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INTRODUCTION 
 

Mycotoxins are the secondary fungal metabolites, as a 

worldwide concern. Fungal growth occurs in aerobic 

conditions in numerous raw feed ingredients its growth is 

unavoidable. There are almost 200 species of mycotoxins that 

are capable of producing mycotoxins. The fungi that produce 

the mycotoxins are mainly associated with 3 genera; 

Penicillium, Aspergillus, and Fusarium. While more than 500 

known mycotoxins are formed through these fungi, only few 

of these mycotoxins have pathogenic features. The effects of 

mycotoxin-contaminated food and feed on people and animals 

ranges from minor symptom to death (Becer and Filazi 2010; 

Vikram Patial et al. 2018). Environmental factors such as grain, 

season, drought, and harvest time influenced the fungus 

growth and mycotoxins formation in the field during storage 

and transit. Long-term study indicates that feed and feedstuff 

may be mycotoxin pollutant materials; these pollutant feed 

materials typically include several mycotoxin species (Streit et 

al. 2012). These cereals and oilseeds existing in poultry feeds 

are the vegetable substance found during vegetation in 

cropland, storage, and transportation in various climatic 

conditions. It has been estimated by FAO (Food and 

Agriculture Organization) mycotoxins contaminate almost 

25% of crops worldwide per year, resulting in wastage of 

roughly 1 billion metric tons of feed and food products 

annually. Mycotoxins are given special attention because of 

their adverse health effects, lower output owing to food 

spoilage, and economic consequences shown in international 

food and food product. As a result, feed and animal 

producers must avoid fungal development and the formation 

of mycotoxin (Kaya 2014). Feed quality, organoleptic 

characteristics, and nutritional quality are all affected by the 

presence of microscopic fungus. Generally, concerning 

animals and humans, mycotoxins show the toxic effects that 

are categorized through mutagenic, teratogenic, estrogenic, 

and carcinogenic properties (Cegielska-Radziejewska et al. 

2013). Aspergillus, Alternaria, Fusarium, and Penicillium are the 

genera with the most poisonous species. The studies revealed 

that mycotoxins include ochratoxin, aflatoxin, T-2 toxin, 

fumonisin, zearalenone, patulin, and deoxynivalenol 

mycotoxins in food and feed (Pitt and Hocking 2009; Adeyeye 

2020). Poultry mycotoxicosis is caused by eating a low 

quantity of adulterant over  a  long  period  of  time.  When  

a  high concentration of  mycotoxins is consumed, it 

produces immediate clinical signs and symptoms associated to 

particular important organs, the immune system, and other 

areas of avian physiology, as well as death (Abidin et al 2011). 

The maximum level of AFB1 in poultry feed has been 

established in the European Union. So, the maximum level of 

AFB1 in poultry feed has been set at 0.02-0.05 ppm (EU 

2011). The health and production of poultry species are 

dramatically impacted via certain mycotoxins such as 

ochratoxin A (OTA), aflatoxin B1 (AFB1), fumonisin (FUM), 

T-2 toxin, and deoxynivalenol (DON) (Figure 1) (Murugesan 

et al. 2015). The goal of this study is to go through the 

importance of mycotoxins for poultry and their negative 

effects, as well as current developments in mycotoxins 

preventive measures. 

 

Type of Mycotoxins 

  

Aflatoxins 

 

Aflatoxins are the detrimental secondary metabolites 

categorized as polyketide-derived furanocoumarins primarily 

formed by Aspergillus species, i.e., A. parasiticus and A. flavus. 

Feeds are putrefied spontaneously by AFB1, AFB2, AFG1 and 

AFG2. AFB1, AFB2, AFM1, and AFM2 are found in tissues, 

milk and biological fluids interrelated with polluted feed 

intake. These toxic chemicals have been classified as very 

dangerous to humans by the International Agency for 

Research on Cancer (IARC) (Dohnal et al. 2014). AFB1 was 

identified as the causal agent of Turkey X disease in England in 

1960s, which caused young turkeys to die after eating infected 

peanuts (Rawal et al. 2010; Adeyeye 2020). Worldwide, AFB1 

has a primary public
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health concern due to its carcinogenic and hepatotoxic 

effects. Aflatoxins are commonly found in feed constituents 

that are mainly used for poultry ration. Among aflatoxins, the 

most extensive and biologically active form is AFB1 (Zhao et 

al. 2011; Kim et al. 2013). AFB1 is a pro-carcinogen converted 

to a reactive form by the enzyme CYP450; nevertheless, 

AFBO (AFB -8,9 epoxide) is necessary for hazardous and 

carcinogenic activities (Rawal et al. 2010). This AFBO, which 

is unstable and changes into formamide-pyrimidine DNA 

adducts, forms an AFB-N7 guanine adduct with DNA, and its 

repaired activities are assessed as key indicators in 

carcinogenesis vulnerability. AFB-N7 guanine adducts are a 

potential biomarker in urine that may be used to measure 

exposure and probable risk in those who eat AFB1 (Dohnal 

et al. 2014). 

In mammal primary detoxification route of AFB1 is by 

conjugation of AFBO to endogenous glutathione catalyzed 

through traditional decontamination enzyme glutathione-S-

transferase. Xenobiotics include environmental contaminants 

and a chemical carcinogen absorbed in phase-II metabolism 

through the proteins' decontamination process (Hayes et al. 

2005).  

Reduced weight gain, decreased feed efficacy, decreased egg 

weight and production, enhanced liver fat, altered organ 

weight, and reduced serum protein level, carcass bruising, 

liver damage, poor pigmentation, and the decline in the action 

of various enzymes involved in the digestion of lipid, protein, 

starch, and nucleic acid. The data showed that aflatoxins 

cause immunosuppression, which leads to disease outbreaks, 

low antibody titers, and vaccination failure (Murugesan et al. 

2015; Manafi et al. 2014). Furthermore, due to aflatoxicosis at 

the time of necropsy liver are enlarged and pale. 

Microscopically liver lesions include hepatic sinusoid 

congestion, focal hemorrhages, nodular lymphoid infiltration, 

biliary hyperplasia, necrosis, and centrilobular fatty 

cytoplasmic vacuolation. In addition, aflatoxin produces a 

malabsorption syndrome categorized through 

hypocarotenoidemia reduced concentration of pancreatic 

lipase, amylase, trypsin, bile salt, and RNase (Fig. 2) (Bbosa et 

al. 2013; Murugesan et al. 2015). Furthermore, when the 

broiler was fed AFB1/kg feed, the hepatic gene expression of 

superoxide dismutase epoxide hydrolase, GST, was reduced, 

whereas the gene expression of interleukin 6, 2HI, and 

CYPIAI was increased at the cellular level (Yarru et al. 2009). 

Due to residues of AFB1 in food and feed, mycotoxins lead 

the health problems and economic losses in the poultry, as 

well as public health concerns. However, in eggs of layer 

aflatoxin B1 is accumulated. For example, it has been 

observed that when AfB1 was taken with feed, then 1/1200 

was found to be accumulated in poultry meat; however, 

AFB1 was found 1/2200 to be accumulated in eggs (Hossain 

et al. 2012). 

 

Ochratoxins 

 

Ochratoxins are formed through Penicillium and Aspergillus 

species such as A. niger, A. verrucosum, and A. ochraceus. Most 

common and important form of ochratoxin is ochratoxin A 

(OTA), followed by OTB and OTC (Khatoon and Abidin 

2018b). IARC categorized OTA as carcinogenic to humans 

(Pfohl-Leszkowicz and Mandervile 2012). Aspergillus species 

may produce OTA and OTB. Typically, the OTB level was 

lesser as compared to OTA. It has been determined that 

ochratoxin A is nephrotoxic, hepatotoxic, neurotoxic, 

immunotoxic and teratogenic by in vivo research in many 

animal species and multiple in vitro techniques. Molecular 

research on OTA exposed a non-DNA-reactive Genotoxic 

process that comprises of numerous epigenetic pathways 

largely linked with oxidative stress, cell division, cell 

proliferation and signaling disruption (Vettorazzi et al. 2013). 

In general, the mechanism of action of ochratoxin A action in 

kidney is carcinogenesis. In poultry, ochratoxin leads to major 

economic losses and health issues leading to porcine 

mycotoxin nephropathy (Stoev and Denev 2013). 

Ochratoxin-related illnesses are classified according to the 

severity of kidney damage caused by ochratoxin exposure 

alone or in combination with other mycotoxins (Stoev and 

Denev 2013). Similarly, tubular atrophy mainly in proximal 

convoluted tubules was recognized in human endemic 

nephropathy classified via cellular interstitial fibrosis, 

karyomegaly. Aristolochic acid from plants and mycotoxins 

such OTA and citrinin are the etiological agents of endemic 

nephropathy (Pepeljnjak and Klaric 2010). In poultry, 

ochratoxin signs and symptoms include anemia, weakness, 

reduced feed consumption, decreased egg production and 

growth rate, excessive mortality, and poor feathering 

(Khatoon and Abidin 2021). Pathophysiological alteration 

includes diminished glomerular filtration rate and urine 

concentration, injury of proximal tubular function, 

ultrastructural changes in renal integrity, and deterioration. It 

has also been described that poultry fed ochratoxin-A leads 

to enhance the relative weight of the pancreas, spleen, liver, 

gizzard, proventriculus, and testes. It has also been observed 

that the appearance of Eimeria tenella and its effect is greater 

in combination with OTA than the occurrence of coccidiosis 

alone in broiler chicks (Manafi et al. 2011). It has been 

analyzed that OTC oral LD50 values were 216mg/animal and 

OTA 166mg/animal in day-old chick. Other ochratoxin methyl 

or ethyl ester exposed lesser toxicity than OTA. In day-old 

chicks, OTA methyl ester was less hazardous than OTA; 

however, OTB ethyl and methyl esters were less toxic to 

orally exposed day-old ducklings (Heussner and Bingle 2015).  

Fumonisins (FUM) are mycotoxins discovered in the culture 

of Fusarium moniliforme and chemically classified by 

Gelderblom and colleagues in 1988. It has been discovered 

the 6 distinct forms of fumonisins and their structures, 

including fumonisin (FA1), FA2, FB1, FB2, FB3, and FB4. In 

contrast, fumonisin B1 (FB1) has been recognized to be the 

major form generated through Fusarium moniliforme. 

Fumonisin B1 is categorized through IARC as probably 

carcinogenic to humans (Domijan 2012). In the 

gastrointestinal tract (GIT) and liver, fumonisin B1 was 

absorbed into incompletely hydrolyzed fumonisin B1 and then 

to be hydrolyzed form (HFB1) (Fodor et al. 2008). In piglets, 

fumonisin B1 has been found to be more hazardous than 

HFB1 (Grenier et al. 2012). In rat observed fumonisin B1 N-

acylation and the development of HFB1 in the human cell 

lines (Guerre 2015). The toxicity of fumonisin in animals 

appears to be caused by a disruption in sphingolipid 

absorption. Fumonisin is a selective inhibitor of ceramide 

synthases like sphinganine/sphingosine N-acyltransferase, a 

strong enzyme necessary for ceramide synthesis and complex 
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sphingolipids, according to current evidence. The 

sphingolipids sphingosine (SO) and sphinganine (SA) are 

increased in tissues when this enzyme system inhibited, and 

the SO: SA ratio changes.  Enhanced  SO:  SA  ratio  has  

been  described  in the broiler, duckling, and turkey tissues 

fed fumonisin B1 (Tran et al. 2005). In  chicks,  turkeys,  and  

ducks,  mild to moderate toxicity was 

 
 

Fig. 1: In toxic cellular injury, cellular events due to mycotoxins.  
 

 
 

Fig. 2: Aflatoxins disease pathway.          
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Fig. 3: Mycotoxin Control and decontamination in the food chain through pre- and post-harvest strategies. 
Table 1: Aflatoxin contamination observed worldwide in food 

Country Food Ingredient Level (Range) Reference 

Nigeria Cereals 17-48.6 µg/kg Odoemelam and Osu 2009 

Chili 0.1-96.2 µg/kg Paterson 2007 

Japan Peanut, butter 2.59 µg/kg Kumagal et al. 2008 

Irish Spices 18.5-27.5 µg/kg Riordan and Wilkinson 2008 

Bahrain  Spices 27.7-69.2 µg/kg Musaiger et al. 2008 

Kenya Wheat 2-7 µg/kg Muthomi et al. 2008 

Italy Spices 0.57-26.9 µg/kg Romagnoli et al. 2007 

Argentina  Maize 0-3.19 µg/kg Broggi et al. 2007 

Turkey  Red pepper spices -97.5 µg/kg Aydin et al. 2008 

Vietnam Rice 3.31-29.8 ng/g Nguyen et al. 2007 

Maize 0-126.5 µg/kg Trung et al. 2008 

China Rice 0.99-3.87 µg/kg Liu et al. 2006 

Pakistan  Poultry Meat & Feeds  3.27-6.97 ng/g Hussain et al. 2010 

Pakistan Broiler meat 0.49-2 ng/g Khan et al. 2013 

Pakistan Poultry feed and ingredients 0-149.2ng/g Abidin et al. 2013 a&b 

 

Table 2: Ochratoxin A contamination detected worldwide in food commodities 

Country Food Commodity Level (range) Reference 

Tunisia  Cereals 55-117 µg/kg Zaied et al. 2009 

Turkey Wheat flour 0.025-10.5 µg/kg Aydin et al. 2008 

Morrocco Rice 0.15-47 µg/g Juan et al. 2008 

Nigeria Cocoa beans 1.0-277 µg/kg Dongo et al. 2008 

India Cereal products 39 µg/kg Kumagal et al. 2008 

Argentina Peanut 5.6-130 µg/g Magnoli et al. 2007 

Vietnam Rice 0.75-2.78 ng/g Nguyen et al. 2007 

Nigeria Rice 24-1164 µg/Kg Makun et al. 2007 

Belgium  Wheat 39-832 µg/g Tangni and Pussemier 2006 

Ethopia Cereals 54.1-2106 µg/Kg Ayalew et al. 2006 

Pakistan  Hatched chicks 0.01-1µg/Kg Zahoor-Ul-Hassan et al. 2012 

Pakistan Poultry feed and ingredients July & October 

Maximum positive sample 

Abidin et al. 2017 

 

Table 3: Fumonisin contamination detected worldwide in food 

Country Food Commodity Level (Range) Reference 

Tunisia Cereals 70-2130 µg/kg Ghali et al. 2009 

Vietnam Maize 0.4-3.3 mg/kg Trung et al. 2008 

Southern Africa Maize bread 142-550 µg/kg Lino et al. 2007 

Portugal Maize 142-550 µg/kg Lino et al. 2007 

Brazil Corn flakes 0.127-2.04 mg/kg Caldas and Silva 2007 

Corn 0.06-17.60 µg/g Almeida et al. 2002 

Argentina Maize 0-10.2 mg/kg Broggi et al. 2007 

Ethiopia Sorghum 217 µg/kg Ayalew et al. 2006 
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Iran Corn 71-10674 µg/kg Ghiasian et al. 2006 

United States Maize 23-79 ppm Abbas et al. 2006 

0.4-3.3 mg/kg Trung et al. 2008 

Benin Maize 0.6-2.4 mg/kg Fandohan et al. 2005 

 

seen by given the fumonisin B1 at 75-400 mg/kg for 21 days. 

Reduced body weight and liver disease were seen in chicks, 

ducks, and major turkeys (Bermudez et al. 1995). 

 

Trichothecenes 

 

Trichothecenes are fungal metabolites with an identical basic 

structure that includes HT-2, T-2, diacetoxyscirpenol (DAS), 

Neosolaniol,      monoacetoxyscripenol      (MAS),    

nivalenol, 4-diacetoxyscirpenol, 8-acetoxyneosolaniol, 4-

acetoxynivalenol, DON (vomitoxin), 3-acetyldeoxxynivalenol. 

Trichothecenes are recognized as the most effective small-

molecule inhibitors of protein production, and their primary 

harmful effects at the cellular level appear to be critical 

suppression of protein formation, followed by secondary 

interruption of RNA and DNA formation (Murugesan et al. 

2015). The general assumption by IARC (International agency 

for research on cancer) was toxins resultant from Fusarium 

sporotrichioides categorized as carcinogenic to humans. The 

most significant mycotoxins are DON for livestock, normally 

the contaminant of wheat, corn, and other grains. In similar 

sources, low quantities of DAS and T-2 toxins are found 

occasionally. Trichothecenes are more tolerable in poultry and 

cattle than in pigs. In crops, T-2 toxin is less common as 

compared to DON (Sokolovij et al. 2008). In poultry, 

trichothecenes lead to chronic and acute poisoning. Acute 

poisoning has a standard clinical presentation that can be easily 

evaluated; however, chronic poisoning includes non-specific 

clinical symptoms that are difficult to diagnose (Resanovic et al. 

2009). Trichothecenes toxicity includes reduced growth, oral 

lesion, abnormal feathering, reduced egg production and 

quality of the shell, deterioration of bursa of fabricius, 

proteinemia, leucopenia, abnormal blood coagulation and 

immunosuppression (Danicke 2002). 
 

Moniliformin 
 
Moniliformin is a Fusarium species' water-soluble secondary 
metabolite. Moniliformin mycotoxin has been identified as 
contamination of various food components, including wheat, 
maize, barley, and other crops used in the production of 
chicken feed, all over the world. In addition, it is linked with 
cardiotoxicity in poults, chicks, and Japanese quail categorized 

through hypertrophic cardiomyopathy. Furthermore, in the 
kidneys and liver of poultry species, moniliformin has been 
found to have damaging effects (Sharma et al. 2012). 
 

Citrinin 
 

Citrinin (CIT) is a nephrotoxic mycotoxin that is produced 
when penicillin is used. Citrinum is commonly found in 
conjunction with ochratoxin in a variety of chicken feed 
additives (Ostry et al. 2013). Citrinin has been worried about 
the role of poultry species in endemic nephropathy (Stoev et 
al. 2010). Citrinin has been shown to be an immunotoxic, 
neurotoxic, embryotoxic, and teratogenic mycotoxin in a 
variety of animal species (Singh et al. 2014). Citrinin appears 
to operate primarily through the kidney, causing necrotic and 
degenerative changes in renal tubular epithelial cells. 
 
Prevention and Control of Mycotoxins 
 
The support of prebiotics and probiotics are expanding the 
intestinal barrier integrity and binding to mycotoxins that 
control the mycotoxins absorption in the bloodstream 
(Khatoon and Abidin 2020). Probiotic species i.e., Bacillus 
improve  serum  and  liver   antioxidant   parameters   such  
as glutathione peroxidase and total superoxide dismutase, as 
well as lowering the aflatoxin deposits in the liver and 
changing the chemical structure of mycotoxins with a methyl 
group and lactone ring (Zhang et al. 2016b; Hathout et al. 
2011). The yeast cell wall from the gut may absorb the 
mycotoxins due to a weak van der Waal and hydrogen link 
that enhancing their contact (Jouany et al. 2005; Agriopoulou 
et al. 2017). Clay has non-nutritional advantages in terms of 
reducing mycotoxins effects by absorbing or binding the 
mycotoxins, therefore controlling their bioavailability and 
tissue residues. Bentonite clay enhances interlayer gaps, 
cation exchange capacity, and suitable pore sites by adsorbing 
and binding mycotoxins. This changes the structure of the 
phyllosilicate to enhance the efficiency and cation exchange 
capability (Onal and Sarikaya 2008; Agriopoulou et al. 2017). 
Because of the potential difference between them, another 
additive might adhere to mycotoxins by strong electrostatic 
contact. 

 

Table 4: Generalized lesion produced by numerous mycotoxins in Poultry 

Mycotoxins Animal species Lesions References 

Diacetoxyscirpenol 
(DAS) 

Guinea pig Inflammatory response Ueno et al. 1970 

T-2 toxin Broiler chicks Enhanced prothrombin time, inhibited factor VIII, and 
fibrinogen activities 

Doerr et al. 1974 

Trichothecenes Geese, chick Potent emetic and irritant activity Palyusik and Koplik-
Kovacs 1975 

Trichothecenes Poultry, swine Stomatitis, dermatitis, proventriculus, gastritis, vomiting, 
and feed refusal 

Wyatt et al. 1972 

Moniliformin Ducklings Cardiotoxicosis leads to death Burmeister et al. 
1979 

Zearalenone Poultry Salpingeal cysts, inflammation of edema, vent, and neck Gedek 1980 
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Ochratoxin, aflatoxin, 
patulin, trichothecenes 

Animal, human, 
poultry 

Teratogenic and Embryotoxic effects Lorenzana et al. 1985 

Zearalenone Boars, guinea cocks Spermatogenesis disorder Vanyi and Szeky et al. 
1980 

Deoxynivalenol (DON) Dairy and poultry Fatty liver, cirrhosis, and diarrhea Huff et al. 1988 
Diacetoxyscirpenol 
(DAS) 

Poultry Lesion on the tongue, jowl, upper and lower beak Ademoyero and 
Hamilton 1991 

T-2 toxins Laying hen Decreased egg production and feed intake, oral lesion Diaz et al. 1994 
Moniliformin Poultry Dyspnea, depression, cardiac dysfunction leads to death Ledoux et al. 1995 
Nivalenol Chicken Stomach mucosa erosion Hedman et al. 1995 
Fumonisin Broiler Enhanced activities of antithrombin III, reduced 

prothrombin time 
Espada et al. 1997 

Aflatoxin and 
Ochratoxin (Pakistan) 

Chicken embryo Embryo mortality was 50-83.3% by receiving AFB1 78.83-
84.64 ng/egg 

Saleemi et al. 2015 

 Aflatoxin B1 (Pakistan) Broiler birds Ruffled feather, depression, decreased feed intake, 
increased water intake, nervous sign (torticollis) 

Hussain et al. 2016 

Ochratoxin A 
(Pakistan) 

Broiler chicks OTA at the dietary level of 1.6, 3.2 and 6.4mg/kg induced 
oxidative stress in broilers 

Hameed et al. 2017 

Ochratoxin A White Leghorn 
cockerels and broiler 
chicks 

Immunosuppression by varied doses of OTA Khatoon et al. 2013; 
2017 and 2018a 

Table 5: Additive with mycotoxin mitigation effects in Poultry 

Additive Doses In-vitro/in-

vivo 

Mycotoxin Effect Reference 

Dietary carbon 

supplementation 

2.5 and 5.0 g/kg Broiler 

chickens 

Dietary 

contamination of 0.1, 

0.2 and 0.6 mg/kg 

Combating the immunotoxicity of 

0.1 and 0.2 mg/kg dietary AFB1 

Bhatti et al. 

2021 

Indigenous 

mycotoxins binder 

1 and 2 g/kg Broilers Dietary intake of 300 

µg/kg AFB1 

Ameliorate the toxicopathological 

effects of AFB1 in a dose dependent 

manner 

Saleemi et al. 

2020 

Dietary activated 

carbon 

2.5, 5.0 and 10 

g/kg  

Broilers Dietary intake of 0.15 

and 0.3 mg/kg OTA  

Partial reduction in intensity of OTA 

induced toxic effects also having 

limited adsorptive potential 

Bhatti et al. 

2020 

Bentonite and 

montmorillonite 

20g/kg dry 

matter of 

concentrate 

 Poultry and 

Goat 

56.7 µg/kg AFB1 and 

112.5 µg/kg ZEA 

Reduced rumen level of AFB1 and 

ZEA, declined AFM1 in milk and 

ZEA in feces 

Gouda et al. 

2019 

Allyl isothiocyanates 

(AITC) 

Gel dispositive 

5ml of AITC for 

60 days 

100 small 

scale silo 

system in 

vitro 

A. flavus and P. 

verrucosum 

Declined OTA formation by P. 

verrucosum and declined AF 

formation 

Quiles et al. 

2019 

Yeast cell wall 

extract (1-3) β-d-

glucan (βG) 

3 g βG/day Poultry and 

Dairy goat 

25 µg AFB1/kg dry 

matter intake 

Decreased milk AFM1 level, milk 

AFM1 extraction, and carry-over of 

milk AFM1 

Aazami et al. 

2019 

Bentonite clay 3.7 and 7.5 g/kg Broiler 0.1-0.6 mg/kg AFB1 Declined liver AFB1 residues by 41-

87% 

Bhatti et al. 

2017 

Distillery sludge 5, 10 and 20g/kg Broiler 150, 300 and 

1000µg/kg 

Distillery sludge ameliorated 150 and 

300µg/kg OTA induced toxicity 

Khatoon et al. 

2017 

Bentonite 5, 10 and 20g/kg  Broiler 0.15, 0.3 and 

1.0mg/kg 

Few to no effects of feeding 

bentonite clay upon OTA- induced 

alterations in different immune 

parameters. 

Khatoon et al. 

2018a 

Zeolite 2% Laying duck 70 ppb AFB1 Numerically declined AFB1 residues 

in egg and liver while markedly 

declined AFB1 residues in duck meat 

by 65% 

Sumantri et al. 

2018 

Difructose 

anhydride III 

40 g DFA III/day Poultry and 

Dairy 

0.22-0.27 mg/kg ZEA Reduced urinary extraction of total 

ZEA by 51-69.71% 

Toda et al. 

2018 

Bentonite Clay 3.7 and 7.5 g/kg  Broiler 

chicks 

Dietary adulteration 

of 0.1-0.2 mg/kg of 

AFB1, 0.15-0.3 mg/kg 

OTA 

Ameliorate the toxic effects of AFB1 

and OTA in various parameters 

Bhatti et al. 

2016 



 196 

Thai bentonite 

(having 

montmorillonite) 

Heating 

treatment of 

25C-700C 

In vitro NS Adsorption of mycotoxin between 

49-97% 

Wongtangtintan  

et al. 2014 

Vitamin E 100mg/Kg White 

leghorn 

breeder hen 

0.5-2.5 mg/kg 

AFB1/kg dry matter 

intake 

AFB1 immunotoxic effects in 

progeny chicks potentially mitigated 

by Vitamin E 

Khan et al. 

2013 

Sodium bentonite 0.3% Broiler Diet having 50 µg/kg 

AFB1 

When broiler was fed AFB1 in the 

diet leads to declined liver residues 

by 62.5%  

Magnoli et al. 

2010 

Mitigation Strategies 

 

For food product safety, food consumers' safety, and 

acceptance of international market, reduction of mycotoxins 

residues is necessary in animal products. Furthermore, 

mycotoxins reduction techniques must be safe and 

ecologically acceptable for animal products i.e., milk, meat, 

eggs, and tissues to be suitable and environmentally 

sustainable. As a result, we must create techniques to avoid 

the formation of toxigenic fungi and mycotoxins in the field 

and during storage. Thus, it is difficult during pre-and post-

harvest the entire eradication of fungus and their metabolites. 

As a result, discovering a way to filter or eliminate 

mycotoxins from food or the food chain is critical. 

Microorganism, clays, botanicals, and various other harmless 

biosynthesized materials in animal products may be used to 

address such mycotoxins residues, and these anti-

mycotoxigenic products have been used for this resolution 

(Khatoon and Abidin 2020).  

 

Poultry 

 

Legumes and grains are key components of the poultry diet. 

They've been recognized as a potential source of mycotoxins 

in animal feed. In Nigeria, cereals such as millets, sorghum, 

and maize, as well as their derivatives acquired from diverse 

agro-ecological  zones,  were  polluted  by  Fusarium  

mycotoxins  in 

Table 6: Several microbes used as probiotic against numerous mycotoxins 

Bacteria/fungi Mycotoxins/fungi 

strain 

Type of study References 

Pichia Kudriavzevii AFB1 In vivo Ali et al. 2021 

R. erythropolis, Pichia guilliermondii, Metschnikowia pulcherrima OTA In vitro  Patharajan et al. 2011 

Acinetobacter calcoaceticus Ochra In vitro Halasz et al. 2009 

B. subtilis, Trichoderma virens AFB1 In vitro Reddy et al. 2009 

L. acidophilus, Bifidobacterium animalis  OTA, patulin In vitro Fuchs et al. 2008 

Nocardia corynebacteroides Afla In vitro (chick) Tejada-Castaneda et al. 

2008 

S. cerevisiae AFB1 In vitro Shetty et al. 2007 

B. mojavensis Fusarium species In vitro Bacon and Hinton 2007 

B. subtilis, P. fluorescens F. graminearum In vitro Nourozian et al. 2006 

L. casei, L. rhamnosus A. flavus strain In vitro Bueno et al. 2006 

R. erythropolis, M. fluoranthenivorans AFB1 In vitro Teniola et al. 2005 

S. cerevisiae OTA In vitro Bejaoui et al. 2004 

Β. Glucans Zearalenone In vitro Yiannikouris et al. 2004 

S. cerevisiae (cell wall) AFB1 In vitro Santin et al. 2003 
 

Table 7: Various antioxidants used against several mycotoxins 

Antioxidant Mycotoxin/fungi Type of study Reference 

L. carnitine and Vitamin E OTA In vivo Bhatti et al. 2018; Abidin et al. 2013 

L. carnitine OTA In vivo Abidin et al. 2013 & 2016 

Silymarine OTA In vivo (Leghorn cockerels) Khatoon et al. 2013; Ahmad et al. 2012 

Zinc OTA In vitro Zheng et al. 2013 

Vitamin E AFB1 In vivo Khan et al. 2013 

NAC BSO OTA In vitro Bosch-Saadatmandi et al. 2012 

PECE OTA, AFB1 In vitro Corcuera et al. 2012 

Coffee beans OTA In vitro Santini et al. 2011 

Ocimum gratissimum L essential oil AFB1 In vitro Prakash et al. 2011 

Piper betie L essential oil A. flavus In vitro Prakash et al. 2010 

BHA, PP OTA (Peanut) In vitro Barberis et al. 2010 

Vitamin E OTA In vitro Fusi et al. 2010 

Turmeric AFB1 In vitro (Broilers) Yarru et al. 2009 

Vitamin A, C &E AFB1 In vitro Alpsoy et al. 2009 

 

normal ranges or over the European Union's upper limit 

(Chilaka et al. 2016). Likewise, the mycotoxigenic impact seen 

in the liver of birds fed groundnut cake-based diets resulted in 

its use being limited by feed manufacturers. During the wet 

season, poultry farmers used fresh corn to reduce feed 

production costs. Involuntarily, maize grains retain more 

moisture, providing a suitable environment for the 

development of mycotoxins and fungal growth, as well as fatal 
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effects on animals and residues deposit in their products. 

When aflatoxin enters the body, it causes mycotoxins to 

malformed in the liver via cytochrome P-450 related enzymes, 

resulting in the production of AFM1 and AFB1 (Biehl and 

Buck 1987). Aflatoxin-adulterated feed is purified 

predominantly in the kidney and liver, which are the primary 

sites for residue buildup (Hussain et al. 2010). Due to 

contamination with aflatoxin residues, the quality of eggs and 

meat has deteriorated, and these items are sold without being 

inspected. Anti-mycotoxigenic additives must be used to 

reduce mycotoxin residues in poultry-based products. 

 

Conclusion 

 

The frequency and incidence of mycotoxins in chicken, as well 

as its unique and cumulative amin deleterious effects, have 

become critical. Based on biodegradation adsorption of non-

mycotoxin discovered in diverse microbial groups, a fresh 

perspective on real microbial decontamination methods is 

required in the field. Different harmful unpleasant toxic 

compounds in other study disciplines, as well as various 

mycotoxins, have structural similarities and are indicated to 

be successfully decontaminated by microbes. The accuracy of 

measuring the amount of various mycotoxins in agricultural 

supplies will be improved by using contemporary analytical 

technique such as liquid chromatography mass spectrometry 

LC/MS. The present enzymatic degradation method aids in 

the elimination of mycotoxins that are not bound by binder 

products. In general, mycotoxins continue to represent a 

greater hazard to poultry, and experts throughout the world 

are continuously looking for new management techniques. 
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