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and ruminant products 
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Abstract.  Mycotoxins are secondary metabolites produced by several fungi, more specifically those of the 
genera Aspergillus, Fusarium and Penicillium. They were discovered in the early 1960s, when more than 
100,000 young turkeys died in the United Kingdom from an apparently new disease, which was named "turkey × 
disease". The toxin-producing fungus was identified as A. flavus and the toxin was given the name aflatoxin by 
virtue of its origin. Forages, cereals and protein sources such as peanuts and cottonseed are potential 
mycotoxin vectors in ruminant diets. New techniques for preserving wet forages, such as silages or wrapped 
bales, are unsafe when anaerobic conditions are not strictly controlled. Fresh grasses can also be contaminated 
with mycotoxins including fungal endophytes that produce toxins such as ergovaline, lolitrem B, peramins and 
swainsonine. It is generally considered that ruminants are less sensitive to mycotoxins than other animals. This 
may be due to the capacity of the ruminal microbial ecosystem to degrade or convert mycotoxins into less toxic 
compounds. However, there is some evidence that ruminants can be poisoned by mycotoxins, causing lower 
animal production or even death of animals. Part of mycotoxins ingested by ruminants can be recovered in milk 
or animal tissues, either in the parent form or as metabolites. The transfer rate, usually very low, is estimated at 
less than 1% for the major toxins. Thus animals are considered as "filters" of mycotoxins in the food chain. 
However, there is a risk for infants fed only on a milk diet of being exposed to mycotoxin levels that exceed the 
regulated limits. Although not currently authorised in Europe, some mycotoxin inactivators, based on 
sequestering or degrading properties, have been tested in vitro and in vivo. The mode of action of yeast ȕ-D-
glucans against mycotoxins is presented, together with measures to limit the level of feed contamination by 
mycotoxins.  

Key words.  Mycotoxin � Feedstuff � Ruminant � Transfer in milk � Toxicity � Risk mitigation. 

 

Gestion du risque mycotoxique chez le ruminant et dans les produits du ruminant 

Résumé.  Les mycotoxines sont des métabolites secondaires produits par les champignons, plus 

particulièrement par ceux appartenant aux genres Aspergillus, Fusarium et Penicillium. Elles ont été 

découvertes vers 1960, après une intoxication ayant entraîné la mort de plus de 100 000 dindons en Angleterre. 

La toxine impliquée a été identifiée comme provenant d'A. flavus, d'où son nom d'aflatoxine. Les fourrages, les 

céréales, les sources protéiques issus d'arachide et de graine de coton en particulier, sont des vecteurs 

potentiels de mycotoxines. La conservation de fourrages humides sous forme d'ensilage ou de balles 

enrubannées constituent un risque majeur si les conditions anaérobies ne sont pas respectées. On peut 

également trouver certaines toxines issues d'endophytes qui colonisent les fourrages verts. Les ruminants sont 

considérés comme peu sensibles aux mycotoxines car ces dernières peuvent être métabolisées par les 

microbes du rumen. Toutefois, des cas fréquents d'intoxication chez la vache laitière sont imputés aux 

mycotoxines. Outre leur effet sur l'animal, les mycotoxines ou leurs métabolites peuvent se retrouver dans les 

produits animaux destinés à l'alimentation humaine, en particulier dans le lait. Le taux de transfert est faible, de 

l'ordre de 1%, ce qui amène le ruminant à être considéré comme un filtre efficace des mycotoxines présentes 

dans les produits végétaux. Le risque existe toutefois pour les nourrissons ou les jeunes enfants dont 

l'alimentation est essentiellement lactée, de dépasser les doses limites réglementaires. Certains additifs 

capables d'inactiver les mycotoxines ont été testés in vitro et in vivo. Le mode d'action des ȕ-D-glucanes de 

levure sur les mycotoxines sera présenté, ainsi que les moyens de limiter la contamination des aliments.  

Mots-clés.  Mycotoxines � Aliments � Ruminant � Transfert dans le lait � Toxicité � Atténuation du risque. 

 

Options Méditerranéennes, A / no. 85, 2009 
Nutritional and foraging ecology of sheep and goats 

205 



I – 

II – 

1. Definition 

Introduction 

In the 1960s more than 100,000 young turkeys on poultry farms in the United Kingdom died in a 
period of a few months from an unidentified disease, which was named "turkey × disease". 
Ducklings and other poultry animals were also affected, and high mortalities were observed. A 
careful survey of the inputs and environment of the affected farms indicated that the disease was 
associated with feeds and specifically with peanut meal imported from Brazil. A disease with 
symptoms typical of turkey × disease was reproduced when animals were fed the same peanut 
meal. Intensive investigations were then carried out on the suspected ingredient to identify the 
nature of the toxin, which was soon found to be of fungal origin. The toxin-producing fungus was 
identified as Aspergillus flavus (Nesbitt et al., 1962) and the toxin was accordingly called aflatoxin. 
There has since been a growing awareness of the potential hazards of toxins produced by fungi 
that contaminate food and feeds, and that might be life-threatening to animals and even humans. 

Historically, the oldest recognized type of human mycotoxicosis is ergotism. It is caused by toxins 
from Claviceps purpurea, and became epidemic in the Middle Ages when it was known as Saint 
Anthony's fire. Early symptoms were hallucinations with burning sensations on the hands and feet, 
and subsequent necrosis leading to loss of appendages. Although mycotoxins have always existed, 
studies on these toxins started only 40 years ago. Since then, numerous mycotoxins other than 
aflatoxins have been discovered, many of which have now been found to cause intoxications. The 
total number of mycotoxins that exist is not yet known, but there are probably thousands. 
Mycotoxins do not only account for human and animal disease; they have also a considerable 
economic impact on crops. The plant pathogenicity of the majority of mycotoxin-producing fungi 
harms crop production and crop quality. The importance of regulatory control of mycotoxins in the 
international grain trade and marketing of food and feeds is increasing, and concerns mainly 
exports from developing countries (Wilson, 2006). Mycotoxins present in animal feeds can be 
transferred to animal products, mainly milk, and go on to contaminate dairy produce in the food 
chain. The risk is significant mainly for high-milk consumers such as infants and children, but is not 
a concern for adults.  

Analytical difficulties arising from the complexity and diversity of the chemical structures of 
mycotoxins slowed progress until the 1980s. However, the development of chromatographic 
techniques coupled with tandem mass spectrometry has allowed a decisive advance in the study of 
mycotoxins over the last ten years.  

This paper describes the complex world of mycotoxins, their effect on ruminants, their transfer into 
animal products (mainly milk) and the possible ways in which the level of contamination in the food 
chain can be controlled. 

What are mycotoxins? 

The word mycotoxin combines the Greek mykos, fungus and the Latin toxicum, poison. Mycotoxins 
are produced by fungi through their secondary metabolism. Mycotoxin concentration can therefore 
be independent of the growth of the fungi, which is associated with the primary metabolism. The 
diversity of the compounds formed and the specificity of the fungal strain for mycotoxin production 
result from the secondary metabolism, which is usually activated by signals from the environment 
(cold, heat, dryness, fungicide, etc.). Among the numerous mycotoxins, several groups have been 
identified, produced by the three major fungus genera Aspergillus, Penicillium and Fusarium (Table 
1). 

Toxigenic fungi have been roughly divided into two categories: (i) field fungi, which contaminate 
plants during their growth in the field, and are mainly represented by the genus Fusarium; and (ii) 
storage fungi, which grow after harvest during storage, transport, processing or distribution of 
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ingredients. Aspergillus and Penicillium are the most common fungi found after the plants have 
been cut. 

 
Table 1. Major fungi and their associated mycotoxins 

Fungi Mycotoxins 

Aspergillus flavus, A. parasiticus, 
A. nomius 

Aflatoxins B1, B2, 
G1, G2 

Penicillium verrucosum, Aspergillus 
clavatus, A. ochraceus 

Ochratoxin A 

Penicillium expansum, P. urticae, 
Aspergillus clavatus, Byssochlamys nivea  

Patulin 

Fusarium sporotrichioides, 
F. graminearum, F. culmorum, F. poae, 
F. roseum, F. tricinctum, F. acuminatum 

Trichothecenes 

Fusarium moniliforme, F. proliferatum Fumonisins B1, B2, B3 

Fusarium graminearum, F. culmorum, 
F. crookwellense 

Zearalenone 

F. moniliforme, F. crookwellense, 
F. subglutinans, F. sambucinum, 
F. napiforme, F. heterosporum, 
F. oxysporum, F. solani, F. proliferatum 

Fusaric acid 

 

The same mycotoxin can be produced by several different fungi, and the same fungus can 
generate several mycotoxins. For example, aflatoxins can be formed by A. flavus, A. parasiticus 
and some other Aspergillus species, while ochratoxin A (OTA) is thought to be produced mainly by 
A. ochraceus in tropical countries and P. verrucosum in temperate countries. This means that multi-
contamination probably occurs in contaminated food and feeds. Also, the trends in global trading of 
feed grains increase the likelihood that blending grains may result in combinations of several 
mycotoxins in a particular diet.  

Mycotoxins are not considered as a single chemical group; their molecular features are diverse and 
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include polyketides, terpenes, indoles, cyclopeptides and nitrogenous metabolites. The function of 
mycotoxins in their natural environment has not been clearly established, but they are assumed to 
play a role in regulating competition with other microorganisms, and protecting plants from 
herbivores.  

d as carcinogenic for humans by the 
International Agency for Research on Cancer (IARC).  

Table 2. The major toxic effects of mycotoxins 

2. Toxic effects of mycotoxins on humans and animals 

Depending on their nature, the toxins may be carcinogenic, mutagenic, teratogenic, oestrogenic, 
neurotoxic or immunotoxic (Table 2). In animals, 5 mycotoxins [aflatoxins (AFB1 and AFM1), 
ochratoxin A (OTA), toxin from F. moniliforme and sterigmatocystin] have been demonstrated to be 
carcinogenic. Only aflatoxins are currently classifie

 

Toxic effects Mycotoxins 

Carcinogenic ); 
); 

 (Group 2B); toxins from F. moniliforme 

Aflatoxins B1, B2, G1 (Group 1); aflatoxin M1 (Group 2B
Ochratoxin A (Group 2B); sterigmatocystin (Group 2B
fumonisin B1
(Group 2B) 

Hepatotoxic Aflatoxins B1, sterigmatocystin 

 ecenes 

B1; citreoviridin 

s 

; penicillic acid 

  

Teratogenic Aflatoxin B1; ochratoxin A 

Nephrotoxic Ochratoxin A; citrinin 

Immunotoxic Aflatoxin B1; ochratoxin A; trichoth

Neurotoxic Ergot; fumonisin 

Tremorgenic Trichothecene

Oestrogenic Zearalenone 

Cardiotoxic Citreoviridin

Diabetogenic Terric acid 

 

In humans and susceptible animal species, aflatoxin B1 (AFB1) is metabolised by cytochrome P-
450 enzymes into aflatoxin-8,9-epoxide, which binds to DNA and to albumin in blood, forming 
adducts and causing chromosome damage. The levels of the major AFB1 adducts (the N7-guanine 
and serum albumin adducts) identified in humans and animals are similar. The enzyme glutathione 
S-transferase (GST) can detoxify the 8,9-epoxide form of AFB1 through conjugation with 
glutathione, which makes the adduct soluble and able to be excreted in urine. There is a wide 
variability in the activity of GST between animal species and humans. Humans have lower GST 
activity than mice or rats, indicating that humans are more susceptible to AFB1 toxicity. 
Chromosome damage includes gene mutations, micronucleus formation, mitotic recombination and 
sister chromatid exchange. These changes have been identified as responsible for human liver 
tumors in geographic areas with high risk of aflatoxin exposure and in animals fed with 
contaminated feeds (IARC, 1993, 2002). Aflatoxin B1 is classified as a potent carcinogen, despite 
being naturally-occurring. 

III – Environmental conditions fo r fungal growth and production of 
mycotoxins 

Toxinogenic fungi can grow under a wide range of climatic conditions, on solid or in liquid media, 
provided they have access to substrates for energy, available water, proper temperature and 
oxygen (Samapundo et al., 2007). Many species of insects, worms, rodents and birds can facilitate 
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the entry of mycotoxin-producing fungi into commodities such as seed, grains, nuts and fruits by 
damaging the external wall and also by carrying the fungal spores (Dowd, 2003; Mehrnejad and 
Panahi, 2006).  

emperature, which can reach over 150°C. It has been shown that the 
fungus can grow up to 50°C.  

ed as the pressure of water in the ingredient divided by that of 

oisture 
conditions at anthesis and during summer periods are critical in Fusarium infection of ears.  

ig. 1. Range of humidity ( aw) for the growth of toxinogenic fungi. 

 

t mean that toxins are absent. Fungi may have disappeared after producing 
mycotoxins. 

1. Temperature 

Most fungi grow in the temperature range 10-30°C (Ribeiro et al., 2006; Valero et al., 2006). The 
growth slows down outside this range and will even cease for most fungi below 5°C or above 35°C. 
A few fungi, however, have adapted to either very low temperatures (cryophiles) or very high 
temperatures (thermophiles). The blue mould Penicillium spp. is frequently observed on oranges 
kept in a refrigerator. In contrast, A. fumigatus in hay harvested and stored in humid conditions is 
often responsible for a rise in t

2. Moisture 

Fungi require water for nutrient absorption and metabolic activity. Water requirements are 
expressed as water activity (aw), defin
pure water at the same temperature. 

Optimal aw values range widely according to the fungal species (Fig. 1). As Aspergillus spp. are the 
least water demanding fungi, they will occur mainly in countries with hot and rather dry climates. 
Conversely, Fusarium spp. will be found mainly in wet and cold countries, and Penicillium spp. will 
be present in between these extreme aw values. For example, it has been shown that m

  xerophilic 

          mesophilic 

                hygrophylic 

 0.75 0.80 0.85 0.90 0.95 1.00 (aw) 

 A. restrictus 
 A. glaucus  
 A. versicolor 
 A. ochraceus 
 A. flavus 
 A. nidulans 
 P. cyclopium 
 P. viridicatum 
 P. expansum 
 A. fumi
 Stachybotris atra 

gatus 

Fusarium spp.  

F

3. Production of mycotoxins by fungi 

The growth (primary metabolism) and mycotoxin production (secondary metabolism) depend on 
two different types of metabolism of fungi and so are not closely related. Thus the presence of 
visible fungal biomass is not a proof of toxin contamination. Similarly, the absence of detectable 
fungi does no

Nutritional and foraging ecology of sheep and goats 209 



The secondary metabolism is usually activated by environmental factors. Fungi produce mycotoxins 
in stress conditions such as cold or dryness, or to counter an external aggression such as a 
fungicide. Hope and Magan (2003) found that toxin production by F. culmorum occurred in the 
narrow aw range 0.995-0.950, whereas growth persisted to 0.900 aw. Interestingly, they noted that 
the optimal conditions for deoxynivalenol (DON) and nivalenol (NIV) production (aw = 0.981-0.995 at 
25°C) were inside the range of optimal fungal growth. These aw levels correspond to water contents 
of 26% to 30% in grains, respectively, which are within the normal range for harvested corn silage. 
Toxin production was significantly higher at 25°C than at 15°C. Both toxins continued to accumulate 
with time during the 40-day period of the experiment. 

Mould infection of grains can be partly controlled by the use of fungicides, but this treatment 
complicates matters as there is some evidence that fungicides may stimulate toxin production. Thus 
circumstances may arise where the obvious manifestations of Fusarium ear blight (FEB) have been 
reduced or even eliminated by fungicides, but high levels of mycotoxins are still present. In other 
work coordinated by the UK Home Grown Cereal Authority (HGCA), azoxystrobin reduced the 
fungal contamination of grain by F. culmorum and Microdochium nivale, while increasing the levels 
of DON (Nicholson et al., 2003). The authors explain that the fungicide eliminates the non-toxigenic 
M. nivale, which is a natural competitor of toxin-forming Fusarium species. Other fungicides that 
stimulate toxin production include tridemorph, which increased T-2 toxin production by F. 
sporotrichoides, and tubiconazole and difenoconazole, which both stimulated monoacetyl DON 
production by F. culmorum (Magan et al., 2002). The fungicides tebucanazole, metconazole and 
HGGA 2 worked in the opposite way by selectively inhibiting F. culmorum. Also, the dose level of 
the fungicide has to be considered. It has been suggested that sub-optimal doses may cause 
higher levels of mycotoxin production in grain, but fungicides such as tebuconazole, metconazole 
and HGCA 2 were able to inhibit toxin production at levels that failed to eradicate FEB completely in 
wheat and oats (Parkin et al., 2006). The possible emergence of fungicide-resistant strains also 
needs to be considered, as evidenced in Fusarium and Aspergillus phytopathogens (D'Mello et al., 
1998). The issue of mycotoxins in organic agriculture also arises. The results of comparisons 
between conventional and organic agriculture are not fully conclusive (FAO, 2000). Doll et al. 
(2002) determined DON and zearalenone (ZEN) in conventionally and organically grown grain in 
Germany. They observed that ZEN contamination was rather low, whereas that of DON was higher 
in conventional than in organic wheat. They noted that 43% of the conventional wheat and 37% of 
the organic wheat had DON concentrations that exceeded the tolerable daily intake (TDI) 
established by the European Scientific Committee on Food for a mean body weight of 60 kg at a 
mean wheat consumption level.  

IV – 

1. 

Level of contamination of ruminant feeds 

According to the FAO (2001), around 20% of marketed food is contaminated by mycotoxins. In a 
large-scale survey, Pittet (1998) found a natural occurrence of mycotoxins in 40% of 25,000 food 
and feed samples collected in 30 countries around the world. Cereal grains and nuts were the most 
potentially hazardous ingredients in the human food chain and in monogastric animals (Table 3). 
The question is more complex for ruminants because their diets include both forages and 
concentrate, which increases the likelihood of multicontamination occurring. 

Mycotoxin contamination of forages 

The contamination of forage crops and silages with toxic fungal metabolites and its consequences 
have been largely ignored in the past (Smith et al., 1994). Pastures have been shown to harbour 
fungi such as Claviceps purpurea, which is responsible for ergotism, Pithomyces chartarum, which 
produces sporidesmin which causes facial eczema, Neotyphodium, which causes dry gangrene, 
and Rhizoctonia, a producer of slaframin, which induces sialorrhea in ruminants (Le Bars and Le 
Bars, 1996). Hay can be contaminated by fungi of three ecological types: field fungi during the pre-
harvest period, intermediate fungi during harvesting, and storage fungi (Pelhate, 1987). 
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Intermediate and storage fungi are totally absent from hay harvested and stored in dry conditions, 
but become numerous and diverse in incompletely dried hay. Hydrophilic and heat-tolerant species, 
such as A. fumagatus, which produces gliotoxin, and Stachybotrys atra, which produces satratoxins 
G and H causing stachybotryotoxicosis, both predominate in hay harvested and stored in humid 
conditions. Several highly toxinogenic species of Aspergillus and Penicillium have been detected in 
damp hay and straw (Le Bars, 1976; Clevstroem et al., 1981; Pelhate, 1987), in addition to 
Fusarium spp., which produce zearalenone (ZEN) (Scudamore and Livesey, 1998). As a 
consequence, a wide range of toxins, including the harmful patulin (PAT), AFB1 and 
sterigmatocystin can be found in insufficiently dried hay.  

In theory, the preservation of ensiled high-moisture green grass or hay bales in an enclosed airtight 
system is safe with regard to the mycotoxin risk. However, the availability of oxygen plays a crucial 
role in the development of mycoflora with such techniques of preservation with humid forages. 
Depletion of oxygen during the initial stage of fermentation totally inhibits the growth of Fusaria 
(Damaglou et al., 1984; Lepom et al., 1988). Some fungi such as A. fumigatus, Monascus ruber 
and some Penicillia are tolerant to partial oxygen deprivation, while others such as Byssochlamys 
nivea, P. varioti and P. roqueforti are considered as micro-aerophilic or indifferent to oxygen 
presence. These fungi can survive in the silo, and then grow after the silo is opened or when 
anaerobiosis is not complete (lack of packing, too high DM content of forage, defective sealing, 
etc.). Organic acids such as formic, propionic and butyric acids have some antifungal properties 
(Poisson and Cahagnier, 1973). In a survey in France and Italy in three successive years, Pelhate 
(1975) analysed 1230 maize silage samples for 70 fungal species. The incidence of P. roqueforti, 
Byssochlamys, Monascus, Aspergillus and Paecilomyces was 76%, 41%, 31%, 21% and 27%, 
respectively. This result was confirmed by Escoula et al. (1972). A. fumigatus has frequently been 
evidenced in samples from Germany and the US. The fate of field-derived mycotoxins in silages is 
not completely known. Concentration of DON remains constant, whereas that of ZEN and AFB1 
declines with storage time (Kalac and Woolford, 1982).  

2. Mycotoxin contamination of grains 

Many species of fungi cause moulding in grain, and most grain fungi are relatively non-specific. 
They become associated with the grain in the field, and can also grow during transport and storage 
if environmental conditions such as humidity and temperature are favourable. Insect damage is 
another factor that predisposes grain to fungal colonization, because insect herbivory creates 
kernel wounds that give fungi access to the endosperm, and insects themselves serve as vectors of 
fungal spores. Thus under some conditions, genetic engineering of grain for insect resistance may 
make it safer for animal and human consumption (Munkvold et al., 1999). Fusarium, Gibberella, 
Penicillium, Aspergillus, Cladosporium and Claviceps are among the prevalent grain moulds found 
before harvest. Aspergillus and Fusarium species are likely to be the most significant mycotoxin-
producing field fungi found in tropical developing countries. Several fungal diseases have been 
identified in grains: Aspergillus ear rot in corn, peanuts, cottonseed, sorghum, barley and oats; 
ergot due to Claviceps in wheat, rye, triticale and oats; Fusarium ear rot in corn; scab or head blight 
due to Fusarium (also named Gibberella) in wheat and barley. The fungi survive in crop residues 
after harvest, and the spores generated from residues contaminate the soil. Hence crop rotation is 
one way to reduce the risk of mycotoxin contamination of grains. Infection due to soil-borne 
inoculum can be lowered during harvest by a cutting height set at 7-10 cm above ground level. The 
postharvest period can also be critical for mould growth and mycotoxin production. To minimize the 
risk, grain moisture content should be reduced to less than 15% within 48 h after the grain has been 
harvested. This may be difficult in many storage facilities, especially in large silos. Good air 
circulation throughout the storage bin is important to dry the grain and avoid temperature rise. 
Rodents and insects must be eliminated to maintain the integrity of the pericarp of kernels, and 
prevent fungi gaining access to the endosperm. Grain moulds do not develop evenly throughout a 
storage unit, but generate several hot spots distributed randomly in the grain bulk.  

Grain is considered as the main mycotoxin vector in food or feeds (Pfohl-Leszkowicz, 2000a). The 
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most hazardous toxins are aflatoxins produced by A. flavus and A. parasiticus often found in 
cereals, peanuts, cottonseed and oilseed products from hot and humid countries, both before and 
after harvest. Ochratoxin A is mainly found in corn, barley, oats, rye and wheat, after harvest. 
Among fusariotoxins, trichothecenes such as DON, T-2 toxin and diacetoxyscirpenol (DAS), are the 
most common toxins found in grain. Unlike fumonisins, which are found only in corn, ZEN can 
contaminate all cereals. A study of wheat and corn harvested in France in 1996 and 1997 showed 
that the levels of contamination by fusariotoxins were variable and depended on the cereal and 
year (Richard-Molard, 1999).  

V – 

1. 

Effects of mycotoxins on ruminants 

Fungal contamination affects the organoleptic characteristics and the nutritional value of feeds. In 
addition, the presence of mycotoxins carries a risk of both animal toxicosis and toxin transfer to 
animal products entering the food chain (milk and meat). Most mycotoxins are absorbed through 
the intestinal tract by three processes: (i) simple diffusion of polar toxins in liquid phase; (ii) diffusion 
in lipid phase of non-ionic toxins; and (iii) active transport. Diffusion of the non-ionic forms of toxins 
across the lipid membrane of cells is the main route of mycotoxin absorption. Polar toxins are easily 
eliminated in urine and are less strongly retained in animal tissues. Increasing polarity by 
glycosylation of toxins during liver metabolism is a common way of protecting animal cells against 
xenobiotics.  

The biological effects of a mycotoxin depend on the ingested dose, other toxins that are present 
because toxins can interact, duration of exposure and animal sensitivity. Mycotoxins have acute or 
chronic effects on animals, depending on the dose and time of exposure. Mycotoxins can induce 
disorders specific to each toxin, impair the immune system of animals and favour many other 
dysfunctions. This is the main reason why mycotoxicosis is difficult to diagnose.  

Effects of individual mycotoxins 

Ruminants are considered to be more resistant to the adverse effects of mycotoxins than 
monogastric animals. The main reason for this difference is that mycotoxins can be degraded or 
bioconverted by rumen microorganisms. However, significant cases of mycotoxicosis have been 
described in ruminants, adversely affecting animal production and farm profitability (Miller, 1979). 
The toxic effects will be described here only for the three main families of mycotoxins: aflatoxins, 
fusariotoxins, and OTA. Special references on goats will be pointed out. 

Acute aflatoxicosis causes significant liver lesions, leading to congestion and bleeding, and is often 
fatal (Pier, 1992). They cause fatty acid accumulation in the liver, kidneys and heart, and may be 
responsible for encephalopathies and oedemas (Pfohl-Leszkowicz, 2000b). The animal may die 
within a few hours or days. Chronic toxicosis is, however, more frequent. In this case, aflatoxin 
binds to guanine base in liver DNA, leading to cell death or giving rise to a tumour. In goats fed with 
AFB1-contaminated feeds doses of 0.1-0.4 mg/kg body weight per day, Miller et al. (1984) noted a 
non-significant increase in mean concentration of γ-globulins and a decrease in β-globulins in 
serum. Microscopic changes included bile ductule proliferation, hepatocytic karyomegaly, 
hepatocellular degeneration, pneumonia, rhinitis, and proximal renal tubular nephrosis. Animals had 
ascites, pale liver, petechial haemorrhages, nasal discharge and icterus, confirming hepatic lesions. 
The authors consider goats to be sensitive enough to AFB1 to be used as a ruminant model to 
study ruminant aflatoxicosis. Similar clinical manifestations were described for the effects of AFB1 
on goats by Maryamma and Sivadas (1975), and by Samarajeewa et al. (1975).  

Fusariotoxins, and among them trichothecenes, are another important family of mycotoxins that 
cause weight loss, vomiting, severe skin problems, bleeding and, in some rare cases, death of 
animals. They have immuno-suppressive properties acting principally on the cellular immune 
system. Pigs are especially sensitive to DON, whereas ruminants seem to be less susceptible. No 
information is currently available on the behaviour of goats with respect to trichothecenes. The 
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major effects of ZEN are oestrogenic. It induces some feminisation signs in young male pigs such 
as testicular atrophy and mammary gland enlargement. In the most severe cases, it can progress to 
rectal and vaginal prolapse. In females, it can cause anoestrus, pseudopregnancy, teat 
enlargement and udder secretion. High concentration of ZEN can affect cycling, conception, 
ovulation and foetal development. Sensitivity of animals to ZEN toxicity has been demonstrated in 
several studies (see Hagler et al., 2001), pigs being considered to be the most sensitive animal 
species (Olsen and Kiessling, 1983). As pigs and goats both have a high capacity to form both α-
zearalenol and β-zearalenol in the microsomal fraction of the liver, goats may be as susceptible as 
pigs to zearalenone intoxication, as confirmed by Wolde-Michael et al. (1989). Fumonisin B1 (FB1) 
has been shown to affect weanling angora goats fed naturally contaminated corn at 95 mg/kg 
dietary DM for 112 days (Gurung et al., 1998). Elevated concentrations (P < 0.10) of blood-borne 
enzymes such as aspartate aminotransferase, lactate dehydrogenase and γ-glutamyl 
transpeptidase, and increased concentrations of cholesterol and triglycerides indicated mild liver 
damage and kidney dysfunction in treated goats. A linear relationship was evidenced between 
these serum constituents and duration of FB1 exposure. Typical of FB1 toxicosis, an elevated free 
sphinganine/free sphingosine ratio in liver, kidney, and heart tissues was observed. However, no 
clinical signs of toxicosis appeared, and live weight gain of animals was not affected by the FB1 
treatment. Thus intoxication can occur with no apparent change in animal behaviour, which makes 
diagnosis very difficult. 

Ochratoxin A is a nephrotoxic mycotoxin that impairs proximal tubular function and urine excretion, 
and increases urine excretion of glucose (Krogh, 1976). Other organs can be affected, and enteritis, 
necrosis of lymphoid tissue and fat enrichment of the liver have been observed (Szczech et al., 
1973). Bioconversion of OTA by cytochrome P450 resulted in the formation of carcinogenic 
metabolic intermediates (Fink-Gremmels et al., 1995a,b). Pigs and poultry are sensitive to OTA, but 
ruminants seem to be fairly resistant to it. This difference can be explained by the ability of rumen 
microbes to actively degrade OTA to OTα, which is much less toxic than the parent substance. 

2. 

VI – 

1. 

Synergistic effects of mixed mycotoxins 

A diet composed of mixed ingredients, each presenting a risk of contamination with toxinogenic 
fungi, is liable to harbour several toxins. This situation is quite common, and diets are rarely 
mycotoxin-free. Synergistic effects between mycotoxins in blends of toxin-contaminated diets have 
been described. For instance, the presence of fusaric acid increases FB1, DAS and DON toxicity in 
animals (D'Mello and McDonald, 1997; Smith et al., 1997). Combinations of fusaric acid and ZEN 
increase the concentration of each toxin in milk by a factor of two to five (Porter et al., 1996). An 
interaction between FB1 and DON increases the amount of blood protein, whereas an interaction 
between FB1 and T-2 toxin leads to an increased plasma calcium concentration (Kubena et al., 
1997a) or an increased haemoglobin and haematocrit concentration (Kubena et al., 1995). Such 
combinations of toxins also affect the growth rate of chickens (Kubena et al., 1997a) and turkeys 
(Kubena et al., 1997b). Other mixtures containing DON and DAS, DAS and aflatoxins and FB1 also 
show interactive effects (Harvey et al., 1995a,b). A synergistic toxic effect on three different cell 
lines (C6 glioma cells, Caco-2 cells and Vero cells) has been evidenced when FB1 and OTA are 
combined (Creppy et al., 2004).  

The fate of mycotoxins in ruminants  

Ruminal metabolism of mycotoxins 

As the rumen microbes can degrade or metabolise some mycotoxins, ruminants are more resistant 
to most mycotoxins than monogastrics. The protozoal fraction of the rumen microbial ecosystem 
seems to be chiefly responsible for mycotoxin metabolism, together with some bacteria such as 
Butyrivibrio fibrisolvens, Selenomonas ruminantium and Anaerovibrio lipolytica (Westlake et al., 
1987a). These bacteria are able to use T-2 as a source of energy through two enzyme systems 
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(Westlake et al., 1987b). Several strains of B. fibrisolvens isolated from the rumen are able to 
degrade DAS, DON, ZEN, OTA, and verrucarin A in vitro (Kiessling et al., 1984; Westlake et al., 
1989). T-2 toxin, HT-2, DON and DAS are metabolised by rumen microbes when present at a 
concentration of 10 µg/ml (Prelusky et al., 1986), and can yield numerous metabolites as indicated 
in Fig. 2. The epoxy cycle of DON generates de-epoxy DON, commonly known as DOM-1, which is 
non-toxic (Côté et al., 1986). HT-2 and neosolaniol produced from T-2 toxin, are about a tenth as 
toxic as the parent toxin. The toxicity of the metabolites of DAS has not been determined. About 
90% of DAS and T-2 deacetylation is achieved by rumen protozoa (Hussein and Brasel, 2001). T-2 
toxin can attach to eukaryotic ribosomes and can thus inhibit the growth of protozoa (Mackie and 
White, 1990). The antibiotic activity of DON and fusaric acid has been tested on the eubacterium 
Ruminoccus albus and the Archaea species Methanobrevibacter ruminantium (May et al., 2000). 
Fusaric acid inhibited both microorganisms even at a low concentration (15 µg/ml), and DON had 
no effect up to 100 µg/ml. 
 

Fig. 2. Possible metabolic pathways of trichothecenes in the rumen (diagram from Mackie and White 
1990 modified by Jouany). DON = de-oxynivalenol; DOM-1 = de-epoxy deoxynivalenol;  
DAS = diacetoxyscirpenol; MAS = monoacetoxyscirpenol; De-DAS = de-epoxy 
diacetoxyscirpenol; Sci-triol = scirpentriol; De-MAS = de-epoxy monoacetoxyscirpenol;  
De-Sci-triol = de-epoxy scirpentriol; Neosol = neosolaniol; De-HT-2 = de-epoxy HT-2; 
De-Neosol = de-epoxy neosolaniol; De-T-2 triol = de-epoxy T-2 triol; De-T-2 tetraol = de-epoxy T-2 
tetraol. Reactions of de-epoxidation (1), de-acetylation (2), isovaleryl de-esterification (3). 

 

The peptide bond of OTA is actively hydrolysed in the rumen to produce phenylalanine and 
ochratoxin α, which is much less toxic than the parent toxin (Hult et al., 1976). It may also be 
esterified to produce ochratoxin C (Galtier and Alvinerie, 1976) of similar toxicity (Chu, 1974). 
Protozoa are thought to play a major role in OTA degradation (Galtier and Alvinerie, 1976). The 
effect of diet on the capacity of rumen microbes to degrade OTA is variable. Xiao et al. (1991a,b) 
showed that the half-life of OTA in the rumen decreased when the level of forage increased at the 
expense of cereals in the diet. Conversely, Özpinar et al. (2002) observed that adding starch 
ingredients up to the maximum level of 30% in a forage-based diet decreased the concentration of 
OTA in the rumen. Such divergent results may be explained by the evolution of the concentration of 
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protozoa in the rumen. Addition of concentrate in a diet stimulates the protozoal population up to 
about 30% starch in dietary DM, and may depress it when large amounts of easily fermented starch 
is supplied (Jouany, 1989). The toxicity of OTA in ruminal microorganisms has been tested in B. 
fibrisolvens (Westlake et al., 1987a), since this bacterium is considered as essential in the microbial 
detoxification process (Mackie and White, 1990). The absence of any effect of OTA at 5 ppm on the 
main ruminal functions indicates that this toxin has no harmful action on the microbial ecosystem. 

Zearalenone is rapidly converted to α-zearalenol, which is about five to ten times more toxic than 

ed for 

2. 
Intestin obiotics 

y in 

uction of the epoxy 

the parent toxin, and to a lesser extent to β-zearalenol, which has a low toxicity. Protozoa are 
mainly responsible for this conversion (Kiessling et al., 1984). Further hydrogenation of α-
zearalenol gives zeranol, which has been detected in bovine bile after oral dosage of ZEN 
(Kennedy et al., 1998). The authors observed that the α-zearalenol/zeranol ratio was always above 
5. This index could be used to detect fraudulent use of zeranol to improve the growth of animals. All 
these metabolites use the same oestrogenic receptor site as ZEN, which explains their activity and 
their toxicity. Zearalenone has no toxic effect on the rumen bacterium B. fibrisolvens, and is 
considered not to alter the digestive rumen functions (Westlake et al., 1987a), although Danicke 
(2002) noted a significant decrease in the in sacco degradability of wheat straw in wethers fed on a 
ZEN + DON contaminated diet, while the in sacco degradability of lucerne was not altered.  

Aflatoxins are generally poorly bioconverted in the rumen, with less than 10% degrad
concentrations from 1.0 to 10.0 µg/ml (Westlake et al., 1989). Formation of aflatoxicol, a highly toxic 
hydroxylated derivative of AFB1 has been observed (Auerbach et al., 1998). Many ruminal bacteria 
are completely inhibited by concentrations of AFB1 below 10 µg/ml. Digestive and fermentative 
functions of the rumen microbial ecosystem can thus be disturbed by aflatoxins. 

Metabolism of mycotoxins in intestines and splanchnic organs 
al epithelium, liver and kidneys are sites of bioconversion of nutrients and xen

including mycotoxins. These bioconversions involve two reaction phases. The first phase includes 
reductive, oxidative and hydrolytic reactions. Microsomal cytochromes P450, mono-oxygenases, 
amino-oxidases and alcohol dehydrogenases are the main oxidative enzymes, while epoxide-
hydrolases, aldehyde-reductases and ketone-reductases are the major enzymes responsible for 
reduction. In addition, animal tissues and body fluids contain a large number of non-specific 
esterases and amidases capable of hydrolysing xenobiotics (Galtier, 1999). The second phase 
involves conjugating reactions applied on the products of the first phase. These reactions decrease 
the toxicity of toxins and increase their solubility in water, thus facilitating their excretion in urine and 
milk, and protecting the animal (Domínguez-Bello, 1996). The major conjugating enzymes are 
microsomal glucuronosyl-transferases, cytosolic sulpho-transferases, methyl-transferases, 
aminoacyl-transferases, S-glutathione-transferases and N-acetyl-transferases (Galtier, 1999).  

The absorbed fraction of AFB1 is extensively metabolised in the liver, resulting predominantl
AFM1, which enters the systemic circulation or is conjugated to glucuronic acid, and is then 
excreted in bile. Circulating AFM1 may be excreted in urine or milk. Synthesis of AFB1 8-9 epoxide 
in the liver is the prerequisite step in the formation of covalent bonds with nucleic acids in the 
subsequent acquisition of the mutagenic and carcinogenic character of AFB1.  

Trichothecenes are detoxified chiefly by a glucuronidation reaction and by red
group responsible for the reactivity of these toxins. The liver cytochrome P450 converts OTA to 
hydroxyl-OTA, which has immuno-suppressive properties similar to those of OTA (Creppy et al., 
1983). T-2 toxin is rapidly metabolised in two steps. First, T-2 is de-acetylated in the rumen and 
liver to give HT-2 and a small amount of T-2-triol (see Fig. 2). These metabolites are then 
conjugated with glucuronic acid, facilitating their excretion in bile. Two other hydroxylated 
metabolites are also produced, OH-HT-2 and diOH-HT-2. Other compounds such as de-epoxy T-2 
or de-epoxy T-2-triol may be formed. Diacetylscirpenol is metabolised to de-epoxylated and de-
acetylated products. Deoxynivalenol is converted to de-epoxy DON (or DOM-1), which is then 
glucuronidised, making it more hydrophilic and increasing its excretion in urine (Côté et al., 1986). 
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Fumonisin B1 and DON are eliminated in bile and are weakly absorbed in the digestive tract. They 

e-reductases. Genetic 

As indicated conversions of mycotoxins change the polarity of 

ion after oral administration is most efficient for mycotoxins that are strongly absorbed 

The excretion tabolites in milk is another route by which they are eliminated to 

toxins, it is generally considered to be 

y). 

Thi  and 25 µg AFB1 per day to 

mostly culminate in faeces (61% of FB1 and 54-75% of DON), and as trace contaminants in urine 
(1-3%). Liver hydrolases or intestinal enzymes may partly hydrolyse FB1 to produce a monoester 
and aminopentol, both of which are then excreted in faeces (Galtier, 1999).  

Zearalenone is converted into α- and β-zearalenol by the liver keton
differences among animal species in the reductase activities can account for differences in the 
sensitivity of animals to ZEN (Galtier, 1999). 

3. Routes of mycotoxin excretion  

A. Urinary and faecal excretion 

previously, ruminal and hepatic bio
toxins and consequently alter their affinity to water or lipids. Their absorption through the digestive 
tract, their fixation in animal tissues, or their excretion in urine, faeces, or milk, is therefore under 
the control of the metabolic pathways. Given that the rumen can play a major role in the 
bioconversion of toxins, ruminants are to be regarded as a special case in the metabolism of 
mycotoxins.  

Urinary excret
and metabolised, such as AFB1, citrinin, OTA, PAT and ZEN. Conversely, faecal excretion results 
from a lack of absorption by the gastrointestinal tract or elimination of toxins or metabolites through 
the biliary system. T-2 toxin, DON and FB1 are excreted in faeces because of their low absorption 
in the digestive tract, whereas a significant proportion of AFB1, cyclopiazonic acid, OTA and ZEN 
are eliminated as conjugated metabolites in bile (Galtier, 1998). 

B. Excretion in milk  

 of toxins and their me
protect the animal. The transfer of toxins from blood to milk may involve intercellular filtration, 
passive diffusion across cellular membranes, or active transport via secretion vesicles. Transfer of 
AFM1, OTA, ZEN and their metabolites can be significant enough to represent a potential risk to 
milk consumers (Yiannikouris and Jouany, 2002). Milk concentration of AFM1 peaked two days 
after an oral administration in cows (Whitlow et al., 2000). The same study showed that AFM1 
disappeared 4 days after AFB1 was removed from the diet. 

Although the rate of transfer of AFB1 is highest among myco
as low as 0.3-2.2% according to van Egmond (1989) and Spahr et al. (2000). However, the carry-
over rate can range widely among animals, days, and from one milking to the next. It is greatly 
influenced by physiological factors such as diet and health status of animals, especially the status 
of the liver and its enzymatic activities. For high-yielding dairy cows producing up to 40 kg of milk 
per day, Veldman et al. (1992) found a carry-over percentage as high as 6.2%. Changes in the 
plasma-milk barrier and the consumption of large amounts of concentrated feeds in high-merit dairy 
cows may explain the increase in the carry-over rate of AFM1 in milk. Using data published since 
1985 (10 observations from 5 controlled experiments), Pettersson (1998) proposed the following 
equation (r2 = 0.915) to estimate the transfer of AFM1 in milk:  

AFM1 (ng/kg milk) = 10.95 + 0.787 × (µg AFB1 intake per da

s equation indicates that the animals must ingest less than 50
comply with the European regulatory levels of contamination in milk set at 0.05 and 0.025 µg/kg of 
milk for adults and infants, respectively. Thus cows must ingest less than 10 and 5 kg of feed 
contaminated at the maximum authorised level (5 µg AFB1/kg feed for dairy cattle) to maintain a 
safe level of AFM1 in milk. There is a risk of exceeding these levels in milk when dairy cows are fed 
diets based on contaminated corn silage, since they can ingest more than 15 kg DM of silage per 
day. Recent data indicated that in two regions of Italy, the prevalence of AFM1 in milk samples 
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exceeded the statutory limit after home-grown maize was incorporated into dairy cow feed (RASFF, 
2003). Vallone and Dragoni (1997) conducted a study in Italy showing that samples taken from a 
corn silage trench for a 4-month period had levels of AFB1 ranging from 25 to 40 µg/kg, which is 
much higher than the maximum authorised level of 5 µg/kg in Europe (Table 3). The European 
Scientific Panel on Contaminants in the Food Chain noted that more precise estimates of mycotoxin 
exposure of sheep goats, camels and buffaloes are needed, and transfer rates have to be 
evaluated not only to comply with the maximum level established for aflatoxin M1 in milk, but also 
with the maximum level of 0.025 µg AFM1/kg in infant formulae (EFSA, 2004).  

VII – Current legislation for mycotoxin content in feeds  
Consid s of milk products, 
and the aximum levels for 

Table 3. Maximum levels of mycotoxins in feeds in Europe, the United States and Canada (aflatoxins 
have legislated maximum tolerated levels in Europe, USA and Canada; fumonisins are under 

) 

ering both the carry-over into milk and the associated risk for consumer
 adverse effects on animal health, approximately 45 countries have set m

mycotoxin contamination of feeds (van Egmond and Jonker, 2004). Regulations on aflatoxins have 
been drafted by the European Commission (JOCE, 2006a), and recommendations have been 
proposed for maximum levels of DON, ZEN, OTA, FB1 + FB2 (JOCE, 2006b). The maximum levels 
of mycotoxins in feeds marketed in Europe, USA and Canada are given in Table 3. There are 
substantial differences in authorised concentrations between countries. For instance, 6 times more 
AFB1 is permitted in animal feeds in the US than in Europe, and the US allows 10 times more 
AFM1 in milk than Europe. This is due to imperfect scientific knowledge concerning mycotoxin 
toxicity, analytical and dosage difficulties, and the economic impact of such regulation. 

 

guidance levels in USA; the values for the other mycotoxins are considered as advisory levels
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V onomic cost of mycotoxins 
It is di xins. The Council for Agricultural 
Science od and feed losses, and mitigation 

econtamination and detoxification strategies  
The co anufacturers to operate 
at the sing and distribution. At 

III – Potential ec
fficult to estimate the precise economic costs of mycoto
 and Technology (CAST, 2003) evaluated the sum of fo

efforts to reduce the risk of mycotoxins, in the United States only, at $932 million and $466 million per 
year, respectively. The annual livestock costs amounted to $6 million. Only aflatoxins, fumonisins and 
DON were considered in these assessments, and the human health costs were not taken into 
account. 

IX – D
ntrol of mould contamination of plants needs the farmer and feed m
field level, as well as during harvest, transport and storage, proces

the field level, it is advised to limit the spore contamination of soil by crop rotation and avoidance of 
cereal monoculture. Contamination of grain with soil matter must be avoided during harvest. Also, 
maintaining the physical integrity of cereal grains to limit the access of moulds to nutrients present 
in grains is strongly recommended. This implies eliminating insects and rodents that attack plants. 
During storage and preservation steps, environmental conditions (humidity, O2, temperature) must 
be strictly controlled. If moulds or mycotoxins are already present, then chemical, physical and 
biological methods can be applied to reduce the risk of mycotoxins in food and feeds. However, it 
must be considered that the presence of mycotoxins is almost unavoidable and that practical 
solutions (mechanical separation of contaminated grain, density segregation, thermal inactivation, 
irradiation, solvent extraction, chemical or biological treatments) that totally eliminate mycotoxin 
contamination of feed are not currently available. Several chemical methods have been proposed to 
degrade aflatoxins (e.g., acids, bases, aldehydes, bisulphite, oxidising agents). Although some 
successfully destroy aflatoxins, they can generate toxic by-products and (or) alter the nutritional 
quality of feed ingredients. Ammoniation is currently used in Mexico, Sudan, South Africa, Senegal, 
and Brazil to degrade aflatoxins to less toxic products, including aflatoxin D1 and an unknown 
derivative with a molecular weight of 206. However, the initial step in the process can be reversible, 
the lactone group being reformed. It is necessary to ensure the reaction proceeds to completion.  

The strategy of decreasing animal exposure to mycotoxins by including sequestering agents or 
sorbents in the diet has been given considerable attention during the last decade. These 
compounds either adsorb mycotoxins in specific internal and surface structures or form chemical 
bonds with mycotoxins, making them non-adsorbable in the digestive tract and thus protecting 
animals against any harmful effects. As early as 1979, Masimango et al. (1979) observed that clay 
minerals could bind AFB1 in liquids. The use of bleaching clays to process canola oil was shown to 
lessen the effects of T-2 toxin (Carson and Smith, 1983; Smith, 1984). The first enterosorbent study 
with aflatoxin was carried out with a calcium montmorillonite clay, a hydrated sodium calcium 
aluminosilicate (HSCAS) (Phillips et al., 1988). It showed that HSCAS notably protected broilers 
and chickens from the toxic effects of 7.5 ppm AFB1 in the diet. Numerous studies were then 
conducted with clays, and HSCAS used at 1% of the diet was shown to reduce the absorption of 
radiolabelled aflatoxins, decrease the aflatoxin residues in animals, and lower the concentration of 
AFM1 in milk from dairy cows and goats (see CAST, 2003). Known for its adsorption properties, 
activated carbon (Piva et al., 1995; Galvano et al., 1996) and cholestyramine (Underhill et al., 1995; 
Ramos et al., 1996) were also used to bind AFB1, FB1 and ZEN, respectively. However, these 
inorganic materials showed only limited efficacy against mycotoxins other than aflatoxins. Also, they 
can reduce the biological value of some nutrients and may contain dioxins and heavy metals. 

To overcome the relative inefficacy of clays towards mycotoxins other than aflatoxins, an organic 
product made of modified yeast cell wall has been proposed (Devegowda et al., 1998) as an 
alternative solution to complex several mycotoxins in the gastrointestinal tract of animals without 
impairing nutrient bioavailability or harming the environment. Cell wall of lactobacilli, bifidobacteria 
and propionibacteria were also tested and showed a marked sequestering effect against aflatoxins 
both in vitro or in vivo (El Nezami et al., 1998, 2004a,b). The mode of action of these microbial 
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components against mycotoxins has been recently described (Yiannikouris et al., 2004a,b,c,d, 
2006). The authors show that β-D-glucans of yeast cell walls are the main organic component 
involved in the formation of chemical complexes with ZEN used as a model of mycotoxin. They 
indicate that the 3D-structure of β-D-glucans involving a single and (or) triple helix structure is 
decisive for their efficacy since the alkali-insoluble fraction of β-D-glucans has a higher affinity for 
ZEN than the soluble fraction. Chitin has been shown to have a negative impact on the affinity rate 
by stiffening the β-D-glucan network, thus restricting mycotoxin accessibility to the binding sites of 
the β-D-glucan helix. In silico models have been produced showing that ZEN, OTA, PAT, and DON 
molecules can interact with β-D-glucans (Fig. 3). Using molecular mechanics, it has been shown 
that hydroxyl, ketone, and lactone groups of toxins are involved in both hydrogen bonds and van 
der Waals interactions with the hydroxyl groups and rings in glucans, respectively. Differences in 
the sequestering capacity of mycotoxins are due to their specific spatial molecular shapes and their 
chemical characteristics. Devegowda et al. (1998) showed in vitro that Mycosorb®, a commercial 
product based on yeast cell wall extracts, could bind 85% of aflatoxin, 67% of ZEN, and 67% of 
fumonisins. Moderate activity was seen with T-2 toxin (33%), whereas for OTA, DON, citrinin and 
DAS, the sequestering rate ranged between 12 and 18%. Nivalenol and fusariotoxin X were bound 
at 8% only. Several in vivo studies achieved with Mycosorb® showed a real efficacy in protecting 
horses (Raymond et al., 2005) or pigs (Swamy et al., 2002) against feeds naturally contaminated by 
Fusarium mycotoxin, which is only weakly fixed by clays. 

 

 

In silico  model of the docking of AFB1 into a (1-3)- β-D-glucan chain branched with three 

 

X – 
Althou  been discovered only recently, many studies have been conducted 

Hydrogen 

Fig. 3. 
β-D-glucose units of a (1-6)- β-D-glucan side chain (Yiannikouris et al. , 2006). 

Conclusions 
gh mycotoxins have

during the last two decades to assess their risk in the food chain. It is considered that the presence 
of mycotoxins in food and feeds of plant origin (mainly cereals, oilseeds and their by-products) is 
almost unavoidable, and no practical solution is currently available to eliminate them totally. The 
possible transfer of mycotoxins to animal products indicates that milk and meat may also be 
contaminated by mycotoxins and their metabolites. The risk of chronic intoxication of humans and 
animals cannot therefore be ignored. Acute intoxications in humans are rare, although some cases 
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have been revealed in Kenya (Ngindu et al., 1982) and in India (Krishnamachari et al., 1975a,b) 
with fatalities. Recent epidemiological studies indicated that about half of the European population 
is exposed to OTA (European Commission, 1997).  

Chronic intoxication of animals is difficult to detect since no clear symptoms appear before 
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Ch p. 499. 
 formation in hay treated 

Cre rgistic 

Cre schenthamler R. and Dirheimer G. (1983).  Effects of two metabolites of 

D'M M.C., 1997. 
Pesticide 

Dam nd Downey G.A., 1984.  The interactions between Fusaria and their toxins in 

Dan ted wheat grain and of a detoxifying agent on rumen 

Dev ali N. and Swamy H.V.L.N., 1998.  Mycotoxin picture world-wide: Novel 

Do 2. Fusarium mycotoxins in conventionally and 

. 

EFS Opinion of the scientific panel on contaminants in the food chain on a request from the 

o 

significant damage of organs has occurred. Contrary to what is commonly assumed, ruminants are 
not indifferent to mycotoxins. Indeed some toxins can be degraded in the rumen by 
microorganisms, but this detoxifying activity is lowered in case of rumen dysfunction. Also, 
bioconversion of some mycotoxins by rumen microbes can increase their toxicity, as shown in the 
present paper for zearalenone. 

Except for the ammoniation p
eliminate once they have been produced. That is why prevention of contaminated must be 
privileged by grain producers and livestock producers. The use of binders to inactivate mycotoxins 
remains attractive once they have been detected in food and feeds. The basic research conducted 
in our laboratory to demonstrate the mode of action of yeast cell wall against mycotoxins must be 
pursued to develop a new generation of inactivators that are active on a large range of toxins but, 
owing to the diversity of the chemical structures of mycotoxins, this aim will be difficult to achieve. 
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