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SUMMARY

 Mycotoxins are toxic secondary metabolites formed by toxigenic fungi pres-
ent in foods, feeds and their components. Since the presence of the above men-
tioned microorganisms is unavoidable, mold growth is an inevitable consequence 
of conditions advantageous for fungi development (water content and temperature) 
found in case of specific food and feed technologies. Mycotoxins identified up to 
now (several hundred) are molecules of different chemical structures and molecular 
weight up to 500 Da. An attempt to explain why biosynthesis of so many toxic me-
tabolites – are the consequence of primary metabolism – is necessary for fungi will 
be discussed. 

 Exposure of human beings and animals to the above compounds causes un-
desirable effects, with a broad variety of biological effects and – as a consequence 
– chronic diseases called mycotoxicoses. The most important genera of toxigenic 
and pathogenic fungi Aspergillus, Fusarium and Penicillium will be characterized, 
especially concerning conditions of rapid growth and development followed by bio-
synthesis of a variety of mycotoxins. 

 The above microorganisms are related – during vegetation – to plant oxidative 
stress induced by weather and environment conditions. The above as well as bio-
synthesis of the metabolites will be discussed. 

 Rapid development of fungi followed by toxin formation causes a reduction of 
crop yields, a deterioration of their quality and as a consequence results in signifi-
cant economic losses, as worldwide approximately 25% of crops are affected by 
mycotoxins annually. Presented results will confirm that six metabolites (aflatoxins 
B1, ZEA, DON, fumonisins, T-2 toxin and OTA) in diverse materials (matrices) repre-
sent a real problem throughout the world. Occurrence and concentration levels are 
variable for different mycotoxins and are closely related to the weather conditions 
and plant stress responsible for the metabolite formation, which will be highlighted. 
Levels of safety will be discussed with the emphasis on low doses which cause 
subclinical losses. Most of the diseases occur after consumption of mycotoxin-
contaminated grains or their products, but other routes of exposure also exist. The 
diagnosis of mycotoxicoses is dependent upon adequate testing for mycotoxins, 
involving sampling, sample preparation and analysis. Information on mycotoxin 
contamination of foods, feeds and their components as well as relevant data on 
new sources of contamination will be given. 
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 Methods of decontamination are usually difficult, so prevention of mycotoxin 
formation is of prime concern. Results on breeding of cereal varieties resistant to 
pathogenic fungi and biosynthesis of toxic secondary metabolites (mycotoxins) will 
be presented with an emphasis on the reduction of human and animal health risk. 
Recent results indicating the importance of mycotoxins in Poland (compared to 
world data) are planned to be discussed.

 Key words: mycotoxins, foods, feeds, feed components

INTRODUCTION

 Mycotoxins as secondary metabolites 
of fungi may be formed in many agricultural 
crops and what is more – it happens at differ-
ent stages, starting from the growth phase of  
a given plant, through harvest to storage. A broad 
spectrum of action in the case of these toxins and 
generally their high resistance to high temperature 
result in a situation when the presence of mycotox-
ins in food and forage is recognized as a serious 
threat to human and animal health. 

 Mycotoxins are not a new problem in foods 
and feeds, and some researchers suggest that they 
were first observed after the Flood reported in the 
Bible. However, a correlation of disease symptoms 
in humans and/or animals with the occurrence of 
pathogenic fungi and their metabolites was report-
ed for the first time at the beginning of the twentieth 
century. 

 For many years studies on mycotoxins have not 
been successful because the metabolites are pres-
ent in the matrix (usually at ppb or ppm levels) in 
much lower concentrations than other biologically 
active compounds recorded in samples. A neces-
sary pre-condition of mycotoxin biosynthesis is the 
presence of toxigenic fungi in the environment. Very 
important factors facilitating mycotoxin formation 
include substrate, temperature and humidity. Un-
der ambient tem perature and high humidity, rapid 
growth and development of the fungus on the host 
tissue may easily be observed. A fungus having a 
new source of energy (organic matter) develops 
rapidly, using and transforming the host tissue into 
energy, simultaneously forming mycotoxins. One of 
the theories explaining why bio synthesis of these 
toxic compounds by fungi is observed is that an 
increasing concentration of by-products of primary 
metabolism (delivering energy) such as acetates, 

malonates and propionates — according to Le 
Chatelier’s principle — stops reactions of primary 
metabolism. Since energy is necessary for the life 
of the fungus (to maintain metabolism), secondary 
metabolism with the biosynthesis of mycotoxins is 
initiated, originating from the above-mentioned an-
ionic residues as the reaction substrate. That is why 
so many toxic metabolites may be formed by fungi, 
with some repeating similarities in their chemical 
structures, as in the case of trichothecenes group A 
and B, ochratoxins, and fumonisins.

DISCUSSION

 Global changes in climate conditions, together 
with an increasing exchange and trade of goods, 
are the factors responsible for worldwide distribu-
tion of fungi previously typical of certain zones only. 
In the last decade, especially after the introduction 
of extrusion in feed and feed component prepara-
tion (many feed producers still believe that extru-
sion is a panacea for all food/feed contaminants, 
including mycotoxins), the situation started to de-
teriorate. Since cereals (including maize) were in-
troduced (to replace meat) to pelleted pet food for 
species belonging to Carnivora (cats and dogs), 
zearalenone has been found in pet food and in ani-
mal tissue (Goliński and Nowak 2004, Goliński et al. 
2005, 2009). The reason is that cereals used in the 
production of such feeds, especially com, are very 
susceptible to infection with pathogens (Fusarium 
culmorum and F. graminearum), followed by Fusari-
um cob blight and zearalenone biosynthesis, which 
in consequence results in toxin (ZON) residues in 
animal tissue (Goliński et al. 2009). This leads to the 
conclusion that nature should not be considered as 
a static, but rather a dynamically changing medium 
- what was true 20 - 30 years ago is not necessar-
ily true nowadays. Fungi (similarly to other living 
organisms), competing for energy (organic matter) 
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under changing global climate conditions change 
the distribution of mycoflora in our environment. As 
it often happens, metabolites known for many years 
emerge as new problems. Thus, it is advisable to 
consider screening analyses of both toxigenic fungi 
present in agricultural products and mycotoxins 
contaminating foods and feeds that are of prime 
concern in human health protection and in the re-
duction of economic losses in the agricultural sector 
(Binder et al. 2007, Waśkiewicz et al. 2012a).

 The most common toxigenic fungi found in 
Poland include numerous species of genera Peni-
cillium, Aspergillus and Fusarium (Chełkowski et 
al. 2000, Goliński et al. 2002, 2010, Kiecana et al. 
2002). Since Fusarium species have usually been 
associated with cereals of temperate zone, their 
growth and biosynthesis of mycotoxins require 
considerably lower temperatures than other fungal 
species (e.g. aflatoxigenic Aspergillus species). The 
profile of Fusarium species causing wheat head 
blight depends on several factors at the stage of ce-
reals flowering, particularly the level of water (rains) 
and temperatures, but also on agronomic factors, 
such as soil cultivation, nitrogen fertilization, fungi-
cides, crop rotation, and host genotype (Boutigny 
et al. 2011, Paterson and Lima 2010, Stępień and 
Chełkowski 2010, Talas et al. 2011). Mycotoxins en-
ter animal organisms with contaminated feeds or 
their components. They may permeate to the blood, 
physiological fluids, tissues and organs, and as a 
consequence to animal-origin food, i.e. meat, milk 
and eggs. In this respect aflatoxins, ochratoxins, 
deoxynivalenol and zearalenone, found in concen-
trates, feeds and their components, are considered 
to be of major importance (Goliński et al. 2009).

  
 Ochratoxin A

 In the light of available literature ochratoxin A 
(OTA), under climatic conditions of Poland, may be 
considered a major mycotoxin found in cereal grains, 
food and feeds. This toxin is connected with storage 
and usually (although by no means always) it is ab-
sent during plant growth. Improper cereal storage, 
under conditions promoting the development of fun-
gi and the production of toxic metabolites by those 
fungi (high temperature and humidity), as well as the 
application of inappropriate practices during storage 
of agricultural products may be the primary causes of 
the formation of ochratoxin A (Gilbert et al. 2001). 

In European countries, especially Central and North-
ern Europe, ochratoxin A is the most frequently oc-
curring mycotoxin (Niessen et al. 2005), identified in 
over 90% of samples of human and porcine blood, 
frequently in concentrations higher than 0.1 mg/kg 
(Petzinger and Weidenbach 2002). Among farm ani-
mals pigs are especially susceptible to ochratoxin A. 
The presence of OTA at a level of 200 mg/kg in feed 
used in the fattening of these animals is toxicologi-
cally significant and harmful to the health of these 
animals, especially if delivered in feed over a period 
of 3 - 4 months. The amounts of this toxin in food 
and feeds are usually relatively small; however, this 
compound may accumulate in human and animal 
organisms, constituting a serious health problem 
(Zheng et al. 2005). Porcine ochratoxin nephropathy 
in pigs is a disease typical to European countries.

 The following pathological changes in kidneys 
are typical of ochratoxin nephropathy in pigs: en-
largement, a change in colour (the so-called “pale 
kidneys”), very small vesicles on the surface, as well 
as cysts and fibroses in the cortical part. A reduced 
capacity of filtration and secretion of p-amino-hippu-
ric acid and of the urine concentration is observed, 
as well as the presence of proteins and glucose in 
urine, with progressing necrosis of renal tubules 
and, at an advanced stage – sclerosis and atrophy 
of renal glomerules (Dragacci et al. 1999). 

 In birds ochratoxin A is metabolized much 
faster, since their enzymatic system (mainly in the 
digestive tract) causes not only a shorter degrada-
tion of OTA, but also its faster (4 days) half-life in the 
organism. Intoxication with ochratoxin A in poultry 
usually causes disorders in the secretory function of 
kidneys and changes in internal organs are similar 
to those in pigs. 

 Numerous studies have shown that this toxin 
exhibits cancerogenic, nephrotoxic, teratogenic, im-
munotoxic and probably neurotoxic action (Dortant 
et al. 2001, Jorgensen 2005). 

 Zearalenone

 Another major toxin found under climatic con-
ditions of Poland is zearalenone (ZON), detected 
in cereals already at the stage of plant growth and 
development, as a product of metabolism of fungi 
from the Fusarium genus (Bennett and Klich 2003, 
Goliński et al. 2009, 2010, Zinedine et al.  2007). 
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ZON is phytoestrogen exhibiting, due to the pres-
ence of a phenolic ring in its chemical structure, the 
affinity and activity to both estrogen receptors: ERa 
and ERb, found in mammalian tissues (Shier et al. 
2001). ZON causes several functional changes in 
the reproductive system, similar to those caused by 
natural estrogens (Góra et al. 2004). 

 Additionally, the introduction of ready-to-eat dry 
and moist dog and cat food has caused consider-
able demand for this type of product on the part of 
consumers. Poor storage conditions of dry food 
may result in a deterioration of its nutritive value as 
well as development of bacterial and fungal flora 
even within its shelf life (Goliński and Nowak 2004). 
Both regular and therapeutic ready-to-eat balanced 
dog and cat food contain as much as 80% of plant-
origin components (cereals, vegetables, pulses). 
Thus, they may constitute a potential source of dis-
advantageous substances, including zearalenone 
(Skorska-Wyszyńska et al. 2004), while the manu-
facturing process may not be completely effective in 
preventing the development of toxigenic fungi (Pop-
iel et al. 2004). It seems that a long-lasting exposure 
to low, threshold, values, i.e. those encountered 
most frequently in the case of human consumption 
or animal feeding, poses an especially high risk of 
poisoning (McEvoy et al. 2001, Gajęcka et al. 2004). 

 Symptoms of hyperestrogenism observable in 
those animals include swelling and enlargement of 
the vulva, balding and excessive pigmentation of 
skin in the perineum, sides and the belly, secondary 
seborrhea and ceruminal otitis externa (Tomasze-
wski et al. 1998). In turn, changes detected during 
clinical examinations may be divided into three cat-
egories: (i) disturbed sexual cycle, including steril-
ity, (ii) disturbances in the physiology of pregnancy 
and parturition, including miscarriages, (iii) lesions 
within female reproductive organs and the mam-
mary glands. Goliński and Nowak (2004) suggest 
that recently introduced, new formulations of pel-
leted feeds for dogs and cats, with increased cereal 
contents replacing meat, constitute a real possibility 
and danger of ZON consumption by these animals. 
Since ovarian cysts were detected intra-operatively, 
which is recognized as the first stage of the endo-
metrial pyometra complex found in about 30% of 
females, the authors assumed that ZON present 
in the dog diet might possibly cause pathological 
changes mentioned above.

Studies conducted so far indicate prompt ZON ab-
sorption from the digestive tract, since as early as 
30 minutes after intake zearalenone and its metabo-
lites, a- or b-zearalenol as well as a- and b-zearalan-
ol have been detected in blood (Berek et al. 2001, 
Góra et al. 2004, Zwierzchowski et al. 2005). 

 Until now few papers on the natural occurrence 
of ZON in animal tissue have been published. Cur-
tui et al. (2001) examined ZON concentration in the 
blood serum, kidneys, liver and muscles of swine. 
ZON was detected only in serum samples with the 
highest concentration of 0.96 ng mL-1. 

 Studies concerning ZON incidence in tissues 
and blood of domestic animals were conducted in 
Poland in 2005. ZON was detected in pathologically 
changed tissues of reproductive organs and blood 
of pets (dogs, cats) at a level of 0.5-2.8 ng g-1 and 
0.5-2.9 ng mL-1, respectively (Goliński et al. 2005). 
These studies showed a high prevalence of this 
toxin (in 65% of tissues and 90% of blood samples). 
Additionally, it was observed that in 55% of cases 
this toxin was present both in the blood and the 
tissues of examined animals. Further studies con-
ducted in Poland concerned changes in ovaries of 
bitches (Skorska-Wyszyńska et al. 2004). Animals 
were given ZON at a dose of 200.0 µg/kg b.w. for 
a week and lesions detected during histopathologi-
cal examinations in ovaries consisted of numerous 
congestions in the medullary part and damage to 
the membrana granulosa of ovarian follicles.

 Zearalenone and its derivatives have been 
observed in many important crops such as maize, 
wheat, sorghum, barley, oats, sesame seed, as well 
as hay and maize silage (D’Mello et al. 1999). Sev-
eral studies carried out in Europe and a number of 
transcontinental countries have reported a high in-
cidence of ZON in cereals and feeds (De Saeger et 
al. 2003; Scudamore and Patel 2000). Many factors 
such as temperature, duration of growth, substrate 
and strain of fungal species influence the amounts 
of accumulated ZON in crops (Goliński et al. 2010, 
Waśkiewicz et al. 2008, Zinedine et al. 2007). In the 
Iast few years in the Central Europe climatic zone, 
as studies show, mycotoxins produced by fungi of 
the Fusarium genus, especially zearalenone, play a 
dominant role in food/feed deterioration (Conkovâ 
et al. 2003). The highest amounts of zearalenone 
formed by Fusarium were observed at a tempera-
ture below 25°C, at a high amplitude of daily tem-
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perature and at 16% humidity (Zwierzchowski et al. 
2005).

 Available data in Europe indicate that wheat 
and maize are cereals with a high incidence and 
high levels of contamination with ZON; however, 
both oat and barley have also been found to be 
contaminated occasionally with this toxin. Con-
cerning recent data on human exposure to ZON in 
Europe, the occurrence of the toxin was reported 
in 32% of mixed cereal samples (n = 4,918) from 
nine European countries. The distribution showed 
that much of this contamination was in maize ker-
nels and wheat grain. A high incidence of ZON was 
found in samples of oat from Finland (47% of sam-
ples containing >0.2 mg/kg with the highest level 
of 1.3 mg/kg being reported) and a high incidence 
of ZON was reported in wheat from France (16% of 
samples above 0.2 mg ZON per kg, the highest be-
ing 1.8). Raw maize was the food commodity with 
the highest levels of ZON (14% of maize with levels  
>0.2 mg/kg, the highest level of 6.5 mg/kg), report-
ed in a sample of maize from Italy (SCOOP 2003).

 Data from both Americas indicate that the high-
est contamination of cereals with ZON was ob-
served in the USA and Argentina (Cavaglieri et al. 
2005). Among Asiatic countries, high ZON concen-
trations in barley (11.0-15.0 mg/kg) were observed 
only in Japan (Yoshizawa 1997); however, in other 
countries the highest level of cereal contamination 
with the toxin did not exceed 1.4 mg/kg in wheat (Li 
et al. 2002; Park et al. 2005). Even though most Afri-
can countries have a climate characterized by high 
humidity and high temperature, which favour the 
growth of moulds, little information is available on 
the occurrence of Fusarium toxins, particularly ZON, 
in foods and feeds. High contaminations of the raw 
material are a constant problem. Legal regulations 
have not been prepared in the field of food exhibi-
tion and retailing, and mycotoxin problems have al-
ready been associated with some food contamina-
tion in certain areas in Africa (Zinedine et al. 2007). 

 Due to the common occurrence of ZON in ag-
ricultural areas it is assumed that it may penetrate 
into the surface and ground waters which signifi-
cantly increases the health hazard both for humans 
and animals. The occurrence of - mainly - ZON in 
the aquatic environment has received little attention 
so far (Gromadzka et al. 2009, Hartmann et al. 2008, 
Waśkiewicz et al. 2012b), but the levels of ZON in 

environmental samples were found in the range of 
0.3 to 65.2 ng/L and were the highest in autumn. 
It indicates washing – probably with rain water – of 
the metabolites from the cereals and post harvest 
debries to the aquatic environment.

 Because of the significant health hazard of Fu-
sarium mycotoxins both to humans and to animals, 
several countries have introduced legal regulations 
specifying maximum acceptable levels of ZON and 
DON in maize and small-grain cereals (Shepard 
2008).

 Moniliformin

 According to the literature (Goliński et al. 1996a, 
1996b, 1999, Kiecana et al. 2002), F. avenaceum is a 
frequent pathogen of oats. Isolates of F. avenaceum 
vary in virulence and temperature optima. Addition-
ally, the mycotoxic potential, understood as the 
ability of different F. avenaceum species to produce 
moniliformin (MON), is not uniform. This toxin is pro-
duced by several Fusarium species and is frequently 
found in maize kernels (Goliński et al. 1996b, Leoni 
and  Soares 2003, Pineda-Valdes et al. 2002). 

 Under different climatic conditions both F. av-
enaceum and other Fusarium spp. may have a 
different potential to produce the toxin in the field 
(Gutema et al. 2000). Kernels of inoculated oat pan-
icles exhibited typical symptoms of scab, and were 
smaller, shriveled and discoloured when compared 
to the control (non-inoculated) ones. Reduction of 
yield and 1000 kernel weight (TKW) associated with 
MON accumulation was also observed (Goliński et 
al. 2010). 

 The chemical analysis of kernels produced by 
10 cultivars and 4 lines inoculated with F. avenace-
um revealed the presence of MON at concentrations 
ranging from 0.06 mg/kg (line CDH 1236) up to  
0.34 mg/kg (cv. Sławko), with an average value of 
0.13 mg/kg. The only exceptions were cvs German 
and Komes, as well as lines CHD 1171 and STH 
2594, where the toxin was not detected. Conclu-
sions from this study indicate that inoculation of oat 
panicles with F. avenaceum resulted in kernels which 
were smaller and exhibited typical scab symptoms, 
associated with a reduction in yield. Susceptibility 
of oats to scab after inoculation with the fungus was 
genotype-dependent. Cultivars Sławko, Dukat, Bo-
rys and Komes showed the lowest reduction in yield 
and were the most resistant to the disease. 
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 In maize especially high contamination lev-
els of MON have been reported. More than 
300.000 µg/kg was found in hand-selected, vis-
ibly infected kernels from Poland, and up to  
25.000 µg/kg in hand-selected kernels from South 
Africa. In all those cases the high contamination 
could be related to F. subglutinans. When visibly F. 
avenaceum infected kernels of small-grain cereals 
were investigated for their moniliformin contamina-
tion, maximum concentrations were about 1/10 of 
the concentrations in maize. The highest concen-
tration of moniliformin in small-grain cereals was 
38.300 µg/kg in a hand-selected oat sample from 
Poland (Lew et al. 1993, Sharman et al. 1991).

  
 Deoxynivalenol

 Within the trichothecene group, deoxynivalenol 
(DON) is associated with growth inhibition. DON 
is a product of metabolism of particularly F. gra-
minearum and F. culmorum. This toxin is promptly 
metabolized to its acetyl derivatives: 3- and 15-Ac-
DON. The presence of DON was detected in such 
cereals as wheat, oat, barley, rye, rice, maize, as 
well as cereal-based products, e.g. flour, bread or 
muesli (Goliński et al. 2009, 2010). 

 The concentration of deoxynivalenol and its de-
rivatives, including nivalenol (NIV), in cereals amount-
ed on average to 3.1 mg/kg (0.7-9.0 mg/kg) and 
proved to be lower than in winter wheat, which was 
on average 6.7 mg/kg (1.6-38.5 mg/kg) (Góral et 
al. 1995). Deoxynivalenol, similarly as other trichot-
ecenes, has a significant effect on biochemical 
processes, among others blocking protein biosyn-
thesis at the stage of elongation of the polypeptide 
chain. It is assumed that DON does not exhibit can-
cerogenic properties, although it is characterized 
by high toxicity. The most frequently observed DON 
toxicosis symptoms in animals include vomiting and 
body weight loss with successive numerous physio-
logical changes in internal organs (Wiśniewska et al. 
2002). The highest susceptibility to the consumed 
toxin is found in pigs, despite the reported potent 
detoxication by intestinal microflora. Intake of feed  
containing deoxynivalenol may also have a signifi-
cant effect on reproduction of animals, causing in 
most cases fetal toxicosis (Boenisch and Schafer 
2011).

 Fumonisins

 Fusarium verticillioides and F. proliferatum, well 
known as fumonisin producers, are worldwide ce-
real pathogens, effecting seedling disease, root rot, 
stalk rot, and ear or kernel rot. These fungi attack 
plants and their residue (debries) in almost all fields 
of temperature climate zone (Blandino, et al. 2009, 
Waśkiewicz, et al. 2010). In the last decade, signifi-
cant efforts were undertaken to enable the determi-
nation of fumonisins in corn-based food and feeds, 
milk, beer, biological fluids, and Fusarium cultures 
(Arino et al. 2007, Waśkiewicz et al. 2012c).

 When discussing toxins found under the 
climatic conditions of Poland we also need to 
mention fumonisins, which are detected al-
most anywhere where maize is grown. High 
-energy maize kernels are primary components of 
the diet for monogastric animals. Horses are partic-
ularly susceptible to the action of fumonisin causing 
equine leucoencephalomalacia - ELEM (Voss et al. 
2007). Pigs are less susceptible to the toxic action 
of fumonisins, as in feeds contaminated with those 
toxins, causing porcine pulmonary edema - PPE 
(Haschek et al. 2001), their concentrations tend to 
be much higher than in forage for horses. Moreover, 
fumonisins exhibit toxicity poultry, causing e.g. diar-
rhea and body weight loss. 

 In contrast to other mycotoxins, fumonisins as 
the only toxins are incompletely degraded in the 
stomach of ruminants (Gurung et al. 1999). Studies 
have shown that FB1 is excreted from animal organ-
isms mainly in the unmetabolized form (Caloni et al. 
2002). Toxicosis symptoms have been discussed in 
cows, sheep and goats consuming feeds contami-
nated with this toxin (Baker and Rottinghaus 1999). 

 The presence of analyzed toxins in agricultural 
products is related to a significant health risk for ani-
mals as well as humans. In spite of extensive knowl-
edge on the toxicity of mycotoxins further studies 
are required in order to develop effective methods 
of their detoxication, as well as fast identification in 
plant and animal materials. 

 Within the European Union (EU), the Commis-
sion Regulation has recently established regulatory 
limits of fumonisins in foodstuffs, based on the sum 
of FB1 and FB2 (EC, 2007); with a maximum level of 
1000 ng/g for corn used for direct human consump-
tion, with the exception of corn-based breakfast ce-



41

Agnieszka Waśkiewicz, P. Goliński: MYCOTOXINS IN FOODS, FEEDS AND THEIR COMPONENTS- MIkOTOkSINI u HRANI, kRMNIM SMJESAMA I kRMIVIMA

krmiva 55 (2013), Zagreb 1: 35-45

reals and snack foods (800 ng/g) and processed 
corn-based foods and baby foods for infants and 
young children (200 ng/g) (Li et al. 2010).

CONCLUSIONS

• Mycotoxins are toxic secondary metabolites for-
med by toxigenic fungi present in foods, feeds 
and their components. Since the presence of 
the above mentioned microorganisms is unavo-
idable, mold growth is an inevitable consequen-
ce of conditions advantageous  for fungi deve-
lopment (water content and temperature).

• Exposure of human beings and animals to the 
above compounds causes undesirable effects, 
with a broad variety of biological effects and – 
as a consequence – chronic diseases called 
mycotoxicoses.

• Under the European climate conditions the most 
important genera of toxigenic and pathogenic 
fungi are Aspergillus, Fusarium and Penicillium. 
The above microorganisms are related – during 
vegetation – to plant oxidative stress induced by 
weather and environment conditions, followed 
by biosynthesis of mycotoxins.

• Methods of decontamination are usually diffi-
cult, so prevention of mycotoxin formation is of 
prime concern.

ACKNOWLEDGEMENT

 Technical assistance of Ewa Rymaniak and 
Iwona Rissmann is very much appreciated.

 This study was partly supported by the Ministry 
of Science and Higher Education of Poland (Project 
Number NN 312 0747 40).

REFERENCES

1. Arino A, Estopanan G, Juan T, Herrera A (2007) Esti-
mation of dietary intakes of fumonisins B1 and B2 
from conventional and organic corn. Food Control 
18:1058-1062.

2. Baker DC, Rottinghaus GE (1999) Chronic experi-
mental fumonisin intoxication of calves. J.  Vet. Diagn. 
Invest 11:289-292.

3. Bennett JW, Klich M (2003) Mycotoxins. Clin Microbi-
ol Rev 16:497-516.

4. Berek L, Petri IB, Mesterházy A, Téren J, Molnár J 
(2001) Effects of mycotoxins on human immune func-
tions in vitro. Toxicol In Vitro 15: 25-30.

5. Binder EM, Tan LM, Chin LJ, Handl J, Richard J (2007) 
Worldwide occurrence of mycotoxins in commo-
dities, feeds and feed ingredients. Animal Feed Sci 
Technol 137:265-282.

6. Blandino M, Reyneri A, Vanara F, Tamietti G, Pietri A 
(2009) Influence of agricultural practises on Fusarium 
infection, fumonisin and deoxynivalenol contaminati-
on of maize kernels. World Mycotoxin J 2(4):409-418.

7. Boenisch, J.M., Schäfer, W. (2011) Fusarium gramine-
arum forms mycotoxin producing infection structures 
on wheat. BMC Plant Biology 11:110. 

8. Boutigny AL, Ward TJ, Van Coller GJ, Flett B, Lam-
precht SC, O’Donnell K, Viljoen A, (2011) Analysis 
of the Fusarium graminearum species complex from 
wheat, barley and maize in South Africa provides evi-
dence of species-specific differences in host prefe-
rence. Fungal Genet Biol 48:914-920.

9. Caloni F, Spotti M, Pompa G, Zucco F, Stammati A, 
De Angelis I (2002) Evaluation of fumonisin B1 and its 
metabolites absorption and toxicity on intestinal cells 
line Caco-2. Toxicon 40:1181-1188.

10. Cavaglieri LR, Gonzalez Pereyra LM, Pereyra CM, 
Magnoli CE, Chulze SN, Dalcero AM (2005) Fungal 
and mycotoxin contamination of cow feeding stuffs 
in Argentina. In: International Conference. Fifth Fra-
mework Program. European Union Myco-Globe 
Project. European commission, 13–16 September, 
Accra, Ghana.

11.  Chelkowski J, Perkowski J, Grabarkiewicz-Szczesna 
J, Kostecki M, Golinski P (2001) Toxigenic fungi and 
mycotoxins in cereal grains and Leeds In Poland. In: 
Logrieco A (ed.) Occurrence of toxigenic fungi and 
mycotoxins in plants, food and feed in Europe. COST 
Action 835, European Commision, 111-130.

12.  Conkova E, Laciakova A, Kovac G, Seidel H (2003) 
Fusarial toxins and their role in animal diseases. Vet. 
J. 165:214-220.

13.  Curtui VG, Gareis M, Usleber E, Märtlbauer E (2001) 
Survey of Romanian slaughtered pigs for the occu-
rrence of mycotoxins ochratoxins A and B and zeara-
lenone. Food Addit Contam. 18: 730-738.

14. Dalcero A, Magnoli C, Luna M, Ancasi G, Reyno-
so MM, Chiacchiera S, Miazzo R, Palacio G (1998) 
Mycoflora and naturally occurring mycotoxins in po-
ultry feeds in Argentina. Mycopathologia 141:37–43.

15. D’Mello JPF, Placinta CM, McDonald AMC (1999) 
Fusarium mycotoxins: a review of global implications 
for animal health, welfare and productivity. Sci. Tech-
nol. 80:183-205. 



4242

Agnieszka Waśkiewicz, P. Goliński: MYCOTOXINS IN FOODS, FEEDS AND THEIR COMPONENTS- MIkOTOkSINI u HRANI, kRMNIM SMJESAMA I kRMIVIMA

krmiva 55 (2013), Zagreb 1: 35-45

16. Dortant PM, Peters-Volleberg GW, van Loveren H, 
Marquardt RR, Speijers GJ (2001) Age-related diffe-
rences in the toxicity of ochratoxin A in female rats. 
Food Chem Toxicol 39: 55-65.

17. Dragacci S, Groso F, Bire R, Fremy JM, Coulon S 
(1999) A French monitoring programme for deter-
mining ochratoxin A occurrence in pig kidneys. Nat 
Toxins 7: 167-173.

18. European Commission Regulation (EC) (2007) 
20071126/EC (28 September 2007) Official Journal 
of the European Union, L255:14–17.

19. Gajęcka M, Jakimiuk E, Skorska-Wyszyńska E, Zie-
lonka Ł, Polak M, Paluszewski A, Rybarczyk L, Gajęc-
ki M (2004) Influence of zearalenone micotoxicosis 
on selected immunological, haematological and bi-
ochemical indexes of blood plasma in bitches. Pol J 
Vet Sci 7:175-180.

20. Gilbert J, Brereton P, MacDonald S (2001) Asse-
ssment of dietary exposure to ochratoxin A in the UK 
using a duplicate diet approach and analysis of urine 
and plasma samples. Food Add Contam 18:1088-
1093.

21. Goliński KP, Nowak T (2004) Dietary origin of myco-
toxins with estrogenic potential and possible health 
implications to female dogs. Polish J Vet Sci 4:337-
341.

22. Goliński KP, Nowak T, Kostecki M, Waśkiewicz A 
(2005) Zearalenone in feeds and tissues derived from 
animals. Vet. Feed Hyg.: 53-61.

23. Goliński P, Kaczmarek A, Kiecana I, Wiśniewska H, 
Kaptur P, Kostecki M, Chełkowski J (2002) Fusarium 
head blight of common Polish winter wheat cultivars 
– comparison of effects Fusarium avenaceum and F. 
culmorum on yield components. J Phytopathol 150: 
135-141.

24. Goliński P, Kostecki M, Lasocka I, Wiśniewska H, 
Chełkowski J and Kaczmarek Z (1996a) Moniliformin  
accumulation and other effects of Fusarium avenace-
um (Fr.) Sacc. on kernels of winter wheat cultivars. J 
Phytopathol 144:495-499.

25. Goliński P, Perkowski J, Kostecki M, Grabarkiewicz-
Szczęsna J and Chełkowski J (1996b) Fusarium spe-
cies and Fusarium toxins in wheat in Poland. Sydowia 
48: 12-22. 

26. Goliński P, Kiecana I, Kaczmarek Z, Kostecki M, 
Kaptur P, Wiśniewska H, Chełkowski J (1999) Scab 
response on selected winter wheat cultivars after 
inoculation with Fusarium avenaceum (Fr.) Sacc. J 
Phytopathol 147:717-723.

27. Goliński P, Waśkiewicz A, Gromadzka K (2009) Myco-
toxins and mycotoxicoses under climatic conditions 
of Poland. Polish J Vet Sci 12 (4):581-588.

28. Goliński P, Waśkiewicz A, Wiśniewska H, Kiecana 
I, Mielniczuk E, Gromadzka K, Kostecki M, Boci-
anowski J, Rymaniak E (2010) Reaction of winter 
wheat (Triticum aestivum L.) cultivars to infection with 
Fusarium spp.: mycotoxin contamination in grain and 
chaff. Food Add Contam 27(6):1015-1024.

29. Góral T, Foremska E, Chełkowski J, Arseniuk E (1995) 
Characteristic  of triticale, wheat and rye varieties on 
their resistance and tolerance to head infection by 
Fusarium spp. Bulletin IHAR 195/196: 251-259.

30. Góra M, Luczyński MK, Smoczyński L, Obremski K, 
Polak M, Świst M, Zielonka Ł, Gajęcki M (2004) Modi-
fication of zearalenone structure in model and natural 
conditions. Pol J Vet Sci 7: 181-185.

31. Gromadzka K, Waśkiewicz A, Goliński P, Świetlik J 
(2009) Occurrence of estrogenic mycotoxin – zeara-
lenone in aqueous environmental samples with vario-
us NOM content. Water Res 43:1051-1059.

32. Gurung NK, Ranking JR, DL, Shelby RA (1999) In vi-
tro ruminal disappearance of fumonisin B-1 and its 
effects on in vitro dry matter disappearance. Vet Hum 
Toxicol 41:196-199.

33. Gutema T, Munimbazi C, Bullerman LB (2000) Occu-
rrence of fumonisins and moniliformin in corn and 
corn-based food products of U.S. origin.. Food Pro-
tect 63:732-737.

34. Hartmann N, Erbs M, Wettstein FE, Hoerger CC, 
Schwarzenbach RP, Bucheli TD (2008) Quantification 
of zearalenone in various solid agroenvironmental 
samples using D6-zearalenone as the internal stan-
dard. J Agric Food Chem 56:2926-2932.

35. Haschek WM, Gumprecht LA, Smith G, Tumbleson 
ME, Constable PD (2001) Fumonisin toxicosis in swi-
ne: an overview of porcine pulmonary edema and 
current perspectives. Environ Health Perspect 109 
Suppl 2: 251-257.

36. Jorgensen K (2005) Occurrence of ochratoxin A in 
commodities and processed food - a review of EU 
occurrence data, Food Add Contam 22 (1) :26-30.

37. Kiecana I, Mielniczuk E, Kaczmarek Z, Kostecki M, 
Goliński P (2002) Scab response and moniliformin 
accumulation in kernels of oat genotypes inoculated 
with Fusarium avenaceum in Poland. Eur J Plant Pat-
hol 108: 245-251.

38. Leoni LAB, Soares LMV (2003) Survey of monilifor-
min in corn cultivated in the state of São Paulo and in 
corn products commercialized in the city of Campi-
nas, SP. Braz J Microbiol 34:1

39. Lew H, Chełkowski J, Prończuk P, Edinger W (1996) 
Occurrence of the mycotoxin moniliformin in maize 
(Zea mays L.) ears infected by Fusarium subglutinans 
(Wollenw. & Reinking) Nelson et al. Food Add Con-
tam 13:321–324.



43

Agnieszka Waśkiewicz, P. Goliński: MYCOTOXINS IN FOODS, FEEDS AND THEIR COMPONENTS- MIkOTOkSINI u HRANI, kRMNIM SMJESAMA I kRMIVIMA

krmiva 55 (2013), Zagreb 1: 35-45

40. Lew H, Chełkowski J, Wakuliński W, Edinger W (1993) 
Moniliformin in wheat and triticale grain. Mycotoxin 
Research 9:66–71.

41. Li FQ, Li YW, Luo XY, Yoshizawa T (2002) Fusarium 
toxins in wheat from an area in Henan Province, PR 
China, with a previous human red mould intoxication 
episode. Food Add. Contam. 19:163-167.

42.  Li W, Herrman TJ, Dai SY (2010) Rapid determination 
of fumonisins in corn-based products by liquid chro-
matography/tandem mass spectrometry. J Assoc Offi 
Analyt Chem Inter 93(5):1472–1481.

43. McEvoy TG, Robinson JJ, Ashworth CJ, Rooke JA, 
Sinclair KD (2001) Feed and forage toxicants affec-
ting embryo survival and fetal development. Therio-
genology 55:113-129.

44. Mielniczuk E (2001) The occurrence of Fusarium spp. 
on panicles of oat (Avena sativa L.) J Plant Prot Res  
41:173-180.

45. Niessen L, Schmidt H, Mühlencoert E, Färber P, Karo-
lewicz A, Geisen R (2005) Advances in the molecural 
diagnosis of ochratoxin A-producing fungi. Food Add 
Contam 22:324-334.

46. Paterson RRM, Lima N (2010): How will climate 
change affect mycotoxins in food? Food Res Inter 
43:1902-1914.

47. Petzinger E, Weidenbach A (2002) Mycotoxins in the 
food chain: The role of ochratoxins. Livest Prod Sci 
76:245-250.

48. Pineda-Valdes G, Ryu D, Jackson DS, Bullerman LB 
(2002) Reduction of moniliformin during alkaline coo-
king of corn. Cereal Chern 79(6):779-782.

49. Popiel J, Nicpoń J, Sapikowski G (2004) Effect of the 
dry feed contaminated with moulds on the prevalen-
ce of alimentary tract disorders in cats. Pol J Vet Sci 
7: 149-151.

50. Schollenberger M, Muller HM, Rufle M, Suchy S, 
Planck S, Drochner W (2006) Natural occurrence of 
16 Fusarium toxins in grains and feedstuffs of plant 
origin from Germany. Mycopathol 161:43–52. 

51. SCOOP (2003) Collection of occurrence data of Fusa-
rium toxins in food and assessment of dietary intake 
by the population of EU Member States. Sub-task 
Zearalenone. SCOOP European Project. Task 3.2.10. 
In: Vidnes A, Bergsten C, Paulsen B (Eds.) 241–481.

52.  Scudamore KA, Patel S (2000) Survey for aflatoxins, 
ochratoxin A, zearalenone and fumonisins in maize 
imported into the United Kingdom. Food Add Con-
tam 17(5):407-416. 

53. Sharman M, Gilbert J, Chełkowski J (1991) A survey 
of the occurrence of the mycotoxin moniliformin in 
cereal samples from sources worldwide. Food Add 
Contam 8:459–466.

54. Shephard GS, Marasas WFO, Burger HM, Somdyala 
NI, Rheeder JP, Van der Westhuizen L (2007) Exposu-
re assessment for fumonisins in the former Transkei 
region of South Africa. Food Add Contam 24;621-
629.

55. Shier WT, Shier AC, Xie W, Mirocha CJ (2001) Structu-
re - activity relationships for human estrogenic activity 
in zearalenone mycotoxins. Toxicon 39:1435-1438.

56. Skorska-Wyszyńska E, Jakimiuk E, Gajęcka M, 
Młynarczuk J, Obremski K., Gajęcki M (2004) Pre-
liminary evaluation of influence of zearalenone on 
cocultures of granulosa and internal thecal cells of 
ovarian follicles in bitches in vitro culture. Pol J Vet 
Sci 7:305-309.

57. Stępień Ł., Chełkowski J. (2010) Fusarium head bli-
ght of wheat: pathogenic species and their myco-
toxins. World Mycotoxin J 3 (2):107-119.

58. Talas F, Parzies HK, Miedaner T (2011) Diversity in ge-
netic structure and chemotype composition of Fusa-
rium graminearum sensu stricto populations causing 
wheat head blight in individual fields in Germany. Eur 
J Plant Pathol 131:39-48.

59. Task Force Report (2003) Mycotoxins: Risk in Plant, 
Animal and Human Systems, No 139. 

60. Tomaszewski J, Miturski R, Semczuk A, Kotarski J, 
Jakowicki J (1998) Tissue zearalenone concentration 
in normal, hyperplastic human endometrium. Ginekol 
Pol 69:363-366.

61. Voss KA, Smith GW, Haschek WM (2007) Fumoni-
sins: Toxicokinetics, mechanism of action and toxi-
city. Animal Feed Sci Technol 137:299–325.

62. Waśkiewicz A, Beszterda M, Goliński P (2012a) Occu-
rrence of fumonisins in food – an interdisciplinary 
approach to the problem. Food Control 26:491-499.

63. Waśkiewicz A, Gromadzka K, Bocianowski J, Pluta P, 
Goliński P (2012b) Occurrence of mycotoxins in the 
aquatic environment as a result of their presence in 
crops. Archives of Industrial Hygiene and Toxicology 
63:429-435.

64.  Waśkiewicz A, Gromadzka K, Wiśniewska H, Goliński 
P (2008) Accumulation of zearalenone in genotypes 
of spring wheat after inoculation with Fusarium cul-
morum. Cereal Res Comm 36(B):401-404.

65. Waśkiewicz A, Goliński P, Karolewski Z, Irzykowska L, 
Bocianowski J, Kostecki M, Weber Z (2010) Formati-
on of fumonisins and other secondary metabolites by 
Fusarium oxysporum and F. proliferatum: a comparati-
ve study. Food Add Contam 27(5):608–615.

66. Waśkiewicz A, Wit M, Goliński P, Chełkowski J, War-
zecha R, Ochodzki P, Wakulinski W (2012c) Kinetics 
of fumonisin B1 formation in maize ears inocula-
ted with Fusarium verticillioides. Food Add Contam 
29:1752-1761.



4444

Agnieszka Waśkiewicz, P. Goliński: MYCOTOXINS IN FOODS, FEEDS AND THEIR COMPONENTS- MIkOTOkSINI u HRANI, kRMNIM SMJESAMA I kRMIVIMA

krmiva 55 (2013), Zagreb 1: 35-45

67. Wiśniewska H, Chełkowski J, Perkowski J, Buśko 
M, Bocianowski J (2002) Components of resistance 
against Fusarium culmorum in spring wheat. J Appl 
Genet 43A:345-354.

68. Yoshizawa T (1997) Geographic difference in 
trichothecene occurrence in Japanese wheat and 
barley. Bull. Inst. Compr. Agric. Sci. Kinki University 
5:23–30.

69.  Zheng Z, Hanneken J, Houchins D, King RS, Lee P, 
Richard JL (2005) Validation of an ELISA test kit for 
the detection of ochratoxin A in several food commo-
dities by comparison with HPLC. Mycopathologia 
159:265-272.

70. Zinedine A, Brera C, Elakhdari S, Catano C, Debe-
gnach F, Angelini S, De Santis B, Faid M, Benlemlih 
M, Minardi V, Miraglia M (2006) Natural occurrence of 
mycotoxins in cereals and spices commercialized in 
Morocco. Food Control 17:868–874.

71.  Zinedine A, Brera C, Elakhdari S, Catano C, Debe-
gnach F, Angelini S, De Santis B, Faid M, Benlemlih 
M, Minardi V, Miraglia M (2006) Natural occurrence of 
mycotoxins in cereals and spices commercialized in 
Morocco. Food Control 17:868–874.

72. Zinedine A, Soriano JM, Moltó JC, Mañes J (2007) 
Review on the toxicity, occurrence, metabolism, de-
toxification, regulations and intake of zearalenone: an 
oestrogenic mycotoxin. Food Chem Toxicol 45(1):1-
18.

73. Zwierzchowski W, Przybylowicz M, Obremski K, Zie-
lonka Ł, Skorska-Wyszynska E, Gajecka M, Polak M, 
Jakimiuk E, Jana B, Rybarczyk L, Gajecki M (2005) 
Level of zearalenone in blood serum and lesions in 
ovarian follicles of sexually immature gilts in the cour-
se of zearalenone micotoxicosis. Polish J. Vet. Sci. 
8(3):209-218.

74. Zwierzchowski W, Przybyłowicz M, Obremski K, Zie-
lonka Ł, Skorska-Wyszyńska E, Gajęcka M, Polak M, 
Jakimiuk E, Jana B, Rybarczyk L, Gajęcki M (2005): 
Level of zearalenone in blood serum and lesions in 
ovarian follicles of sexually immature gilts in the cour-
se of zearalenone mycotoxicosis. Pol J Vet Sci 8:209-
218.

SAŽETAK

 Mikotoksini su toksični sekundarni metaboliti koje stvaraju toksigene gljivice 
što se nalaze u hrani, krmnim smjesama i krmivima. Budući da je postojanje ovih 
mikroorganizama neizbježivo, rast plijesni je neizbježna posljedica povoljnih uvjeta 
za razvoj gljivica (sadržaj vode i temperatura) u specifičnim tehnologijama hrane 
i krmiva. Dosad identificirani mikotoksini (nekoliko stotina) su molekule različitih 
kemijskih struktura i molekularne težine do 500 Da. U radu će se raspravljati o po-
kušaju objašnjenja zašto je za gljivice potrebna biosinteza tolikih toksičnih metabo-
lita - kao posljedica primarnog metabolizma. Izlaganje ljudi i životinja navedenim 
komponentama uzrokuje nepoželjne učinke i mnogo različitih bioloških učinaka te 
kao posljedicu kronične bolesti zvane mikotoksikoze. Opisat će se najvažnije vrste 
toksigenih i patogenih gljivica Aspergillus, Fusarium i Penicillium, osobito uvjeti br-
zog rasta i razvoja te biosinteza raznih mikotoksina. Gore navedeni mikroorganizmi 
u vezi su za vrijeme vegetacije s oksidativnim stresom biljke izazvanim vremenskim 
i okolišnim uvjetima. Raspravljat će se o ovome, kao i o biosintezi metabolita. Brzi 
razvoj gljivica te stvaranje toksina uzrokuje smanjenje prinosa usjeva, pad njihove 
kvalitete, te kao posljedicu, znatne privredne gubitke budući da je širom svijeta go-
dišnje oko 25% usjeva zahvaćeno mikotoksinima. Izneseni podaci će potvrditi da 
šest metabolita (aflatoksini, B1, ZEA, DON, fumonizini, toksin T-2 i OTA) u različitim 
materijalima (matricama) predstavljaju stvarni problem u čitavom svijetu. Pojava i 
razine koncentracije variraju za razne mikotoksine i usko su povezane s vremen-
skim uvjetima i stresom biljke, odgovornima za stvaranje metabolita. Govorit će se 
o razinama sigurnosti s težištem na niskim dozama, što uzrokuje subkliničke gubit-
ke.Većina bolesti pojavljuje se nakon konzumiranja različitog zrnja ili njihovih proi-
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zvoda zaraženih mikotoksinima, ali postoje i drugi načini izlaganja. Dijagnoziranje 
mikotoksikoza ovisi o odgovarajućem testiranju na mikotoksine uključujući uzorko-
vanje, pripremu uzoraka i analizu. Govorit će se o zaraženosti hrane, krmnih smjesa 
i krmiva mikotoksinima te dati i odgovarajući podaci o novim izvorima zaraze. Me-
tode dekontaminacije su obično teške pa je sprječavanje stvaranja mikotoksina od 
prvenstvene važnosti. Bit će predstavljeni rezultati istraživanja niza žitarica otpornih 
na patogene gljivice i biosinteza toksičnih sekundarnih metabolita (mikotoksina) 
s naglaskom na smanjenje rizika za zdravlje ljudi i životinja. Predmet rasprave bit 
će najnoviji rezultati što upućuju na važnost mikotoksina u Poljskoj (u usporedbi s 
podacima u svijetu). 

 Ključne riječi: mikotoksini, hrana, krmne smjese, krmiva




