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ABSTRACT 

Introduction and Aim: Mycotoxins are toxic by-products of fungi that can appear in bakery foods 

including bread, cake, and biscuits, among others. Mycotoxins generated by filamentous fungus (moulds) 

have a severe influence on the sustainability of food sources and cause significant economic loss. The aim 

is to highlight the critical need for biological detoxification methods, particularly utilizing lactic acid 

bacteria (LAB) and enzymes, to effectively degrade mycotoxins into less harmful substances. This 

research emphasizes the potential of LAB in addressing mycotoxin contamination in food. 

Materials and Methods: The study employed various methods for the extraction and analysis of 

mycotoxins, including solid-liquid extraction (SLE) and solid phase extraction (SPE) using immune-

affinity columns. Detection techniques utilized were High Performance Liquid Chromatography (HPLC), 

mass spectrometry (MS), and tandem mass spectrometry (MS/MS) for multiclass determination of 

mycotoxins. Additionally, the effectiveness of lactic acid bacteria (LAB) strains in degrading specific 

mycotoxins was assessed through in vitro experiments under controlled conditions. 

Results: Specific lactic acid bacteria (LAB) strains demonstrated significant degradation capabilities for 

various mycotoxins, achieving degradation rates of up to 90%. For instance, certain strains were effective 

in breaking down ochratoxin A and aflatoxin B1, with degradation percentages varying between 60% to 

100% depending on the strain and conditions. 

Conclusion: Mycotoxins are unavoidable contaminants in food, posing serious health risks, and 

emphasizes the importance of biological decontamination methods using lactic acid bacteria (LAB) and 

enzymes.  
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INTRODUCTION 

Mycotoxins are byproducts of the secondary 

metabolism of filamentous fungi, and their names 

come from the combination of the ancient Greek 

terms mykes and toxon, which respectively mean 

"mould" and "poisonous arrow" (1). According to 

Zhou et al., (2) and Wang et al., (3) fungus create 

hazardous compounds called mycotoxins. They 

are harmful to human health and are typically 

present in food products provided by supermarket 

chains and grocery stores as natural contaminants. 

By making food unfit for ingestion, they have an 

adverse influence on human health (4). The three 

mould genera Aspergillus, Fusarium, and 

Penicillium play a major role in the production of 

mycotoxins. The most hazardous mycotoxins are 

known as aflatoxins, which are mostly generated 

by A.flavus and A.parasiticus (5). While aflatoxins 

B1, B2, G1, and G2, fumonisins B1, B2, and B3, 

ochratoxin A, deoxynivalenol, zearalenone and 

patulin are the most frequent mycotoxins 

discovered in bakery food products (6) (Table 1). 

Because mycotoxins have varied chemical 

structures and can have a range of hazardous 

effects on both animals and peoples, they are one 

of the most important and concerning problems 

relating to food safety. According to Oueslati et 

al., (7) mycotoxins can be hazardous in four 

different ways: acute, chronic, mutagenic, and 

teratogenic. Deterioration of liver or renal 

function, which in severe cases may result in 
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death, is the acute mycotoxin poisoning impact 

that is most frequently cited (8). Significant 

amounts of dietary toxins often cause acute 

consequences, therefore fatal instances are 

typically limited to livestock or less developed 

regions of the world where control resources are 

scarce. Concern for the population's long-term 

health originates from chronic consequences. 

Since many toxins are found in food, we eat every 

day in little amounts. According to Sforza et al., 

(9) certain mycotoxins are genotoxic, 

carcinogenic, and may harm the kidneys, liver, or 

immune system. The best way to lower mycotoxin 

levels in food is by decontamination, which 

involves removing these toxins from the raw 

material before it is eaten. For the 

decontamination of food and feed, several 

physical, chemical, and biological techniques are 

employed (10) (Figure 1). To degrade or eliminate 

fungal toxins beyond affecting raw materials 

quality, other techniques are also combined. In 

feed and food industry, mycotoxin content is 

removed or reduced via chemical processes such 

as oxidation, alkalization, reduction, 

ammoniation, and acidification (8).  Numerous 

substances, including calcium hydroxide mono-

ethylamine, sodium hydroxide, chlorine, 

ammonia, sodium hydroxide and ozone, have the 

ability to lower the mycotoxin content in food. 

Mycotoxins can be partially destroyed chemically 

via processes like oxidation and alkalinization, but 

accomplishing so also destroys some of the 

important nutrients. Mycotoxins can be partially 

removed physically using processes such 

mopping, grinding, colouration, illumination, 

afloat, rinsing and removing flawed grains (1). 

However, the use of hundreds of microorganisms, 

such as fungus, yeast, and bacteria, was suggested 

as a highly promising method for biologically 

removing mycotoxins (11).  

Biological detoxification is the process of 

breaking down fungal toxins using microbe-

produced enzymes and their metabolites. Lactic 

acid bacteria are the main bacteria that degrade 

fungal toxins, and Mycotoxins are bio transformed 

into less hazardous or harmless molecules during 

biological detoxification. 

 

Table 1: Major mycotoxins in bakery food 

products and their effects. 
MYCOTOXINS FUNGAL 

SPECIES 

BAKERY FOOD 

PRODUCTS 

Aflatoxins B1, 

 

B2, G1, G2 

Aspergillus flavus 

Aspergillus 

parasiticus 

Biscuits, Bread, 

Peda, Ladoo etc 

Aflatoxin M1 Metabolite of 

aflatoxin B1 

Peda, Burfi etc 

Ochratoxin A Aspergillus 

ochraceus 

Penicillium 

verrucosum 

Aspergillus 

carbonarius 

Chips, Peda, Cake, 

Burfi etc 

Fumonisins B1, B2  

and B3 

  Fusarium 

vericillioides 

Fusarium 

proliferatum 

Bun, Bread, Peda, 

etc 

Zearalenone Fusarium 

graminearum 

Fusarium 

culmorum 

Rasgolla, Cream 

Bun, Peda, 

Biscuits etc 

Deoxynivalenol Fusarium 

graminearum 

Fusarium 

culmorum 

Bakery products 

Patulin Penicillium 

expansum 

Apple cake, fruit 

cake etc 

 

Biological detoxification has the potential to use 

hundreds or even thousands of suitable 

microorganisms. The aim of present research 

focused to highlight the critical need for biological 

detoxification, including lactic acid bacteria 

detoxification and to detoxify mycotoxins 

utilising microorganisms and enzymes (8). 

 
Figure 1: Schematic representation of mycotoxin 

detoxification methods. 

2 Occurrence of major mycotoxin 

contamination 

2.1 Aflatoxins: 

A set of harmful, structurally similar secondary 

metabolites known as aflatoxins (Figure 2) are 
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mostly generated by Aspergillus species found in 

foods, such as A.flavus and A.parasiticus. 

Aflatoxin exists in a variety of forms, including 

B1, B2, G1, G2, M1 and M2 (12). The most 

frequent type of these mycotoxins detected in 

foods is B1. According to Bennett et al., (13) 

Aspergillus flavus may create aflatoxins B1 

(AFB1) and B2 (AFB2), whereas AFB1, AFB2, 

AFG1 and AFG2 produced by Aspergillus 

parasiticus. The liver is the principal organ 

impacted by aflatoxins, which also have 

hepatotoxic, teratogenic, mutagenic, and 

immunosuppressive effects. Aflatoxins have been 

associated to both chronic carcinogenicity and 

acute toxicity in case of animals and humans too. 

In accord with Boevre et al., (14) aflatoxin-

producing fungus may also grow on milk, 

almonds, ground nuts, walnuts, peanuts and 

pistachio nuts as well as cereals like rice, maize, 

sorghum, barley, and oats. Due to its great toxicity 

when compared to other aflatoxin kinds, the 

fungus toxin Aflatoxin B1 has been the subject of 

the most investigation. According to reports, the 

synergy with the targeted fungi gene expression is 

the process by which aflatoxin B1 is degraded.  

 
Figure 2: Chemical structure of Aflatoxins 

(www.chemspider.com). 

Because of the major concerns about AF 

contamination in food and feed and their negative 

consequences on human health and the economy, 

AFs have been subject to intense FDA 

surveillance since 1969. Simply AFs are subject to 

specified FDA action limits among all 

mycotoxins; the others are simply governed by 

advisory levels (13). Aflatoxin exposure has been 

deemed carcinogenic to humans by the World 

Health Organisation (WHO) and the International 

Agency for Research on Cancer (IARC) (15). 

2.2 Ochratoxin A: 

Ochratoxins (Figure 3) are mycotoxins produced 

by Penicillium sp and Aspergillus sp of fungus, 

and it has shown to cause cancer growth in both 

people and animals (16). The most dangerous 

toxin in this category, ochratoxin A, it has been 

implicated in numerous medical issues,along with 

nephrotoxic, hepatotoxic, teratogenic, and 

carcinogenic disorders (17). Ochratoxins A can be 

found in meat products, dried vine fruit and spices, 

beer, wine, cocoa, coffee, cereals, beers, and wines 

(18). Ochratoxin A is typically found in solid 

meals, making biological detoxification especially 

difficult. In numerous foods, lactic acid bacterial 

strains and their metabolites demonstrated 

synergetic and antagonistic degrading pursuit. 

Among all sources of ochratoxin A, coffee and 

wine are known to be the main sources of 

ochratoxin A consumption (19). The increase in 

hydrophobicity, according to the researchers, is 

what allowed the warm disable lactic acid 

bacterial cells to absorb ochratoxin A to such a 

degree (20).  In liquid environment, the 

detoxifying capacity of P. parvulus against 

ochratoxin A was established by Abrunhosa et al., 

(21). 90% of ochratoxin A was broken down in 19 

hours under ideal circumstances (at 30 °C/7 days). 

This was accomplished by the conversion of OTA 

into OT. The size of the inoculum and temperature 

for incubation had a significant impact on the 

degradation activity.  

 
Figure 3: Chemical structure of Ochratoxin A 

(www.chemspider.com). 

2.3 Fumonisins: 

Fumonisins, is a kind of non-fluorescence 

mycotoxin, it was identified in 1988. Fumonisins 

are hydrophilic mycotoxins that cannot entirely 

dissolve in organic solvents, in contrast to the 

majority of other mycotoxins (13). F. proliferatum 

also produces fumonisins. Fumonisin B1, which 

was discovered in 1988, is the most significant 

type of the all fumonisins (28) that have now been 

discovered and are divided into A, B, C and P 

categories (22). Plants are home to the bulk of the 

fumonisins family, or fumonisin B1 (FB1). FB1 is 

DOI: https://doi.org/10.51248/v44i3.89    261  Biomedicine – Vol. 44 No. 3: 2024 



Ramalingappa & Sowmya : Biological Decontamination Processes…..Present and Future 

 

 

typically present in maize kernels (23). According 

to Sweeney et al. (24)  fumonisins can found in 

wheat, asparagus spears, barley, sorghum, 

sorghum, soybeans, medicinal herbs, figs and 

black tea.  

 
Figure 4: Chemical structure of Fumonisins 

(www.chemspider.com). 

2.4 Zearalenone: 

Zearalenone (Figure 5) earlier named as F2 toxin, 

is an estrogenic fungal toxin synthesised by 

Fusarium species involves F.crookwellense, 

F.cerealis, F.culmorum, F.equiseti, and 

F.graminearum, mainly occurring contamination 

with wheat, barley and maize fields and is 

frequently found in sorghum, rye and maize (16). 

The favoured substrates for zearalenone synthesis 

are wheat and rice, while oat and barley generate 

relatively little of the toxin.  High humidity and 

cool temperatures are ideal for zearalenone 

manufacturing. DON and ZEA contamination 

usually coexist, while aflatoxins are less common. 

According to Yazar et al., (25) at normal 

temperature, ZEA is stable and largely removed at 

maximum temperatures. 

 

 
Figure 5: Chemical structure of Zearalenone 

(www.chemspider.com). 

2.5 Patulin: 

Patulin (Figure 6) is a polyketide and water-

soluble fungal toxin that was first identified in 

1943. On fruits and vegetables, it is generated by 

specific Penicillium and Aspergillus species, with 

P.expansum is the major fungus for its synthesis 

(13). Other fruits like peaches, grapes and pears 

have been susceptible to contamination of patulin, 

albeit it mostly affects apple juice, apple products 

and also apple (26). Because patulin can penetrate 

body tissues to prevent synthesis of protein, it 

lowers content of glycogen in kidney, intestinal 

tissues and liver, patulin residues can pose unique 

safety risks. Initially investigated as a possible 

antibiotic, patulin has now been found to have 

hazardous effects on humans, including nausea, 

vomiting, ulceration, and haemorrhage (27). 

Although the International Agency for Research 

on Cancer (IARC) have not sufficient data for this 

theory [28]. In both animals and peoples, cancer 

caused by patulin. Studies on patulin 

biodegradation by LAB strains are extremely a 

few. 80% of patulin is degraded by 

Bifidobacterium animalis.  

 
Figure 6: Chemical structure of Patulin 

(www.chemspider.com). 

3. Techniques involved in the detection of food 

mycotoxins 

The presence of mycotoxins in food is a major 

global concern for food safety. A few common 

approaches, such as sampling, homogenization, 

extraction, clean-up, and ultimately detection of 

mycotoxins in food by qualitative and quantitative 

analysis, are frequently used to evaluate the 

amounts of mycotoxins in food samples (29). 

In food, fungal toxins detection involves 

numerous scientific methods, including, ELISA, 

capillary electrophoresis (CE), gas 

chromatography (GC), QPCR and thin layer 

chromatography (TLC), have been proposed. But, 

the most common technique is HPLC (High 

Performance Liquid Chromatography) and mass 

spectrometry (MS) analysis. Tandem mass 

spectrometry (MS/MS) and ultrahigh performance 

liquid chromatography (UHPLC) have become 

very popular in recent years, especially in the 

detection of residues in the presence of other 

contaminants and for the multiclass determination 

of mycotoxins (8). 
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Figure 7: General steps involved in the mycotoxins 

analysis in food. 

LC-MS and HPLC method are very suitable 

technique for the detection of mycotoxins. 

Because food matrices are so complex, an 

extraction and clean-up purification stage is 

frequently necessary prior to analysis. Solid-liquid 

extraction (SLE) is the most widely used 

technique, followed by solid phase extraction 

(SPE), which makes use of immune-affinity 

columns (IACs) containing particular antibodies 

to the target analyte. The most common sample 

treatments are covered in multiple publications 

that give an overview of the several methods 

recommended for identifying mycotoxins in food 

(30). 

4. Biological Detoxification 

Biological detoxification refers to the employment 

of microorganism enzymes and their metabolites 

to destroy mycotoxins. Hundreds or thousands of 

relevant microbes and metabolites are used, that 

makes biological detoxification a potential option. 

Microorganisms that are utilised for detoxification 

must satisfy specific requirements, such as being 

non-pathogenic and safe to employ (31). 

Numerous microbes have been proposed as food 

detoxifying agents. The most frequent 

microorganisms employed to detoxify food are 

fungi, yeast, and bacteria (32-33), the potential of 

lactic acid bacteria, C.rubrum Rhizopus sp, 

C.lipolytica, A.niger, M.ambiguous T.viride and a 

number of other microbes for detoxification. 

According to Nichea et al., (34) assessment of 

several Aspergillus species, these fungi have the 

enzymes necessary to break down and transform 

the aflatoxins (B1 to B2 and B3) from food items.  

However, according to various research, some 

bacteria may be used to detoxify mycotoxins from 

food (12). Flavobacterium aurantiacum was first 

bacteria utilized to breakdown B1 aflatoxin B1 in 

feed, and it has been shown that the pursuit was 

correlated with the enzymes (35). P.aeruginosa 

N17-1 was able to significantly destroy a number 

of aflatoxins, involves aflatoxin B1, B2, and M1 

in nutritional porridge, as revealed by Sangare et 

al., (36). Additionally, it has been shown that 

some microbes use fungal toxins as a carbon 

source. From soil Agrobacterium-Rhizobium were 

isolated that were change deoxynivalenol into the 

minor harmful metabolite 3-keto-4-

deoxynivalenol (37). Bondy et al., (38) 

Deoxynivalenol was decomposed by the bacteria 

Devosia mutans 17-2-E-8, and the primary 

metabolite was 3-keto-deoxynivalenol, which had 

a lower toxicity than the mycotoxin. 

5. Detoxification of mycotoxins by LAB (Lactic 

Acid Bacteria) 

Because they naturally develop in the human gut 

and are highly safe to use in food, LAB is one of 

the main microorganisms utilised for the 

degradation of mycotoxins (34). This enables 

them to perform effectively for the removal of 

mycotoxins. Proteins hydrolyze by many 

proteolytic enzymes are produced by LAB. These 

enzymes include cell wall bound proteinase, 

which breaks down proteins into peptide 

transporters, polypeptides, which carry peptides 

and intracellular peptidases into cell, which 

convert peptides into amino acids (11). Proteolytic 

enzymes of lactic acid bacteria are crucial in 

detoxification process in food products (21). Two 

crucial pathways for mycotoxin detoxification 

from food are produced by lactic acid bacteria. 

Using active LAB or use LAB-produced enzymes. 

Many bioactive metabolites are created by LAB, 

and they can stop the growth of fungus as well as 

the contamination of food or the generation of 

mycotoxins (fungal toxins) (34). Several studies 

reported (El-Nezami et al., 1998, Peltonen et al., 

2001, Sezer et al., 2013, Mendoza et al., 2009, 

Slizewska et al., 2011, Huang et al., 2017, Fuchs 

et al., 2008, Luz et al., 2018, Franco et al., 2011, 

Rogowska et al., 2019) (39-48) mycotoxins in 
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foods can be degraded (detoxification) up to 80-

90% by using LAB (Figure 8 and Figure 9).  

 
Figure 8: LAB reported degradation of Aflatoxin 

B1 in food and feeds. 

 

 
Figure 9: LAB reported degradation of different 

mycotoxins in food and feeds. 

6. Mechanisms of degradation of mycotoxins 

by lactic acid bacteria strains 

Adsorption of mycotoxins by the cell wall of LAB 

strains, has been proposed as an alternative 

technique for removing mycotoxins from certain 

foods. Polysaccharides, protein, and 

peptidoglycans were found in the cell walls of 

LAB strains and were connected to this action (49-

50). Wang et al., (28) report that in cultured 

medium, the binding activity of certain LAB led 

to a reduction in patulin. Due of the number of 

binding sites, the binding quest was aided by 

choosing strains with a high particular area of 

surface and cellular volume. According to the 

researchers, protein and polysaccharides have a 

major role in the adsorption of patulin. According 

to different research, the incubation temperature, 

the complication and food pH, the quantity of 

LAB cells, the strain of LAB, the beginning 

concentration of mycotoxins, and the number of 

LAB cells all had an effect on the binding of 

fungal toxins by lactic acid bacterial cells. The 

survival of the cells was not required, according to 

Dalie et al., (51) since the aflatoxin B1 linked to a 

certain monoclonal antibody in cell wall. In order 

to lessen mycotoxins in food, LAB strains create 

metabolites including phenolic compounds, fatty 

acids, acids and low molecular weight bioactive 

peptides. These metabolites may reduce toxicity 

of the fungal toxins by binding with them (34).  

Since the processes of fungal toxin breakdown and 

elimination by lactic acid bacterial cells and 

metabolites are still have not fully understood, a 

number of suggestions have been made up, 

including the involvement of proteolytic enzymes 

in mycotoxin degradation and interaction of 

definite metabolites with the fungal toxins. Toxin 

adsorption by lactic acid bacterial cells, 

degradation of toxins by enzymes of lactic acid 

bacteria, and toxin interaction with LAB 

metabolites were three plausible mechanisms, 

according to the results of prior research (Figure 

10). 

 
Figure 10: Mechanisms of degradation of 

mycotoxins by lactic acid bacteria strains [8]. 

6.1. Degradation of Aflatoxin by LAB: 

Aflatoxin B1 is reportedly broken down by contact 

with the targeted fungus and gene expression. 

According to research by Gomaa et al., (52), there 

is a correlation between the decline in the Omt-A 

gene (60–70%), which is required for the 

biosynthesis of aflatoxin B1 by A.flavus and 

A.parasiticus, and the decline in aflatoxin B1 

levels. This study confirmed that the utilisation of 

that particular strain for applications of food was 

constrained by the maximum cell density is 

essential for decontamination. Due to the ability to 

bind bacterial cell's to aflatoxin B1, the strains L. 

rhamnosus and L. amylovorus were able to 

eliminate more than 50% of it (43). In another 

investigation, yoghurt with a high degree of 

aflatoxin M1 breakdown was created by 

combining a single strain (L. plantrium) with 
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yoghurt strains (S.thermophilus and L.bulgaricus). 

According to earlier studies on aflatoxins, a 

number of LAB isolates can reduce the amount of 

aflatoxin in a range of solid, liquid and semiliquid 

food systems. Therefore, the biological 

detoxifying pursuit of lactic acid bacteria is a 

favourable method for many food applications 

(53). 

6.2 Degradation of Ochratoxin by LAB:  

Lactic acid bacterial strains and their metabolites 

manifest synergetic and antagonistic degrading 

activities in a variety of diets. The L. acidophilus 

VM 20 strain dramatically (by 95%) decreased the 

levels of ochratoxin A in a liquid media as a result 

of its antagonistic activity. To further demonstrate 

the detoxifying abilities, Hepatoma cell line 

(HepG2) was utilised. The new strain digested 

more than 50% of ochratoxin A (45). The LAB 

binding activity was discovered to be influenced 

by lactic acid bacterial cell density, ochratoxin A 

concentration, pH level, and LAB cell survival. 

The levels of ochratoxin A in liquid medium were 

reduced by 50% in L. acidophilus CH-5, L. 

rhamnosus GG, L. sanfranciscensis, L. brevis and 

L. plantarum BS; nevertheless, the lactic acid 

bacterial cells with ochratoxin A were discovered 

to be revocable (20-21). The detoxifying capacity 

of the lactic acid bacterial strains L. brevis, L. 

sanfranciscensis and L. plantarum showed 50% 

decrease in ochratoxin A after a 30-minute 

incubation in 1 M phosphate buffer by An in vitro 

investigation (sodium acetate 0.615%, EDTA 

0.1%, MgCl2 0.254%, raffinose 29.72%, pH 6.2). 

According to the research studies, the increase in 

hydrophobicity is what made the thermic disable 

lactic acid bacterial cells absorb ochratoxin A at 

prominent level (20). Ines et al., (54) discovered 

that in liquid environment, detoxifying pursuit of 

P.parvulus towards ochratoxin A, about 90% of 

ochratoxin A was broken down in 19 hours, 

incubated at 30 °C for 7 day. This was achieved by 

the transformation of OTA into OT. The 

incubation temperature and inoculum size both 

significantly affected the degradation activity. A 

new research shown the superiority of mixing 

many strains with S. cerevisiae in a collegial 

system to boost the pursuit of ochratoxin A 

breakdown (55). 

6.3  Degradation of Patulin by LAB: 

Studies on patulin biodegradation by LAB strains 

are quite few. 80% of patulin is degraded by 

Bifidobacterium animalis VM, and the activity 

was found to be correlated with both the media 

patulin content and LAB cell density. By using 

human hepatoma cell line (HepG2), in the 

presence of the chosen lactic acid bacteria and it 

demonstrated an enhanced division rate and the 

detoxifying activity was further validated (21 & 

45). The heat-inactivated L. brevis 20,023 

exhibited an intense ability to bind patulin to the 

cell membranes of the selected lactic acid bacteria 

in a liquid media. The inclusion of functional 

groups, such as polysaccharides and proteins, was 

observed to significantly enhance patulin 

adsorption into lactic acid bacterial cells (31). In a 

liquid solution at pH 4 and an incubation 

temperature of 37 °C, the percentage of patulin 

metabolised by the LAB strains Bifidobacterium 

bifidum 6071 and L. rhamnosus 6149 was 52.9% 

for viable cells (56). Patulin may be extensively 

decomposed at low pH values, which may be the 

primary reason in lactic acid bacteria degradation 

activity. New research examined the chemical 

breakdown of patulin in the presence of ascorbic 

acid apple juice. In apple juice incorporated with 

0.25% (w/v) ascorbic acid, patulin reduced by 

60%, and biodegradation resulted in the 

generation of less-toxic metabolites (57).  

7. Methods of mycotoxin detoxification by 

enzymes from microorganisms 

Most promising techniques is enzyme 

detoxification for reducing mycotoxins since it 

doesn't have certain major limitations associated 

with chemical procedures, such as nutritional loss, 

raw materials with chemical contamination, 

prolonged, and high prices (11). Numerous 

microorganisms, such as bacteria, moulds, and 

yeasts, participate in the detoxification of fungal 

toxins by enzymes (58). Mycotoxins are 

frequently converted by microbial enzymes into 

less harmful or innocuous metabolites, 

destruction, or inactivation (59). Most bacteria 

employ degradation as a process during daily 

activity to transform certain compounds into less 

dangerous or even non-toxic byproducts. The 

crucial active molecules released by bacteria 
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during the degrading process are called enzymes 

(60). 

In order to detoxify the most well-known 

mycotoxins, such as AF, ZEN, PAT, TCT, and 

OTA, a significant amount of scientific research 

has concentrated on enzymatic degradation (61-

63). Numerous enzymes from fungus, bacteria and 

yeast have been found and examined for their 

ability to alter or transform mycotoxins in various 

ways (64). Numerous Aspergillus species 

enzymes are associated in aflatoxin degradation. 

Additionally, it was shown that an isolate of 

A.niger from feed samples may eradicate AFB1 

(65). Other fungi have reportedly been found to 

secrete oxidative enzymes such laccase and 

manganese peroxidase, which may help in the 

detoxification of aflatoxins (66). It has been found 

that many Aspergillus sp. enzymes are necessary 

for the degradation of aflatoxin. Aspergillus niger 

isolate from samples of feed have been shown to 

destroy AFB1 (67). After heating, 94.7% of AFB1 

in Bacillus velezensis DY3108 supernatant could 

be converted into less dangerous metabolites. 

Recent research has shown that Bacillus pumilus 

may kill 88% of AFB1 (68).  It's noteworthy to 

notice that B.pumilus ES-21, convert ZEN of 

95.7% into 1-(3,5-dihydroxyphenyl)-6 hydroxyl 

undecen-1-one )69]. Overall, lactonase (70-71), 

peroxidase (72) and laccase have been identified 

as the three types of enzymes that break down 

ZEN (61). The primary benefit of lactonase 

Zhd101, which was found in S. cerevisiae and L. 

reuteri, was that it was highly effective at 

degrading ZEN. Lactonase has a high capacity for 

degradation, not highly thermostable and it 

inhibits (73). Zhd518 was found by Wang et al., 

(74) as a lactonohydrolase enzyme with potent 

ZEN-degrading activity. The same authors claim 

that Zhd518 is a viable alternative for ZEN 

detoxification due to its strong specific action 

against ZEN and its derivatives. For the first time, 

a Gliocladium roseum lactonase that is capable of 

efficiently digesting ZENG was found and called 

ZENG by Zhang et al., (75). At a pH of 7.0, this 

recombinant enzyme has exceptional detoxifying 

activity towards ZEN and its derivatives, -

zearalenol (-ZOL), and -zearalanol (-ZAL).  

 

Table 2: Percentage of mycotoxin degradation by 

enzymes and their microorganisms. 
Mycotoxins Microorganisms Name of the 

enzymes 

% of 

degradation 

Reference 

OTA Aspergillus niger 

MUM 03.58 

Carboxypeptidas

e 

99% Abrunhosa 

et al., 2006 

OTA Bacillus 

amyloliquefacien

s ASAG1 

Carboxypeptidas

e 

72% Chang et 

al., 2015 

AFB1 Phanerochaete 

sordida 

Manganese 

peroxidase 

86% Wang et 

al., 2011 

AFB1 Trametes 

versicolor 

Laccase             67% Lorestania 

et al., 2015 

AFB1 Pleurotus eryngii Laccase 86% Loi et al., 

2018 

ZEN Pleurotus eryngii Laccase 100% Loi et al., 

2018 

ZEN Gliocladium 

roseum 

ZENG 60% Zhang et 

al., 2020 

ZEN lignocellulose-

degrading fungi 

Manganese 

Peroxidase 

34% Tang et al., 

 2013 

 

 
Figure 11: Percentage of mycotoxin degradation by 

enzymes and their microorganisms. 

Many mycotoxins feature connections, such as 

lactone rings, amides, or ester linkages, that can be 

degraded by certain enzymes. The hydrolytic 

process needs aqueous conditions, but no co-

substrates or coenzymes are necessary. It was 

presumably made feasible by the hydrolytic 

reaction's simplicity that pure hydrolases against 

fumonisin and ZEN used to feed additives were 

commercially viable (76-77). Some of the 

biotransformation reactions of mycotoxins by a 

few microbial enzymes are shown in Table 2 & 

Figure 11. 

8. Applications of LAB in foods 

Due to their capacity to breakdown mycotoxins, 

LAB strains are among the most significant 

alternatives for the detoxifying activity in meals. 

LAB's potential in food applications may be 

attributed to characteristics including its generally 

recognised as safe (GRAS) status, cheap 
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production costs, and variety of food applications 

(56). Additionally, LAB strains might lessen the 

financial dropping correlated with food goods by 

increasing the storage capacity of those products 

and decreasing production of fungal toxins. 

For manufacture of baked foods like sourdough 

and fermented grains, LAB are essential. 

Numerous lactic acid bacterial strain like L. 

plantarum, were showed lower the amount of 

aflatoxin B1 in bread (78). In contaminated apple 

juice, the quantity of patulin was effectively 

decreased by 80% when LAB was employed to 

break it down without harming the juice's quality. 

The applications of Lactic acid bacteria are 

satisfactory to digest fungal toxins in a scope of 

foods because of its potent enzymatic system and 

rapid adaptability to different substrates. Recently 

Lactic acid bacteria has been proposed as a 

dependable technique for eliminating or degrading 

mycotoxins from foods (79).  

LAB strains may be employed as a co-culture in 

foods, such as in the hurdle technique for 

removing mycotoxins from dairy products (80). 

Additionally, it was noted that using whey 

permeate cheese fermented with lactic acid 

bacteria and restrain a number of metabolites was 

a successful method for lowering the fungal toxin 

from Fusarium sp. in wheat grains malting used to 

make baked goods and beverages (81). LAB 

fermentation can drastically lower the amount of 

mycotoxin in food. Additionally, to lessen the loss 

brought on by mycotoxin contamination, 

fermented food products might be converted into 

other processed food items. 

CONCLUSION 

Mycotoxins are unpredictable and inevitable 

pollutants in food products all over the world. 

Numerous fungi create mycotoxins, which are the 

primary cause of a major health concern to 

consumers, and these mycotoxins are found in 

food products. The best way to lower mycotoxin 

levels in food is by decontamination, which 

involves removing these toxins from the raw 

material before it is eaten. For the 

decontamination of food and feed, a variety of 

physical, chemical, and biological techniques are 

employed. Biological detoxification is a highly 

recommended method with the potential use of 

numerous microbes. LAB is the main 

microorganism for the degradation of fungal 

toxins and the biotransformation of mycotoxins 

into smaller or harmless molecules is referred to 

as detoxification. It has been shown that certain 

LAB strains may degrade certain mycotoxins in 

food by adhering to their cell walls or by 

decomposing them with their enzymes. As a 

result, greater research into the processes of 

mycotoxin destruction is required. Future research 

should concentrate on combining certain lactic 

acid bacterial strains with distinct detoxification 

mechanisms in order to optimise the effectiveness 

of mycotoxin breakdown. In addition, it's 

important to identify and choose the best microbes 

and enzymes for effective detoxification as well as 

to investigate the enzymatic properties and 

catalytic roles of enzymes in food. 
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