Risk effects of the spread route of mycotoxins
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SUMMARY

In Hungary the mycotoxin is a great problem, beedlhere are many natural toxins in wheat and maihese cereals can be found on
considerable proportion of the country’s sowing arand they are deterministic food for the popwlatiThe direct human and animal
utilization of the contaminated cereals mean aaesirisk in the food chain. In Hungary’s climate thoil is contaminated with pathogen
moulds, particularly Fusarium species, which in@eaby respective temperature and moisture conterttereals. The Fusarium can
decrease the quality of the wheat in different wagsrease the germination capability and causélésdiscoloration and appearance of
mould, reduces the dry material and nutrient cohtgfrthe grain. From the toxins produced by thedfitsn genus, the trichotecene (T-2,
HT-2, deoxinivalenol, nivalenol, diacetoxyscxirperiusarenon-X) and the estrogenic zearalenon (#2)the most common in Hungary.
The fumonisins (FB FB,, FBs) first identified in 1988relatively newly discovered, are also important.jddgroportion of mycotoxins in a
healthy organization is metabolized by the enzypstem of liver and intestinal bacteria. The toyicis reduced or even leaves off.
However, more toxic and biologically active compasiican be formed. For the reduction of mycotoximt@mination several possibilities

are available in the case of storage, processing) faeding.

ABSTRACT

The Fusarium species belong to the conidia formibguteromyceteslass. Fuckel called this claBsingi
imperfectj which designating is still widely used these daysly their asexual form of reproduction is known,
meaning that this group of fungus produces asespates (ascospores or basidiospores). The orgamzat
based on the asexual spores, most commonly ereafhicelia or distinct, strong bracket-shaped hsldee
produced. The shapes, color, method of formatiocoofdia are very diverse. Usually there are sheetd with
very thin cell-walls. They are formed in large nwerdy primarily serve the rapid spread of the specide
Fusariumgenus classified ddoniliales order andruberculariacedamily, which creates several asexual spores.
Such as the crescent or sickle-shaped macroconiditimtypical base-cell and structured multicellutaoss-
wall, or the curved sausage-formed, 1-2 celled odignidium. In addition, some species can even ereat
clamidospore or sclerocium (Mudich, 1988).

INTRODUCTION

Respect of phytopathology one of the most sigmifiddiform fungus is theF. graminearum|t causes ear,
root and stem rot by several important cultivatéhp It can be separated to two biologically diéiet groups.
The first biological group is soil originated, whicause stem rot on wheat and other cereals. Thiggs
heterothallic, never creates fruiting bodies. Téeosnd biological group infects and spreads bycaiwses ear rot
and head blight on wheat and maize. This groupdifiduals is homothallic, creates plenty of fmgibodies in
open field and under laboratory conditions (Szét8B4). Respect of phytopathology and mycotoxicplbg
verticillioides (F. moniliformg is also meaningful. In European countries 90%hef maize grain yield damage
caused by fungal infections (Szécsi et al., 199)wever, a number dfusariumspecies produce head blight.
In Hungary 16 species have been identified, butirrsiothe world there are many species - mentioned in
literature. In the warmer regions tlke graminearumis the dominant specief. culmorum F. avenaceum
sometimedMicrodochium (Fusarium) nivalare common in the colder areas. The epidemic digsaai maize
is different from the wheat. Rainy, wet weatheheatpromotes th&. graminearuminfection. In drier weather
F. verticillioidesis the dominant, and the infestation also incredise problem oF. verticillioides(Mesterhazy,
2010).

SPREAD ROUTE

The beginning of modern ,,mycotoxin research” canpht around the beginning of 1960, when in Great
Britain described the so-called ,,X-disease” (tyrké disease), when more than 100,000 turkeys hagh be
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destroyed (Blount, 1961). The cause of the epideafiatoxin produced byAspergillus flavusvas identified
(Liener, 1969). In these days, more than 400 differchemical structures, mode of action and toxioit
mycotoxins have been discovered and described &Gateal., 1989). In Hungary the importance of vasi
Fusarium mycotoxins were determined: the oestrogen zeawvaknthe fumonisins and the trichotecene
mycotoxins (Rafael et al., 1998). In Hungary anel tdmperate zone the DON, the T-2 trichotecene toyats
are the most common in grains, - used for feedc{ita et al., 1999). It is well-known, that on ttlamate of
Hungary the soil is infected by pathogens, moutdsnarily Fusariumspecies, which in cereals can multiply
depending on the temperature and humidity. Thaiosgary metabolites, the mycotoxins may get throtigh
food chain (plant-animal-human) to the animal andi'® human body (Barna-Vetré et al., 1997). Theahd
still cannot be estimated accurately.

Mycotoxins enter directly with vegetable and consurproducts into the human body. In Hungary the
mycotoxin problem is so important, because the rahtioxins mainly can be found in those cerealsdgath
maize), that give the main proportion of the coystarable lands. It serves the main food of thpytation
(Kovécs, 2010). In case of the Fusarium the DOM jgmarker” toxin. If the DON appears, it certaimigs a
Fusariuminfection, moreover in many cases there are tlagatenone and the other trichothecene toxins (most
of them occurring in the T-2 toxin) too. The zearan and the trichothecene toxins appear in a |teved of
magnitude as the DON toxin (Blza and M. Schill, @01

A large part of mycotoxins enters through the ititas tract to the human body. After absorptiomnirthe
ilium these toxins get through the portal circuatto the liver. Hence can be excreted unchangédtive bile
and eliminated with the faeces from the body. Tiherican convert or cumulate the toxins. The toxiaa be
detected from the liver through the circulatiorthe various organs (e.g. kidney, muscle, adipasaidi, brain)
or excreted (e.g. urine, milk). The significant poction of mycotoxins is metabolized by the enzysystem of
the liver and the intestinal bacteria. The toxiaitgy be reduced or even leave off, or can be fortoedore
toxic, biologically active metabolites than ther8tagy molecule (e.g. the transformation of zearafenintoa-
zearalenol) (Kovacs, 2010).

In the feed the presence of mycotoxins represestgiaus threat, so in many countries there isnédtion
value. The guidance values of the European UniershownTable 1.(Buza and M. Schill, 2010).

Table 1.

Guidance values on the presence of deoxynivalenegaralenone and fumonisins in products intended foanimal feeding

Mycotoxin Products Products intended for animal feed Guidance value in mg/kg (ppn)
intended for animal feed relative to a feedingstuff with g
moisture content of 12%
Deoxynivalenol Feed materials:
Cereals and cereal products with the exceptionaszeby-products 8
Maize by-products 12
Complementary and complete feedingstuffs with thexeeption of: 5
Complementary and complete feedingstuffs for pigs 0.9
Complementary and complete feedingstuffs for ca{#¥dsmonths), 2
lambs and kids
Zearalenone Feed materials:
Cereals and cereal products with the exceptionazeby-products 5
Maize by-products 3
Complementary and complete feedingstuffs:
Complementary and complete feedingstuffs for pégtetd gilts (young
SOWS) 01
Complementary and complete feedingstuffs for savesfattening pigs 025
Complementary and complete feedingstuffs for caldegy cattle, sheep 05
(including lamb) and goats (including kids)
Fumonisin B1 + B2 Feed materials:
Maize and maize products 60
Complementary and complete feedingstuffs for:
Pigs, horsesHquidag, rabbits and pet animals 5 5
Fish 10
Poultry, calves (<4 months), lambs and kids 20
Adult ruminants (>4 months) and mink 50

Source: on the basis of the European Commissiof2806/EC
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The national recommendations are stricter: anirpaties 0.4-2.0 mg/kg in case of the DON and 50-30
mg/kg in case of fumonisins. In case of T-2 toxXiare is just national recommendations (Institut¥eterinary
Science Committee) for complementary and complkeeinhgstuffs: animal species 0.25-0.8 mg/kg (Blzhé
Schill, 2010).

In the practical life determines tlh@isariuminfection the MSZ 6383:1998. standard can be uSedording
to the standard the grain is impaired by Busarium sp.in which can be seen pink or whitish mould codsni
The grain fades, degrades and easily crumbled cdhtamination of microorganisms is a considerabtdlem
that may occur significant deterioration in qualibf grain or accumulation of some toxins. The gas
chromatography has a main role in the determinatbriFusarium toxins since 1980s. Today the high
performance (intensive) liquid chromatography (HPLE widely used. In the mycotoxin analytics théetd
tendency is the immunodiagnostic methods (ELISAe WAn use specific antibodies, which allow highly
selective separation and subsequently a very senaitd reliable quantification (Borbély et al. 999.

TOXICITY

Mycotoxins have extremely diverse chemical strietuisome examples show Bigure 1). Accordingly,
they may cause wide variety of symptoms and illeeg&ovéacs, 2010). In case of the trichotecene toyaws
the toxicity’s base is the presence of the 12,1&e ring. The "A" type trichithecenes does nohtain any
keto-group on the 8.C-atom. This group includes T2, the HT-2, the diacetoxiszcirpenol (DAS) arb t
neoszolaniol (NEO) toxins. However, the "B"typeclidthecenes contain a keto-group on the 8.C-atdns T
group includes the deoxynivalenol (DON), the nimale(NIV) and the fusarenon-X (FX)(Mézes and Balpgh
2010). The zearalenone is a rezolcil acid lactarévdtive. The family of zearalenone involves marestrogen-
like compounds. However, these have different ogsinic effect. During the metabolism of Zk/Azearalenole
forms in pigs and humans. Thezearalenol has four times stronger oestrogendikect than the zearalenone
(Cseh and Kovacs, 2010). The fumonisini8 a polar compound, which’s base is a long cartioain with
hydroxyl- and methyl-groups. Twelve of the knowmnfanisin differ from each other in the carbon chglioups
(Szab6 and Kovacs, 2010).

Today the biological mechanisms of the main toxans well-known. On the first step the deoxynivaleno
inhibits the protein synthesis, unbalances thekigto regulation, changes the cell proliferatiordarauses cell
death. It is a very strong immune-system inhibifdre T-2 toxin is also a very strong protein-systiénhibitor.

It creates transient €aions, activates endonucleases and causes celil. deaain be seen that the listed toxins
work in very different ways. Fumonisins inhibit tleynthesis of ceramides from sphinganin, blockihg t
biosynthesis of sphingolipid complexes. The qugrdftsphinganins increases and the recycling ofrgsins

is blocked, resulting in cell dysfunction followeg cell death. The zearalenone binds to the oestrogceptors
and produces oestrogen response. It throws thedmtaf sex hormones. The ZEA often causes ovarysnds
swelling, anteflexion of the uterus and abortiofgjR 1998).

Figure 1.: Chemical structures of some importantatgxins
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HUMAN- AND ANIMAL HEALTH EFFECTS

Mycotoxins have low molecular weight, have not gotigen effect, thus vaccine cannot be made framth
They are unsensitive to high temperature, becdes@Q0-200°C dried cereals may contain severahsoXihey
can resist the hydrochloric gastric acid, so th@iic properties can stay in the organism. Theyaagressive
cytotoxins that accumulate in various organs of libey (liver, kidney) and directly or indirectlyhibit the
body's specific defense mechanisms. Mycotoxinsgedrinto various animal origin foods (milk, eggodd and
liver). It is now known that many of them risk ditly animal and human health. In the food chainghesence
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of toxins should be counted everywhere, where thergossibility for proliferation ofFusarium The
mycotoxins have micro quantity in the food chailwddays the chronic poisoning and multitoxic darsaaye
more common. The horizontal and vertical moveménbxins can be detected from the soil throughhthman
food to the breast-milk (Kovacs, 2010).

Fusarium toxins that have carcinogenic effect are the fuising. The trichothecenes take expressly
immunosuppressive effect. The trichothecenes aaa¢aralenone affect the reproduction. The fumosiand
the trichothecenes have detrimental effect to thevous system. External and internal factors imftgethe
mycotoxin’s effects: the chemical structure of thgcotoxin (cumulation), concentration and periodeffect,
simultaneous presence of several mycotoxins (iotera synergism, additionality effect), individual
susceptibility and state of health (Kovacs, 2010).

The trichothecene toxins (T-2, HT-2, DON, DAS, N&hd Fusarenon-X) are most common in Hungary.
Among them the deoxynivalenol (DON) occurs mosewfin the different cereals and their products. The
trichotecenes cause severe gastrointestinal destads (emesis, diarrhea). They are dermatotoxic and
immunsuppressive, affect the reproductive functimodify the suprarenal gland function, induce nécrand
inflammatory process, and cause nerve lesions. Tiiagit the protein, DNA and RNA synthesis, afféhe
membrane transport processes.

The zearalenone (ZEA, F-2 toxin) is an oestrogeéoidin, bind to oestrogen receptors and causes srgan
damage. In male animals it inhibits the spermiogendn females in the permanent oedema stateeofisitis
detected with considerable cell proliferation. duses ovarian and uterine asincrone. The implantati ovum
is prevented, uterine origin infertility may occdrhe zearalenone may cause the sexual prematurityrls
(Kovécs, 2010). The pig is the most sensitive sgeof animals to ZEA. In contrast, the cattle asslsensitive
to that toxin (Cseh and Kovacs, 2010). Recentlg,zbaralenone connect with the carcinogenesis stfaggen-
dependent tissues (Kovacs, 2010).

The fumonisins of th&usariumtoxins are relatively newly-discovered, in 198&d#&ed their group. The
group’s main member is the fumonisin. B causes different clinical appearance in sgeofeanimals: in horses
encephalomalacia and in pigs pulmonary oedemai(®daet al., 1999). It belongs to the IARC 2B cifisation
group on the basis of carcinogenic effect that ipotentially carcinogenic. High FBcontaining maize is
responsible for the development of human esophaggater. In addition, the toxin causes confusionthsy
neural tube’s development in the fetus (Kovacs,020The mainFusariumspecies and their mycotoxins are
summarized imable 2.

Table 2.
Occurrence of Fusarium species and their mycotoxins in cereals
Fusarium species Occurence in Infectivity on ears Mycotoxins
cereals
F. graminearum +++++ strong DON, 3AcDON, 15AcDON, NIV, ZON, DeDON
F. culmorum ++ strong DON, 3AcDON, NIV, ZON,
F. avenaceum +++ moderate MON
F. crookwellense ++ strong NIV, FUS, ZON
F. poae +++ moderate NIV, FUS
F. sporotrichioides ++ moderate T-2, HT-2, NEO
F. tricinctum + low MON
F. chlamydosporum + low™ MON
F. semitectum + saprophytic BEA
F. equiseti ++ saprophytic FUCH, ZON
F. acuminatum + low T-2, MON
F. moniliforme +++41 moderat& FB,, FB; FB; FU-C
F. subglutinans 4T moderate MON, BEA, FUP
F. proliferatum ++M low FB,, FB,, MON, BEA, FUS
F. anthophilum +M saprophytic MON
F. solani ++ saprophytic MON
F. oxysporum ++ saprophytic MON
Microdochium nivale +++ moderate -

Source: following Mesterhazy, 2002.

Occurence: +++++ very common, ++++ common, +++rintiate, ++ rare, + very rafepn maize

Shortening: DON: deoxynivalenol, AcDON: acetyl dgoivalenol, NIV: nivalenol, ZON: zearalenon, DeDO#ideoxynivalenol, MON:
moniliformin, FUS: fusarenon, NEO: neosolaniol, BB#eauvericin, FUCH: fusarochromanon, FB: fumonBinFU-C: fusarin C, FUP:
Fusaproliferin, T-2: T-2 toxin, HT-2: HT-2 toxin

93



REDUCTION OF ENVIRONMENTAL RISKSOF TOXICITY

The reduction of mycotoxin contamination a numbfeptions are available. During the storage of mal®
the mould’s reproduction, the mycotoxin’s produntzan be regulated with humidity and temperaturdgroh
In the case of transport and harvesting the mouldé&ction is reducible further with continuous idfection of
the transport vehicle, the storage space and thigede system. For that purpose we can use sodium
hypochlorite washing. Selection of damaged gragfigjination of the glume leaves and other contationa
also have efficient manner. We can use mould ibhilaterials, such as the propionid acid. The laamtic
bacteria [Lactobacillus coryniformis, L. plantaruor Pediococcus pentosaceus)n reduce the contamination of
mycotoxins in forage, which inhibits the growth Bfisarium species. The nucleotides (10 mg/kg feed) are
effective in the presence of deoxynivalenol and t6@n, which cause DNA damage by poultry. THgsarium
species produces anti-thiamine factor, therefoeel'fethiamine supplement is beneficial too. In #ddj some
antioxidant mixtures have proven effective soRusarium mycotoxins, such as fumonisin,BTr-2 toxin and
zearalenone toxin. Using mycotoxin-binding actidat@rbon has been known for long, although in tlaetre
is not widespread. Although the activated carbos &alarge active surface area (500-3500gm but the
effectiveness can influence the carbon’s partide, sactive surface, the chemical structure ofrtiyeotoxin and
the contamination’s rate. The activated carbon céffely binds the deoxynivalenol, the nivalenole th
fumonisins and the T-2 toxin produced Bysariumspecies. However, only it affect in large dose 260-g/kg
feed) significantly. From clay mineral the betonitesuitable for neutralization of T-2 toxin’s umtaurable
effect. The carbon-based mycotoxin-binding polymsethe cholestyramine. This is a synthetic aniochexge
resin, which binds to the zearalenone and fumosiginvitro. The high roughage content of feed his® a
mycotoxin-binding capacity, which is known, primgrin horse feeding. However, the medick hay ang th
wheat straw can also be infected wiihsariummoulds, so that may be potential sources of mydaso(Mézes
et al., 2010).

The new direction of mycotoxin’s protect is the tbemsformation, which is based the enzymes of micro
organisms, live in the soil, the yeast, or the mmat can metabolize effectively certain mycotsxiFor
example, in the trichotecene toxin’s ring structtivere is a 12,13-epoxide group, which is respéadir the
toxic’s activity. Reduction of the epoxide groupaisll-known process by the microbial epoxidase emzyf the
ruminant animals. Nowadays many species of bacterithyeast are well-known, which have similar aigtiv
For example, th&ubacteriumintestinal bacteria may produce also epoxidaséchwis capable efficiently for
the 12,13-epoxide ring’s de-epoxidation, so thehstecene mycotoxins may become non-toxic or lesg t
metabolites (Mézes et al., 2010).

The items unfit for consumption or animal feed banused up alcohol production. In several coun{gees.
in Brazil) are already massive ethanol productiwhjch can be used in cars. The technology is giwen,
Szabadegyhaz there is a maize based factory. Howtnee by-products of alcohol can cause problems.he
According to Austrian attempts the energy contémttoeat corresponds to medium quality coal. Indbarse of
the technology the organic materials are consursech as the mycotoxins, so it can be an effectiag to
solve the problem. In the West, particularly in Aioa, numerous industrial processing options am@n no
food or feed orientation (Mesterhazy, 2002).

Alternative solution can be tHeusariuminfected cereal’s utilization for biogas productidt spells danger
the anaerobic fermentation process, excessive in@ayt be toxic. If you are setting up biological gy
between the bovine digestion and the life cycldiobas-producing anaerobic bacteria, then this taskxists
the micro-organisms of biogas production. The ppilec of biotransformation may prove effectively the
mycotoxin’s neutralzation in the biogas production.
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