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ABSTRACT : Mycotoxins are secondary metabolites produced by fungi. These toxins pose serious health concerns to animals as well
as human beings. Biodegradation of these mycotoxins has been considered as one of the best strategies to decontaminate food and
feedstuffs. Biodegradation employs the application of microbes or enzymes to contaminated food and feedstuffs. Ruminants are
considered to be resistant to the adverse effects of mycotoxins presumably due to the biodegrading ability of rumen microbes compared
to mono-gastric animals. Therefore, rumen microbial source or microbial enzyme could be a great asset in biological detoxification of
mycotoxins. Isolation and characterization of pure culture of rumen microorganisms or isolation and cloning of genes encoding
mycotoxin-degrading potential would prove to have overall beneficial impact in the food and feed industry. (Key Words : Mycotoxins,

Biodegradation, Ruminants, Microbes, Enzymes)

INTRODUCTION

Mycotoxins are toxic metabolites produced by fungi.
According to WHO, about 25% of world’s food is
contaminated by mycotoxins. Fungi belonging to
Aspergillus, Penicillium and Fusarium species are
responsible for causing mycotoxins of agro- economic
importance.  Aflatoxin, Ochratoxins, Trichothecenes,
Zearalenone and Fumonisins are mycotoxins of greatest
agricultural concerns (Vasanthi and Bhat, 1998).

Food and feedstuffs are prone to mycotoxin infection at
field condition or during storage because intrinsic as well as
extrinsic factors such as environment, climatic condition
and fungal species variation contribute to mycotoxin
infection (Hussein and Brasel, 2001).

The consumption of these mycotoxin-contaminated
feedstuffs by animals leads to adverse effect on animal
health and the effects are more serious in monogastric
animals depending on the species and the susceptibility to
toxins within the species. Ruminants, however, are
considered generally more resistant to adverse effects of
mycotoxins (Fink-Gremmels, 2008). This assumption is
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based on the findings that rumen microbiota has the
biotransformation ability of mycotoxins to less toxic or non
toxic metabolites. However, this is not applicable to all
mycotoxins and the impact of mycotoxins in ruminant
animals also depends upon age, breed, sex, dose level and
immune status of individual animal (Dien Heidler and
Schatzmayr, 2003). The carryover of toxins from animal
food may have severe consequences on human health.

Mycotoxicosis is difficult to diagnose, because few
signs of poisoning is produced.

The impact of mycotoxins upon animals extends beyond
their obvious effect in producing death in a wide variety of
animals. The economic impact of lowered productivity,
reduced weight gain, reduced feed efficiency, damage to
body organs, interference in reproduction is many times
greater than that of immediate mortality and morbidity (Wu
et al., 2004). Potential threats of cancer induced by
mycotoxins in feeds and human foods along with the
unknown effects of these mycotoxins are coupled to the
universal concern about health risk (Marquardt, 1996).
Consumption of some mycotoxins at levels does not cause
overt clinical mycotoxicosis but may suppress immune
function and lower resistance to diseases.

Thus, effective measures for detoxification of
mycotoxins are essential for the improved production and
productivity of livestock.

This paper focuses on different mycotoxins of
agricultural importance, their effects on animal health and
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explores the potential role of ruminants in mycotoxin
biotransformation.

EFFECTS OF DIFFERENT MYCOTOXINS ON
ANIMAL HEALTH

Mycotoxins in food and feedstuffs affect both the
organoleptic characteristics and the nutritive value of feed,
leading to risk of toxicosis. However, the biological effects
of mycotoxins depend on the amount ingested by the host,
of occurring toxins, time of exposure to
mycotoxins and animal sensitivity. Also, mycotoxins can
induce health problems that are specific to each toxin or
suppress the immunity power of animals, favoring
infections. This is the major reason for the difficulty of
diagnosing mycotoxicoses. Major mycotoxins of animal
health concerns are as follows:

varieties

Aflatoxin

Aflatoxin is the most prevalent and significant
mycotoxin. It is produced by Aspergillus flavus and A.
parasiticus (Deiner et al., 1987; Kurtzman et al., 1987). It is
stable once formed in grains and is not degraded during
normal milling and storage (Brown, 1996). Aflatoxin
contamination is more likely in grains grown in tropics or
subtropics because the toxigenic fungi produce toxin in
warm and high humid conditions. Commodities affected by
aflatoxin include corn, peanuts, cottonseed, millet, sorghum
and other feed grains (Phillips, 1999).

Due to the fact that aflatoxins are unavoidable
contaminants in a variety of food and feeds, it has attracted
the attention of many researchers (Verma, 2007). Like many
microbial secondary metabolites, aflatoxins are a family of
closely related compounds (Moss, 1996) that includes
aflatoxin B1, B2, G1 and G2, but usually aflatoxin Bl
(AFBI1) is in the highest concentration. Following ingestion
of aflatoxin-contaminated feeds, a part of the ingested
aflatoxin Bl is degraded in the rumen, resulting in the
formation of aflatoxicol. The remaining fraction is absorbed
in the digestive tract by passive diffusion and is
hydroxylated in the liver to aflatoxin M1 (Kuilman et al.,
2000).

Aflatoxin lowers resistance to diseases and interferes
with vaccine-induced immunity in livestock (Diekman and
Green, 1992). Suppression of immunity by aflatoxin B1 has
been demonstrated in turkeys, chickens, pigs, mice, guinea
pigs, and rabbits (Sharma, 1993).

All animal species are susceptible to aflatoxicosis, and
the sensitivity varies between species (Coppock and
Christian, 2007). For example, monogastric animals such as
fish, birds, cats, dogs, and swine are more susceptible than
mature ruminants. Engel and Hagemeister (1978) reported
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that 42% of aflatoxin was degraded when incubated in vitro
with rumen fluid. Upadhaya et al. (2009) reported that
aflatoxin B1 degradation in rumen fluid was influenced by
the species of animal and types of forage fed to the animals.

Symptoms of acute aflatoxicosis in mammals include:
inappetance, lethargy, ataxia, rough hair coat, and pale,
enlarged fatty livers. Symptoms of chronic aflatoxin
exposure include reduced feed efficiency and milk
production, icterus, and decreased appetite (Nibbelink,
1986).

AFBI1 inhibits both DNA and RNA synthesis (Butler
and Neal, 1977). Lillehoj (1991) indicated that the activated
AFB1 metabolite, AFB1-8,9 epoxide forms a covalent bond
with the N7 guanine and forms AFB1-N7guanine adducts in
target cells leading to G-T transversion, DNA repair, lesions,
mutation and tumor formation (Foster et al., 1983).

AFBI is also known as a potent hepatotoxin and hepato-
carcinogen. The liver is considered to be the primary target
organ for aflatoxin (Towner et al., 2000). It was reported
that AFB1 could induce lipid peroxidation in rat livers
causing oxidative damage to hepatocytes (Shen et al., 1994).
Bonsi et al. (1999) demonstrated that cyclic nucleotide
phospho diesterase activity in the brain, liver, heart and
kidney tissues can be inhibited by AFBI.

Ochratoxin A (OTA)

Ochratoxin A is a complex compound consisting of
OTA o linked through a 7-carboxy group to L-B
phenylalanine by an amide bond (Mobashar, 2010).

It is produced by Asperigillus and Penicillium species
that contaminate cereals, coffee beans, grape and other
fruits, beer and wine (Halasz et al., 2009). Ochratoxicoses
has rarely been found in ruminants because the
microorganisms of the rumen are able to hydrolyze the
amide bond of OTA to produce OTA «. which has a lower
toxicity. The fact that the young animals with developed
rumen are reported to be affected much less by OTA than
the pre-ruminant calves indicates the significance of
ruminal degradation of OTA (Sreemannarayana et al., 1988).
However, the detoxification capacity of the rumen may be
exceeded in cases of severe poisoning (Ribelin et al., 1978).
Acute ochratoxicoses chiefly affects poultry, rats and pigs
and leads to kidney damage, anorexia and weight loss,
vomiting, high rectal temperature,
dehydration, general weakening and animal death within
two weeks after toxin administration (Chu et al., 1972; Chu,
1974). Chronic poisoning induces a decrease in ingestion,
polydipsea and kidney lesions. Pigs are particularly
sensitive to OTA (Elling et al., 1973). Such poisoning has a
significant effect for toxin concentrations exceeding 1,400
ng/kg of feed. OTA has genotoxic properties due to DNA
adduct formation (Pfohl et al., 2000). It also has immuno

conjunctivitis,
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toxic and carcinogenic properties by decreasing the number
of natural killer cells responsible for the destruction of
tumor cells.

Zearalenone (ZEN)

Zearalenone is a phyto esterogenic compound (Diekman
and Green, 1992). It is caused by several Fusarium species.
F. graminaerium is the species most responsible for
estrogenic effects in farm animals (Marasas, 1991).

The main effects of ZEN are reproductive problems and
physical changes in genital organs similar to those induced
by oestradiol: oedemas and hypertrophy of the genital
organs of pre-pubertal females, decrease in the rate of
survival of embryos in gestating females, decrease in the
amounts of luteinizing hormone (LH) and progesterone
produced affecting the morphology of uterine tissues,
decrease in milk production, feminization of young males
due to decreased testosterone production, infertility and
perinatal morbidity. Pigs are highly susceptible to ZEN
poisoning whereas chickens and cattle show lower
sensitivities (Coloumbe, 1993). ZEN is produced in very
small amounts in natural conditions, and probably in
insufficient quantities to cause trouble in ruminants (Guerre
et al., 2000). ZEN has, however, been shown to cause
infertility in grazing sheep in New Zealand (Towers et al.,
1993).

Fumonisin (B1 and B2)

Fumonisins are the metabolties produced by Fusarium
proliferatum, and F. verticillioides. The metabolite from
FBI1 is reported to be the most toxic promoting tumor in rats
(Gelderblom et al., 1988). The aminopentol isomers formed
by the base hydrolyis of ester linked tricaballylic acid of
FBI1 has been suggested to cause toxic effects because of
the structural similarity to sphingoid bases (Humpf et al.,
1998).

Fumonisins mostly affect horses, pigs and poultry, with
ruminants seeming to be much less sensitive to this type of
contamination (Yiannikouris and Jouany, 2002). However,
fusarium-contaminated wheat when fed to dairy cows led to
increased crude protein degradation and a lower molar
percentage of propionate in the rumen (Tiemann and
Danicke, 2007).

Fumonisins cause deep lesions in the liver,
gastrointestinal tract, nervous system and lungs. Acute
doses of fumonisins in pigs may inhibit the activity of
pulmonary macrophages responsible for the elimination of
pathogens, leading to pulmonary oedema (Harrison et al.,
1990). In horses, contamination is manifested as severe
neurological lesions leading to locomotive problems and
ataxia (Yiannikouris and Jouany, 2002).

Fumonisins inhibit the synthesis of ceramides from
sphinganin, blocking the biosynthesis of sphingolipid
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complexes. The quantity of sphinganins therefore increases
and the recycling of sphingosins is blocked, resulting in cell
dysfunction followed by cell death (Riley et al., 1998).

Trichothecenes

Trichothecens are produced by Fusarium species (e.g. F.
sporotrichioides, F. graminearum, F. poae, and F.
culmorum). It can also be produced by members of other
genera viz Trichothecium (Jones and Lowe, 1960).
Trichothecenes include T-2 toxin, diacetoxyscirpenol (DAS),
deoxynivalenol (DON or vomitoxin), and nivalenol. Both T-
2 toxin and DAS are the most toxic. Pigs and poultry have
been shown to be very sensitive to T-2 toxin, DON (Friend
et al., 1992). However, ruminants are less susceptible to
these mycotoxins.

Tricothecenes have been reported as potential biological
warfare agents. For instance, in an investigation of
biological warfare agents in Cambodia from 1978 to 1981,
T-2 toxin, DON, ZEN, nivalenol, and DAS were isolated
from water and leaf samples collected from the affected
arcas (Watson et al., 1984).

These toxins cause weight loss, vomiting, severe skin
problems and bleeding and may, in some cases, be
responsible for the death of animals (Yiannikouris and
Jouany, 2002). Like aflatoxins, they have immuno-
suppressive properties acting both on the cell immune
system and on the number of macrophages, lymphocytes
and erythrocytes. T-2 and deoxynivalenol (DON) are known
to inhibit protein synthesis and cause cell death in various
parts of the body.

The findings based on the studies on toxicity of
mycotoxins of agricultural importance in different animal
species at different dose levels are summarized in the table
below:

MYCOTOXIN PREVENTION,
CONTROL AND DETOXIFICATION

Mycotoxins are toxic metabolites that can occur
naturally in many agricultural products. The approaches for
the prevention and control of mycotoxin formation may be
taken at pre-harvest, immediately after harvest or during
storage. The main approaches for pre-harvest prevention of
mycotoxin formation include good agricultural practices,
such as crop rotation, time of irrigation, planting and
harvesting, plant breeding for resistance to toxigenic fungi,
genetically modified crops resistant to insect penetration,
and competitive exclusion by using of non-toxigenic strains
in the field (Duncan et al., 1994). Prevention through pre-
harvest and harvest management is the best method for
controlling mycotoxin contamination. However, if
contamination still occurs, post-harvest decontamination/
detoxification procedures can be used in order to remove or
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Table 1. Aflatoxin (AF) toxicity in different animal species
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Animal species

Dose

Symptoms of toxicity

Reference

Pig

Poultry

Ruminants

0.02, 0,0385, 0.75 and 1.48

mg/kg in diet
1-4 mg/kg

2 mg/kg combined with 2

mg/kg OTA (barrows)

140-280 pg/kg feed (in vitro

experiment)

300 ppb (gestating and lactating

SOWS)

3.5 mg/kg in diet
(broiler)

0.6-1.2 mg/kg feed (hen)

600 pg/kg (steer)
200-800 pg/kg

2.5 mg/kg feed (lambs) for 21

days

10- 108.5 pg/kg feed (cattle)

2.5 mg/kg of feed (lamb 5

months)

Linear weight reduction and reduced feed
efficiency

Linear weight reduction

56% weight reduction

Immunosuppresion at cellular level

Indirect toxication of piglets

Reduced body weight and increased liver and
kidney weight

Reduced apparent digestible (10%) and
metabolizable energy (4%)

Reduced feed efficiency and rate of gain.

Reduced rumen motility

Hepatic and nephritic lesions, increased weight and
size of liver and kidney

Significant feed intake reduction in dose dependant
manner

Significant body weight reduction and reduced
cellular immunity

Southern and Clawson,
1979

Harvey et al., 1988
Huff et al., 1988

Van Heugten et al., 1994
Cabassi et al., 2004
Ortatali et al., 2005
Applegate et al., 2009

Helferich et al., 1986
Cook et al., 1986
Fernandez et al., 1997

Choudary et al., 1998

Fernandez et al., 2000

Table 2. Ochratoxin (OTA) toxicity in different animal species

Animal species Dose Symptoms of toxicity Reference
Pig 0.2-4 ug/kg feed for 3-4 Nephrotoxicity Krogh et al., 1974
months
0.06 mg/kg 10% immune response inhibition Hult et al., 1980
2.5 mg/kg feed Reduced phagocytic activity of macrophage and IL2 Harvey etal., 1992
production
5-50 ug/kg body weight Increased severity of pneumonia Muller et al., 1999
for 4 weeks
1-3 ppm OTA Susceptible to salmonella infection Stoev et al., 2000
80-100 pg/kg in diet Porcine nephropathy Stoev et al., 2001
Poultry 4 mg/kg feed Reduced IgG, IgA and IgM concentrations Dwivedi et al., 1984
4 ppm in 3 week old Dramatic increase in mortality Gibson et al., 1990
broiler chicks
0.5-2.0 ppm Significant reduction in cell mediated immunity Singh et al., 1990
0.5 ppm in feed (chicks) Depression of functional properties of macrophages and  Politis et al., 2005
heterophils
400-800 ppb (broilers) Significant body weight, thymus weight, feed Elaroussi et al., 2006
consumption reduction
Ruminants 390-540 ug/kg barley (12 No significant clinical symptoms Patterson et al., 1981

week calves)

2-5 ppm (sheep)

100-150 ppb in goat
rumen fluid (in vitro)

No clinical effect seen and no OTA detection after I h
incubation

No OTA detection after 6 h incubation

Keisling et al.,1984

Liuetal., 2010
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Table 3. Zearalenone (ZEN) toxicity in different animal species

Animal species Dose Symptoms of toxicity Reference
Pig 25-100 mg/kg diet Estrus, Pseudo pregnancy and infertility Chang et al., 1979
3.6-20 pg/kg Odeamatous uterus, ovarian cysts and increased still Cantley et al., 1982;
births Flower et al., 1987
200 pg/kg bwt (immature Follicular development and maturation Zwierchowski et al., 2005
gilt)
Poultry 0.1-2 mg/kg post orally No symptoms (ZEN metabolized to non toxic form) Pompa et al., 1986
(hen)
Ruminants 385-1,925 ppb in feed No effect on milk production and no ZEN residue Shreeve et al., 1979
(lactating) observed after Post mortem
12 mg/kg feed (sheep) Reproduction affected negatively Dicostanzo et al., 1996
No symptoms Seeling et al., 2006
(cattle)

Table 4. Deoxynivenelol (DON) and T2 toxicity in different animal species

Animal species Dose Symptoms of toxicity Reference
Pig 10 ppm Neutrophils affected Takayama et al., 2005
5.7 mg/kg Elevated liver RNA concentration and increased protein ~ Danicke et al., 2006
synthesis
0.21 ppm DON+0.004 ppm Lesions in spleens and liver of sows Tiemann et al., 2008
ZON or 9.75 ppm DON No pathological lesions in piglet
+0.358 ppm ZON in diet
(sow)
Poultry 4 or 16 mg/kg diet Reduced body weight and feed intake, plaque formation =~ Hoerr et al., 1982
(7 day old chicks) and buccal ulceration
Ruminants 15.6 mg/kg DON (sheep) No effects for 28 days Harvey et al., 1986

Weight loss (extended feeding)

10-20 mg/kg T2 toxin in
feed (calves)
3-5 ppm (dairy cow)

Sloughing of papilla and omasum ulceration

Reduced IgA , serum albumin and globulin

Cheeke et al., 1998a

Korosteleva et al., 2007

reduce toxin amounts in agricultural products contaminated
with unacceptable levels of mycotoxins.

Several strategies have been reported for the
decontamination/detoxification of mycotoxins-contaminated
grains but with limited success. This includes mechanical
separation of infested grain, irradiation, solvent extraction
and microbial inactivation (Karlovsky, 1999).

Different chemicals have been tested for their ability to
structurally degrade or inactivate mycotoxins. This includes
acids, bases, aldehydes, bisulfates and various gases as well
as adsorbents (Huff et al., 1992; Raju and Devegowda,
2000; Santin et al., 2002). Ammoniation has resulted in a
significant reduction in the contaminated peanuts and cotton
seed meals (Marquardt, 1996). Likewise, when Neal et al.
(2001) subjected a sample of peanut meal, highly
contaminated with aflatoxin, for detoxification by using
ammonia- diets based process, aflatoxin level was reduced
to acceptable levels but different effects in vivo were
noticeable when incorporated into animal.

Various other dietary treatments have been employed to
reduce the toxicity of mycotoxins. This includes the use of

chemisorbents like aluminosilicates, bentonites with the
capacity to tightly bind and immobilize mycotoxins in the
intestinal tracts of animals thereby reducing the
bioavailability of toxins. Efficacy of adsorbents like
montmorillonite nanocomposite (Shi et al., 2005), hydrated
sodium aluminum silicates (Girish and Devegowda, 2006;
Wang et al., 2006) were widely investigated and reported to
be effective in elimination of mycotoxins. Likewise the use
of freeze dried citrus peel to reduce aflatoxin contaminated
feed was reported to be effective (Nam et al., 2009).

Many of these techniques proposed to decontaminate
mycotoxins are perceived to be ineffective and potentially
unsafe for large scale utilization (Marquardt, 1996) because
toxicological safety of final product is not always
guaranteed since there may be presence of chemical
residues in the final product. Furthermore, these treatments
may not be cost effective and there is the possibility of
adsorbent to bind other nutrients leading to loss in feed
nutritive value and palatability of feed.

Alternative strategy to control the problem of
mycotoxicoses in animals is the application of enzymes or
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microorganisms capable of biotransforming mycotoxins
into nontoxic metabolites.

MYCOTOXIN BIOTRANSFORMATION
IN THE RUMEN

Recently study on biodegradation of mycotoxins has
been gaining grounds. A number of microbes from different
niche have been reported to have biotransformation ability
(Schatzmayr et al., 2006). Research studies show that
biotransformation or cleaving and detoxifying mycotoxin
molecules by microbes or enzyme is effective and safer
method of mycotoxin control strategy (Schatzmayr et al.,
2000).

Regulatory limits for mycotoxins imposed by FDA to
overcome the adverse effects reflect that ruminants are less
susceptible to mycotoxins. The maximum tolerable limits of
mycotoxins as indicated by FDA are higher in ruminants
compared to pig and poultry. For instance, allowable limits
of aflatoxin for finishing swine are 200 ppb whereas it is
300 ppb for finishing beef cattle. However, for immature
livestock, poultry and dairy cattle, the acceptable limits of
aflatoxin is only 20 ppb.

Similarly the maximum allowable limits for fumonosins
are highest for ruminants (60 ppm) and 10 ppm for swine.
Likewise, maximum DON allowable limit for cattle is 10
ppm with 5 ppm for other livestock (Michael, 2006). There
has been no advisory or regulatory level for ochratoxin
issued by the FDA, but several research findings indicate
that OTA is well tolerated by ruminants because of
biodegradation by rumen microbes/enzymes.

Microbial degradation

Kurmanov (1977) reported that ruminants are more
resistant to mycotoxin poisoning than monogastrics. Some
microbes from the rumen have been identified for their
ability to degrade mycotoxins or plant toxins. Among the
first mycotoxins shown to be detoxified by ruminants were
ochratoxin A (Hult et al., 1976) and aflatoxin B1 (Alcroft et
al., 1968). Jones et al. (1996) reported on the disappearance
of aflatoxin B1 within several weeks of incubation with
broiler and turkey faeces. Engel and Hagemeister (1997)
reported that 42% of aflatoxin was degraded when
incubated in vitro with rumen fluid. Upadhaya et al. (2009)
reported that aflatoxin B1 degradation in rumen fluid was
influenced by the species of animal and types of forage fed
to the animals. The changes in the feed composition from
roughage to concentrates and a high percentage of protein-
rich concentrates in the daily diet modify the cleavage
capacity of rumen microorganisms (Xiao et al., 1991;
Muller et al., 2001; Liu Yang, 2010).

The metabolism of different mycotoxins potentially
encountered by ruminants has also been investigated
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(Kiessling et al., 1984) and found that the mycotoxins
zearalenone, T-2  toxin,  diacetoxyscirpenol  and
deoxynivalenol were well metabolized by whole rumen
fluid; whereas aflatoxin B1 and ochratoxin A were not.
Westlake et al. (1989) investigated the effects of these
mycotoxins in addition to verrucarin A on the growth rate of
Butyrivibrio fibrisolvens specifically. They found that this
organism was able to degrade all but aflatoxin Bl and that
none of the toxins tested inhibited the growth of B.
fibrisolvens. Similarly, Kennedy et al. (1998) reported that
90% of ZEN was hydrolyzed to alpha ZEN by rumen
microbes. Although the alpha form of ZEN is more
estrogenic than its parent form, due to low rate of
absorption, ruminants are less susceptible to ZEN toxicity
(Seeling et al., 2006).

Kiesling et al. (1984) demonstrated that 90-100% of the
metabolism of OTA, ZEN, T-2 toxin and DAS were
achieved by the rumen protozoa and, therefore, they were
considered as the most important ruminal microbial
population in mycotoxin biodegradations. However, some
studies indicated that the bacterial fraction of rumen fluid
had significant capacity of OTA degradation (Schatzmayr et
al., 2002; Liu Yang, 2010).

The study on effect of feed types by Korean native goat
(Liu Yang, 2010) on OTA degradation indicates that the
high OTA degradation in 100% roughage diet was due to
shift in Bacillus licheniformis population in the rumen of
goat. B.licheniformis isolated from Thai fermented soybean
mean has also been reported to degrade OTA
(Petchkongkaew et al., 2008).

A continuous anaerobic culture capable of deoxynivenol
deepoxidation was established on the basis of a cattle
ruminal fluid inoculum (Binder et al., 1997b). Binder et al.
(2000) isolated a new species of bacterium of the genus
Eubacterium (Eubacterium strain BBSH 797) from bovine
rumen fluid which showed the potentiality of
biotransforming the epoxide group of trichothecenes into a
diene (Schatzmayr et al., 2006).

In another study, dietary DON concentrations ranging
between 3.1 and 3.5 mg/g feed (88% DM) did not cause any
significant adverse health effects; however, it increased
ammonia concentrations (Seeling et al., 2006).

Taken together, these examples demonstrate the
capacity of the rumen to inactivate mycotoxins. However,
there exists the likelihood of adverse health effects in cattle.

For instance, some mycotoxins e.g aflatoxins are
converted into metabolites that retain biological activity.
The assessment of undesirable effects exerted in ruminants
should include 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.

Nevertheless, there still lies the possibility of isolation,



1256

screening, selection and characterization of potential rumen
microbes or gene for mycotoxin biotransformation.

Microbial enzymatic degradation

In the past, enzymes were isolated primarily from plant
and animal sources, and thus a relatively limited number of
enzymes were available to the food processor at a high cost.
Today, bacteria and fungi are exploited and used for the
commercial production of a diversity of enzymes. Several
strains of microorganisms have been selected or genetically
modified to increase the efficiency with which they produce
enzymes. In most cases, the modified genes are of microbial
origin, although they may also come from different
kingdoms. For example, the DNA coding for chymosin, an
enzyme found in the stomach of calves, that causes milk to
curdle during the production of cheese, has been
successfully cloned into yeasts (Kluyveromyces lactis),
bacteria (Escherichia coli) and moulds (Aspergillus niger
var. awamori). Chymosin produced by these recombinant
microorganisms is currently commercially produced and is
widely used in cheese manufacture (FAO, 2004).

In view of the extensive contamination of the feedstuffs
by mycotoxins originating as a secondary metabolite of
different fungi, it is imperative to develop cost effective and
efficient methods for their decontamination. Biodegradation
is a popular and attractive technology that utilizes the
metabolic potential of microorganisms or enzymes to
decontaminate food or feedstuffs. Recently, the capability of
different microbial enzymes for biodegradation of
environmental pollutants or mycotoxins has generated a
considerable research interest in this area of food, industrial
or environmental microbiology (Ashger et al., 2008).

The detoxification by specific enzymes helps to avoid
the drawbacks of using the certain microorganisms which
have negative effect such as impairment of the nutritive
value of food and feedstuffs, food safety, refusal of food or
feedstuffs due to change in colour or flavour (Shapira,
2004). For instance, the ability of Flavobacterium
aurantiacum B-184 to remove aflatoxins from foods was
demonstrated in milk, vegetable oil, corn, peanut, peanut
butter and peanut milk. However, the bright orange
pigmentation associated with this bacterium limit its
applicability for food and feed fermentations (Line et al.,

1995).

The industrial production of enzymes from
microorganisms involves culturing the microorganisms in
huge tanks where enzymes are secreted into the

fermentation medium as metabolites of microbial activity.
Enzymes thus produced are extracted, purified and used as
processing aids in the food industry and for other
applications. Purified enzymes are cell free entities and do
not contain any other macromolecules such as DNA.
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Several studies demonstrated the capacity of microbial
enzymes in mycotoxin biodegradation. Liu et al. (2001)
reported the extraction, purification and characterization of
aflatoxin degrading enzyme, aflatoxin detoxifizyme
(AFDF) from Armillariella tabascens. In a recent study by
Albert et al. (2009), laccase enzyme obtained from fungus
Peniophora and Pleurotus ostreatus was found to have
aflatoxin degradability by 35-40%. The enzyme responsible
for OTA degradation was reported to be carboxypeptidase A
(Pitout, 1969). An enzymatic extract possessing a high
hydrolytic activity of ochratoxin A was isolated from A.
niger MUM 03.55. This enzyme extract exhibited
carboxypeptidase A-like hydrolytic activity on OTA
(Abrunhosa et al., 2007). Carboxypeptidase A present in
Phaffia rhodozyma is also reported to degrade OTA up to
90% (Peteri et al., 2007). De-epoxidase was reported to be
responsible to detoxify DON (Binder et al., 2000). Stefan et
al. (2010) reported two genes, fumD, encoding a
carboxylesterase and fuml encoding an amino-transferase
which is responsible for Fumonisin Bl degradation by
Sphingopyxis sp. MTA144. These evidences prove the
effective use of microbial enzymes for biodegradtion of
mycotoxins.

In addition to the use of intact microbes or cell-free
enzymatic preparations as feed additives (Erber, 1996), the
expression of the respective genes in genetically
manipulated organisms opens new avenues for the
protection of health of farm animals. Examples of such
procedures include the genetic engineering of ruminal
microorganisms (Duvick et al., 1998b) and feeding
transgenic mycotoxin-degrading maize to pigs (Duvick and
Rood, 1998).

CONCLUSION

Biodegradation of mycotoxins with microorganisms or
enzymes is considered as the best strategy for detoxification
of feedstuffs. This approach is considered as environmental
friendly approach in contrast to physicochemical techniques
of detoxification. Since ruminants are potential source of
microbes or enzymes for mycotoxins biotransformation,
isolation of pure culture using enriched media or screening
of candidate genes from the metagenomic library of rumen
micro-organism seems to be a good strategy for overcoming
the problem of some mycotoxins.

Furthermore genetic engineering technologies will not
only improve the efficiency with which enzymes can be
produced from these organisms or producing the engineered
organism having the target genes, but they also increase
their availability, bioavailability, and improve their quality.
Thus, the use of enzymes or engineered micro-organisms as
processing aids in the food industry would prove to have
overall beneficial impact.



Upadhaya et al. (2010) Asian-Aust. J. Anim. Sci. 23(9):1250-1260

ACKNOWLEDGEMENT

This study was supported by Technical Development
Program for Agriculture and Forestry (106129-03-3-SB010),
Ministry of Agriculture and Forestry, Republic of Korea.

REFERENCES

Abrunhosa, L. and V. Armando. 2007. Isolation and purification of
an enzyme hydrolyzing ochratoxin A from Aspergillus niger.
Biotechnol. Lett. 29:1909-1914.

Alberts, J. F., Y. Engelbrecht, P. S. Steyn, W. H. Holzapfel and W.
H. van Zyl. 2006. Biological degradation of aflatoxin B1 by
Rhodococcus erythropolis cultures. Int. J. Food Microbiol.
109:121-126.

Allcroft, R., B. A. Roberts and M. K. Lloyd. 1968. Excretion of
aflatoxin in a lactating cow. Food Cosmet Toxicol. 6:619-625.

Applegate, T. J., G. Schatzmayr, K. Prickel, C. Troche and Z. Jiang.
2009. Effect of aflatoxin culture on intestinal function and
nutrient loss in laying hens. Poult. Sci. 88(6):1235-1241.

Asgher, M., M. Ashraf and R. L. Legge. 2008. Recent
developments in biodegradation of industrial pollutants by
white rot fungi and their enzyme system. Biodegradation
19:771-783.

Binder, J., E. M. Horvath, G. Schatzmayr, N. Ellend, H. Danner, R.
Krska and R. Braun. 1997b. Screening for deoxynivalenol-
detoxifying anaerobic rumen microorganisms. Cereal Res.
Commun. 25:343-346.

Binder, E. M., D. Heidler, G. Schatzmayr, N. Thimm, E. Fuchs, M.
Schuh, R. Krska and J. Binder. 2000. Microbial detoxification
of mycotoxins in animal feed. Proceedings of the 10th
International IUPAC Symposium on Mycotoxins and
Phycotoxins, Brazil.

Bonsi, P., G. Augusti-Tocco, M. Palmery and M. Giorgi. 1999.
Aflatoxin Bl is an inhibitor of cyclic nucleotide
phosphodiesterase activity. Gen. Pharmacol. 32(5):615-619.

Brown, T. 1996. Fungal diseases. In Poultry Diseases. Fourth
Edition. Edited by Jordan, FTW and Paettison M. Published by
W.B.Saunders limited.

Butler, W. H. and G. E. Neal. 1977. Mode of action and human
health aspects of aflatoxin carcinogenesis. Pure Appl. Chem.
49:1747-175.

Cabassi. E., R. Di. Lecce, E. De. Angelis, A. Fusari, A. Perillo and
P. Borghetti. 2004. Aflatoxicosis and vitamins A and E
supplementation in sows: Immunological State of their Piglets.
Vet. Res. Commun. 28:275-277.

Cantley, D. C., D. A. Redmer, G. D. Osweiler and B. N. Day. 1982.
Effect of zearalenone mycotoxin on luteal function in gilts. J.
Anim. Sci. 55:104.

Chang, K., H. J. Kurtz and C. J. Mirocha. 1979. Effects of the
mycotoxin zearalenone on swine reproduction. Am. J. Vet. Res.
40:1260-1267.

Choudhary, P. L., R. S. Sharma, V. N. Borkhataria and M. C. Desai.
1998. Effect of feeding aflatoxin Bl on feed consumption
through naturally contaminated feeds. Ind. J. Anim. Sci. 68:
400-401.

Chu, F. S. 1974. Studies in ochratoxin. CRC Crit. Rev. Toxicol. 2:
499.

1257

Chu, F. S., I. Noh and C. C. Chang. 1972. Structural requirements
for ochratoxin intoxication. Life Sci. 11:503.

Cook, W. O,, J. L. Richard, G. D. Osweiller and D. W. Trampel.
1986. Clinical and pathologic changes in acute bovine
aflatoxicosis: rumen motility and tissue and fluid
concentrations of aflatoxins B1 and M1. Am. J. Vet. Res. 47:
1817-1825.

Coppock, R. W. and R. G. Christian. 2007. Aflatoxins. In: Gupta R
(ed.) Veterinary Toxicology: Basic and Clinical Principles.
New York: Academic Press, p. 939-950.

Coulombe, R. A. Jr. 1993. Symposium: Biological action of
mycotoxins. J. Dairy Sci. 76:880-891.

Deiner, U. L., R. J. Col, T. H. Sander, G. A. Payne, L. S. Lee and
M. A. Klich. 1987. Epidemiology of aflatoxin formation by
Aspergillus flavus. Annu. Rev. Phytopathol. 25:240-270.

Dicostanzo, A., L. W. H. Johnston and M. Murphy. 1996. A review
of the effects of molds and mycotoxins in ruminants. Prod.
Anim. Sci. 12:138-150.

Diekman, M. A. and M. L. Green. 1992. Mycotoxins and
reproduction in domestic livestock. J. Anim. Sci. 70:1615-
1627.

Dien, H. and G. Schatzmayr. 2003. Feed Mix. Vol.11, No. 1, 2003.

Duncan, H. E., A. R. Ayers, G. A. Payne and W. M. Hagler Jr. 1994.
Lack of fungicidal control of Aspergillus flavus in field corn.
In Mycotoxins in feeds (Ed. L. W. Whitlow and W. M. Hagler
Jr.). Weekly newspaper in Agribusiness. Vol 74:28. 2002.

Duvick, J. 1998. Patent US 5,798,255 Pioneers Hi-Bred Int.
(USA).

Duvick, J., T. A. Rood, J. R. Maddox and X. Wang. 1998b. Patent
US 5,792,931 Pioneer Hi-Bred Int. (USA).

Dwivedi, P. and R. B. Burns. 1984. Effect of ochratoxin A on
immunoglobulins in broiler chickens. Res. Vet. Sci. 36:117-
121.

Elling, F. and T. Moller. 1973. Mycotoxin nephropathy in pigs,
Bull. World Health Org. 49: 411.

Engel, V. G. and H. Hagemeister. 1978. Untersuchungenueber den
verblieb von aflatoxin B1 im Verdaaundtarkt von Kuehen. In
Biological Detoxification of Fungal Toxin and its use in Plant
Breeding, Feed and food production. Nat.Toxins 7: 1-23. 1999.

Erber, E. 1996. Patent WO 96/12414 Erber Erich KG (Austria).

FAO. 2004. Electronic Forum on Biotechnology in food and
agriculture. Conferencell. Accessed (http://www.fao.org/
biotech/C11doc.htm).

Fink-Gremmels, J. 2008. The role of mycotoxins in the health and
performance of dairy cows. Vet. J. 176: 84-92.

Fink-Gremmels, J. 2008. Mycotoxins in cattle feeds and carry-
over to dairy milk: A review. Food Addit. Contam. 25(2):172-
180.

Fernandez, A., R. Belio, J. J. Ramos, M. C. Sanz and T. Saez. 1997.
Aflatoxins and their metabolites in the tissues, faeces and urine
from lambs feeding on an aflatoxin-contaminated diet. J. Sci.
Food Agric. 74:161-168.

Fernandez, A., M. Hernandez, M. T. Verde and M. Sanz. 2000.
Effect of aflatoxin on performance, hematology, and clinical
immunology in lambs. Can. J. Vet. Res. 64:53-58.

Flowers, B., T. Cantley and B. N. Day. 1987. A comparison of the
effects of zearalenone and estradiol benzoate on reproduction
during the estrous cycle in gilts. J. Anim. Sci. 65:1576-1584.

Foster, P. L., E. Eisenstadt and J. H. Miller. 1983. Base



1258

substitution mutations induced by metabolically activated
aflatoxin B1. Proc. Natl. Acad. Sci. 80:2695-2698.

Friend, D. W., B. K. Thompson, H. L. Trenholm, H. J. Boermans,
K. E. Hartin and P. L. Panich. 1992. Toxicity of T-2 toxin and
its interaction with deoxynivalenol when fed to young pigs.
Can. J. Anim. Sci. 72:703-711.

Gelderblom, W. C., K. Jaskiewicz, W. F. Marasas, P. G. Thiel, R.
M. Horak, R. Vleggar and N. P. Kriek. 1988. Fumonisins novel
mycotoxins with cancer-promoting activity produced by
Fusarium moniliforme. Appl. Environ. Microbiol. 54:1806-
1811.

Gibson, R. M., C. A. Bailey, L. F. Kubena, W. E. Huff and R. B.
Harvey. 1990. Impact of L-phenylalanine supplementation on
the performance of three-week-old broilers fed diets
containing ochratoxin, A. 1. Effects on body weight, feed
conversion, relative organ weight and mortality. Poult. Sci. 69:
414-419.

Girish, C. K. and G. Devegowda. 2006. Efficacy of glucomannan
containing yeast product (Mycosorb) and hydratedsodium
calcium aluminosilicate in preventing the individual and
combined toxicity of aflatoxin and T-2 toxin in commercial
broilers. Asian-Aust. J. Anim. Sci. 19:877-883.

Guerre, P, J. D. Bailly, G. Benard and V. Burgat. 2000. Excretion
lactee des mycotoxines: quels risques peur les
consommateurs.In Mycotoxins in feeds and their fate in
animals: a review. Anim. Res. 51:81-99.

Halasz, A., R. Latsztity, T. Abonyi and A. Bata. 2009.
Decontamination of Mycotoxin-containing food and feed by
biodegradation. Food Reviews International 25:284-298.

Harrison, L. R., B. M. Colvin, J. T. Greene, L. E. Newman and J.
R. Cole. Jr. 1990. Pulmonary edema and hydrothorax in swine
produced by fumonisin FB1, a toxic metabolite of Fusarium
moniliforme. J. Vet. Diagn. Invest. 2:217-222.

Harvey, B. B., M. H. Elissalde, L. F. Kubena, E. A. Weaver and B.
A. Corrier de Clerment. 1992. Immunotoxicity of ochratoxin A
to growing gilts. Am. J. Vet. Res. 53:1966-1970.

Harvey, R. B., W. E. Huff, L. F. Kubena, D. E. Corrier and T. D.

Phillips. 1988. Progression of aflatoxicosis in growing barrows.

Am. J. Vet. Res. 49:482-487.

Harvey, R. B., L. F. Kubena, D. E. Corrier, D. A. Witzel, T. D.
Phillips and N. D. Heidelbaugh. 1986. Effects of
deoxynivalenol in a wheat ration fed to growing lambs. Am. J.
Vet. Res. 47:1631-1632.

Helferich, W. G., W. N. Garrett, D. P. H. Hsich and R. L. Baldwin.
1986. Feedlot performance and tissue residues of cattle
consuming diets containing aflatoxins. J. Anim. Sci. 62:691-
696.

Hoerr, F. J., W. W. Carlton, B. Yagen and A. Z. Joffe. 1982.
Mycotoxicosis  caused by  either T-2
diacetoxyscirpenol in the diet of broiler chicks. Fundam. Appl.
Toxicol. 2:121-124.

Huff, W. E., L. F. Kubena, R. B. Harvey and J. A. Doerr. 1988.
Mycotoxin interactions in poultry and swine. J. Anim. Sci. 66:
2351-2355.

Huff, W. E., L. F. Kubena, R. B. Harvey and T. D. Phillips. 1992.
Efficacy of hydrated sodium calcium aluminosilicate to reduce
the individual and combined toxicity of aflatoxin and
ochratoxin-A. Poult. Sci. 71:64-69.

toxin  or

Upadhaya et al. (2010) Asian-Aust. J. Anim. Sci. 23(9):1250-1260

Hult, K., A. Teiling and S. Gatenbeck. 1976. Degradation of
ochratoxin A by a ruminant. Appl. Environ. Microbiol. 32:443-
444.

Hult, K., E. Hokby, S. Gatenbeck and L. Rutqvist. 1980.
Ochratoxin A in pig blood: Method of analysis and use as a
tool for feed studies. Appl. Environ. Microbiol. 39:828-830.

Humpf, H. U., E. M. Schmelz, F. L. Filmore, H. Vesper, T. R. Vales,
E. Wang, D. S. Menaldino, D. C. Liotta and A. H. Merrill. Jr.
1998. Acylation of naturally occurring and syntheticl-
deoxysphinganines by ceramide synthase. J. Biol. Chem. 273:
19060-19064.

Hussein, S. H. and M. B. Jeffrey. 2001. Toxicity, metabolism, and
impact of mycotoxins on humans and animals. Toxicology
167:101-134.

Jones, E. R. H. and G Lowe. 1960. The biogenesis of
tricothecenes. Chem. Soc. J. 63:3959-3962.

Jones, F. T., M. J. Wineland, J. T. Parsons and W. M. Hagler. 1996.
Degradation of aflatoxin by poultry litter. Poult. Sci. 75:52-58.

Karlovsky, P. 1999. Biological detoxification of fungal toxin and
its use in plant breeding, feed and food production. Nat. Toxins
7:1-23.

Kennedy, D. G, S. A. Hewitt, J. D. Mc Evoy, J. W. Currie, A.
Cannavan, W. J. Blanchflower and C. T. Elliot. 1998. Zeranol
is formed from Fusarium spp. toxins in cattle in vivo. Food
Addit. Contam. 15(4):393-400.

Kiessling, K. H., H. Pettersson, K. Sandholm and M. Olsen. 1984.
Metabolism of aflatoxin, ochratoxin, zearalenone, and three
trichothecenes by intact rumen fluid, rumen protozoa, and
rumen bacteria. Appl. Environ. Microbiol. 47:1070-1073.

Korosteleva, S. N., T. K. Smith and H. J. Boermans. 2007. Effects
of feedborne Fusarium mycotoxins on the performance,
metabolism, and immunity of dairy cows. J. Dairy Sci. 90:
3867-3873.

Krogh, P., N. H. Axelson, F. Elling, N. Gyrd-Hansen, B. Hald, J.
Hyldgaard-Jensen, A. E. Larsen, A. Madsen, H. P. Mortensen,
T. Moller, O. K. Petersen, U. Ravnskov, M. Rostgaard and O.
Aaluund. 1974. Experimental porcine nephropathy. Changes of
renal function and structure induced by ochratoxin A-
contaminated feed. Acta Pathol. Microbiol. Scand. 0:1S-218.

Kuilman, M. E. M., R. F. M. Maas, D. J. Judah and J. Gremmels.
1998. Bovine hepatic metabolism of aflatoxin B1. J. Agric.
Food. Chem. 46:2707-2713.

Kurmanov, 1. A. 1977. Fusariotoxicosis in cattle and sheep. In
Mycotoxic fungi, mycotoxins and mycotoxicosis (Ed. T. D.
Wyllie and L. G. Morehouse) Vol.3. Marcel Dekker, Inc., New
York, NY.

Kurtzman, C. P, B. W. Horn and C. W. Hesseltine. 1987.
Aspergillus nomius, a new aflatoxin producing species related
to Aspergillus flavus and Aspergillus tamarii. Antonie van
Leeuwenhoek 53:147-158.

Lillehoj, E. B. 1991. Aflatoxin: an ecologically elicited activation
signal. In: Mycotoxins and Animal Foods (J. E. Smith and R.
A. Anderson). CRC Press, Boca Raton, FL, pp. 119-139.

Line, J. E. and R. E. Brackett. 1995. Factors affecting aflatoxin B1
removal by Flavobacterium aurantiacum. J. Food Prot. 58:91-
94.

Liu Yang. 2010. Effects of feed types on OTA biodegradation by
Korean native goats. Masters’ Thesis, Seoul National
University.



Upadhaya et al. (2010) Asian-Aust. J. Anim. Sci. 23(9):1250-1260

Liu, D. L., D. S. Yao, R. Liang, L. Ma, W. Q. Cheng and L. Q. Gu.
1998. Detoxification of aflatoxin B1 by enzymes isolated from
Armillariella tabescens. Food. Chem. Toxicol. 36:563-574.

Marasas, W. F. O. 1991. Toxigenic Fusaria. In: Mycotoxins and
Animal Foods (Ed. J. E. Smith, and R. A. Anderson). CRC
Press, Boca Raton, FL, pp. 119-139.

Marquardt, R. R. 1996. Effects of molds and their toxins on
livestock performance: a western Canadian perspective. Anim.
Feed Sci. Technol. 58:77-89.

Michael, H. H. 2006. Mycotoxin In feeds: CVM’S Perspective,
FDA US. Accessed (http://www.fda.gov/AnimalVeterinary/
Products/AnimalFoodFeeds/Contaminants/ucm050974.htm).

Mobashar, M., J. Hummel, R. Blank and K. H. Sudekum. 2010.
Ochratoxin A in ruminants - A Review on its degradation by
Gut Microbes and effects on animals. Toxins 2:809-839.

Moss, M.O. 1996. Mycotoxic fungi. In: Microbial Food Poisoning.
Second edition (Ed. A. R. Eley). Published by Chapman and
Hall.

Muller, G., P. Kielstein, H. Rosner, A. Berndt, M. Heller and H.
Kohler. 1999. Studies of the influence of ochratoxin A on
immune and defense reactions in weaners. Mycoses 42:495-
505.

Nam, L. S., P. C. Garnsworthy and J. H. Ahn. 2009. Effects of
freeze dried citrus peel on feed preservation, aflatoxin

contamination and in vitro ruminal fermentation. Asian-Aust. J.

Anim Sci. 22:674-680.

Neal, G. E., D. J. Judah, P. Carthew, A. Verma, 1. Latour, L. Weir,
R. D. Coker, M. J. Nagler and L. A. Hoogenboom. 2001.
Differences detected in vivo between samples of aflatoxin
contaminated peanut meal, following decontamination by two

ammonia based processes. Food Addit. Contam. 18(2):137-149.

Nibbelink, S. K. 1986. Aflatoxicosis in food animals: A clinical
review. lowa State Univ. Vet. 48:28-31.

Ortatatli, M., H. Oguz, F. Hatipoglu and M. Karaman. 2005.
Evaluation of pathological changes in broilers during chronic
aflatoxin (50 and 100 ppb) and clinoptilolite exposure. Res.
Vet. Sci. 78:61-68.

Patterson, D. S. P., B. J. Shreeve, A. B. Roberts, P. J. Brush and E.
M. Glancy. 1981. Effect on calves of barley naturally
contaminated with ochratoxin A and groundnut meal
contaminated by low concentration of aflatoxin B1. Res. Vet.
Sci. 31:213-218.

Petchkongkaew, A., P. Taillandier, P. Gasaluck and A. Lebrihi.
2008. Isolation of Bacillus spp. from Thai fermented soybean
(Thua-nao): screening for aflatoxin B; and ochratoxin A
detoxification. J. Appl. Microbiol. 104:1495-1502.

Peteri, Z., J. Terenb, C. Vagvo lgyia and J. Varga. 2007.
Ochratoxin degradation and adsorption caused by astaxanthin-
producing yeasts. Food Microbiol. 24:205-221.

Pfohl-Leszkowicz, A. 2000. Risques mycotoxicologiques pour la
sante des animaux et de [’homme, Cah. In Mycotoxins in feeds
and their fate in animals: a review. Anim. Res. 51:81-99.

Phillips, T. D. 1999. Dietary clay in the chemoprevention of
aflatoxin induced disease. Toxicol. Sci. 52:118-126.

Pitout, M. J. 1969. The hydrolysis of ochratoxin A by some
proteolytic enzymes. Biochem. Pharmacol. 18(2):485-491.

Politis, I., K. Fegeros, G. Schatzmayr and D. Kantas. 2005. Use of
Trichosporon mycotoxinivorans to suppress the effects of
ochratoxicosis on the immune system of broiler chicks. Br.

1259

Poult. Sci. 46(1):58-65.

Pompa, G., C. Montesissa, F. M. Di Lauroa and L. Fadini. 1986.
The metabolism of zearalenone in subcellular fractions from
rabbit and hen hepatocytes and its estrogenic activity in rabbits.
Toxicology 42(1):69-75.

Raju, M. V. L. N. and G. Devegowda. 2000. In Mycotoxins: Their
effects in poultry and some practical solutions. 2005. The
Mycotoxin Blue Book (Ed. D. E. Diaz). Nottingham
University Press.

Ramos, A. J. and E. Hernandez. 1996. In vitro aflatoxin adsorption
by means of a montmorillonite silicate. A study of adsorption
isotherms. Anim. Feed Sci. Technol. 62:263-269.

Ribelin, W. E., K. Fukushima and P. E. Still. 1978. The toxicity of
ochratoxin A to ruminants. Can. J. Comp. Med. 42:172-176.
Riley, R. T. 1998. Mechanistic interactions of mycotoxins:
theoretical considerations. In Mycotoxins in Agriculture and
Food Safety (Ed. K. K. Sinha and D. Bhatnagar) Marcel

Dekker Inc., New York, 227-253.

Santin, E., A. Maiorka, E. L. Krabbe, A. C. Paulillo and A. C.
Alessi. 2002. Effect of hydrated sodium
aluminosilicate on the prevention of the toxic effects of
ochratoxin. J. Appl. Poult. Res. 11:22-28.

Schatzmayr, G., D. Heidler, E. Fuchs, A.P. Loibner, R. Braun and
E. M. Binder. 2002. Evidence of ochratoxin A-detoxification
activity of rumen fluid, intestinal fluid and soil samples as well
as isolation of relevant microorganisms from these
environments. Mycotoxin Res. 18A:183-187.

Schatzmayr, G., F. Zehner, M. Taubel, D. Schatzmayr, A.
Klimitsch, A. P. Loibner and E. M. Binder. 2006.
Microbiologicals for deactivating mycotoxins. Mol. Nutr. Food
Res. 50:543-551.

Seeling, K., S. Danicke, H. Valenta, H. P. van Egmond, R. C.
Schothorst, A. A. Jekel, P. Lebzein, M. Schollenberger, E.
Razzazi-fazeli and G. Flachowsky. 2006. Effects of Fusarium
toxin contaminated wheat and feed intake level on
biotransformation and carry-over of deoxynivalenol in dairy
cows. Food Addit. Contam. 23(10):1008-1020.

Shapira, R. 2004. Detection and control. In Qinghua Wu, Alena
Jezkova, Zonghui Yuan, Lucie Pavlikova, Vlastimil Dohna,and
Kamil Biological degradation of aflatoxins. Drug Metab. Rev.
41(1):1-7.

Sharma, R. P. 1993. Immunotoxicity of mycotoxins. J. Dairy Sci.
76:892-897.

Shen, H. M., C. Y. Shi, H. P. Lee and C. N. Ong. 1994. Aflatoxin
Bl-induced lipid peroxidation in rat liver. Toxicol. Appl.
Pharmacol. 127(1):145-150.

Shi, Y. H., Z. R. Zu, J. L. Feng, M. S. Xia and C. H. Hu. 2005.
Effects of modified montmorillonite nanocomposite on
growing/finishing pigs during aflatoxicosis. Asian-Aust. J.
Anim. Sci. 18:1305-1309.

Shreeve, B. J., D. S. P. Patterson, G. A. Pepin, B. A. Roberts and A.
E. Wzathall. 1977. Effect of feeding ochratoxin to pigs during
early pregnancy. Br. Vet. J. 133:412-417.

Singh, G. S., H. V. Chauhan, G. J. Jha and K. K. Singh. 1990.
Immunosuppression due to chronic ochratoxicosis in broiler
chicks. Pathology 103:399-410.

Southern, L. L. and A. J. Clawson. 1979. Effects of aflatoxins on
finishing swine. J. Anim. Sci. 49:1006-1011.

Sreemannarayana, O., A. A. Frohlich, T. G. Vitti, R. R. Marquardt

calcium



1260

and D. Abramson. 1988. Studies of tolerance and disposition
of ochratoxin A in young calves. J. Anim. Sci. 66:1703-1711.

Stefan, H., D. Hartingerb, M. Thamhesl, E. Vekiru, R. Krska, G.
Schatzmayr, W. D. Moll and R. Grabherr. 2010. Degradation
of fumonisin B1 by the consecutive action of two bacterial
enzymes. J. Biotechnol. 145:120-129.

Stoev, S. D., D. Goundasheva, T. Mirtcheva and P. Mantle. 2000.
Susceptibility to bacterial infections in growing pigs as an
early response in ochratoxicosis. Exp. Toxicol. Pathol. 52:287-
296.

Stoev, S. D., S. Vitanov, G. Anguelov, T. Petkova Bocharova and E.
E. Creppy. 2001. Experimental porcine nephropathy in pigs
provoked by a diet containing ochratoxin A and Penicillic acid,
Vet. Res. Commun. 25:205-223.

Swanson, S. P., J. Nicoletti, H. D. Rood, W. Buck and L. M. Cote.
1987. Metabolism of three trichothecene mycotoxins, T-2 toxin,
diacetoxyscirpenol, and deoxynivalenol, by bovine rumen
microorganisms. J. Chromatogr. 414: 335-342.

Takayama, H., N. Shimada, O. Mikami and H. Murata. 2005.
Suppressive effect of deoxynivalenol, Fusarium mycotoxin, on
bovine and porcine neutrophil chemiluminescence: an in vitro
study. J. Vet. Med. Sci. 67(5):531-5333.

Tiemann, U. and S. Danicke. 2007. In vivo and in vitro effects of
the mycotoxins zearalenone and deoxynivalenol on different
non-reproductive and reproductive organs in female pigs: A
review. Food Addit. Contam. 24(3):306-314.

Tiemann, U., K. P. Brussow, U. Kuchenmeister, L. Jonas, R.
Pohland, A. Reischauer, K. Jager and S. Danicke. 2008.
Changes in the spleen and liver of pregnant sows and full-term
piglets after feeding diets naturally contaminated with
deoxynivalenol and zearalenone. Vet. J. 176:188-196.

Towers, N. R. and J. M. Sposen. 1993. Zearalenone-induced
infertility in sheep and cattle in New Zealand. N.Z. Vet. J. 41:
223-224.

Towner, R. A., H. Hashimoto and P. M. Summers. 2000. Non-
invasive in Vivo magnetic resonance imaging assessment of
acute aflatoxin B1 hepato-toxicity in rats. Biochem. Biophys.
Acta 1475:314-320.

Upadhaya et al. (2010) Asian-Aust. J. Anim. Sci. 23(9):1250-1260

Upadhaya, S. D., H. G Sung, C. H. Lee, S. Y. Lee, S. W. Kim, K. J.
Jo and J. K. Ha.2009. Comparative study on the aflatoxin B1
degradation ability of rumen fluid from Holstein steers and
Korean native goats. J. Vet. Sci. 10(1):29-34.

Van Heugten, E., J. W. Spears, M. T. Coffey, E. B. Kegley and M.
A. Qureshi. 1994. The effect of methionine and aflatoxin on
immune function in weanling pigs. J. Anim. Sci. 72:658-664.

Vasanthi, S. and R. V. Bhat. 1998. Mycotoxins in foods-occurrence,
health & economic significance and food control measures.
Ind. J. Med. Res. 108:212-224.

Verma, D. 2007. New facts about mycotoxin control-intensive
research in the field of mycotoxin deactivation gives new
insights! Biomin India.

Wang, R. J., S. X. Fui, C. H. Miao and D. Y. Feng. 2006. Effects
of different mycotoxin adsorbents on performance, meat
characteristics and blood profiles of avian broilersfed mold
contaminated corn. Asian-Aust. J. Anim. Sci. 19:72-79.

Watson, S. A., C. J. Mirocha and A. W. Hayes. 1984. Analysis for
tricothecenes in samples from Southeast Asia associated with
“yellow rain”. Fundam. Appl. Toxicol. 4:700-717.

Westlake, K., R. 1. Mackie and M. F. Dutton. 1989. In vitro
metabolism of mycotoxins by bacterial, protozoal and ovine
ruminal fluid preparations. Anim. Feed Sci. Technol. 25:169-
178.

Wu, J., D. Miller and E. A. Casman. 2004. Bt maize and
mycotoxin reduction: economic impacts in the United States
and the developing world. J. Toxicol. Toxin Rev. 23:397-424.

Xiao, H., R. R. Marquardt, A. A. Frohlich, G. D. Phillips and T. G.
Vitti. 1991. Effect of a hay and a grain diet on the
bioavailability of ochratoxin A in the rumen of sheep. J. Anim.
Sci. 69(9):3715-3723.

Yiannikouris, A. and J. P. Jouany. 2002. Mycotoxins in feeds and
their fate in animals: a review. Anim. Res. 51:81-99.

Zwierzchowski, W., M. Przybytowicz, K. Obremski, L. Zielonka,
E. Skorska-Wyszynska, M. Gajecka, M. Polak, E. Jakimiuk, B.
Jana, L. Rybarczyk and M. Gajecki. 2005. Level of
zearalenone in blood serum and lesions in ovarian follicles of
sexually immature gilts in the course of zearalenone
mycotoxicosis. Pol J. Vet. Sci. 8(3):209-218.



