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A B S T R A C T 

The escalating concerns regarding food safety have driven extensive 

research into natural and effective methods for controlling mycotoxin 

contamination. Mycotoxins, produced by certain fungi including 

Aspergillus, Penicillium, and Fusarium species, present significant 

health risks such as liver damage, kidney failure, and cancer. Traditional 

methods of managing mycotoxins often involve chemical preservatives, 

which can have adverse health effects and environmental impacts. As a 

result, there is growing interest in the use of probiotics as a natural and 

safe alternative. Probiotics, particularly those isolated from fermented 

dairy products like curd, have demonstrated promising antifungal and 

mycotoxin-reducing properties. Curd, a traditional fermented dairy 

product, is rich in beneficial bacteria from the Lactobacillus and 

Bifidobacterium genera, known for their antimicrobial and antifungal 

activities. Research has shown that specific probiotic strains derived 

from curd can effectively inhibit the growth of mycotoxin-producing 

fungi and reduce mycotoxin levels in contaminated food products. The 

inhibitory mechanisms include competition for nutrients, production of 

antimicrobial compounds, alteration of environmental conditions, and 

direct interaction with fungal cells. Additionally, some probiotics 

possess enzymatic capabilities to degrade mycotoxins, further mitigating 

contamination. Despite these promising outcomes, challenges remain, 

including the efficacy of probiotics in complex food matrices, their 

stability during storage, interactions with other food components, and 

the need for a deeper understanding of their antifungal mechanisms. 

Regulatory considerations and consumer acceptance also play critical 

roles in the widespread application of probiotics for food safety. Future 

research should focus on optimizing probiotic formulations, exploring 

their broader applications in agriculture and animal feed, and addressing 

the regulatory and safety aspects of their use. Through overcoming these 

challenges, probiotics could become a key component in the natural 

management of mycotoxins, contributing to safer and healthier food 

systems. 
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I. Introduction 

The increasing concern over food safety has driven extensive research into finding natural, effective 

methods to combat foodborne toxins. Among these, mycotoxins stand out as a significant threat due 

to their widespread occurrence and potent toxicity. Mycotoxins are secondary metabolites produced 

by certain filamentous fungi, primarily species within the genera Aspergillus, Penicillium, and 

Fusarium. These toxins, including aflatoxins, ochratoxins, feminising, and zearalenone, pose serious 

health risks to humans and animals, leading to conditions such as liver damage, kidney failure, 

immunosuppression, and even cancer. The challenge of controlling mycotoxin contamination has 

prompted researchers to explore various strategies, with a growing interest in the use of probiotics as 

a natural, safe, and effective method. Probiotics, defined as live microorganisms that confer health 

benefits to the host when administered in adequate amounts, have been traditionally associated with 

gut health. However, their potential role extends beyond the gastrointestinal tract, offering various 

functional properties, including antimicrobial activity. Among the sources of probiotics, curd—a 

fermented dairy product—has been identified as a rich reservoir of beneficial bacteria, particularly 

strains belonging to the genera Lactobacillus and Bifidobacterium. These strains have been 

extensively studied for their ability to inhibit the growth of pathogenic microorganisms and degrade 

harmful substances, making them promising candidates for mitigating mycotoxin contamination. The 

inhibitory effects of probiotics on mycotoxin-producing fungi are of particular interest due to the 

potential to integrate these natural antagonists into food preservation systems. The mechanisms 

through which probiotics exert their antifungal activity include competition for nutrients and space, 

production of organic acids and other antimicrobial compounds, and direct interaction with the 

fungal cells. Additionally, some probiotic strains have demonstrated the ability to bind or degrade 

mycotoxins, further reducing the risk of contamination in food products. 

Research in this area has focused on isolating and characterizing probiotic strains from curd and 

assessing their antifungal activity against specific mycotoxin-producing fungi. These studies have 

employed various in vitro methods, such as co-culture systems, agar diffusion assays, and liquid 

culture tests, to evaluate the effectiveness of probiotics in inhibiting fungal growth and mycotoxin 

production. The results have been promising, with many strains showing significant inhibitory 

effects, thereby highlighting the potential of curd-derived probiotics as a natural intervention against 

mycotoxins. Moreover, the use of probiotics as a biocontrol agent offers several advantages over 

conventional methods of mycotoxin management. Chemical preservatives, commonly used to control 

fungal contamination, can have adverse effects on health and the environment, and their efficacy may 

diminish over time due to the development of resistant strains. In contrast, probiotics are generally 

recognized as safe (GRAS), and their use aligns with the growing consumer demand for natural and 

clean-label food products. Additionally, the ability of probiotics to improve the nutritional and 

sensory properties of food further enhances their appeal as a multifunctional ingredient in food 

processing. Despite the promising findings, there remain challenges and areas for further 

investigation. The efficacy of probiotics in complex food matrices, the stability of their antifungal 

properties during storage, and the potential interactions with other food components need to be 

thoroughly examined. Furthermore, understanding the molecular mechanisms underlying the 
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antifungal activity of probiotics will be crucial in optimizing their use and ensuring consistent results. 

II. Literature Review 

Vishwanatha, et.al., (2010). The cheese industry places a high importance on microbial milk-

clotting enzymes because they may serve as a replacement for calf serum. Aspergillus oryzae MTCC 

5341 was shown to have the greatest milk-clotting activity among the sixteen different fungal strains 

that were discovered throughout the screening process. The ideal conditions for the development of 

A. oryzae and the generation of the enzyme were achieved via the use of solid-state fermentation 

using wheat bran mixed with 4% defatted soy flour and 2% skim milk powder as the substrate. At the 

conclusion of 120 hours, there was a presence of milk-clotting activity that was close to 40,000 U/g 

bran. By percolating the bran with 0.1 M sodium chloride for sixty minutes at a temperature of four 

degrees Celsius, the enzyme could be retrieved. A significant ratio of milk clotting activity to 

proteolytic activity was observed in the enzyme preparation that had been decolorised.  

Nout, M. R., & Aidoo, K. E. (2011). There is a long history of fermentation of foods and drinks in 

the nations that are located in Asia. Many different kinds of microorganisms, such as bacteria, yeasts, 

and moulds, are used as starters, and fermented meals may be prepared from a broad variety of 

components. Cereals, leguminous seeds, vegetables, meat, and fish are the primary raw resources that 

are taken into consideration. Several typical foods, their traditional production processes, the key 

fungi that are involved in the fermentation process, the biochemical changes that occur during 

fermentation and the consequences such changes have for human health, and features of the 

industrialisation of these foods are the topics that are covered in this chapter. (3) amylolytic starters 

used for alcoholic fermentation, consisting of rice flour and a variety of starch degrading moulds and 

alcohol producing yeasts, tempe, which is an Indonesian meat alternative consisting of cooked soy 

beans fermented with Rhizopus spp., red kojic rice, also known as angkak, which is a pigmented 

health-functional ingredient consisting of rice fermented by Monascus spp., and tempe are the foods 

that are being discussed. (4) furu, a condiment side dish that is made from fermented soy bean curd 

that has been partially degraded by the mould Actinomucor elegans; (5) soy sauce, a condiment 

sauce that is made from wheat and soy beans and fermented with Aspergillus spp., yeasts and lactic 

acid bacteria; (6) rice wines, such as sake, that are fermented with a variety of moulds and yeasts; 

and (7) Chinese liquor, which is distilled from yeast fermented cooked sorghum. They analyse the 

conclusions as well as the possibilities for the future. 

Lessard, et.al., (2012). The bloomy-rind cheeses, such as Camembert, have a fungal microbiota that 

creates a complex ecosystem. This ecology has not been well explored, and it continues to be 

difficult to monitor throughout the ripening process. Counting yeasts and moulds on typical agar 

medium has a number of drawbacks, one of which is that hyphae are multicellular structures, and 

colonies on a petri dish almost never form from a single cell. Furthermore, fungi have a tendency to 

quickly infiltrate agar surfaces, which results in the covering of microscopic yeast colonies and 

contributes to an underestimate of the number of yeast colonies.  
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Khalifa, et.al., (2013). Milk and milk products, particularly cheeses and yoghurt, are significant 

components of the meals that are served on a regular basis at the student dormitories that are located 

in Azhar University, Egypt. There is a possibility that some dairy products are contaminated with 

moulds and/or mycotoxins. Among the mycotoxins, aflatoxins are the most hazardous, particularly 

aflatoxin B1, which is a powerful human carcinogen. The objectives of this study were (i) evaluate 

dairy products distributed in Azhar University mycologically for incidence, isolation and 

identification of mould species, (ii) determination the occurrence of aflatoxins in this dairy product 

and (iii) to compare between Sabouraud dextrose (SDA) and Aspergillus Differentiation Media 

(ADM) for isolation and counting of Aspergillus flavus as a one of most important species which has 

a public health significant in toxin production. A mycological analysis was performed on two 

hundred random samples of soft cheeses (Feta and Istanboli, each consisting of sixty-five examples) 

and seventy samples of plain yoghurt that were distributed in student dormitories. Mould was found 

in around 64.5% of all the varied samples; the percentages of yoghurt, feta cheese, and Istanboli 

samples that were positive for mould were respectively 70.7%, 56.9%, and 65%. Through using 

high-performance liquid chromatography (HPLC), it was shown that the greatest incidences (70.7%) 

and the highest mean (1.50×103 cfu) were found in Feta cheese. Furthermore, all of the samples were 

found to be devoid of afla 3 toxin. Taking into consideration these values, they determined that the 

students attending Azhar University are in a safe position with regard to aflatoxicosis. 

Food, D. (2015). In order to prepare a fungal rennin from a strain of Mucor miehei NRRL3420, 

whey was used as the primary ingredient. It was possible to extract fungal rennin, partially purify it, 

and then utilise it as a suitable alternative for calf rennet. To make microbial rennet, Mucor miehei 

NRRL 3420 was cultivated using two different kinds of medium, both of which included 

micronutrients. One of the media contained glucose, while the other contained lactose derived from 

deproteinised cheese whey. Both of these media had carbon sources. In order to provide evidence 

that milk coagulating enzyme derived from Mucor miehei is safe, there is a significant amount of 

toxicological data available. The crude form of rennet was prepared by centrifuging the extract that 

was obtained from the filtration of production medium. The precipitation of ammonium sulphate and 

ethanol was also followed by the centrifugation of the extract. A number of growth parameters, 

including pH, glucose, lactose, and casein concentrations, were studied in order to assess the 

outcomes. The studies were conducted in a rotary shaker for a fermentation time of up to 72 hours at 

a speed of 160 revolutions per minute and a temperature of 30 degrees (±1) Celsius. The criteria that 

were used to measure the response were enzyme activity (MEA) and cell growth. In the case where 

glucose and lactose were used as carbon sources, the highest possible enzyme activity was measured 

at 1170 Soxhlet Units (S.U.) and 631 S.U., respectively. Through precipitation in ammonium 

sulphate and ethanol, the milk-clotting enzyme that was obtained from Mucor miehei NRRL 3420 

was purified with a recovery rate of 54.4%. The enzyme was then fractionated using gel filtration on 

Sephadex G-100 medium. It was possible to totally deactivate the enzyme by heating it for five 

minutes at 70 degrees Celsius and thirty minutes at 65 degrees Celsius. The enzyme was active in the 

pH range of 5.5 to 7.5. 60 degrees Celsius and a pH of 5.5 were found to provide the maximum 

amount of enzyme activity. The presence of CaCl2 in milk was found to have a positive and 
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proportionate association, whereas the presence of NaCl was shown to have an inhibiting effect. One 

millilitre of fungal rennin per one hundred millilitres of milk produced cheese with qualities that 

were comparable to those of calf rennet control cheese. Chemical and organoleptic qualities of every 

cheese sample were examined on a regular basis, both while the cheese was fresh and after it had 

been stored in the refrigerator for 15, 30, and 60 days. In comparison to the control cheese, the 

experimental cheese (E) showed significantly greater levels of soluble nitrogen (SN), total volatile 

fatty acids (TVFAs), tyrosine, and tryptophan. Furthermore, it was observed that the experimental 

cheese exhibited a soft body and a smooth texture, in addition to a favourable flavour, even after 

being stored in the refrigerator at a temperature of 7±2 degrees Celsius for a period of two months. 

Gao, et.al., (2017). There are two traditional fermented dairy products that are manufactured from 

raw milk (RM) in the Inner Mongolia area of China. These products are known as hurood cheese 

(HC) and jueke (Jk). Their history of manufacturing and usage spans a significant amount of time. 

There is a significant amount of variation in the microbiological compositions of RM, HC, and Jk, 

which is impacted by the geographical origins of each of these substances as well as the distinctive 

processing processes that are used. Within the scope of this investigation, two groups of samples 

consisting of RM, HC, and Jk were gathered from the Zhenglan Banner, which is situated in the 

southern portion of Inner Mongolia and is a component of the Xilingol league prefecture. These 

samples were obtained in April and August of 2015. By analysing the 16S rRNA and 18S rRNA 

gene sequences, respectively, they were able to assess the bacterial and fungal diversity of the 

samples. There was a total of 112 sequences of bacteria and 30 sequences of fungus that were 

discovered. The phyla Firmicutes and Ascomycota were found to be the most prevalent for bacteria 

and fungi, respectively. Lactococcus and Lactobacillus were found to be the most prevalent bacterial 

genera, whereas Kluyveromyces was found to be the most prevalent fungus found in the three dairy 

products. It was noted that the bacterial and fungal compositions of RM, HC, and Jk samples taken at 

various periods were entirely distinct from one another. Based on these findings, it was proposed that 

the time of production may be a significant element that had an effect on the microbial diversity that 

was present in RM, HC, and Jk. 

Tumbarski,et.al., (2018). Bacteriocins are proteinaceous molecules that are physiologically active 

and are produced by a huge variety of microorganisms. These microorganisms include members of 

the bacterial genus Bacillus as well as lactic acid bacteria (LAB). In order to investigate bacteriocins 

and their prospective use as natural preservatives in many sectors of the food business, research 

efforts have been motivated by the broad antibacterial spectrum of bacteriocins, which protects 

against a wide variety of microorganisms that cause spoilage and infectious diseases. Bacteriocins 

have a promising antibacterial activity, which makes them appropriate for use in the dairy sector as 

biopreservatives and alternatives to chemical preservatives. This is because they may be used in the 

manufacturing of fermented or non-fermented milk products. In light of this, the purpose of the 

current research was to investigate the antifungal properties of a bacteriocin that was isolated from 

Bacillus methylotrophicus strain BM47, as well as the prospective applications of this bacteriocin as 

a biopreservative for traditional Bulgarian yoghurt. During the four-week period of storage, the 

results demonstrated that the addition of a purified bacteriocin in a dose of 1 AU/mL of milk led to a 
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significant reduction in the fungal spores and mycelial growth of the indicator microorganism 

Penicillium sp. in the yoghurt. This occurred without any change in the yogurt's organoleptic 

properties, as well as its biochemical and microbiological parameters. 

Kumara, et.al., (2019). Fourty-four different strains of Lactobacillus spp. (LAB) were isolated from 

thirty-four different curd samples and tested for their ability to bind aflatoxin B1 (AFB1) and their 

probiotic qualities. During the process of characterisation, it was discovered that four different LAB 

isolates (LC3/a, LC4/c, LC/5a, and LM13/b) were capable of eliminating AFB1 from culture 

medium with a capacity that was more than 75% on average. The identification of all four isolates as 

L. fermentum was accomplished by the use of a staining reaction, biochemical assays, a pattern of 

sugar utilisation, and an examination of the 16s rRNA gene sequence. The fact that all of them were 

able to resist acidic pH, salt, and bile lends credence to the idea that these probiotic bacterial isolates 

may be used for human applications. These isolates exhibited a low level of hydrophobicity and a 

greater level of abilities to aggregate themselves. It was discovered that every single L. fermentum 

isolate was responsive to gentamycin, chloramphenicol, cefoperazone, and ampicillin, while being 

resistant to ciprofloxacin and vancomycin resistance. Based on the results of the haemolytic and 

DNase activities, it was determined that they were not pathogenic. Although all of the L. fermentum 

isolates were shown to impede the growth of Salmonella ebony, Staphylococcus aureus, Escherichia 

coli, and Pseudomonas aeruginosa, the isolate LC5/a was reported to have the highest level of 

inhibition. It was determined via kinetic tests that in order for all four bacteria to reach the stationary 

phase of AFB1 binding, a minimum of two hours was necessary. The AFB1 binding ability of these 

four isolates ranged from 66 to 85.2% different from one another. Among the isolates LC3/a, LC4/c, 

and LM13/b, the presence of bile (0.4%) was shown to be statistically significant (P ≤ 0.05) in 

lowering the AFB1 binding property. On the other hand, an elevated AFB1 binding capacity was 

seen at an acidic pH of 2.0. It was discovered that acidic pH and bile had the least positive impact on 

the AFB1 binding capabilities of isolate LC5/a. The results of our research showed that L. 

fermentum isolate LC5/a is more effective than other strains in lowering the amount of AFB1 that is 

absorbed by the gut. Furthermore, it has a number of probiotic properties that make it beneficial to 

the health of consumers. These advantageous characteristics, which are L. fermentum isolates, 

promise that they may be used as probiotic formulations on their own or in conjunction with other 

beneficial probiotic-bacterial isolates. 

Chlebicz, A., & Śliżewska, K. (2020). The purpose of the subsequent study was to investigate the 

detoxification capabilities of probiotic Lactobacillus sp. bacteria (12 strains) and S. cerevisiae yeast 

(6 strains) with regard to mycotoxins. These mycotoxins include aflatoxin B1, deoxynivalenol, 

fumonisins, T-2 toxin, and zearalenone, all of which are common sources of feed contamination. In 

the experiment, high-performance liquid chromatography (HPLC) was used to assess the changes in 

concentration of mycotoxins in PBS solutions after 6, 12, and 24 hours of incubation with 

monocultures of tested microorganisms. The experiment was designed to investigate the effects of 

these changes. According to our findings, all of the strains were able to eliminate the mycotoxins, 

with the fumonisin B1 and B2 combination exhibiting the greatest drop in concentration. The 

concentrations of the fumonisin B1 and B2 mixture ranged from 62 to 77% for bacterial strains and 
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from 67 to 74% for yeast. In contrast, deoxynivalenol was the mycotoxin that exhibited the highest 

level of resistance. After 24 hours of incubation, the quantity of deoxynivalenol was lowered by 

strains of Lactobacillus sp. by 19–39%, and by yeast by 22–43%. In addition, high detoxification 

rates were reported for aflatoxin B1, T-2 toxin, and zearalenone. The concentrations of these 

substances were decreased by Lactobacillus by an average of 60%, 61%, and 57%, respectively, and 

by yeast by an average of 65%, 69%, and 52%, respectively. After six hours of incubation, the 

concentration of all mycotoxins was found to have decreased to the maximum degree; nevertheless, a 

drop in concentration was evident even after twenty-four hours of incubation. As a result, the 

microorganisms that were examined have the potential to be used as additives in order to reduce the 

levels of toxins that are present in animal feed. 

Riesute, et.al., (2021). In nature, yeasts may be found in large numbers. Although yeasts play a 

beneficial part in the fermentation process of some items, such as wine or beer, they are also 

responsible for the spoiling of food, along with fungi. Furthermore, some species of yeasts, such as 

Candida spp., have the ability to enter the human body via the consumption of food and drinks, and 

they have the potential to cause a wide range of illnesses. As a result, it is essential to discover 

natural methods that might suppress the development of yeast in meals, particularly in situations 

when yeasts are harmful bacteria. In this article, the prevalence of yeasts in food items, the influence 

of pathogenic yeasts on the human body, and the potential of inhibiting the development of yeasts via 

the utilisation of lactic acid bacteria and preservatives derived from plants are discussed. There is a 

possibility that it may be used in the food industry, where yeasts are considered to be unwanted 

microorganisms that need the need to restrict their development. In spite of the fact that yeasts play a 

beneficial part in the fermentation process of food, they are also capable of causing illnesses in 

humans; hence, their presence in food should be managed. As a result of the existence of inhibitory 

chemicals, lactic acid bacteria (LAB) are effective in inhibiting the action of fungi. These compounds 

include lactic, acetic, and ascorbic acids, hydrogen peroxide, bacteriocins, and other substances. One 

of the LAB strains that has the most potent inhibitory effects is Lactobacillus plantarum. 

Furthermore, plant extracts, such as black walnut, clove, garlic, and oregano leaf extracts, as well as 

anolyte, which is a natural disinfectant, also exhibit an antifungal impact and have the potential to be 

used for the control of yeast and fungal growth. 

Meena, et.al., (2022). The purpose of this research is to describe the unknown probiotic properties of 

indigenously fermented cereal-based goods that are routinely manufactured by tribal people in the 

Aravali hills area of India. Additionally, the project aims to identify and characterise putative 

probiotic bacteria that have been identified from these same items. Probiotic characteristics such as 

bile salt and acid tolerance, lysozyme and phenol tolerance, antagonistic and antifungal activity, cell 

autoaggregation, cell-surface hydrophobicity, simulated gastric and pancreatic digestion, 

antioxidative potential, bile salt hydrolase activity, and H2O2 production were evaluated for the 

strains that were isolated prior to their investigation. Assays concerning antibiotic sensitivity, 

haemolytic activity, DNase activity, and biogenic amine synthesis were used in order to evaluate the 

safety of the isolates. Additionally, technical features, including fermenting ability, amylolytic 

activity, and EPS formation, were also investigated. In the beginning, a total of seventy LAB isolates 
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were studied, and in vitro tests revealed that six of the strains had a promising potential to be used as 

probiotic candidates. via the use of phenotyping and biochemical characterisation, the efficient 

strains were discovered. These findings were then further validated and recognised at the strain level 

via the use of phylogenetic analysis and 16S rDNA sequencing tools. The present research has shown 

that the strain of Lactiplantibacillus plantarum KMUDR7 that was isolated from "Makka ki Raab" 

has remarkable probiotic properties and has the potential to be used as a probiotic in the process of 

product manufacture. Other strains, such as Lactobacillus delbrueckii subsp. bulgaricus KMUDR1 

and Lacticaseibacillus rhamnosus KMUDR9, shown favourable characteristics. Additionally, 

KMUDR14, -17, and -20 include probiotic features that are equivalent to those of the aforementioned 

strains. 

Silva, et.al., (2023). The development of an edible film that has antifungal characteristics was 

accomplished by the fermentation of cheese whey by lactic acid bacteria (LAB). In order to 

determine whether or not they have antifungal properties, five LAB strains that were isolated from 

artisanal cheeses were mixed into a whey–gelatin film. At temperatures of 10 and 20 degrees Celsius, 

Levilactobacillus brevis SJC120 demonstrated the highest level of activity against five filamentous 

fungi that were isolated from cheese and cheese-making environments. There were five different 

filamentous fungi that were examined. Over eighty percent of the fungal growth was suppressed by 

the cell-free supernatant that was obtained from L. brevis. The incorporation of bacterial cells into 

the film did not result in any changes to the mechanical and optical characteristics, as well as the 

moisture content or the water vapour permeability of the film. Additionally, the whey–gelatin film 

was able to maintain the viability of L. brevis cells at 107 log CFU/g for a period of thirty days at a 

temperature of ten degrees Celsius. Cheeses that were wrapped with L. brevis film had a reduction in 

the size of fungal colonies that ranged from 55% to 76%. Furthermore, there were no discernible 

variations (p > 0.05) found in the proteolysis of cheese, as well as in the amount of moisture, fat, and 

protein that was present in the cheese that was individually wrapped in films. The findings 

demonstrated that a whey–gelatin film containing L. brevis SJC120 has the potential to lessen the 

likelihood of cheese being contaminated with filamentous fungus. Furthermore, this film has the 

potential to serve as an alternative to the traditional methods of preserving and packaging cheese. 

III. Growing Concern for Food Safety 

The modern food industry faces increasing challenges in ensuring the safety of food products due to 

the prevalence of various contaminants, including toxins produced by microorganisms. Among these, 

mycotoxins—secondary metabolites produced by certain fungi—pose a significant threat due to their 

widespread occurrence and potent toxicity. These toxins, produced primarily by fungi in the genera 

Aspergillus, Penicillium, and Fusarium, can contaminate a wide range of food products, including 

grains, nuts, fruits, and dairy products. The ingestion of mycotoxins has been linked to serious health 

risks, including liver damage, kidney failure, immunosuppression, and carcinogenesis, making them 

a critical concern for both food safety authorities and consumers. The growing global trade and 

climate change have further exacerbated the challenge of controlling mycotoxin contamination. 

These factors contribute to the spread and persistence of mycotoxin-producing fungi across different 
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regions, increasing the likelihood of contamination in food products. Traditional methods of 

controlling mycotoxins, such as chemical preservatives and fungicides, are increasingly scrutinized 

due to their potential adverse effects on human health and the environment, as well as the emergence 

of resistant fungal strains. In response to these challenges, there is a growing interest in natural and 

sustainable methods to mitigate mycotoxin contamination. Probiotics, which are live microorganisms 

that confer health benefits when consumed in adequate amounts, have emerged as a promising 

solution. Certain probiotic strains, particularly those isolated from fermented foods like curd, have 

demonstrated the ability to inhibit the growth of mycotoxin-producing fungi and degrade 

mycotoxins. This has sparked significant research interest, as these probiotics offer a natural, safe, 

and effective approach to enhancing food safety, aligning with the increasing consumer demand for 

clean-label and minimally processed foods. 

IV. Significant Threat of Mycotoxins 

Mycotoxins represent a significant threat to global food safety and public health due to their 

widespread presence and potent toxicity. These secondary metabolites are produced by certain 

species of filamentous fungi, primarily from the genera Aspergillus, Penicillium, and Fusarium, 

which can infect a wide variety of crops during growth, harvest, and storage. The most notorious 

mycotoxins include aflatoxins, ochratoxins, fumonisins, zearalenone, and trichothecenes. These 

toxins can contaminate essential food products such as grains, nuts, fruits, and dairy, leading to 

severe health implications for both humans and animals. The toxic effects of mycotoxins are well-

documented, with exposure linked to a range of acute and chronic health issues. Aflatoxins, produced 

primarily by Aspergillus flavus and Aspergillus parasiticus, are among the most dangerous 

mycotoxins, recognized for their potent carcinogenic properties. Chronic exposure to aflatoxins is 

strongly associated with liver cancer, particularly in regions with high dietary exposure, such as parts 

of Africa and Asia. Additionally, aflatoxins can cause liver damage, immune suppression, and 

growth retardation in children. Ochratoxins, produced by Aspergillus and Penicillium species, pose 

another serious threat, particularly ochratoxin A, which is nephrotoxic and linked to kidney disease. 

Fumonisins, primarily produced by Fusarium species, are known to cause esophageal cancer in 

humans and are toxic to the liver and kidneys. Zearalenone, also produced by Fusarium species, acts 

as a potent estrogenic compound, leading to reproductive disorders in both humans and livestock. 

The economic impact of mycotoxin contamination is also substantial, affecting the agriculture and 

food industries by reducing crop yields, necessitating costly testing and decontamination processes, 

and resulting in trade restrictions. Mycotoxin contamination can lead to significant financial losses, 

especially in regions where agriculture is a primary economic activity. Controlling mycotoxin 

contamination poses a considerable challenge due to the resilience of the fungi that produce these 

toxins and their ability to thrive under various environmental conditions. Climate change further 

complicates this issue, as warmer temperatures and increased humidity create favourable conditions 

for fungal growth and mycotoxin production. The pervasive nature of mycotoxins and their severe 

health implications underscore the urgent need for effective control measures. While traditional 

methods such as chemical treatments have been used, they carry the risk of adverse health effects and 

environmental damage. This has led to a growing interest in natural, sustainable alternatives, such as 
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probiotics, which have shown promise in inhibiting mycotoxin-producing fungi and reducing toxin 

levels in food products. Addressing the threat of mycotoxins is critical for ensuring food safety and 

protecting public health globally. 

V. Probiotics as a Natural Solution 

Probiotics have emerged as a natural and effective solution to combat mycotoxin contamination in 

food, offering a promising alternative to traditional chemical methods. Defined as live 

microorganisms that confer health benefits to the host when administered in adequate amounts, 

probiotics are widely known for their role in promoting gut health. However, their potential extends 

far beyond the digestive system, encompassing various functional properties, including antimicrobial 

and antifungal activities. Among the diverse sources of probiotics, fermented dairy products like curd 

are particularly rich in beneficial bacteria, notably strains from the Lactobacillus and 

Bifidobacterium genera. These probiotics have been extensively studied for their ability to inhibit the 

growth of pathogenic microorganisms, including mycotoxin-producing fungi such as Aspergillus, 

Penicillium, and Fusarium. The antifungal activity of probiotics is attributed to several mechanisms, 

including competition for nutrients and space, production of organic acids and other antimicrobial 

compounds, and direct interaction with fungal cells that can inhibit their growth. In addition to 

inhibiting fungal growth, certain probiotic strains have demonstrated the ability to bind and degrade 

mycotoxins, further reducing the risk of contamination in food products. This dual action—both 

preventing the growth of mycotoxin-producing fungi and reducing the levels of existing 

mycotoxins—positions probiotics as a valuable tool in food safety. The use of probiotics as a 

biocontrol agent aligns with the growing consumer demand for natural and clean-label products, 

offering a safe and environmentally friendly alternative to chemical preservatives. Moreover, 

probiotics are generally recognized as safe (GRAS), making them suitable for widespread use in the 

food industry. As research continues to explore and validate these properties, probiotics hold the 

potential to become a cornerstone in the natural management of mycotoxins, contributing to safer 

and healthier food systems. 

VI. Curd as a Source of Probiotics 

Curd, a traditional fermented dairy product, has long been recognized as a rich source of probiotics, 

beneficial bacteria that confer various health benefits when consumed. The fermentation process 

involved in curd production naturally cultivates a diverse microbiota, primarily consisting of lactic 

acid bacteria (LAB), including strains from the Lactobacillus and Bifidobacterium genera. These 

probiotic strains are well-known for their ability to improve gut health, boost the immune system, 

and protect against harmful pathogens. However, the benefits of curd-derived probiotics extend 

beyond general health, positioning curd as a significant contributor to food safety, particularly in the 

inhibition of mycotoxin-producing fungi. The probiotic strains found in curd, such as Lactobacillus 

acidophilus, Lactobacillus plantarum, Bifidobacterium bifidum, and others, play a crucial role in 

maintaining a balanced intestinal microbiota. These bacteria produce lactic acid during fermentation, 

which lowers the pH of the environment, creating conditions unfavourable for pathogenic bacteria 

and fungi. This antimicrobial activity is particularly important in the context of food safety, where 
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these probiotics can inhibit the growth of mycotoxin-producing fungi, including Aspergillus, 

Penicillium, and Fusarium species. In addition to their antifungal properties, curd-derived probiotics 

have been shown to possess the ability to bind and degrade mycotoxins, such as aflatoxins, 

ochratoxins, and fumonisins. This detoxification process occurs through the direct interaction of 

probiotic cells with the mycotoxins, either by physical binding or through enzymatic degradation. 

This dual action not only prevents the growth of harmful fungi but also reduces the concentration of 

toxins in contaminated food products, enhancing overall food safety. The production of curd is a 

simple, natural process that involves the fermentation of milk by adding a small amount of starter 

culture, which contains active bacterial strains. This process is not only effective in developing the 

desired texture and flavor of curd but also in cultivating a robust population of probiotics. The 

widespread consumption of curd, especially in South Asian countries, makes it an accessible and 

valuable source of probiotics for large populations. Moreover, curd's role as a probiotic source aligns 

with the increasing consumer preference for natural and functional foods. Unlike chemical 

preservatives, probiotics from curd offer a natural, safe, and environmentally friendly alternative for 

enhancing food safety. They are also generally recognized as safe (GRAS) and can be consumed by 

individuals of all ages, making them suitable for broad application in various dietary practices. 

VII. Inhibitory Mechanisms of Probiotics 

Probiotics exhibit a range of inhibitory mechanisms that make them effective against mycotoxin-

producing fungi, positioning them as a natural solution to enhance food safety. These mechanisms 

are diverse, involving both direct and indirect interactions with pathogenic microorganisms. The 

ability of probiotics to inhibit the growth of fungi and reduce mycotoxin contamination is primarily 

attributed to several key processes: competition for nutrients and space, production of antimicrobial 

compounds, alteration of the environment, and direct interaction with fungal cells. 

Competition for Nutrients and Space: Probiotics colonize food matrices and other environments 

by outcompeting harmful microorganisms for essential nutrients and physical space. By establishing 

themselves in a particular niche, probiotics limit the resources available to mycotoxin-producing 

fungi, thus inhibiting their growth. This competitive exclusion is particularly effective in 

environments like the gut or fermented foods, where probiotics can proliferate and maintain 

dominance over potential pathogens. 

Production of Antimicrobial Compounds: One of the most well-known mechanisms by which 

probiotics inhibit fungal growth is through the production of antimicrobial substances. These include 

organic acids (such as lactic acid and acetic acid), hydrogen peroxide, bacteriocins, and antifungal 

peptides. Organic acids, for instance, lower the pH of the environment, creating unfavourable 

conditions for the growth of fungi and other pathogens. Additionally, certain probiotics produce 

specific antifungal compounds that can directly inhibit or kill mycotoxin-producing fungi. 

Alteration of the Environment: Probiotics can modify their surrounding environment in ways that 

hinder the proliferation of harmful fungi. For example, the production of organic acids not only 

lowers the pH but also enhances the production of other antimicrobial compounds. This alteration 
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can disrupt fungal cell membrane integrity and interfere with fungal metabolism, further preventing 

the synthesis of mycotoxins.  

Direct Interaction with Fungal Cells: Some probiotics can directly interact with fungal cells 

through mechanisms such as co-aggregation and biofilm formation. These interactions can impede 

the growth and spread of mycotoxin-producing fungi by physically blocking their access to nutrients 

or disrupting their cellular processes. Moreover, certain probiotic strains have been found to bind or 

sequester mycotoxins, effectively reducing their bioavailability and toxicity in contaminated foods. 

Enzymatic Degradation of Mycotoxins: In addition to inhibiting fungal growth, some probiotics 

possess enzymatic activities that can degrade or detoxify mycotoxins. This enzymatic degradation 

involves breaking down the toxic structures of mycotoxins into less harmful or inert compounds, thus 

reducing the overall risk posed by these contaminants in food products. 

VIII. Promising Research Outcomes 

Research into the use of probiotics to inhibit mycotoxin-producing fungi has yielded promising 

outcomes, offering a natural and effective approach to enhancing food safety. The potential of 

probiotics, particularly those isolated from fermented foods like curd, to combat mycotoxin 

contamination has been extensively explored, with several studies demonstrating significant 

antifungal and mycotoxin-reducing properties. 

Inhibition of Fungal Growth: A key outcome of research in this area is the documented ability of 

specific probiotic strains to inhibit the growth of mycotoxin-producing fungi, including species from 

the Aspergillus, Penicillium, and Fusarium genera. For instance, strains of Lactobacillus and 

Bifidobacterium isolated from curd have been shown to significantly reduce the growth rates of these 

fungi in various food matrices. This inhibition is primarily due to the probiotics' ability to 

outcompete the fungi for essential nutrients, produce antifungal compounds, and create an 

environment that is hostile to fungal proliferation. 

Reduction of Mycotoxin Levels: Another promising outcome is the observed reduction in 

mycotoxin levels in food products treated with probiotics. Certain strains, such as Lactobacillus 

rhamnosus and Lactobacillus plantarum, have demonstrated the ability to bind and degrade 

mycotoxins, including aflatoxins, ochratoxins, and fumonisins. These probiotics can reduce the 

bioavailability of mycotoxins by binding them to their cell walls or by enzymatically breaking them 

down into less harmful compounds. This detoxification process is crucial for minimizing the health 

risks associated with mycotoxin consumption and has significant implications for food safety. 

Enhanced Food Preservation: Research has also highlighted the potential of probiotics to be 

integrated into food preservation systems, providing a natural alternative to chemical preservatives. 

The use of probiotics not only inhibits fungal growth and reduces mycotoxin levels but also enhances 

the overall shelf life and safety of food products. This is particularly relevant in the context of clean-

label and minimally processed foods, where consumers increasingly prefer natural ingredients over 
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synthetic additives. The use of probiotics aligns with these consumer trends, offering a sustainable 

and health-conscious solution for food preservation. 

Safe and Environmentally Friendly Approach: The research underscores the safety and 

environmental benefits of using probiotics as biocontrol agents. Unlike chemical preservatives and 

fungicides, which can have adverse effects on health and the environment, probiotics are generally 

recognized as safe (GRAS) and pose minimal risk to consumers. This makes them suitable for 

widespread application in the food industry, particularly in regions where food safety is a major 

concern due to the prevalence of mycotoxin contamination. 

Potential for Broader Applications: The promising outcomes of research into probiotics and 

mycotoxin inhibition also suggest broader applications beyond food safety. These probiotics could be 

used in agricultural practices to prevent mycotoxin contamination at the source, such as during crop 

growth and storage. Additionally, their use in animal feed could help reduce the entry of mycotoxins 

into the food chain, thereby protecting both animal and human health. 

IX. Challenges and Future Directions 

Despite the promising research outcomes surrounding the use of probiotics to inhibit mycotoxin-

producing fungi, several challenges and areas for further investigation must be addressed to fully 

realize their potential. These challenges encompass issues related to the efficacy of probiotics in 

complex food matrices, their stability, interactions with other food components, and the need for a 

deeper understanding of their antifungal mechanisms. 

Efficacy in Complex Food Matrices: One of the primary challenges is evaluating the efficacy of 

probiotics in various food matrices. Probiotics must maintain their viability and functionality in 

diverse food environments, which can range from dairy products to baked goods and grains. The 

effectiveness of probiotics can be influenced by factors such as food composition, pH, moisture 

content, and storage conditions. Further research is needed to assess how different food matrices 

affect probiotic activity and to optimize conditions for maximum efficacy. 

Stability During Storage: The stability of probiotics during food storage is another critical issue. 

Probiotics are live microorganisms, and their viability can be compromised by environmental factors 

such as temperature, humidity, and exposure to oxygen. Ensuring that probiotics retain their 

antifungal properties throughout the shelf life of a product is essential for their practical application. 

This requires developing robust formulations and packaging solutions that protect probiotics from 

degradation and ensure their stability under various storage conditions. 

Interactions with Other Food Components: Probiotics interact with various components within 

food products, which can influence their effectiveness. For example, interactions with other 

ingredients, such as preservatives, flavourings, or other additives, could impact probiotic activity. 

Understanding these interactions and how they affect the probiotics' ability to inhibit mycotoxin-

producing fungi is crucial. Research should focus on identifying potential interactions that could 

either enhance or diminish probiotic efficacy. 
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Mechanisms of Antifungal Activity: A comprehensive understanding of the molecular mechanisms 

underlying the antifungal activity of probiotics is still lacking. While several mechanisms, such as 

competition for nutrients, production of antimicrobial compounds, and direct fungal cell interaction, 

have been identified, further research is needed to elucidate these processes in greater detail. 

Understanding these mechanisms will help in selecting and engineering probiotic strains with 

optimized antifungal properties and in developing targeted strategies for mycotoxin management. 

Regulatory and Safety Considerations: The use of probiotics in food products must adhere to 

regulatory guidelines and safety standards. Regulatory agencies require thorough safety assessments 

and efficacy demonstrations before probiotics can be widely adopted in food products. Researchers 

and manufacturers must work together to navigate these regulatory frameworks, ensuring that 

probiotics used for mycotoxin inhibition are safe, effective, and compliant with food safety 

regulations. 

Consumer Acceptance and Education: Consumer acceptance of probiotics as a method for 

mycotoxin control is another important consideration. Public education about the benefits and safety 

of probiotics, as well as clear labelling and communication about their role in food safety, can 

influence consumer attitudes and acceptance. Efforts to increase awareness and understanding of 

probiotics' benefits will be crucial in promoting their adoption in food products. 

Broader Applications and Future Research: Finally, exploring the broader applications of 

probiotics beyond food safety, such as their use in agriculture or animal feed, presents additional 

opportunities for research. Investigating how probiotics can be integrated into crop production and 

storage practices to prevent mycotoxin contamination at the source could have significant 

implications for food safety on a larger scale. 

X. Conclusion 

The use of probiotics, particularly those isolated from curd, presents a promising natural solution for 

mitigating mycotoxin contamination in food. Research highlights their effectiveness in inhibiting the 

growth of mycotoxin-producing fungi and reducing mycotoxin levels through various mechanisms, 

including competition, antimicrobial production, and enzymatic degradation. While challenges 

related to efficacy, stability, and regulatory considerations remain, the potential benefits of probiotics 

in enhancing food safety are substantial. Future research should aim to address these challenges and 

further explore the broader applications of probiotics. Through advancing our understanding and 

application of probiotics, we can develop safer, more sustainable methods for managing mycotoxins, 

contributing to improved food safety and public health. 
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