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Mycotoxins: A Review of Toxicity,
Metabolism and Biological
Approaches to Counteract the
Production in Food

Abstract: Mycotoxins are secondary metabolites produced by toxic species of
fungi. These can cause ill effects in humans and animals. More than 250
mycotoxins have been detected, but relatively few are considered to be
important to animal health. This review has its focus on the biochemistry and
metabolism of mycotoxins in food and feed associated with risks to humans
and livestock. This review is meant to be informative not only for health-
conscious consumers but also for experts in the field, to pave the way for
future research. This would also fill the existing gaps in our knowledge with
regard to mycotoxins and food safety.
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I. INTRODUCTION

Mycotoxins are secondary metabolites of fungi.
The poisoning by mycotoxin is referred to
as mycotoxicoses. Because of their potent toxic nature
and fairly common occurrence under natural conditions,
mycotoxins have attracted world-wide attention in the
recent years.

The major fungal genera producing mycotoxins
include Aspergillus, Fusarium and Penicillium that
invade crops at the field level and may grow on foods
during storage under favorable conditions (temperature,
moisture, water activity, relative humidity).

II.  OCCURRENCE IN FOODS

Mycotoxins have been reported to be carcinogenic,
tremorogenic, haemorrhagic, teratogenic, and dermatitis
to a wide range of organisms and to cause hepatic
carcinoma in human (Refai, 1988; van Egmond, 1989,
Wary, 1981).  More than a hundred species of
filamentous fungi are known to produce mycotoxins
and to cause toxic responses under naturally occurring
conditions. Mycotoxins can enter the human and animal
food chains by direct contamination when the food gets
contaminated by toxic fungi while growing or after
harvest, or indirect contamination, for example in milk
from cows fed with contaminated food (Carlile et al.,
2001). Mycotoxins contaminate up to 25% of the

world’s food supply. More than 300 mycotoxins are
known, of which about 20 are serious contaminants of
crops used in human foods and animal feeds. Mycotoxin
contamination of foods and feeds depends highly on
environmental conditions that lead to mould growth and
toxin production (Van Egmond, 1989).

III.  BIOSYNTHESIS AND METABOLISM

a. Biosynthesis and Metabolism of Aflatoxins:

A. flavus ,  Aspergillus nomius  and Aspergillus
parasiticus are the only fungal species known to produce
aflatoxins (Cotty et al., 1994). However, as many as 20
different aspergilli, including Aspergillus nidulans, and
species of Bipolaris, Cbaetomiztm, Farrowia and
Monocillizrm, produce sterigmatocystin (ST), a highly
toxic intermediate in the AFB1 biosynthetic pathway
(Barnes et al., 1994). The initial step in generation of
the polyketide backbone of AFB1 is proposed to involve
polymerization of acetate and nine malonate units (with
a loss of CO2) by a polyketide synthetase (PKS) in a
manner analogous to fatty acid biosynthesis (Bhatnagar
et al., 1992). An alternative and perhaps more plausible
hypothesis involves the synthesis of a 6-carbon
hexanoate starter unit by a fatty-acid synthase (FAS),
which is then extended by a PKS (without further keto
reduction) to generate a 20-carbon decaketide,
noranthrone (Townsend et al., 1991). In either scheme,
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noranthrone is then oxidized to the anthraquinone
norsolorinic acid (NA) by a hypothesized oxidase
(Bhatnagar et al., 1992).

The system responsible for the biotransformation
of AFB1 basically has five mechanisms, represented by
reactions of reduction, hydration, epoxidation,
hydroxylation and ortho-demethylation. The aflatoxicol
is produced by reduction of AFB1 by an NADPH-
dependent cytoplasmic enzyme present in the soluble
fraction of the liver. The toxicity of aflatoxicol is
apparently much smaller than AFB1, but the conversion
is reversible and the aflatoxicol can serve as a reservoir
toxicity of AFB1 in the intracellular space, it can be
converted in this mycotoxin by microsomal
dehydrogenase. The aflatoxicol can also be metabolized
to AFM1 and AFH1 (Biehl and Buck, 1987).

b. Biosynthesis and Metabolism of Fumonisins

The study of biosynthesis of fumonisins began in
the past decade, which were cloned a cluster of genes
called as cluster gene FUM, this cluster has,
approximately, 42-Kb in length (Proctor et al., 2003).
Fumonisin polyketide synthase (FUM1) was the first
gene to be cloned and is the principal for the fumonisin
biosynthesis. Since then, others cluster of genes required
for fumonisin biosynthesis was identified, although some
with function is not yet known (Desjardins and Proctor,
2007). According to Seo et al. (2001), the fumonisins
biosynthesis began with the linear molecule synthesis
of 20 carbons called polyketide. Second to Lorenzzetti
et al. (2006), during the biosynthesis of fumonisins is
not clear whether they are derived from a fatty acid or
polyketide one, because both these compounds are
derived from acetate.

The structure of fumonisin B1 is very similar to
that of the free sphingoid base sphinganine. The
sphingolipids plays important roles in membrane and
lipoprotein structure, cell-to-cell communication,
interaction between cells and extracellular matrix and
regulation of growth factor receptors and as second
messengers for a wide range of factors, including the
tumor necrosis factor and     interleukin-1     (Soriano
et     al.,    2005). Fumonisin-induced disruption of
sphingolipid metabolism is important in the cascade of
events leading to altered cell growth, differentiation and
injury observed both in vivo and in vitro (fumonisin
disruption of ceramide). The fumonisins are competitive
inhibitors with respect to both substrates (that is,
sphinganine and fatty acyl coenzyme A) of sphinganine
(sphingosine) N-acetyltransferase (ceramide synthase).
(Soriano et al., 2005).

c. Biosynthesis and Metabolism of Trichothecenes

Trichothecenes biosynthesis begins with the
cyclisation of the isoprenoid farnesyl pyrophosphate
(FPP) to hydrocarbon trichodiene by the enzyme
trichodiene synthase  (Hohn and Van Middles worth,
1986)). The subsequent pathway involves a number of
oxygenations, isomerisations, cyclisations and
esterifications leading from trichodiene to
diacetoxyscirpenol,  T-2 toxin and 3-acetyl
deoxynivalenol. All of the intermediates except those
involved in the earlier steps of the non-macrocyclic
biosynthetic pathway have been confirmed by feeding
studies (Desjardins et  al . ,  1993).  In contrast,
themacrocyclic biosynthetic pathway is much less
understood; only the end products and late intermediates
of the pathway have been isolated and characterized
(Jarvis et al., 1991).

Compared with some of the other mycotoxins such
as aflatoxin, the trichothecenes do not appear to require
metabolic activation to exert their biological activity
(Busby and Wogan, 1981). After direct dermal
application or oral ingestion, the trichothecenes
mycotoxins can cause rapid irritation to the skin or
intestinal mucosa. In cell-free systems or single cells in
culture, these mycotoxins cause a rapid inhibition of
protein synthesis and polyribosomal disaggregation
(Busby and Wogan, 1981). Thus, we can postulate that
the trichothecenes mycotoxins have molecular capability
of direct reaction with cellular components. Despite this
direct effect, it is possible to measure the toxic kinetics
and the metabolism of the trichothecenes mycotoxins.
The lipophilic nature of these toxins suggests that they
are easily absorbed through skin, gut, and pulmonary
mucosa (Wannemacher and Wiener, 1997).

IV.  CONTROL OF MYCOTOXIN IN FOODS

The best way of controlling mycotoxin
contamination is by prevention and can be accomplished
by reducing fungal infection in growing crops through
the adoption of suitable cultural practices, by rapid
drying or by the use of suitable preservatives (Sinha,
1993). Physical, chemical and biological methods have
been investigated in order to prevent the growth of
mycotoxin producing fungi, eliminate or reduce the toxin
levels, degrade or detoxify the toxins in foods and feeds.
Mycotoxins can be eliminated or detoxified by physical,
chemical or biological techniques. Many chemicals
including numerous acids, alkalis, aldehydes, oxidizing
agents and several gases have been tested for their ability
to degrade or inactivate aflatoxin and many other
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mycotoxins (Samarajeenwa et al., 1990; Thanaboripat,
2002).

Natural plant extracts may provide an alternative
way to protect foods or feeds from fungal contamination
(Yin and Cheng, 1998). While dealing with grain
protection, fumigation is the preferred method for
applying substances into the bulks in order to control
the biotic factors which damage the grains (Paster et
al., 1995).

a. Aflatoxins

Aflatoxins are potent toxic secondary metabolites
produced mainly by Aspergillus flavus, A. parasiticus
and rarely A. nomius. Several bacterial species, such as
Bacillus, Lactobacilli, Pseudomonas, Ralstonia and
Burkholderia spp., have shown the ability to inhibit
fungal growth and production of aflatoxins by
Aspergillus spp. under laboratory conditions. For
example, Palumbo et al. (2006) reported that a number
of Bacillus, Pseudomonas, Ralstonia and Burkholderia
strains could completely inhibit A. flavus growth.
Munimbazi and Bullerman (1998) reported that more
than 98% inhibition in aflatoxin production by A.
parasiticus was caused by B. pumilus. El-Nezami et al.
(1998) reported the ability of lactic acid bacteria to
remove AFB1 from artificially contaminated liquid media.
The removal was strain dependent and very fast, with
two strains of L.  rhamnosus removing about 80% of
the toxin at the beginning of the incubation time period.

b. Fumonisins

Fungi belonging to the genus Fusarium are
associated with the production of fumonisins. Among
the fumonisins, fumonisin B1 (FB1) in particular is of
international, agro economic, and food safety concern.
For example, high doses of FB1-infested corn feed have
been shown to cause pulmonary edema in swine, while
lower doses lead to hepatic disease. Stiles and Bullerman
(2002) studied the effect of L. rhamnosus on growth
and mycotoxin production by Fusarium species,
including F. proliferatum, F. verticillioides and F.
graminearum. The results showed that production of
FB1 was reduced up to 63.2%, FB2 up to 43.4% and
deoxynivalenol and zearalenone up to 92% and 87.5%,
respectively. L. rhamnosus was evaluated for its potential
to remove or degrade zearalenone and á-zearalenol and
both viable and non-viable cells were able to remove
about 50% of the toxin from solution, indicating that
binding rather than metabolism was the mechanism in
action. When L. rhamnosus was exposed to both toxins
at the same time, its ability to remove zearalenone and

á-zearalenol from solution was significantly reduced;
indicating that these toxins may share the same binding
site on the bacterial cell . Niderkorn et al. (2006)
screened lactic and propionic acid bacteria for their
ability to remove deoxynivalenol and fumonisin from
solution and they found that it was strain specific, with
propionic acid bacteria being less efficient than LAB. L.
rhamnosus removed up to 55% of deoxynivalenol, while
Leuconostoc mesenteroides removed about 82% of FB1
and L. lactis  removed 100% of FB2. B.
amyloliquefaciens and Micro bacterium oleovorans
isolates were shown to effectively reduce F.
verticillioides propagules and fumonisin content in maize
kernels at harvest when applied as seed coatings.

c. Ochratoxins

Ochratoxin A (OTA) produced by Aspergillus and
Penicillium spp. is a natural contaminant in cereals and
beverages. According to the available literature grape
and wine are considered as the second major source of
OTA intake after cereals. Thus, it is understandable that
considerable research has been done concerning
detoxification of these two food groups. Fuchs et al.
(2008) screened 30 different LAB strains for their ability
to remove OTA from solution, and they reported 95%
removal of OTA in liquid media by L. acidophilus.
Bejaouii et al. (2006) studied the degradation of OTA by
40 isolates of Aspergillus section Nigri species isolated
from French grapes. They reported significant reduction
of OTA in liquid medium.

d. Patulin

Patulin contamination of fruit-based foods and
beverages is an important food safety issue due to the
high consumption of these commodities throughout the
world. Based on the experimental results available, it
has been concluded that patulin produced by Penicillium
spp. is genotoxic, although no adequate evidence of
carcinogenity in experimental animals exists. Apple and
apple products are main sources of patulin
contamination. However, patulin has also been found in
other fruits, such as pears, peaches, apricots, grapes
and cheese. Extensive research has been carried out to
study the effect of yeasts on biodegradation of patulin
since 1990’s. Stinson et al. (1978) observed decrease
of patulin content in fermented apple juice contaminated
with yeast during alcoholic fermentation. Recently,
Moss and Long (2002) reported that commercial yeast
S. cerevisiae transformed patulin into ascladiol. As
reported by Moss (1998), acute toxicity of ascladiol
amounted to only one-fourth of the strength of patulin.
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Richelli et al. (2007) found the ability of Gluconobacter
oxydans to degrade patulin more than 96% after twelve-
hour treatment, due to change of chemical structure
and the degradation product (ascladiol) of this
mycotoxin. The genus Gluconobacter, whose taxonomy
is at present under worldwide review, is made up of
five different species, which have no health risk, and
that are commonly used in food manufacturing.
According to available literature, this method is much
better understood compared with other decontamination
methods.

V.  PREVENTION AND FUTURE OUTLOOK

Prevention of fungal contamination and thereby
toxin production can be achieved either during pre
harvest stages by good crop husbandry and appropriate
cultural practices and the use of a HACCP (Hazard
analysis and critical control points) plan, as well as
during postharvest stages by the application of proper
drying, storage, and transport procedures. Application
of fungicides at field levels might reduce mold growth
resulting in the reduction of production of mycotoxins.
Further, studies have to be conducted to look for a better
and environmentally friendly alternative at the field level
rather than relying on chemicals.
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