). Prolonged exposure to aflatoxins is linked to liver cancer, immune suppression, and developmental issues in children, underscoring the need for effective prevention and detoxification strategies (Wild & Gong, 2010). The extraction of aflatoxins from contaminated samples is an essential step for their detection and further analysis. Solvent extraction is the most commonly used method for isolating aflatoxins, involving organic solvents like methanol, acetone, and dichloromethane. This method effectively separates aflatoxins from complex food matrices, allowing precise identification through analytical techniques (Rustom, 1997). Alternative approaches such as immunoaffinity column-based extraction have also gained popularity due to their specificity and ability to concentrate aflatoxins from large sample volumes (Turner et al., 2009).
Analytical techniques such as Thin Layer Chromatography (TLC) and High-Performance Liquid Chromatography (HPLC) are widely used to detect and quantify aflatoxins. TLC offers a quick and cost-effective method for preliminary detection based on distinct Retardation factor (Rf) values. However, HPLC provides superior accuracy and sensitivity, making it the preferred method in food safety laboratories (Mahfuz et al., 2020). Additionally, UV-visible spectroscopy is commonly employed to confirm aflatoxin presence by detecting characteristic absorption peaks, particularly at wavelengths of 224 nm, 266 nm, and 363 nm for AFB1. Detoxification of aflatoxins remains a critical step in ensuring food safety. Conventional detoxification methods such as heat treatment, irradiation, and chemical decontamination can reduce aflatoxin levels but may compromise food quality and nutritional value (Peles et al., 2019). As an alternative, biological detoxification using probiotic bacteria has emerged as a promising, eco-friendly approach. Probiotic strains such as Bacillus subtilis, Lactobacillus rhamnosus, and Lactobacillus plantarum have shown considerable potential in degrading aflatoxins through enzymatic action and cell surface binding mechanisms (Abdel-Shafi et al., 2018).
Bacillus subtilis, in particular, has been extensively studied for its ability to degrade aflatoxins efficiently. The bacterium produces bioactive metabolites and extracellular enzymes capable of breaking down aflatoxin molecules into non-toxic by-products. Research has demonstrated that Bacillus subtilis effectively reduces AFB1 levels, as indicated by the disappearance of characteristic aflatoxin absorption peaks in UV-visible spectroscopy. This detoxification method offers a safe and effective approach without compromising the nutritional quality of food products. In addition to enzyme-mediated degradation, probiotic bacteria may also detoxify aflatoxins by adsorbing the toxins onto their cell walls. This binding mechanism reduces aflatoxin bioavailability, preventing their absorption in the gastrointestinal tract (Mohsen et al., 2020). The combination of enzymatic degradation and toxin adsorption makes probiotic bacteria an attractive option for aflatoxin control in food products.
Evaluating the success of detoxification processes often involves total viable count (TVC) analysis to assess bacterial population dynamics. Higher TVC values generally correlate with improved aflatoxin degradation efficiency, as increased bacterial growth enhances the production of detoxifying enzymes and metabolites (Peles et al., 2019). This method provides valuable insights into optimizing bacterial culture conditions for maximum detoxification potential. The integration of effective aflatoxin extraction methods with probiotic-based detoxification strategies offers a sustainable solution to aflatoxin contamination. Probiotic bacteria such as Bacillus subtilis demonstrate considerable potential for aflatoxin detoxification due to their enzymatic activity, toxin-binding capacity, and compatibility with food systems. This study aims to isolate Aspergillus spp. from peanut and toor dhal samples, extract and characterize aflatoxins, and evaluate the potential of Bacillus subtilis metabolites in degrading aflatoxins. By integrating extraction, detection, and biological detoxification methods, this study seeks to provide effective strategies for mitigating aflatoxin contamination in food products. Future research should focus on improving bacterial strain selection, enhancing enzyme production, and developing scalable detoxification methods to ensure widespread adoption in the food industry.
2. MATERIALS AND METHODS
2.1. Collection of Arachis hypogaea and Cajanus cajan
Seed samples of peanut (Arachis hypogaea) and toor dhal (Cajanus cajan) were procured from a local farmers' market in Pappampatti, Coimbatore district. The collected raw samples were untreated and unroasted to maintain their natural composition. The absence of processing ensured that the microbial load, including potential fungal contaminants, was preserved for accurate isolation and identification studies.
2.2. Isolation of Aspergillus sp. from Arachis hypogaea and Cajanus cajan
The isolation of Aspergillus species was conducted following the standard tissue isolation technique described by Tsao (1970). Infected seeds of peanut and toor dhal exhibiting brown to dark leathery necrotic spots were collected from susceptible samples. The infected seeds, along with some healthy portions, were surface sterilized by immersion in 0.1% mercuric chloride solution for 2 minutes to eliminate surface contaminants. The seeds were then washed thoroughly with sterile distilled water three times to ensure complete removal of residual mercuric chloride. The sterilized seed portions were aseptically transferred to sterilized Potato Dextrose Agar (PDA) plates. PDA supplemented with chloramphenicol was employed to inhibit bacterial contamination during fungal isolation. The plates were incubated at room temperature (27 °C) and observed periodically for fungal growth. Emerging fungal colonies with typical Aspergillus morphological characteristics were selected for further examination. To obtain pure cultures, fungal colonies were sub cultured on PDA plates by the culture surface was carefully scraped using a sterile transfer pipette. The harvested spores were inoculated into sterilized Potato Dextrose Broth (PDB) and incubated for three days under standard growth conditions to ensure the development of fungal biomass for subsequent experiments.
2.3. Extraction of Aflatoxin
The extraction of aflatoxin was carried out using solvent-based methods. The isolated fungal cultures were inoculated on to the sterilized Potato dextrose Broth and incubated in room temperature until thick mycelial at obtained. The fungal culture broth obtained from each aflatoxigenic isolate was initially filtered using Whatman No. 1 filter paper to separate the supernatant. The collected supernatant was utilized for toxin determination. To the filtered supernatant, 50 mL of acetone and 75 mL of dichloromethane were added. The mixture was then subjected to continuous agitation at 300 rpm for 30 minutes to facilitate toxin extraction. After the shaking process, the resulting mixture was filtered again using Whatman No. 1 filter paper to remove mycelial pellets. The remaining mycelial debris was further rinsed with an additional 25 mL of dichloromethane to ensure maximum aflatoxin recovery. The combined filtrate was transferred into a separating funnel for liquid-liquid partitioning. This step resulted in the formation of two distinct layers: an aqueous phase and a dichloromethane phase. The dichloromethane phase, which contained the majority of the extracted aflatoxin and its precursors, was carefully separated and collected for subsequent characterization. The obtained dichloromethane extract was preserved for further analytical procedures (Cai, 2018).
2.4. Characterization Studies of the Aflatoxin
2.4.1. UV-Visible Spectroscopy
The UV-visible spectrophotometric analysis of aflatoxin was conducted using a Microprocessor UV-visible spectrophotometer (Model LT-291, Labtronics). The absorption spectra were recorded at a wavelength range of 200–500 nm. For the analysis, the aflatoxin extract obtained using dichloromethane was subjected to UV-visible spectroscopic examination. Dichloromethane was used as the blank to establish the baseline absorbance and ensure accurate detection of aflatoxin-specific peaks. 
2.4.2. Fourier Transform Infrared Spectroscopy (FTIR)
Fourier Transform Infrared Spectroscopy (FTIR) was employed to identify the characteristic functional groups present in the extracted aflatoxin. FTIR spectroscopy is a reliable technique that provides structural insights into molecules by detecting their characteristic absorption bands, which correspond to specific molecular vibrations (Smith, 2011). For the analysis, a small quantity of the aflatoxin extract was placed on the sample holder and scanned using a Shimadzu infrared spectrometer. The scanning was performed over a wavenumber range of 4000 to 400 cm⁻¹ to ensure comprehensive detection of functional groups and molecular interactions. The resulting infrared spectrum was analyzed to confirm the presence of distinct peaks characteristic of aflatoxin functional groups.
2.4.3. High-Performance Liquid Chromatography (HPLC)
Aflatoxin quantification was performed using High-Performance Liquid Chromatography (HPLC) with a Waters 600 HPLC system (Waters, NY, USA) equipped with a fluorescence detector (Waters 2475, NY, USA). The excitation and emission wavelengths were set at 365 nm and 435 nm, respectively, to optimize aflatoxin detection. The chromatographic separation was achieved using a C18 Purospher Star column (4.6 mm × 25 cm, 5 µm; Merck, Darmstadt, Germany). To enhance the natural fluorescence of aflatoxins B1 and G1, a post-column Photochemical Reactor for Enhanced Detection (PHRED) system from Aura Industries (Aura, NY, USA) was employed (Shephard et al., 1994). Data acquisition and processing were carried out using Empower 2 Chromatography Data Software (Waters, Milford, MA, USA) to ensure precise quantification and reliable interpretation of chromatographic data.
2.4.4. Thin Layer Chromatography (TLC)
The presence of aflatoxin in peanut and dhal samples was analyzed using Thin Layer Chromatography (TLC) following a modified AOAC method (1990). Silica gel sheets (Silica gel 60 F254, 20 × 20 cm, 0.25 mm thickness; Merck) served as the stationary phase. The mobile phase consisted of a mixture of diethyl ether, acetic acid, and water in a ratio of 3:1:6. The aflatoxin extract was carefully applied onto the silica plate using a clean toothpick, ensuring a concentrated application for better visualization. The silica plate was then placed inside a chromatographic chamber containing the prepared mobile phase. The chamber was pre-saturated with the mobile phase to ensure optimal development conditions. After the solvent front reached the desired height, the plate was removed, air-dried, and examined under a UV transilluminator to visualize the aflatoxin spots. The movement of the sample relative to the solvent front was noted to assess the presence of aflatoxin.
2.5. Molecular Identification Using 18S rRNA Method
2.5.1. DNA Isolation
Genomic DNA was extracted from five- to seven-day-old fungal cultures grown in liquid broth following the method described by Jesteena Johney and Sellappan et al. (2018). The fungal biomass was collected and transferred to a 2 mL micro centrifuge tube containing a ceramic pestle, 60–80 mg of sterile glass beads, and lysis buffer composed of 100 mM Tris-HCl (pH 8.0), 50 mM EDTA, and 3% SDS. The sample was homogenized thoroughly, followed by centrifugation at 13,000 rpm for 10 minutes. The resulting supernatant was carefully transferred to a new micro centrifuge tube. To eliminate RNA contamination, 2 µL of RNAse A (10 mg/mL) was added to the supernatant, and the sample was incubated at 37°C for 15 minutes. DNA purification was performed by adding an equal volume of phenol: chloroform: isoamyl alcohol (25:24:1), mixing thoroughly, and centrifuging at 13,000 rpm for 10 minutes. This step was repeated if necessary to ensure complete removal of proteins and cellular debris. The upper aqueous layer containing the DNA was transferred to a fresh tube, and an equal volume of 100% ethanol was added to precipitate the DNA. The sample was incubated at -20°C for 30 minutes, followed by centrifugation at 12,000 rpm for 10 minutes to pellet the DNA. The pellet was subsequently washed with 70% ethanol, centrifuged again at 12,000 rpm for 5 minutes, air-dried, and dissolved in 1×TE buffer for storage and further analysis.
2.5.2. Amplification by PCR
The isolated DNA was amplified using 18S rRNA primers: ITS1 (5′-TCCGTAGGTGAACCTGCGG-3′) and ITS4 (5′-TCCTCCGCTTATTGATATGC-3′). The PCR reaction mixture contained 2 µL of isolated DNA, 1 µL of each ITS primer, 10 µL of PCR master mix, and 8 µL of sterile distilled water to make a final reaction volume of 22 µL. PCR conditions were set with an initial denaturation at 95°C for 2 minutes, followed by 30 cycles consisting of denaturation at 95°C for 1 minute, annealing at 55°C for 1 minute, and extension at 72°C for 1 minute. The reaction was concluded with a final extension at 72°C for 5 minutes to ensure complete amplification of the target region (Jesteena et al 2018).
2.5.3. Quantification of DNA and Sequencing
The amplified PCR product was electrophoresed on a 1.2% agarose gel and visualized under a gel documentation system for confirmation of DNA presence and band intensity. The confirmed PCR product was purified using a DNA purification column following standard protocols. The purified product was then sent for sequencing at Chromus Biotech, Bangalore. The obtained nucleotide sequence was submitted to the National Centre for Biotechnology Information (NCBI) database for accession number generation. Sequence alignment and similarity analysis were performed using the Basic Local Alignment Search Tool (BLAST). The aligned data were further used to construct a phylogenetic tree using MEGA7 software to establish the evolutionary relationship between the identified fungal isolate and known species (Fakruddin et al., 2015).
2.6. Activation of Bacillus subtilis Culture
Bacillus subtilis was procured from the Centre for Bioscience and Nanoscience Research, Coimbatore, Tamil Nadu, India. The bacterial strain was cultivated in a broth medium prepared with the following components per 50 mL: peptone (0.25 g), sodium chloride (0.1 g), beef extract (0.25 g), and tryptone (0.1 g). The culture was incubated at 37°C under continuous shaking for 24 hours to ensure optimal growth conditions. Following incubation, the bacterial biomass was estimated by centrifuging the culture at 10,000 rpm for 10 minutes to obtain a cell-free supernatant. Biomass production in grams dry weight (gdw) was calculated by transferring 1 mL of culture into a pre-weighed 2 mL Eppendorf tube. The sample was centrifuged at 5000 rpm for 5 minutes to pellet the bacterial cells, and the supernatant was discarded. The pellet was dried thoroughly, and the tube was weighed again. The biomass was determined by calculating the difference between the weight of the tube containing the dried pellet and the weight of the empty pre-weighed tube. A decline in biomass yield after saturated growth confirmed the stationary phase of the culture (Al-Mamariet al., 2023).
2.7. Extraction of Secondary Metabolites
Following sufficient bacterial growth, the cell-free supernatant was obtained by centrifuging the bacterial culture at 10,000 rpm for 10 minutes using a REMI centrifuge. Ammonium sulfate was then added to the collected supernatant to achieve 80% saturation. The solution was stirred continuously to ensure uniform mixing, and the mixture was stored at 4°C overnight to facilitate precipitation. After incubation, the resulting pellet was collected by centrifugation and dissolved in a minimal volume of phosphate-buffered saline (PBS) to obtain the concentrated secondary metabolites (Xu et al., 2021).
2.8. Characterization of Secondary Metabolites by TLC
For the extracted secondary metabolites, Thin Layer Chromatography (TLC) was performed using silica gel sheets (Silica gel 60 F254, 20 × 20 cm, 0.25 mm thickness; Merck). The mobile phase was prepared by mixing diethyl ether, acetic acid, and water in a ratio of 3:1:6. The secondary metabolite extract was applied onto the silica gel plate using a clean toothpick, ensuring a concentrated application for better visualization. The prepared silica plate was placed in a chromatographic chamber pre-saturated with the mobile phase. Once the solvent front reached the appropriate distance, the plate was removed and air-dried. The developed spots were visualized using a 0.2% ninhydrin solution, which reacts with amino acids and other nitrogenous compounds, producing purple or orange-brown spots indicative of metabolite presence (Sansineneaet al., 2011).
2.9. Degradation of Aflatoxin by Bacterial Metabolites
To assess the degradation of aflatoxin by bacterial metabolites, 500 µL of the crude metabolite extract was added to 20 mL of aflatoxin solution. The mixture was incubated under controlled conditions for one week. Throughout the incubation period, biomass estimation was conducted to monitor bacterial growth, as an increase in biomass yield indicates successful aflatoxin degradation (Sangare et al., 2014).
2.10. Evaluation of Aflatoxin Degradation by UV-Visible Spectroscopy
To evaluate aflatoxin degradation, 100 µL of the degraded aflatoxin sample was mixed with an equal volume of dichloromethane. The mixture was agitated in an orbital shaker for one hour to ensure proper interaction between the solvents and metabolites. The resulting solution was analysed using a UV-visible spectrophotometer (Labtronics LT291) with a slit width of 100 nm and an absorbance value set at 0.5. Spectral analysis was conducted within the wavelength range of 200–800 nm under both visible and UV light to assess the degradation profile of aflatoxin (Kim et al., 2024 and Krishnaveni, B., & Ragunathan, R. (2014).
2.11. Total Viable Count (TVC)
Total Viable Count (TVC) was performed to quantify the live microorganisms present following aflatoxin treatment with Bacillus subtilis. The treated sample was added to MRS (De Man, Rogosa, and Sharpe) medium and incubated overnight. The incubated culture was then transferred to a sterilized Petri plate, followed by the addition of sterilized nutrient agar. The contents were mixed thoroughly under aseptic conditions and allowed to solidify. The prepared plates were incubated at 37°C for 24 hours. Post-incubation, the visible colonies were counted, with each colony representing a viable microorganism capable of growth (Das., 2023).
3. RESULT AND DISCUSSION
3.1. Collection of Peanut (Arachis hypogaea) and Toor Dhal (Cajanus cajan) Samples
The peanut (Arachis hypogaea) and toor dhal (Cajanus cajan) samples were procured from the local farmers' market in Pappampatti, Coimbatore district. The collected seeds were in their raw form, meaning they were not subjected to any form of heat treatment or processing, such as roasting or boiling. This ensured that the natural microbial load present on the seeds was preserved, making them ideal for studying fungal contamination. Studies have reported that untreated or improperly stored food grains are highly susceptible to fungal infestation, especially by Aspergillus species, which are known to thrive in warm and humid environments (Kabak et al., 2006). By choosing untreated samples, the study successfully replicated the conditions under which aflatoxin contamination commonly occurs in food commodities. This method aligns with research by Gqaleni et al. (1997), who observed that aflatoxin-producing fungi are more frequently isolated from unprocessed grains, legumes, and nuts due to their exposure to natural environmental conditions. Consequently, untreated seeds provide a suitable substrate for fungal growth and mycotoxin production.
3.2. Isolation of Aspergillus spp. from Peanut and Toor Dhal
The isolation of Aspergillus spp. was performed using the standard tissue isolation technique. Infected seeds with visible signs of fungal infection, such as dark necrotic spots or leathery patches, were surface sterilized with 0.1% mercuric chloride to remove surface contaminants without affecting internal fungal structures. The sterilized seed portions were then transferred to Potato Dextrose Agar (PDA) plates, a widely recommended medium for fungal cultivation. The use of PDA supplemented with chloramphenicol ensured selective fungal growth while inhibiting bacterial contamination. After incubation at 27 ± 2°C, fungal growth was observed in both peanut and dhal samples. Colonies displayed characteristic dark green to black conidia, typical of toxigenic Aspergillus species, particularly Aspergillus flavus and Aspergillus parasiticus (Klich, 2007). These species are frequently implicated in aflatoxin contamination and have been found to infect legumes and oilseeds in various climatic conditions (Razzaghi-Abyaneh et al., 2006). The successful isolation of Aspergillus spp. aligns with findings by Abbas et al. (2009), who reported that Aspergillus flavus is commonly found in peanut, maize, and other food commodities under tropical and subtropical conditions. The presence of fungal colonies on both peanut and dhal samples further emphasizes the vulnerability of these seeds to fungal contamination during post-harvest handling and storage. Proper drying, airtight storage, and controlled humidity are critical measures to reduce fungal growth and subsequent aflatoxin production.
After successful isolation on PDA plates, fungal cultures were transferred to Potato Dextrose Broth (PDB) to enhance biomass growth and stimulate aflatoxin production. PDB, a nutrient-rich medium, supports the robust growth of filamentous fungi and is known to enhance mycelial development in Aspergillus species (Almeida-Paes et al., 2012). The presence of dense mycelial mats and visible fungal spores in the PDB confirmed successful fungal growth. Fungal growth in PDB has been shown to stimulate secondary metabolite production, including aflatoxins. A study by Alborch et al. (2011) demonstrated that aflatoxin biosynthesis is significantly influenced by environmental factors such as nutrient availability, pH, and incubation time. In this study, the nutrient-rich environment of PDB facilitated optimal fungal growth, promoting the accumulation of aflatoxigenic metabolites. The observed fungal growth in both PDA and PDB indicates the adaptability of Aspergillus spp. in diverse nutrient environments, further underscoring their capacity to contaminate stored food products. This highlights the importance of stringent food storage practices and proper quality control measures to mitigate aflatoxin contamination risks.
3.3. Extraction of Aflatoxin
The extraction of aflatoxin from fungal cultures was successfully carried out using acetone and dichloromethane as solvent systems. Acetone facilitates the efficient breakdown of fungal cell walls, enabling the release of intracellular metabolites, including aflatoxins (Reddy et al., 2010). Dichloromethane, known for its high affinity for non-polar mycotoxins, effectively partitioned aflatoxin into the organic phase. The resulting dichloromethane extract contained the majority of the aflatoxin content, confirming its role as a suitable solvent for aflatoxin isolation. These findings align with previous research conducted by Farkuddin et al. (2015), who demonstrated that acetone-dichloromethane combinations improved aflatoxin recovery efficiency. During the extraction process, mycelial pellets were removed via filtration, ensuring that only the supernatant containing aflatoxin remained for further analysis. 
The dual-phase separation step using a separatimg funnel facilitated the effective partitioning of aflatoxin into the dichloromethane layer. This method mirrors the findings of Chu (1991), who highlighted that dichloromethane’s selective affinity for aflatoxin B1 and B2 enhances purity during extraction. The successful partitioning of aflatoxin into the dichloromethane layer demonstrates the effectiveness of this method for isolating aflatoxin from complex fungal culture matrices. The visual appearance of the aflatoxin extract from both peanut and dhal samples showed slight color variations, with peanut extracts exhibiting a more intense yellowish hue. This visual distinction corresponds to aflatoxin concentration differences, which can vary depending on the substrate and fungal strain. Studies have indicated that substrate composition significantly influences aflatoxin yield, with oil-rich substrates like peanuts promoting higher aflatoxin biosynthesis compared to legumes such as dhal (Klich, 2007).
3.4. Characterisation of Aflatoxin
Thin layer chromatography (TLC) was employed as a preliminary method to confirm the presence of aflatoxin in the extracted samples. The use of silica gel sheets with a solvent system composed of diethyl ether, acetic acid, and water facilitated the effective separation of aflatoxin compounds. TLC analysis revealed distinct spots with Retention factor (Rf) values of 0.89 and 0.87 for peanut and dhal aflatoxin extracts, respectively. These Rf values closely correspond to those reported in previous studies, confirming the presence of aflatoxin B1 in the extracted samples (Trucksess & Pohland, 2001). The Rfvalues observed align with standard aflatoxin chromatographic profiles, where values typically range between 0.80 and 0.90 for aflatoxin B1 under similar solvent conditions (Reddy et al., 2010). The slight variation in Rf values between the peanut and dhal extracts may be attributed to differences in sample concentration, matrix composition, or solvent interaction. Additionally, the bright fluorescence observed under the UV transilluminator at 365 nm further confirmed the presence of aflatoxin, as aflatoxins are known for their distinct blue-green fluorescence under UV light (Alborch et al., 2011). The TLC method serves as a reliable qualitative tool for confirming aflatoxin presence before proceeding with more precise analytical techniques. Its simplicity, cost-effectiveness, and rapid results make it a widely adopted technique in mycotoxin analysis (Kabak et al., 2006).
UV-visible spectroscopy was conducted to further characterize the extracted aflatoxin. The spectral analysis revealed distinct absorption peaks at 224 nm, 266 nm, and 363 nm, confirming the presence of aflatoxin B1. The characteristic peak at 360–363 nm is a known marker for aflatoxin B1, which corresponds to its unique conjugated structure (Razzaghi-Abyaneh et al., 2006). The maximum absorption peak observed at 360 nm aligns with the known spectral profile of aflatoxin B1, which exhibits high absorbance in the UV region due to its extensive aromatic structure. The presence of absorption peaks at 224 nm and 266 nm further confirmed the identification of aflatoxin B1, as these peaks are characteristic of its benzopyrone ring structure (Abbas et al., 2009). Such peaks are commonly used to differentiate aflatoxin B1 from other aflatoxins, such as G1 and B2, which may display slightly shifted absorbance patterns. The results corroborate findings by Bhatnagar et al. (2003), who identified aflatoxin B1 peaks at similar wavelengths during UV-Visible spectral analysis. The consistent identification of these peaks in the present study affirms the reliability of UV-visible spectroscopy as a powerful tool for confirming aflatoxin presence in food matrices.
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Fig. 1 Characterization Studies of Aflatoxin (a) TLC analysis; (b) UV Spectrum; (c) HPLC Chromatogram (d)FTIR
High-Performance Liquid Chromatography (HPLC) was employed to detect and quantify the presence of aflatoxin in the extracted samples. The chromatogram presented in Figure 1 (C) exhibits distinct peaks that correspond to the retention times of the separated compounds. Two prominent peaks are evident at retention times 2.846 minutes and 7.132 minutes, with the latter peak being significantly sharper and higher, indicating a more concentrated component. The peak at 7.132 minutes aligns closely with the standard retention time for Aflatoxin B1, a major and highly toxic aflatoxin variant. Aflatoxin B1 typically elutes between 6.5 and 7.5 minutes under standard HPLC conditions using a C18 column and a mobile phase involving acetonitrile, methanol, and water in appropriate ratios (Reddy et al., 2010). The sharp intensity of the peak suggests a substantial concentration of aflatoxin B1 in the sample, reinforcing its presence in the extracted solution. Meanwhile, the earlier peak at 2.846 minutes may correspond to secondary metabolites or degradation products, as minor aflatoxin derivatives such as Aflatoxin B2 or G1 can elute earlier depending on the mobile phase and column conditions. The presence of multiple peaks highlights the complexity of the aflatoxin profile within the sample, suggesting potential co-contamination or compound instability. The presence of aflatoxin B1 in the sample, as indicated by the strong peak at 7.132 minutes, underscores the risk of contamination in unprocessed agricultural products like peanuts and dhal. Aflatoxin B1 is well-documented for its potent hepatotoxic and carcinogenic effects, necessitating rigorous screening in food safety protocols (Abbas et al., 2009). Furthermore, the additional peak at 2.846 minutes may reflect the presence of precursor molecules or less potent aflatoxin variants, indicating that fungal contamination may have resulted in the production of multiple metabolites. These findings align with previous studies highlighting the prevalence of aflatoxin contamination in improperly stored or unprocessed crops. Effective mitigation strategies, including proper storage, detoxification methods using probiotics, or biocontrol strategies, are crucial in reducing aflatoxin contamination risks in food products (Kabak et al., 2006).
IR spectral analysis was conducted to identify the functional groups and determine the structure of AFB1 molecules. Aflatoxins are typically observed in the mid-infrared spectrum, ranging approximately from 4000 cm⁻¹ to 400 cm⁻¹. The IR spectra of AFB1 revealed prominent absorption peaks at 3325 cm⁻¹ and 1635 cm⁻¹. The peak at 1635 cm⁻¹ corresponds to C=C symmetric stretching, while the region around 3325 cm⁻¹ is attributed to the stretching of the O-H (hydroxyl) group(Kaya-Celiker,2015).
3.5. Molecular Identification
The isolated fungal strain, designated as strain Aspergillus versicolor, underwent 18S rRNA gene sequence analysis for identification. The 18S rRNA gene sequence was submitted to the GenBank NCBI database, where it was assigned the accession number PV300248. BLAST analysis of the 18S rRNA gene sequence revealed a high similarity to Aspergillus versicolor. Based on phylogenetic analysis and 18S rRNA gene sequencing, the strain was identified as Aspergillus versicolor.( A Gajendiran et al 2017 ) .
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3.6. Isolation and Extraction of Bacillus subtilis Secondary Metabolites
The activation of Bacillus subtilis culture and subsequent extraction of its secondary metabolites were carried out effectively using optimized methods to ensure maximum biomass yield and metabolite recovery. Bacillus subtilis, procured from the Centre for Bioscience and Nanoscience Research, Coimbatore, Tamil Nadu, India, was initially grown in a specialized broth medium composed of peptone, sodium chloride, beef extract, and tryptone. The culture was incubated at 37°C under continuous shaking for 24 hours, promoting optimal bacterial growth and biomass production. Biomass estimation was conducted by collecting culture samples, centrifuging them at 5000 rpm for 5 minutes, and measuring the pellet’s dry weight. The consistent increase in biomass yield indicated successful bacterial activation, confirming the culture's suitability for metabolite extraction. This method aligns with the findings of Park et al. (2021), who demonstrated that optimized broth composition and incubation conditions significantly enhance Bacillus subtilis growth and metabolic activity.
Following successful bacterial activation, secondary metabolites were extracted using ammonium sulfate precipitation, a widely employed method for isolating bioactive compounds. Ammonium sulfate was added to the collected cell-free supernatant at 80% saturation, with continuous stirring to ensure uniform precipitation. The addition of ammonium sulfate led to the formation of a distinct brown-colored precipitate, which is characteristic of metabolite-rich fractions. The brown coloration strongly indicates the presence of bioactive compounds such as lipopeptides, cyclic peptides, and other secondary metabolites commonly produced by Bacillus subtilis (Kim et al., 2010). Overnight incubation at 4°C further enhanced precipitation efficiency by stabilizing the protein structures and improving the recovery of bioactive molecules (Sidorova et al., 2018).
The precipitated metabolites were collected by centrifugation at 10,000 rpm for 10 minutes and subsequently dissolved in phosphate buffer saline (PBS) for improved solubility and stability. The use of PBS as a solvent has been reported to enhance metabolite stability without compromising bioactivity (Chalasani et al., 2015). The successful isolation of these metabolites supports their potential use in antimicrobial, antifungal, and pharmaceutical applications. Studies have shown that Bacillus subtilis metabolites effectively inhibit pathogens such as Aspergillus spp., Candida spp., and multidrug-resistant bacteria, highlighting their promising therapeutic potential. The combined methods of bacterial activation and ammonium sulfate precipitation provided a robust strategy for efficient metabolite recovery, demonstrating their relevance in biotechnological and pharmaceutical research.
3.7. Preliminary Thin Layer Chromatography
The preliminary thin layer chromatography (TLC) analysis of Bacillus subtilis secondary metabolites revealed distinct purple and orange-brown spots when visualized using ninhydrin reagent. The appearance of purple spots is indicative of amino acid presence, while the orange-brown coloration signifies the presence of aldehydes and ketones, which are common secondary metabolites produced by Bacillus subtilis. These color reactions align with previous studies that demonstrated ninhydrin's ability to detect amino acids through oxidative deamination, resulting in the formation of Ruhemann's purple complex (Moore et al.,1968). The retention factor (Rf) values recorded for the secondary metabolites extracted from Bacillus subtilis ranged between 0.750 and 0.897. This Rf value range is consistent with previous findings reported by Jamshidi-Aidji et al. (2019), where Bacillus metabolites exhibited similar migration patterns, confirming the presence of bioactive compounds. The close Rf values further suggest the uniformity of metabolite types present, especially cyclic lipopeptides, which are characteristic metabolites of Bacillus subtilis with notable antimicrobial properties.
The successful identification of secondary metabolites through TLC reinforces the efficiency of ammonium sulfate precipitation for isolating bioactive compounds. The combination of distinct color reactions with characteristic Rf values validates the presence of key bioactive metabolites such as surfactins, iturins, and fengycins. These compounds are widely recognized for their antifungal, antibacterial, and cytotoxic activities, making them significant for pharmaceutical and agricultural applications (Ongena and Jacques, 2008). The observed results demonstrate the potential of Bacillus subtilis secondary metabolites in biocontrol strategies and therapeutic formulations.
3.8. Degradation of Aflatoxins with Bacillus subtilis
The degradation of aflatoxin by Bacillus subtilis bioactive metabolites was assessed through UV-visible spectroscopy. The untreated aflatoxin sample exhibited characteristic absorption peaks at 260 nm and 340 nm, which are the typical λmax values for aflatoxin B1, indicating its distinct molecular structure (Ali et al., 2021). These peaks are well-documented in previous studies, where aflatoxin B1 demonstrates prominent absorption within this range due to its conjugated double bond system and cyclic lactone structure (Rustom, 1997). Following treatment with Bacillus subtilis secondary metabolites, the characteristic peaks at 260 nm and 340 nm were absent in the UV-visible spectrum. This disappearance strongly suggests that the bacterial metabolites successfully degraded the aflatoxin structure, potentially through enzymatic breakdown or biochemical interaction that disrupted its chromophore system (Al-Heeti et al., 2018). Such degradation mechanisms are commonly linked to enzymatic actions like oxidoreductases, laccases, or peroxidases produced by Bacillus subtilis, which target aflatoxin's double bonds and epoxide moieties (Liu et al., 2018). The disappearance of absorption peaks aligns with previous findings that demonstrated Bacillus subtilis metabolites' ability to degrade aflatoxins effectively by altering their molecular conformation, thus reducing their toxicity. This result highlights the potential application of Bacillus subtilis in detoxifying food products and agricultural commodities contaminated with aflatoxins, offering a promising biocontrol strategy for aflatoxin management.
3.9. Total Viable Count
The Total Viable Count (TVC) analysis served as a crucial indicator to evaluate the effectiveness of Bacillus subtilis metabolites in degrading aflatoxins. A significant increase in bacterial colonies was observed in the samples treated with aflatoxin, indicating a robust bacterial population capable of active growth and metabolic activity. The higher bacterial population suggests that Bacillus subtilis effectively utilized aflatoxin as a carbon source, supporting its biodegradation potential (Sinha and Goldblatt, 1971). The presence of a large number of viable bacterial colonies aligns with earlier findings, where Bacillus subtilis strains demonstrated enhanced growth when exposed to mycotoxins, potentially due to the production of extracellular enzymes that degrade aflatoxin molecules (Farzaneh et al., 2012). These enzymes, including oxidoreductases and peroxidases, play a vital role in cleaving the toxic furan ring structure of aflatoxin B1, facilitating detoxification and promoting bacterial proliferation. Moreover, the elevated TVC values further confirm that the bacterial metabolites enhanced the degradation process. Previous studies have demonstrated that higher bacterial biomass positively correlates with improved detoxification efficiency in aflatoxin-contaminated samples, further validating the observed increase in viable bacterial colonies (Abdel-Shafi et al., 2018). This outcome highlights the potential of Bacillus subtilis bioactive metabolites as an effective biocontrol measure for aflatoxin degradation in contaminated food and feed.
4. Conclusion
The present study demonstrated the effective degradation of aflatoxins using Bacillus subtilis metabolites, offering a promising biocontrol strategy for mitigating aflatoxin contamination in food and feed. The successful activation and growth of Bacillus subtilis, along with the isolation of bioactive secondary metabolites through ammonium sulfate precipitation, contributed significantly to the detoxification process. Thin layer chromatography results confirmed the presence of bioactive compounds containing amino acids, aldehydes, and ketones, which are believed to play a key role in aflatoxin degradation. Furthermore, UV-visible spectroscopy revealed the absence of characteristic aflatoxin absorption peaks at 260 nm and 340 nm in treated samples, confirming effective degradation. The Total Viable Count analysis further demonstrated enhanced bacterial proliferation in the presence of aflatoxins, indicating active metabolic processes linked to toxin breakdown. These findings highlight the potential application of Bacillus subtilis as a natural, eco-friendly biocontrol agent for minimizing aflatoxin contamination in agricultural products. Future studies exploring the optimization of bacterial metabolite production, along with field-level applications, could enhance its practical use in food safety management and agricultural sustainability.
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