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Abstract 
 
The contamination of foods and feeds is a significant problem in worldwide. Mycotoxins are secondary metabolites of 
fungi, particularly by many species of Aspergillus, Fusarium, Penicillium, Claviceps and Alternaria in many 
agricultural crops, especially in cereals and most oilseeds. Aflatoxins, ochratoxins, trichothecenes, zearelenone and 
fumonisins are the mycotoxins of greatest agro-economic importance. Mycotoxins have various acute and chronic 
effects on animals (especially monogastrics) depending on species and susceptibility of an animal within a species. The 
most applied method to prevent mycotoxicosis in animals involves the addition to the diet of additives with the ability to 
bind or metabolize mycotoxin in the gastrointestinal digesta, aluminosilicates, activated charcoal, yeast and several 
polymers have been tested regarding the adsorption of mycotoxins in the gastrointestinal tract of different species. The 
efficiency of mycotoxin binders, however, differs considerably depending mainly on the chemical structure of both the 
adsorbent and the toxin. This review describes the most implications of mycotoxins in livestock feeds. 
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INTRODUCTION  

 
Mycotoxins are secondary toxic metabolites, 
produced by several genera of Aspergillus, 
Fusarium and Penicillium occurring in foods and 
feeds. Mycotoxins, receiving considerable global 
attention are aflatoxins, ochratoxin A, T-2 toxin, 
Deoxinivalenol fumonisins, zearalenone, citrinin, 
patulin and ergot alkaloids. An occurrence of 
mycotoxins in foods and feeds depends on many 
factors, crop rotation, weather conditions, pre and 
post harvest management. The Food and 
Agriculture Organization (FAO) estimated that up 

to 25% of the world’s food crops are significantly 
contaminated with mycotoxins (WHO, 1999). 
Mycotoxins contamination of foods and feeds has 
aroused significant public concern worldwide. 
Contamination of feeds with mycotoxins is 
considered several harmful effects on human and 
animal health, resulting economic losses as well as 
in undesirable trade barriers for raw materials and 
consumable products (Wu, 2006). A type of 
mycotoxin may be produced by different fungi and 
each one has its specific toxicity (Table 1). 

 

 
Table 1. Some major mycotoxins, their main effects and species fungus which produce them in feeds 

Mycotoxins Producing fungi Feed Affected Toxicities 

Aflatoxin Aspergillus flavus, Aspergillus 
parasiticus cereals (maize), nuts Hepatocarcinogen, 

teratogenic effects 

Ochratoxins Aspergillus ochraceus cereals (maize, wheat 
and barley) fruit, nuts 

Nephrotoxin, 
Hepatotoxin 

T-2 Toxin Fusarium graminearum cereals (maize, wheat) Cytotoxicity 
Vomitoxin 
(Deoxynivalenol) Fusarium graminearum cereals (maize, wheat) Vomiting 

Zearalenone Fusarium graminearum cereals, rice, silage Estrogenic effect 

Fumonisins Fusarium moniliforme Fusarium 
verticilloides cereals (maize, wheat) 

Pulmonary edema, 
leukoencephalomalacia, 
hepatotoxicity 
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IMPACTS ON ANIMAL HEALTH AND 
PRODUCTIVITY 

Consuming diets contaminated with one or 
multiple mycotoxins increases the toxicity to 
the animal; leading to reductions in 
performance and/or health status that are often 
far higher than expected. Symptoms were 
observed in animals fed diet contaminated with 
mycotoxins. Their toxicity level is variable 
depending on species, animal age, and 
production level. High concentrations of 
mycotoxins can result in acute symptoms, but 
low levels of mycotoxins may have a long term 
impact on animal performance (Weaver, 2014). 
Mycotoxins affect the internal organs such as 
liver, kidney and including the intestinal tract, 
neurotransmitter or endocrine systems, and 
immune functions. Their effects on 
performance are lower weight gain or altered 
feed efficiency, decreased egg and milk 
production, reproductive failure, or immune 
challenges.  
There are differences among animal species in 
terms of sensitivity to mycotoxins toxicity. In 
monogastrics, variable responses have been 
shown with all mycotoxins (Zain, 2011). Swine 
are the most sensitive among animal species to 
mycotoxins. Broilers, laying hens, turkey, 
quails are other animals which are sensitive to 
mycotoxin’s toxicity. Ruminants are more 
resistant to mycotoxins as compared to other 
species because of protected against exposure 
to mycotoxins by their rumen flora. Various 
mycotoxins pass this barrier or are converted 
into metabolites that retain biological activity 
and the antimicrobial activity of various 
mycotoxins that results in an impairment of the 
function of the rumen flora, followed by a poor 
feed utilization and reduced weight gain and 
productivity (Gremmels, 2008).  

MANAGING AND PREVENTING OR 
REDUCING MYCOTOXINS EFFECTS  

Mycotoxins impact in animal production 
includes the reduced productivity of animals, 
the increased cost of health and veterinary care, 
disposal of contaminated feeds, and investment 
in research and applications to reduce severity 
of the mycotoxin problem (Zain, 2011). 
Controlling mould growth and mycotoxin 
production is essential in reducing the risks to 

animals. Several different strategies have been 
employed to reduce the risk of mycotoxins 
entering the animal feed industry or its transfer 
into the food chain. The main strategies address 
control of the growth of mycotoxins producing 
fungi during the harvesting and storage period. 
Pre-harvest methods (using resistant varieties) 
use biological and chemical agents and field 
and harvest management and post-harvest 
methods (drying raw materials) use natural and 
chemical agents and good storage conditions. 
However, mycotoxin may contaminate the 
ingredients before arriving at the feed mills, 
due to the difficulties in controlling climate and 
environmental conditions. Rigorous risk 
management protocols in the feed mills to 
avoid the incorporation of contaminated grain 
into the animal feed, elimination of mycotoxins 
from feedstuffs by using chemical and physical 
methods. On the other hand the administration 
of mycotoxin contaminated diets to animal 
species that are less susceptible to mycotoxin 
toxicity, are alternative strategies which have 
been considered by the feed industry  
Using of adsorbents, which bind varies 
mycotoxins efficiently in the gastrointestinal 
tract, seems a promising and economical 
approach to reduce the negative effects of 
mycotoxins in the animal industry. For this 
aim, various sorbent materials in feed or 
addition of enzymes or microorganisms capable 
of detoxifying mycotoxins addition have been 
tested in both in vitro and in vivo models to be 
reliable methods for mycotoxin prevention in 
feeds. Binding agents such as activated 
chydrated sodium calcium aluminosilicate 
(Scheildler, 1993) and activated diatomaceous 
clays (Denli et al., 2008; Denli et al., 2009; 
Denli et al., 2015), bentonite and 
cholestyramine (Solfrizzo et al., 2001), and 
esterified glucomannan (Aravind et al., 2003) 
have been used in animal feed to diminish the 
adverse effects of mycotoxins. Many of these 
agents have achieved to prevent harmful effects 
in animals. In addition, in vivo studies have 
demonstrated that aluminosilicates and many 
proposed adsorbents are capable of absorbing 
various mycotoxins. While some adsorbents 
may be very effective in preventing 
mycotoxicosis induced by some toxins but their 
efficacy against others may be limited because 
of each mycotoxin has a different physical and 
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chemical structure? Thus, adsorbents for a 
specific toxin should present specific binding 
properties, such as total charge and charge 
distribution, pore size and accessible surface 
area.  

REGULATION OF MYCOTOXINS IN 
FEEDS 

Many countries have established the 
regulations on mycotoxins in food and feed to 
safeguard the health of humans and the 
economical interests of producers and traders.  
Moreover, mycotoxins in livestock feed, 
transiting into animal products becoming a 
food safety hazard. The Commission of the 
European Communities recommended 
guidelines for the maximum tolerable limits of 
different mycotoxins in feed, cereal and cereal 

products for animal feeding (Denli and Perez, 
2010) (Table 2). 
 
Table 2. The Commission of the European Communities 
Recommendation (2006/576) guidance values for OTA 

in feedstuffs 
Feed Commodities Maximum level 

(µg/kg) 
Cereals and cereal products 250 
Completary and complete 
feedstuffs for pigs 50 

Completary and complete 
feedstuffs for poultry 100 

The Food and Drug Administration (FDA) has 
issued regulatory guidance for three aflatoxin, 
deoxynivalenol (vomitoxin), and fumonisins 
that may be present in raw grains, feed 
ingredients and finished feed (Table 3, Table 4 
and Table 5). 

 
Table 3. FDA Action Levels for Aflatoxin 

Class of Animal Feed Aflatoxin 
level (ppb)

Finishing beef cattle Corn and peanut product 300 

Beef cattle, swine or poultry Cottonseed meal 300 

Finishing swine of 100 lbs. or greater Corn and peanut products 200 

Breeding beef cattle, breeding swine, or mature 
poultry 

Corn and peanut products 100 

Immature animals Animal feeds and ingredients, 
excluding cottonseed meal 20 

Dairy animals, for animal species or uses not 
specified above, or when the intended use is not 
known 

Animal feeds and ingredients 
20 

 
Table 4. FDA Guidance Levels for Fumonisin in Animal Feed 

 Class of Animal Total Fumonisin (ppm) 

Equids and Rabbits 1 

Swine and Catfish 10 

Breeding Ruminants, Breeding Poultry  15 

Ruminants 3 Months Old being Raised for Slaughter  30 

Poultry being Raised for Slaughter 50 

All Other Species  5 
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Table 5. FDA Advisory Levels for Deoxynivalenol (Vomitoxin) 

Class of Animal Vomitoxin (ppm) 

Swine 1 

Chickens 5 

Ruminating beef and feedlot cattle older than 4 months 10 

Ruminating dairy cattle older than 4 months 5 

Ruminating beef and feedlot cattle older than 4 months, and ruminating 
dairy cattle older than 4 months 

10 

All Other Species  2 

 
CONCLUSIONS 

Many studies indicated that mycotoxins will be of 
increasing importance for all those involved in 
feed manufacturing, farming and food production. 
Moreover, the techniques and methods including 
physical, chemical or biological treatments of 
contaminated feed applied to prevention of the 
occurrence of mycotoxins are not economically 
viable. In conclusion, using binding agents 
(adsorbents) could be used to decrease the 
deleterious effects of contaminated feeds on 
animals 
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