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Food Safety and Increasing
Hazard of Mycotoxin Occurrence
in Foods and Feeds

STOYCHO D. STOEV
Department of General and Clinical Pathology, Faculty of Veterinary Medicine, Trakia University, Students Campus,
6000 Stara Zagora, Bulgaria

The possible hazard of mycotoxin occurrence in foods and feeds and some food-borne mycotoxicoses is reviewed. Management
of the risk of mycotoxin contamination using some useful preventive measures against mycotoxin contamination of foods/feeds
during pre- and post-harvesting periods is considered. The physical and chemical methods of mycotoxin decontamination
of foods/feeds are briefly described. The use of various feed additives as a method for prevention of the adverse effects
of mycotoxins is reviewed. The processing of various foods and feeds is considered in a view to possible mycotoxin
decontamination. The necessary hygiene control and risk assessment in regard to mycotoxin contamination of foods and
feeds in addition to some useful prophylactic measures are briefly described. A short reference is made concerning the most
successful methods of veterinary hygiene control in order to prevent a possible entering of some mycotoxins in commercial
channels with a view to human health.

Keywords Food safety, mycotoxins, mycotoxicoses, hygiene control, risk assessment, feed additives

INTRODUCTION

Food safety and protecting the men or animals from various
food-borne diseases become more and more important mis-
sions of many specialists in human and veterinary medicine
from all over the world, especially with the challenge to en-
sure a safe and healthy feeds or foods for animals and humans
in regards to their mycotoxin contamination. While developed
countries have well-developed infrastructures for monitoring of
food quality standards, people in developing countries are not
protected by food quality monitoring and enforcement of safe
standards within their countries. On the other hand, such stan-
dards would often encourage the exportation of the best-quality
crops, because the foods being exported are expected to comply
with the recognized, by most of the countries, quality standards
and thereby possibly inadvertently resulting in higher risk of
mycotoxins exposure of people in developing countries, be-
cause only the best-quality foods leave the country, whereas the
poor-quality crops always remain for domestic consumption.
In addition, the difficulty in meeting U.S. and European Union

Address correspondence to Stoycho D. Stoev, Department of General and
Clinical Pathology, Faculty of Veterinary Medicine, Trakia University, Students
Campus, 6000 Stara Zagora, Bulgaria. E-mail: stoev@uni-sz.bg

(EU) mycotoxin safety standards possibly means the loss of an
export market. Or, alternatively, it means exportation of best-
quality grains in order to keep the export market. By keeping
the poorer quality grain in the domestic market, local consumers
bear the health burdens (Stoev, 2007).

Safety and quality control activities along the food supply
chain are very important to enhance the safety of various foods
and feeds. However, all the activities at each level require in-
tegration into a coordinated system. The human resource ca-
pacity, various kinds of professionals and knowledge in field of
biochemistry, agriculture, veterinary medicine, environmental
health science, and food science and technology as well as the
upgrading of knowledge and skills via professional courses are
of significant importance in order to be able to realize these
safety and quality control activities. Hazard Analysis and Criti-
cal Control Point (HACCP) system is also of a particular impor-
tance to improve the food safety management. Only integrated
approach to food safety, which includes systematic identifica-
tion and assessment of hazards in foods and various means to
control them, could resolve various existing problems in this
field. Effective enforcement of food safety laws and regulations
in addition to surveillance control is also required to reduce the
number of food-borne diseases and consequent social burdens
of health care as well as to enhance the security of food. That
is why a harmonization of various national standards with other
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888 S. D. STOEV

standards and regulations in regards to various mycotoxins,
heavy metals, pesticides, veterinary drugs, and pathogens is also
necessary in order to protect the consumer and to ensure a global
safety of various kinds of foods produced in various countries
as well as to ensure fair international trade (Stoev, 2007). On the
other hand, in the case of very strict regulations, an unjustified
rejection of various kinds of commodities or raw food materials
can have disastrous consequences for the producer and the dis-
tributor, respectively, which leads to unjustified trade barriers
(Rosner, 1998).

HAZARD OF MYCOTOXIN OCCURRENCE AND SOME
FOOD-BORNE MYCOTOXICOSES

The mycotoxins content in various foods and feeds presents a
serious health problem for animal and humans in many develop-
ing as well as developed countries in all over the world. Most of
mycotoxins are toxic secondary metabolites produced by certain
fungi in agricultural products susceptible to mold infestation.
Their production is unavoidable and depends on different en-
vironmental factors in the field and during the storage (Fig. 1).
Due to its unavoidable and unpredictable nature, mycotoxin
contamination presents a unique challenge to food safety. The
discovery of new mycotoxins and co-contamination of known
mycotoxins is occurring at a high rate; and although definitive

evidence on the effect of mycotoxins on human diseases is lim-
ited, there is considerable evidence to support the association
between mycotoxins and certain animal syndromes. The molds
and mycotoxins have been associated with a variety of livestock
diseases including ergotism, various kinds of fusariotoxicoses
(Fig. 2), aflatoxicosis, mycotoxic porcine/chicken nephropathy
(Fig. 3), stachybotryotoxicosis, equine leukoencephalomalacia,
and many others (Stoev, 2007).

Ergotism, also known as St Anthony’s fire, is one of the old-
est food-borne diseases in man that caused hallucinatory symp-
toms and death of many people in France and other European
countries during the Middle Ages (Betina, 1989). Some cases
of ergotism have been found in a French village of Pont Saint
Esprit in 1951 (Gabbai et al., 1951; Bennett and Bentley, 1999)
and in Ethiopia in 1978 (Sibanda et al., 1997). Clavisep purpurea
poisoning is known as ergotism and is still a disease of public
health importance, especially in the developing world (IPCS,
1990; Schneider et al., 1996). It is predominantly characterized
by dry gangrene of the extremities, loss of one or more limbs
as well as the exhibition of gastrointestinal symptoms (IPCS,
1990; Bennett and Bentley, 1999).

Aflatoxins were discovered due to their devastating effect
on turkey poults and some other chicks in 1960 (Allcroft and
Carnaghan, 1962), while ochratoxin A was found as a major
causal agent in nephropathy in pigs and probably Balkan En-
demic Nephropathy in humans, widely encountered in Balkan
countries (Krogh, 1972; Stoev, 1998, 2008).

Figure 1 An inappropriate store in rural area of Limpopo province of South Africa, which would not be able to preserve feed from rain. (Color figure available
online.)
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FOOD SAFETY AND INCREASING HAZARD 889

Figure 2 A rectal prolapse in spontaneous case of fusariotoxicosis in pig from Bulgaria due to oestrogenic effect of mycotoxin zearalenone. (Color figure
available online.)

Mycotoxic nephropathy (MN), which is widely encountered
disease in all over the world, can be considered as a renal
disorder caused by alimentary ingestion of nephrotoxic myco-
toxin ochratoxin A. This nephropathy is recently found to have
much complicated pathology and etiology in some countries as
Bulgaria and South Africa (Stoev et al., 2010a, 2010b). In these
countries spontaneous nephropathy in pigs (Stoev et al., 1998a,
1998b, 1998c) or chicks (Stoev et al., 2002a) described previ-
ously, was recently found to be provoked by several mycotox-
ins as ochratoxin A, penicillic acid and fumonisin B1, having
synergistic interaction (Stoev et al., 2010a, 2010b). Some of
the mycotoxins produced by storage fungi such as ochratoxin
A and penicillic acid are secondary fungal metabolites encoun-
tered in feeds/foods/forages made mainly from cereals or fibrous
plants, and kept in storehouse conditions and increased humid-
ity, whereas the other target mycotoxin fumonisin B1 produced
by field fungi mainly contaminates maize before harvesting.
The farms with nephropathy problems usually had a history of
incorrect feed storage, but sometimes the problem seemed to
come from certain feed plants whose grains, collected during
moist and rainy days, had not been properly dried. All farms
supplied by these plants subsequently produced some pigs with
nephropathy and growth depression, but after changing the cer-
tain suspected feeds the problems with poor growth of pigs dis-
appeared (Stoev et al., 1998a, 1998c). Because of the harmful
effects, which can be observed in human kidneys after consum-
ing the meat of animals with nephropathy the timely diagnosis
of disease during the meat inspection at slaughterhouses is very

important (Fig. 3). In such a way the exposure of humans to
the most hazardous and relatively heat stable ochratoxin A from
chicken/pigs meat can be prevented (Stoev, 1998, 2008). Similar
growth depression and decrease of weight of the eggs can be
observed in ochratoxin A-exposed chicks or laying hens (Stoev,
2010b; Stoev et al., 2002d).

Moldy maize was found to be a cause of horse or pig diseases,
including death in many horses more than 150 years ago and
this was subsequently associated with the presence of Fusarium
moniliforme (F. verticillioides), but the mycotoxins responsible
for these diseases, the fumonisins, were not well known until the
80s (Bezuidenhout et al., 1988; Gelderblom et al., 1988). The
importance of fumonisin B1 increased significantly after a num-
ber of outbreaks of equine leukoencephalomalacia (Conkova
et al., 2003) and porcine pulmonary oedema killing many horses
and pigs, fed on diets containing fumonisin-contaminated maize
in the United States during 1989–1990 (Marasas et al. 1976;
Marasas, 2001), which appeared to be due to the alteration of
vascular function and endothelial cell permeability provoked by
disruption of sphingolipid metabolism (Ramasamy et al., 1995).
It is worth mentioning that the main concern for human health in
regard to aflatoxins, ochratoxin A, and fumonisins in developed
countries appeared to be their carcinogenic or genotoxic effects
rather than their acute effects.

Although fumonisin B1 was first discovered in connection
with esophageal cancer in South Africa (Marasas et al., 1988)
and was shown to be a liver carcinogen in rats (Gelderblom
et al., 1992), it is also a nephrotoxin (Bucci et al., 1998; Howard
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890 S. D. STOEV

Figure 3 Macroscopic appearance of kidney with spontaneous mycotoxic nephropathy in Bulgaria. Enlarged and marbled appearance of kidney in pig of 6–8
month age (above) and normal kidney in pig of the same age (below). (Color figure available online.)

et al., 2001), and that is why it is suspected to be involved in
human and animal nephropathies in Bulgaria and South Africa,
as recently found (Stoev et al., 2010a, 2010b).

Zearalenone is a Fusarium mycotoxin, found mainly in the
moldy maize, that has been recognized due to its estrogenic
activity in animals as swelling of the vulva and mammary
glands, infertility, vulvovaginitis, vaginal, and/or rectal prolapse
in swine (Fig. 2; Shibamato and Bjeldanes, 1993; Shier, 1998;
Friends et al., 1999).

However, the lack of sound evidences for the definitive re-
lationship between mycotoxins and current human diseases in
developing countries does not necessarily imply that dietary ex-
posure does not represent a potential risk. In developing coun-
tries, many individuals are not only malnourished but are also
chronically exposed to high levels of mycotoxins in their diet.
Fusarium toxins, specifically fumonisins, are known carcino-
gens. With regard to human health, epidemiological studies
established a correlation between the level of fumonisin in
corn, the amount of corn consumed in the diet, and the rate
of esophageal cancer (Marasas et al., 1988; Sydenham et al.,
1990; Dutton, 1996). This mycotoxin has been reported to be

associated with human esophageal cancer in China and South
Africa. The greatest level of esophageal cancer in South Africa
(Marasas et al., 1988; Sydenham et al., 1990; Rheeder et al.,
1992) and China (Chu and Li, 1994) occurred among those pop-
ulations consuming the largest amount of corn with the highest
level of fumonisin B1 contamination. When pregnant women
are exposed to high levels of fumonisins in their diet, the risk
of having a child with a birth defect of the brain or spinal cord
increases significantly. Several studies suggested that maternal
ingestion of high levels of fumonisin B1 among human popu-
lations during early pregnancy may increase the risk of neural
tube defects such as brain and spinal cord defects (van Waes
et al., 2005; Missmer et al., 2006).

On the other hand, lots of mycotoxins are known to
have many different adverse effects as cytotoxic, genotoxic,
immunotoxic, carcinogenic, or teratogenic effects on animals.
Trichothecenes, in addition to many other adverse effects are re-
ported to be also immunotoxins (Sharma, 1993). Aflatoxins are
proven hepatotoxins, carcinogens, genotoxins, immunotoxins
suppressing both cellular and humoral response and cause
growth retardation in animals (Dirheimer, 1998; Kubena et al.,
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FOOD SAFETY AND INCREASING HAZARD 891

Figure 4 Adenocarcinoma in the liver of chick exposed to 5 ppm ochratoxin A for 10 months. Large grey-white neoplastic foci are seen in the liver and protruded
significantly above its surface. (Color figure available online.)

1998; Coulombe et al., 2005) as well as human hepatosis
(Hgindu et al., 1982). Ochratoxins (especially ochratoxin A)
and fumonisins are proven nephrotoxins (Fig. 3; Krogh, 1972;
Stoev et al., 1998a, 2002c), immunotoxins (Stoev et al., 2000a,
2000b, 2002b), genotoxins (Dirheimer, 1998), and carcinogens
(Fig. 4; Stoev, 2010a).

Some recent experiments focused attention on the immuno-
suppression as the first expressed toxic effect of ochratoxin A,
which may become evident clinically before nephropathy and
its associated biochemical changes. For the first time, suscep-
tibility to natural infectious disease has been demonstrated in
pigs exposed to the immunotoxicity of ochratoxin A. Ochra-
toxin A suppression of humoral and cellular immunity, defined
in principle (NNT, 1991), has been demonstrated in practice al-
lowing development of secondary bacterial infections in pigs at
only 1 ppm ochratoxin A in diet (Stoev et al., 2000b). Humoral
immunity was affected to the extent of allowing development
of clinical disease in pigs at only 1 ppm ochratoxin A in diet
(Stoev et al., 2000b).

The repetitive exposures to the trichothecenes T-2 toxin in-
creases susceptibility to Mycobacterium bovis, Salmonella ty-
phimurium, Lysteria monocytogenes, and Staphylococcus au-
reus infections in animals or chickens (Boonchuvit et al., 1975;
Ziprin et al., 1987; Tai and Pestka, 1988; Cooray and Jonsson,
1990; Oswald and Comera, 1998).

Ochratoxin A has also been described to increase the suscep-
tibility of chickens to coccidiosis (Huff and Ruff, 1982; Stoev
et al., 2002b; Koynarski et al., 2007), salmonellosis (Elissalde
et al., 1994; Fukata et al., 1996; Gupta et al., 2008), and colibacil-
losis (Kumar et al., 2003). The high mortality among chicks/pigs

fed on moldy diet containing ochratoxin A may be due to the
increased susceptibility to secondary bacterial enteric disease
(Stoev et al., 2000b) or to a heavy progression of some often
encountered parasitic diseases (Stoev et al., 2002b; Koynarski
et al., 2007) and microbial infections, because of the suppression
in both humoral and cell-mediated immune response in such an-
imals as an aspect of ochratoxicosis (Dwivedi and Burns, 1985;
Oswald and Comera, 1998; Stoev et al., 2000a, 2000b).

MANAGEMENT OF THE RISK OF MYCOTOXIN
CONTAMINATION OF FOODS/FEEDS

Usually, cereals are invaded by fungi both in the field and af-
ter harvest and have the potential for multitoxin contamination.
The formation of each particular mycotoxin is depending on a
number of factors but particularly on the climate, the type of
cereal, drying at harvest, and storage conditions. Thus, cereals
may be contaminated by any of the main mycotoxin groups that
include aflatoxins, ochratoxin A, deoxynivalenol, and other re-
lated trichothecenes, zearalenone, fumonisins, or moniliformin.
These mycotoxins can occur in wheat, barley, rye, oats, triticale,
maize, sorghum, etc., although the fumonisins mainly occur in
maize. Some of the mycotoxins are formed by the fungi en-
countered in the growing crop prior to harvesting and therefore
development of the same fungi, mainly belonging to Fusarium,
Alternaria, and Aspergillus genera, are often difficult to control.
It is much easier to prevent the formation of those mycotoxins
that arise during storage, mainly formed by species belonging
to Penicillium or Aspergillus genera, which could be performed
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892 S. D. STOEV

by drying crops at harvest to safe moisture contents as soon
as possible. However, sometimes this is not easily done or if
it is done, the subsequent poor storage practice may result in
mold growth and mycotoxin formation, which could have been
prevented (Stoev, 2007).

One possible approach to the management of the risks as-
sociated with mycotoxin contamination is the use of the same
integrated system of HACCP mentioned earlier. This proposed
control program for processed foods/feeds should be based on
the HACCP approach and should involve strategies for preven-
tion, control, good manufacturing practices, and quality con-
trol used at all stages of production from the field to the final
consumer. HACCP-like approaches are now being applied to
mycotoxins and the Food and Agriculture Organization (FAO)
have published a comprehensive manual on the application of
the HACCP system in mycotoxin prevention and control (FAO,
2002). HACCP can be used to identify the steps at which myco-
toxins might be prevented or removed and identifies the stages
at which monitoring systems can be set up. Such approach is
used in automated sorting and segregation of peanuts in order to
remove those nuts highly contaminated with aflatoxins as well
as in cleaning procedures for cereals prior to milling that re-
moves dust, fungal spores, broken grains, and other debris that
may contain high concentrations of mycotoxins (Dowell et al.,
1990; FAO, 2002).

Preventive Measures of Mycotoxin Contamination
of Foods/Feeds

The occurrence of molds and mycotoxins can be decreased
by the application of a variety of preventative measures both be-
fore and after harvest including, for example, appropriate control
measures, timely harvesting, cleanup, drying and storage prac-
tices, crop rotation, management of insect infestation, creating
of plant cultures resistant to fungi infestation, and others. For
example, Bt-corn (transgenic corn) products have less risk of
fumonisin contamination depending on the types of insects at-
tacking the corn. Genetic engineering has also been useful in
the development of host resistance through the addition or en-
hancement of antifungal genes in order to create mold-resistant
wheat cultivars or maize hybrids, etc. (Doko et al., 1995; Bata
et al., 2001). Also, it is well known that mold contamination is
more pronounced if wheat is sown after maize and vice versa.
Applying multifield crop rotation in which, for example, rape,
sugar beet, sunflower, or soya beans are present reduces de-
gree of mold infestation. It should be taken into account that
fertilization with nitrogen increase plants sensitivity to mold
(Reid et al, 2001). On the other hand, fungicides, applied before
blossoming, decrease Fusarium contamination and the respec-
tive mycotoxins production, whereas delayed harvesting favors
Fusarium contamination (Peraica et al., 2002).

Another way to prevent the production of some mycotoxins
such as ochratoxin A or aflatoxins is prevention of the growth
of the storage fungi. Some studies indicate that fungi in cereal

grains stored at moisture contents lower than 15% generally
do not produce ochratoxin A, which suggests that the moisture
content in the cereal grains have to be decreased below 15%
via various drying procedures before storage (Frohlich et al.,
1991). Storage at higher moisture levels requires that grain be
maintained under anaerobic conditions, which prevent growth
of fungi. Otherwise, a combination of mold inhibitors and ster-
ilization techniques, possibly coupled with the inoculation of
nontoxigenic competitive microflora, have to be applied to pre-
vent the growth of ochratoxin A-producing fungi (Stoev, 2008).

On the other hand, Chelack et al. (1991a, 1991b) have used
radiation to control the growth of ochratoxin A-producing fungi.
They demonstrated that gamma or electron beam irradiation
is a highly effective means of destroying spores from some
ochratoxin A-producing fungi as Aspergillus alutaceus (Chelack
et al., 1991a, 1991b).

Leitao et al. (1990) demonstrated that phosphine (PH3) was
effective at inhibiting both fungal growth and sterigmatocystin
production by Aspergillus versicolor, and this could be consid-
ered as another specific way to control the growth of mycotoxin
production by fungi.

For foods with pH values from 5 to 6, such as the cereals
or sorghum, the antimicrobial agents (food additives) that are
able to prevent the growth and ochratoxin A-production by As-
pergillus and Penicillium species, are methyl paraben or potas-
sium sorbate (Tong and Draughon, 1985). Small concentrations
of these compounds are able completely to inhibit the growth
by both genera of fungi and their ochratoxin A-production. At
pH 4.5, as occurs in silage, fungal growth and ochratoxin A-
production was completely inhibited by 0.02% potassium sor-
bate, 0.7% methyl paraben, and 0.2% sodium propionate (Tong
and Draughon, 1985). The same could be also used to sup-
press the growth of various other fungi, producing different
mycotoxins.

Prevention through preharvest management is the best
method for controlling mycotoxin contamination. Ideally, risks
associated with mycotoxin hazards should be minimized in each
phase of the food processing. Control parameters in processing
commodities susceptible to mycotoxin contamination should in-
clude time of harvesting, temperature, moisture during storage,
and transportation as well as humidity of air in the storehouses
(Scott, 1998). Adequate storage conditions with optimal tem-
perature and humidity of grain and storehouses may decrease
significantly the growth of toxigenic molds (Peraica et al., 2002).

However, once mycotoxin contamination occurs, the hazards
associated with various mycotoxins must be managed through
postharvest procedures, if the product is to be used as human
food or animal feed. Such measures, which can decrease my-
cotoxin content in food or feed, include various physical or
chemical decontamination methods such as cleaning, segrega-
tion, electronic sorting, steeping, etc., as well as various kinds of
processing as milling, that usually used to manage mycotoxins
in raw ingredients, etc. Further baking, cooking, extrusion, malt-
ing, and brewing can additionally decrease mycotoxin content
in the final product.
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FOOD SAFETY AND INCREASING HAZARD 893

Physical Methods of Mycotoxin Decontamination
of Foods/Feeds

The physical methods of mycotoxin decontamination (Scott,
1998) includes various kind of procedures such as cleaning, me-
chanical sorting and separation, washing, segregation, thermal
inactivation, irradiation, solvent extraction, etc.

Cleaning procedures are used for all cereals prior to food
processing and this process includes removal of dust, broken
grains, and other unwanted material and may involve the phys-
ical removal of some of the outer layers of grains by abrasion,
e.g., “scouring.” The data of the effectiveness of cleaning for
the aflatoxins vary, but an average reduction of about 40% in
concentration was usually reported (Brekke et al., 1975a). Gen-
erally, separation of corn screenings can significantly reduce
fumonisin and aflatoxin concentration (Broggli et al., 2002).
Cleaning of grain can remove ergot alkaloids from rye and
wheat (Scott, 1998). Some reduction by cleaning and scouring
procedures is also reported for ochratoxin-contaminated grain
(Scudamore and Banks, 2004). The highest concentrations of
deoxynivalenol can be usually found in the smaller broken and
shrivelled grains and therefore mean toxin concentrations could
be reduced by discarding the small grains (Chelkowski and
Perkowski, 1992). Substantial reduction of zearalenone occurs
in barley by polishing, but cleaning of maize grains appeared
to have little effect on zearalenone concentration as reported by
Scudamore and collaborators (Scudamore et al., 1998, 1999).
Similarly, the exclusion of rotten or poor quality apples can
significantly reduce concentrations of patulin in apple juice
(Scudamore and Banks, 2004).

The automated sorting and segregation of peanuts can remove
damaged or inadequately developed nuts highly contaminated
with aflatoxins, which are usually used for oil production (Dow-
ell et al., 1990). Electronic sorting is another method for decon-
tamination of peanuts, which is based on the color of roasted,
blanched peanuts (Pelletier and Reizner, 1992), whereas fluores-
cence sorting is used mainly for screening and decontamination
of corn, cottonseed, and dried figs (Muller, 1983; Steiner et al.,
1988).

Washing procedures by water or sodium carbonate solution is
sometimes used for decreasing the concentration of some Fusar-
ium mycotoxins as fumonisins, zearalenone, and deoxynivalenol
in grains or corn cultures, but it might be a useful procedure only
prior to wet milling, because of the eventual high price of the
subsequent drying procedures (Scott, 1998).

Thermal inactivation is not a suitable method for decontam-
ination, because most of the mycotoxins are heat stable. Partial
decontamination can be only achieved by coffee roasting or by
microwave treatment, which may destroy mainly aflatoxins in
peanuts or trichothecenes in corn (Basappa and Shantha, 1996;
Scott, 1998).

Different types of radiation as γ -irradiation, X-rays, ultra-
violet light, etc., were explored for decontamination of some
mycotoxins as T-2, deoxynivalenol, or aflatoxins as well as to
control the growth of some fungi (Müller, 1983; Samarajeewa,

1991) but the same have some disadvantages, because the ra-
diation is effective only when applied to a thin layer of grain
(Peraica et al., 2002). Fortunately, solar radiation is an inex-
pensive way of partial detoxification of coconuts, peanuts, corn,
sesame contaminated with aflatoxins, which is widespread in
some tropical areas of the world (Basappa and Shantha, 1996).

Solvent extraction by ethanol, isoprapanol, or methoxy-
methane can be an effective way for decontamination of some
mycotoxins as aflatoxins, but the high prices and possible sol-
vents residues present barriers for commercial exploitation of
such methods (Basappa and Shantha, 1996; Peraica et al., 2002).

Chemical Methods of Mycotoxin Decontamination
of Foods/Feeds

There are also various chemicals as acids (e.g., formic and
propionic acid), bases (e.g., ammonia, sodium hydroxide), oxi-
dizing agents (e.g., hydrogen peroxide, ozone), reducing agent
(e.g., sodium bisulphite), and some other chemicals as chlorine
or formaldehyde, which have been studied for their effectiveness
in mycotoxin decontamination (Peraica et al., 2002), but these
usually leave some toxic metabolites or reduce the nutritional
value of foods/feeds.

According to Laciakova et al. (1998), formic acid of 0.25%
concentration degraded ochratoxin A after 3 hours exposure,
propionic and sorbic acids in 1% concentration after 24 hours
exposure, and benzoic acid in 0.5% concentration after 24 hours
exposure (Laciakova et al., 1998).

Hydrogen peroxide has been used for detoxifying peanuts,
whereas calcium hydroxide or monomethylamine were used for
detoxifying oilseeds and corn, contaminated respectively with
aflatoxins or fumonisins (Scott, 1998). Sodium bisulphite is
another chemical used for detoxification of corn or dried figs
contaminated with aflatoxins or deoxynivalenol (Scott, 1998).

Ammoniation and ozonation are other chemical methods that
have received the most research attention as a practical solution
to decontaminate aflatoxins- or fumonisins-contaminated feeds
or peanuts, but such methods usually are not allowed within
the European Community (EC) for human foods (Peraica et al.,
2002). Chelkowski et al. (1981) reported that treatment of ochra-
toxin A-contaminated grain with ammonia reduced concentra-
tions of this mycotoxin to undetectable levels. They concluded
that ammoniation of grain not only detoxifies several myco-
toxins, including fumonisins, but also inhibits mold growth
(Chelkowski et al., 1981). Feeding studies have shown no toxic
effects related to the ammoniation process, but there are some
changes in the nutritional quality of the feed, such as a decrease
in lysine and sulfur containing amino acids (Scott, 1998). In
addition, adequate aeration after ammoniation is necessary for
acceptance of the feed by animals.

Madsen et al. (1983) reported that treatment of ochratoxin
A-contaminated barley with 5% NH3 for 96 hours at 70◦C or
warming of grain to 105◦C in the presence of 0.5% NaOH as
well as autoclaving at 132◦C for 0.5 hours can destroy the main
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part of ochratoxin A in the barley, but such treatments are not
practical and are not able to effectively reduce the mycotoxin
contamination in grain.

Except ammoniation, many of the techniques proposed to
remove mycotoxins are currently perceived as impractical, in-
effective, and/or potentially unsafe for large-scale use (CAST,
1989).

Use of Feed Additives and Other Methods Preventing
the Adverse Effects of Mycotoxins

There is also possibility of addition of various chemicals or
feed additives with possibilities to fix and neutralize mycotoxins
or to realize antidote effects against mycotoxin action (Stoev
et al., 1999, 2000a, 2002d, 2004; Stoev, 2008, 2010b).

Some feed additives are designed to bind mycotoxins in gas-
trointestinal system and to reduce their bioavailability. The clay
(hydrated sodium calcium aluminosilicate clay, HSCAS and
others) as well as zeolitic minerals present a broad family of
functionally diverse silicoaluminosilicates, which have shown
promising effects on the binding of mycotoxins in gastrointesti-
nal tract of animals, significantly decreasing their bioavailability
and associated toxicities. The same (for example, HSCAS) are
very useful for preventing aflatoxicosis in farm animals and
for reducing aflatoxins concentrations in milk, but are not very
effective for other mycotoxins as ochratoxin A, T-2 toxin, fu-
monisins, or deoxinivalenol (Ramos et al., 1996; Kubena et al.,
1998; Stoev, 2008).

Several different approaches have been used to reduce ochra-
toxin A absorption, including the use of HSCAS, bentonite,
charcoal, and cholestyramine. The addition of HSCAS (1%)
and bentonite (1 and 10%) to a diet containing ochratoxin A had
no effect on ochratoxin A concentration in swine blood, serum,
tissues, and bile (Rotter et al., 1989). Benonite, however, can
effectively absorb aflatoxins (Ramos et al., 1996).

The addition of 1% activated charcoal to the diet, in contrast,
caused a slight decrease in the concentration of ochratoxin A in
swine blood, whereas 10% charcoal decreased the concentra-
tion of ochratoxin A in blood, liver, kidney, spleen, and heart by
50–80% (Marquardt and Frolich, 1992). However, the supple-
mentation of diet with activated charcoal was considered as an
impractical method of reducing ochratoxin A toxicity in chicks
or pigs that were continuously exposed to this mycotoxin, be-
cause of its high cost and the possibility to reduce minerals and
vitamins in domestic animals (Rotter et al., 1989).

Cholestyramine, in contrast to the nonspecific absorbent dis-
cussed above, seems to be an effective absorbent of ochratoxin
A, zearalenone, and fumonisins in the gastrointestinal tract of
nonruminant animals. Cholestyramine is a commercial anion
exchange resin that has been shown to reduce blood ochratoxin
A concentrations by 50%, when it was included in 0.5% in a
rat diet containing 1 ppm ochratoxin A (Marquardt and Frolich,
1992).

Another way to reduce toxicity of various mycotoxins is
to elucidate a good understanding of the mechanisms of their
toxicity. This approach includes an addition of specific antidotes

or vitamins to the diet in order to prevent the specific toxic action
of each mycotoxin (Stoev, 2008). For example, the ascorbic acid
supplementation (300 mg/kg) of laying hen diet that contained
3 ppm ochratoxin A has been reported to have a good protective
effect against ochratoxin action and can partially ameliorate its
toxic effects (including the negative effect of ochratoxin (OTA)
on the eggs production and on the weight of the eggs) (Haazele,
1992; Haazele et al., 1993).

The use of some other feed additives was also found to protect
against the toxic effects of ochratoxin A, reducing significantly
various farm losses from a decrease of weight gain in stock
chicks (Stoev et al., 2000a, 2002d, 2004) and from a decrease of
egg production in laying hens (Stoev, 2010b). For example, 5%
total water extract of artichoke (Cynara scolymus L), prepared
as a steam infusion from dried leaves of artichoke and given to
chicks in concentration 5 mL/kg body weight (b.w.) via the feed
or water, has been found to have a good protective effect against
the toxic effect of ochratoxin A and to improve its fast elimi-
nation from animals (Stoev et al., 1999, 2000a, 2002d, 2004).
Other similar antidotes against the toxic effects of ochratoxin A
as Roxazyme-G (polyenzyme complement produced by the fun-
gal genus “Trichoderma” given in concentration 0.2 g/kg feed)
or Rosallsat (plant extract of bulbus Allii Sativi and seminum
Rosae caninae given per os in 0.6 mL/kg body mass daily as
a supplement to the feed) were also found to protect against
various adverse toxic effects of ochratoxin A in chicks (Stoev
et al., 1999, 2002d). Such antidotes, used as supplements to the
feeds, could be used as a practical approach for safely utilizing
of ochratoxin A-contaminated feed. In such a way, the rejection
or condemnation of such feed will be avoided as well as there
will be no need to eliminate this mycotoxin from the feed, if
its contamination levels are similar to these encountered in the
practice (normally up to 1–2 ppm; Stoev et al., 2002d).

In addition, the feeding of contaminated grain to animal
species that are less susceptible to a particular mycotoxin is
also a good measure to utilize mycotoxin-contaminated feeds.
For example, feeding ochratoxin A-contaminated feeds to rumi-
nants can safely utilize such feeds, because ruminants are less
sensitive to this mycotoxin and are able to hydrolyze it in the ru-
men to its nontoxic form ochratoxin α (OTα) (Sreemannarayana
et al., 1988).

Food/Feed Processing as a Method
of Mycotoxin Decontamination

Processing can be defined as any chemical, biological, or
physical treatment that is applied to a raw material to produce
the final consumer product (Scudamore and Banks, 2004). That
includes any procedure from dry and wet milling of grains, bak-
ing, extrusion, steaming, and brewing to feeding cereal-based
complete feeds to animals to produce meat or milk. The stability
of mycotoxins during processing may be affected by chemical or
biological reactions and factors such as temperature, pH, mois-
ture content, pressure, buffering conditions, and the presence
of other constituents and enzymes. However, some important
mycotoxins such as aflatoxins, ochratoxin A, deoxynivalenol,
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zearalenone, and fumonisins can usually survive processing of
raw cereals to some extent and thus occur in consumer foods but
these may also undergo significant processing, so that the con-
centration of particular mycotoxin in a food item that reaches
the consumer may be considerably lower than in the raw har-
vested crop. Therefore, appropriate management of the com-
modity during processing becomes a prime importance.

Wet and dry milling is an operation traditionally used for
grain processing, but can be also used for mycotoxin decontam-
ination of food in some cases (in zearalenone, fumonisins, afla-
toxins, trichothecenes, and ochratoxin A contamination). This
method separates the grain into different fractions and it is im-
portant to identify the fractions that remain toxic. In dry milling,
mycotoxins are usually concentrated in the bran so that white
flour from wheat (Osborne et al., 1996) or maize grits (e.g.
Broggli et al., 2002) usually has significantly reduced myco-
toxin levels. In wet milling of maize, significant amounts of
most mycotoxins (especially fumonisins, zearalenone, and afla-
toxins) are removed in the steep water and subsequent process-
ing results in very low residues in maize starch (Bennett and
Andersen, 1978) although high concentrations may remain in
the gluten or germ fractions that are mainly used for livestock
(Scudamore et al., 1998). In dry milling, aflatoxins concentrate
in the bran and offal fractions of wheat and germs as well as in
the outer layers of maize while being reduced in flour or corn
grits (Brekke et al., 1975b). In wet milling, a large percentage
of aflatoxins are similarly removed in the steep water (Bennett
and Anderson, 1978). Similarly, ochratoxin A tends to be con-
centrated in the outer bran layers of cereals and this raises the
possibility of redistribution during milling with the result that
both reduction and increase in concentration can occur, depend-
ing on the milled fraction examined. Analysis of each milled
fraction showed that high-ochratoxin A concentrations were
present in the bran and offal fractions while those in the white
flour fractions were much reduced unlike the wholemeal flour
(Osborne et al., 1996). Therefore, ochratoxin A can be reduced
during production of bread by elimination of the bran and offal
components although the high temperature of baking had min-
imal effect on the final concentrations (Scudamore and Banks,
2004). After milling, higher concentrations of deoxynivalenol
and zearalenone were found in bran and shorts, while lower
concentrations were found in straight grade (white) flour (Scud-
amore and Banks, 2004). Dry milling results in a redistribution
of fumonisins in the different fractions with reduced amounts
in milling grits and flour and increased concentrations in bran
and germ (Broggli et al., 2002). Industry information indicates
that dry milling results in fumonisin-containing fractions in de-
scending order of highest to lowest fumonisin levels as follow:
bran, flour, meal, grits, and flaking grits (Broggli et al., 2002).

In some specific kinds of processings, as the treatment of corn
with limewater in the manufacture of tortillas, levels of aflatox-
ins can be considerably decreased (Scott, 1998). Refining of oil
successfully eliminates any extracted aflatoxins. Similarly, ad-
dition of sodium chloride (salt) during the cooking of unshelled
peanuts under pressure can decrease significantly aflatoxins con-

tent, whereas vitamin C in apple juice can slowly decrease the
content of patulin (Scott, 1998; Peraica et al., 2002).

Stability of aflatoxins to heat in processes such as baking
(Stoloff and Trucksess, 1981), and extrusion (Martinez and
Monsalve, 1989), depend on temperature and pH so that higher
temperatures or alkaline processes such as the use of leaven-
ing agents or tortilla production can reduce content of aflatox-
ins (Price and Jorgensen, 1985; Abbas et al., 1988; De Arrola
et al., 1988). The baking process itself is ineffective in de-
stroying significant amounts of ochratoxin A. Deoxynivalenol
is heat stable at 120◦C, moderately stable at 180◦C (deep fry-
ing), and decomposes within 30–40 minutes at 210◦C (grilling;
Kamimura, 1989). Zearalenone also survives baking (Scud-
amore and Banks, 2004). The fumonisins are unstable during
roasting but comparatively stable during baking and canning and
therefore can be considered as moderately stable compounds
(Castelo et al., 1998). Ergot alkaloids are much less stable and
are destroyed on baking bread up to 100% (Scott, 1998).

Breakdown by enzymes depends on the process but aflatox-
ins and most of other mycotoxins such as deoxynivalenol, zear-
alenone, and fumonisins can survive and occur in beer produced
from maize or wheat (Scott and Lawrence, 1994; Scott, 1996;
Scudamore and Banks, 2004). Malting of barley and brewing
can partially destroy ochratoxin A but this does not happen for
deoxynivalenol or zearalenone (Scott, 1996). Regardless of the
circumstance that ochratoxin A is a relatively stable mycotoxin,
under certain situations such as high temperatures and acid or
alkaline conditions and in the presence of enzymes, some break-
down can occur. The fermentation by yeasts has been found to
be effective in destroying patulin and rubratoxin B (Scott, 1998).
Rotter et al. (1990) demonstrated that inoculation of barley with
a Lactobacillus species followed by ensiling (decreasing of pH)
can reduce the concentration of ochratoxin A by approximately
50%, but ensiling of corn does not usually destroy aflatoxins,
zearalenone, or deoxynivalenol (Rotter et al., 1990).

While processing tends to reduce the concentration of my-
cotoxins, there are some circumstances that can increase their
levels. Such circumstances are poor storage of intermediate ma-
terials or end products, which can lead to mold growth and
mycotoxin formation. For example, wheat flour, if not stored
properly could be contaminated by various storage mycotoxins
such as ochratoxin A. On the other hand, the milling is a kind
of processing, in which contamination levels of various myco-
toxins often change in both directions, because mycotoxins are
unequally distributed among the milled fractions reflecting how
the same originally formed in each individual grain. In this con-
text, the concentrations of mycotoxins are usually found to be
higher in some fractions, commonly bran or germ, but reduced
in flour (Scudamore and Banks, 2004).

Hygiene Control and Risk Assessment

The tracing of the fate of the mycotoxin at each stage of
the process is required to optimize control and to reduce the
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quantity of various mycotoxins reaching the consumer. With
a view of eliminating or minimizing mycotoxins contents in
the food supply, the primary objective should be to introduce
effective agricultural practices and storage protocols that prevent
their formation. However, complete removal of mycotoxins is
not always possible. If the risk from a particular mycotoxin is
considered as significant, legislation may be introduced together
with some measures aimed to minimize consumer exposure.
Obviously, it is very important to protect the consumer from
the effects of a particular mycotoxin in the food supply when
a risk assessment of the contaminant indicates that its level
of exposure is likely to be unacceptable. As a rule, there are
two main compounds taken into account in risk assessment: the
toxicologic effect of particular mycotoxin and an estimate of the
mycotoxin exposure of the consumer. If the risk assessment of a
particular mycotoxin suggests a significant risk to the consumer,
setting maximum permissible limits presents a powerful tool for
its effective control in the food chain (Rosner, 1998). However,
all limits must be supported by reliable and extensive research
in order to avoid unnecessary restrictions and economic loss.

Maximum permissible limits have been set for some myco-
toxins by international and national organizations. Therefore,
acquisition of more information about the content of various
mycotoxins during processing may allow more lenient limits
for raw ingredients to be set in the cases when it can be clearly
shown that there is a significant decrease through the food-
processing chain. Moreover, a sound knowledge of process-
ing techniques and how mycotoxins are destroyed can indicate
those food products that are more susceptible to mycotoxins,
which may suggest that the same should be monitored more
frequently than the other products (FAO, 1988, 1997). This is
very important for mycotoxins such as deoxynivalenol, zear-
alenone, and fumonisins in maize that can occur in very high
concentrations in raw cereals, but the same are much reduced
during processing. Any failure to take this into account could
result in unnecessary penalizing of the cereal producers with-
out increasing consumer safety. The balance between economic
considerations and consumer risk should be also taken into ac-
count in such cases. Sometimes, a kind of processing such as
the removal of bran from the food supply might lower human
exposure to mycotoxins but such processing must be considered
against the nutritional and health benefits provided by the final
product. Another important question is, whether the consumer
should consume wholemeal bread with its known health ben-
efits or white bread in order to ensure less intake of particular
mycotoxin as ochratoxin A (Scudamore and Banks, 2004).

Regulatory control of nephrotoxic mycotoxins in animal
feeds in European countries has been summarized by van
Egmond (van Egmond, 1989) and by Boutrif and Canet (Boutrif
and Canet, 1998). On the other hand, EU decided on an offi-
cial limit for OTA in cereals designed for direct consuming of
about 5 μg OTA/kg, whereas for end consumer products and
foods is 3 μg/kg (Rosner, 1998; Scudamore and Banks, 2004).
The official limits for OTA in cereals in some countries can
be seen in various FAO reports and commonly ranged between

2 μg/kg (Switzerland) and 20 μg/kg (Czech Republic), and
rarely reached up to 50 μg/kg (Uruguay; Boutrif and Canet,
1998). Some limits were also introduced for the maximum al-
lowed amount of aflatoxin B1 in animal feeding stuffs (MAFF,
1982). Many countries in the world have limits or legal regula-
tions for the effective control of some mycotoxins in foods or
feeds (Rosner, 1998). How the limits for various mycotoxins are
chosen in each country, and for which commodities, depend on
several factors such as: the availability of toxicological data; the
availability of data on the occurrence of mycotoxins in various
commodities; the availability of methods of sampling and analy-
sis; the inter-country trade implications; as well as the existence
of sufficient food supply (Boutrif and Canet, 1998). The Euro-
pean Community has introduced maximum permissible limits
for aflatoxins, ochratoxin A, and patulin in specific products and
is actively involved in considering which other mycotoxins need
regulation (WHO/FAO, 1995; FAO, 1997; Boutrif and Canet,
1998; Scudamore and Banks, 2004). Such statutory limits may
have important implications in international trade especially if
the export of a commodity may represent a significant percent-
age of trade earnings of particular country.

Any development of internationally harmonized regulatory
control measures for mycotoxins in order to protect public health
and promote fair trade at international level is of particular im-
portance these days (Boutrif and Canet, 1998). On the other
hand, it usually takes a lot of time to agree and implement in-
ternationally recognized limits so it may be useful to introduce
guideline limits as temporary measure when a risk to health
is considered to be significant. In this regard, JECFA (Joint
FAO/WHO Expert Committee on Food Additives) has recently
evaluated the most important mycotoxins (JECFA, 2001). The
JECFA provides a mechanism for assessing the toxicity of ad-
ditives, veterinary drugs, and contaminants such as mycotox-
ins. The safety evaluation for contaminants incorporates vari-
ous steps of a formal health risk assessment approach (Boutrif
and Canet, 1998). The toxicological evaluation carried out by
JECFA normally results in the estimation of a provisional toler-
able weekly intake (PTWI). In principle, the evaluation is based
on the determination of no-observed-effect-level in toxicologi-
cal studies, and the application of a safety factor. This approach
for establishing maximum tolerated levels of mycotoxins in
foods does not apply for toxins where carcinogenicity is the ba-
sis for concern as is the case with aflatoxins. In such cases, the
necessary approach must be “as low as reasonably achievable”
(ALARA principle) or as low as possible but technologically
feasible and analytically detectable in the food ready for con-
sumption (Rosner, 1998). In this regard, International Agency
for Research on Cancer (IARC) has a program for the evalu-
ation of carcinogenic effects of some mycotoxins on humans
and according to it, mycotoxins can be distributed in group 1
(carcinogenic to humans as many aflatoxins), group 2A (proba-
bly carcinogenic to humans), group 2B (possibly carcinogenic to
humans as fumonisins or ochratoxin A), group 3 (not classifiable
as to its carcinogenicity to humans; Castegnaro and McGregor,
1998). Some revisions of the criteria for this classification and
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reclassification of some mycotoxins are made periodically by
IARC.

The quantitative evaluation of the degree of exposure and risk
likely to occur in the population are incorporated in the JECFA
work (Boutrif and Canet, 1998). In the last years, various meet-
ings of the JECFA evaluated the hazards of specific mycotoxins,
and the respective reports issued after such meetings are widely
distributed (JECFA, 2001; Scudamore and Banks, 2004). On
the other hand, the question of establishing maximum levels
of mycotoxins and other chemical contaminants in foods and
various commodities is considered by the Codex Committee
on Food Additives and Contaminants in consultation with the
Codex Commodity Committee, but the final decision is usually
taken by the Codex Alimentarius Commission (CAC). The con-
clusions are based on the scientific evaluation made by JECFA
and other relevant expert meetings (Boutrif and Canet, 1998).

Because of the increase of scientific reports on ochratoxin A
contamination in beverages and many kinds of food, the JECFA
assessed the available information and proposed 112 ng/kg
b.w. as a PTWI for ochratoxin A (WHO, 1991). That corre-
sponds to about 16 ng/kg b.w. per day. Having in mind the
strong carcinogenic effect of this mycotoxin, its PTWI was sub-
sequently decreased to 100 ng/kg b.w., which corresponds to
about 14 ng/kg b.w. per day (JECFA, 1997). With a big worry
we have to mention, that the calculated average daily intakes
of humans in the endemic for Balkan nephropathy areas in
Bulgaria from 26.8 ng/kg b.w. for 1988, 36.4 ng/kg b.w. for
1989, and 34.2 ng/kg b.w. for 1990, respectively (Stoev, 1998,
2008), exceeds strongly the PTWI (100 ng/kg b.w. or 14 ng/kg
b.w. per day), proposed by the JECFA (JECFA, 1997). JECFA
bases its calculation of the tolerable intake mainly on the nephro-
toxicity of ochratoxin A and does not address the question of
the toxin’s carcinogenic effect. Kuiper-Goodman and Scott, on
the other hand, regard the carcinogenic effect as the most im-
portant effect and base their analysis on this. Tolerable daily
intakes (TDIs), depending on the method used and calculated
on the base of carcinogenic effect of ochratoxin A, range from
0,2 to 4,2 ng/kg b.w. If the maximum TDI of ochratoxin A
is about 5 ng/kg b.w. (Kuiper-Goodman and Scott, 1989), it
can be seen that the average daily intake in humans from en-
demic areas in Bulgaria exceeds strongly the TDI calculated on
the base of cancerogenic effect of ochratoxin A (Stoev, 1998,
2008).

In regard to various animal products, there are regulations
in Denmark, according to which all “enlarged and mottled kid-
neys” are investigated for residues of ochratoxin A at slaugh-
ter time and all carcasses, whose kidneys contained ochratoxin
A levels above 10 μg/kg are condemned (Boutrif and Canet,
1998). These regulations are not very safe and satisfactory, be-
cause macroscopic changes in kidneys can be found only after
1–3 months of ochratoxin A exposure via the feeds (Krogh
et al., 1973; Stoev et al., 2001). In spite of the toxicological in-
vestigations of such kidneys, ochratoxin A-contaminated pork
may enter the human food chain and thus represents a potential
public health hazard (Stoev et al., 1998c; Stoev, 2008).

Because of the assumption that mycotoxins and especially
ochratoxin A are involved in etiology of Balkan endemic
nephropathy (Krogh, 1972; Stoev, 1998, 2008), the exposure of
humans to this very hazardous toxin from pork or chicken meat
(by the way “feed—pork/chicken—food”) need to be prevented.
A much better procedure for preventing the exposure of humans
to this mycotoxin from meat would be a toxicological analysis of
a few blood samples of pigs/chicken from risky farms suspected
of MN several weeks (in pigs) or several days (in chicken) before
slaughter and a change in the feed source for a week (pigs) or
for 2–3 days (chicken), if it is necessary. Also, the period of feed
deprivation of pigs/chicken before slaughter could be prolonged
(Stoev et al., 1998c, 2002a; Stoev, 2008). Because of the short
half-life of ochratoxin A in pigs (72–120 hours) and especially
in chickens (4 hours; NNT, 1991), its concentration in blood and
various tissues quickly decreases after changing the feed source
or after prolonging the period of feed deprivation before slaugh-
tering. Thus, the loss of condemnation of pig/chicken production
would be prevented and a better procedure (than toxicological
investigations of “enlarged mottled kidneys” accepted in Den-
mark) would be realized for preventing the exposure of humans
to ochratoxin A from meat. The preventive measures in already
slaughtered chicks could include condemnation and removing
of the kidneys and liver, where ochratoxin A is accumulated
(Stoev, 2008; Stoev et al., 2002a).

It is also expected that mixtures of mycotoxins would have at
least an additive, if not synergistic toxic effect (Stoev, 2008). A
potent synergistic effect was found between ochratoxin A and
penicillic acid, mycotoxins produced by the same ochratoxino-
genic fungi, when the same mycotoxins were given simultane-
ously to pigs and chickens (Micco et al., 1991; Stoev et al., 1999,
2000a, 2001, 2004). The presence of multiple toxins in various
foods presents new concerns since toxicological information on
the effects of simultaneous exposure is still very limited (Stoev,
2008; Stoev et al., 2010a, 2010b). However, in a diverse human
diet, exposure will be to multiple toxins at a low concentration
on an intermittent rate over long periods of time (Stoev, 2008).
The ultimate effect of this constant exposure is still unknown,
although there is some evidence of strong synergistic or addi-
tive effect between some mycotoxins as ochratoxin A, penicillic
acid, fumonisin B1, and citrinin (Micco et al., 1991; Stoev et al.,
2001, 2004) or between ochratoxin A and fumonisin B1 (Klaric
et al., 2007; Stoev et al., 2010a, 2010b, 2012). The simultaneous
exposure to those mycotoxins might be an important factor for
development of chronic renal diseases in animals and humans,
especially after long-term exposure as the same mycotoxins
were recently found in high-contamination levels (especially
fumonisin B1 and penicillic acid) in most of the feeds origi-
nated from farms with mycotoxic porcine or avian nephropathy
in Bulgaria and South Africa (Stoev et al., 2010a, 2010b).

Mycotoxins are natural contaminants, and therefore, human
exposure cannot be completely prevented. Some mycotoxins as
aflatoxin B1, zeqralenone, and ochratoxin A would represent
safety hazard twice, due to the possible transmission in milk
of lactating cows of either parent toxin of toxic metabolites as
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aflatoxin M1 or α zearalenol (Galtier, 1998) as well as due to
the possible transmission of many mycotoxins in eggs or meat
(Dailey et al., 1980; Galtier, 1998). Obviously, the development
of national programs for the monitoring, prevention, and control
of mycotoxin contamination based on the assessment of the situ-
ation in each individual country is not sufficient these days. The
factors which are compromising the quality of the products of
the commodity system, and leading to the production of molds
and mycotoxins, could be evaluated by the implementation of:
carefully designed surveillance studies, and modern internation-
ally recognized biomonitoring methods measuring the exposure
to mycotoxins of individuals. The need for networking for both
dissemination of information and staff training at regional and
international basis are often identified as important activities to
be sustained in the future.

Whenever efforts are made to improve the quality of foods
and feeds, it should be clearly established that there is a definite
need for a better quality product, and that the community is pre-
pared to bear any associated increase in the cost of the improved
commodity.
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