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Fusariové mykotoxiny jsou toxické sekundarni metabolity mikroskopickych viaknitych hub rodu Fusarium. Prezentovana studie shr-
nuje ziskané poznatky o vyskytu Sirokého spektra téchto mykotoxind v produkénim fetézci je¢émen — slad ve 12 vybranych odridach/li-
niich jeémene jarniho péstovanych low-input a konvenénim pFistupem v letech 20052008 na lokalité Zabgice a Kromé&fiz.
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Fusarium mycotoxins are secondary metabolites of microscopic filamentous fungi of Fusarium genus. This paper summarises current
knowledge on the field of mycotoxin contamination of barley, mycotoxin transfer into malt and compares them with results achieved within
2005-2008 years on the set of 12 spring barley cultivars grown in low-input and conventional agricultural systems in Zabgice a Kromé&Fiz.

Malachova, A. — Hajslova, J. — Ehrenbergerova, J. — Kostelanska, M. — ZachariaSova, M. — Urbanova, J. — Cerkal, R. — - Safrankova,
I. — Markova, J. — Vaculova, K. — Hrstkova, P.: Fusarium Mykotoxine im Korn der Sommergerste und ihre Ubertragung ins Malz.
Kvasny Prum. 56, 2010, Nr. 3, S. 131-137.

Fusarium Mykotoxine sind eine toxische sekundéare Stoffwechselprodukte von mikroskopischen faserartigen Schimmelpilzen des
Stammes Fusarium. Der Artikel présentiert alle gewonnene Erkenntnisse Uber das Auftreten von diesen Mikroorganismen im Zeitraum
2005—-2008 in dem Breitspektrum der Produktionskette Gerste — Malz auf den 12 ausgelesenen Gerstensorten/Linien, die in den 2 Lo-

kalitaten Zabgice und Kromé&Fiz durch Low-input und mit traditionellem Zugang geziichtet wurden.
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Fusarium ssp.

1 UVOD

Fusarium Head Blight (FHB) je celosvétové rozSifené onemocnéni
obilovin zplsobené mikroskopickymi vlaknitymi houbami rodu Fusa-
rium, které napadaji Urodu jiz v priibéhu vegetace [1]. Dominujicimi
puvodci fusarioz jsou v Evropé Fusarium graminearum, F. culmorum,
F. poae a F. avenaceum [2,3,6]. FHB muze byt ve vihkych letech pfiz-
nivych pro rozvoj parazitG pfi¢inou znaénych ekonomickych ztrat vy-
plyvajicich z poklesu vynos( a nutriéni / technologické jakosti zrna
(degradace proteint a $krobu). V zrnu pfitomné produkty sekundar-
niho metabolismu mikromycet navic mohou predstavovat zavazné
zdravotni riziko nejen pro lidi, ale i hospodarska zvirata, u kterych né-
kdy diky mensi pozornosti vénované kvalité krmiva mize dojit i k pro-
jevim akutnich mykotoxikdz. Tyto toxiny jsou chemicky i tepelné sta-
bilni latky, z toho diivodu dochdzi k jejich pfenosu z kontaminovanych
zrn do ceredlnich vyrobkd (mouka, chléb, pivo).

V podminkach mirného klimatického pasma jsou nejbéznéji se vy-
skytujicimi a také nejvice sledovanymi mykotoxiny trichotheceny, fu-
monisiny a zearalenon. Expozice trichothecenim muize u konzu-
mentl vyvolat nevolnost, zvraceni, dale poSkozenijater, endokrinniho
a nervového systému. Zearalenon ma vyrazné estrogenni ucinky [4].
Fumonisiny vyskytujici se pfevazné v kukufici a kukufiénych pro-
duktech negativné ovliviiuji nervovy systém a jsou jim pficitany také
hepatotoxické a neurotoxické ucinky [5]. Vedle zna¢nych zdravotnich
rizik, ktera fusariové mykotoxiny pfedstavuji pro konzumenty a hos-
podarska zvifata, zplusobuiji také fadu technologickych problému pfi
zpracovani — inhibuji syntézu enzymd béhem sladovani a zpomaluji
rUst kvasinek pfi vyrobé piva, spolu se Stavelany jsou pravdépodobné
pri€inou tzv. pfepénovani piva (gushing) [7,8].

Pro ochranu konzumentu pred expozici riznymi chemickymi $kod-
livinami vydala Evropské komise Nafizeni (ES) €. 1126/2007 ze dne

Keywords: spring barley, deoxynivalenol, nivalenol, HT-2 toxin, T-2
toxin, Fusarium ssp.

1 INTRODUCTION

Fusarium Head Blight (FHB) is a worldwide spread disease caused
by microscopic filamentous fungi of Fusarium spp. which infest ce-
reals during vegetation period in the field [1]. In Europe, Fusarium
graminearum, F. culmorum, F. poae a F. avenaceum are the most
common fungal species responsible for outbreak of FHB which can
cause considerable economic losses due to lower yields and decline
of grain quality (degradation of proteins and starch) [2,3,6]. Sec-
ondary, toxic metabolites of Fusarium fungi — mycotoxins may pose
a serious heath risk not only for humans but also for farm animals.
The impact of mycotoxin on animal health varies considerably and
mycotoxins may cause fatal intoxications as well as subclinical dis-
ease conditions. Acute intoxications are in most cases confined to
a small number of animals.

Unfortunately, Fusarium toxins are thermally and chemically sta-
ble substances thus survive under conditions of food processing and
transfer into cereal-based products such as flour, bread and beer.

The most abundant mycotoxins occuring under conditions of mod-
erate temperature zone are trichothecenes, fumonisins a zear-
alenone. These toxins may also cause poisoning incidents. Principal
symptoms of trichothecenes exposure are nausea, lethargy, vomitus
and attack of liver, endocrine and nervous system. Zearalenon has
significant oestrogenic effect [4] and fumonisins, occurring predomi-
nantly in maize and maize products, negatively influence nervous
system and furthermore are responsible for damage of liver and kid-
ney cells [5]. As mentioned above, mycotoxin contamination causes
wide range of technological problems in food processing e.g. inhibits
enzymes during malting and slows down yeast growth during brew-
ing. Besides oxalates, mycotoxins are connected with so-called un-
desirable beer gushing [7,8].
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28. zafi, kterym doplfiuje Nafizeni 1886/2006 z 19. prosince. Tato na-
fizeni udavaji nejvyssipfipustna mnozstvi rliznych kontaminujicich 1a-
tek v potravinach. Z fusariovych mykotoxin{l jsou v sou¢asné dobé
legislativné stanoveny maximalnilimity pouze pro deoxynivalenol, ze-
aralenon a fumonisiny [9,10].

Globalni oteplovani a klimatické zmény pfispivaji k rozSifovani dfive
méné béznych druhl fusarii. Disledkem toho se spektrum mykoto-
xind v rdznych komoditach rok od roku méni a byva vyrazné pestiejsi
[11]. V poslednich dvou letech se tak pravdépodobné rozsifily che-
motypy Fusarium culmorum produkujici nivalenol (NIV) [12] nebo fu-
saria (F. sporotrichioides a F. poae) produkujici pfevazné HT-2 a T-2
toxin (HT-2 a T-2) [13]. ZvySena incidence HT-2 a T-2 v poslednich le-
tech vedla k diskusi o zavedeni legislativhiho opatfeni také u téchto
dvou toxind. EFSA (European Food Safety Autority) — Evropsky urad
pro bezpecnost potravin navrhl monitorovat obsahy HT-2 a T-2 v obi-
lovinach s cilem zamezit potencialnimu nebezpediintoxikace.V lednu
2009 bylo na zakladé vysledk( monitoringu opét projednano legisla-
tivni stanoveni limitu pro sumu HT-2 a T-2 v obilovinach a v sou¢asné
dobé se o zavedeni limitd stale jedna.

2 AKTIVITY VYZKUMNEHO CENTRA PRO
STUDIUM OBSAHOVYCH
LATEK JECMENE A CHMELE
V OBLASTI MYKOTOXINU

Problematika fusariovych mykotoxinli se, s ohledem na svou za-
vaznost, stala jednim z vyznamnych témat projektu Vyzkumného
centra pro studium obsahovych latek je€mene a chmele (dale jen
Vyzkumné centrum) financovaného Ministerstvem Skolstvi, mladeze
a télovychovy. Koordinaéni pracovisté Mendelova univerzita Brno
(MENDELU Brno) spolu se Zemédélskym vyzkumnym ustavem Kro-
meéfiz s. r. 0., se zaméfily na rlzné aspekty péstovani kliCové suro-
viny pro vyrobu piva, jeCmene s akcentem na zhodnoceni faktord
ovliviujicich rozvoj FHB. Ustav chemie a analyzy potravin Vysoké
koly chemicko-technologické v Praze (VSCHT Praha) se zaméFil na
dokumentaci dopadl pouzitych agronomickych praktik na vyskyt fu-
sariovych mykotoxin(. Pro tento Ucel byly zavedeny a aplikovany mo-
derni instrumentalni metody vyuzivajici hmotnostni spektrometrii pro
pfesné stanoveni Sirokého spektra fusariovych toxind, jak legislati-
vou limitovanych a tudiz ¢astéji sledovanych, tak i téch, o jejichz vy-
skytu jsou v CR, ale i v fadé dalSich evropskych zemi jen velmi ome-
zené informace. Pro posouzeni pfenosu téchto $kodlivin do produktt
zpracovani a tak generaci dat vyznamnych pro posouzeni dietarni ex-
pozice konzumentd, vyrobil Vyzkumny Ustav pivovarsky a sladaisky
v Brné z vybranych SarzijeCmene slad, ktery byl téz analyzovan.V na-
sledujicich odstavcich jsou stru¢né shrnuty nejvyznamnéjsi vysledky
ziskané v ramci této interdisciplinarni spoluprace.

3 VYSKYT FUSARIOVYCH MYKOTOXINU
V JECMENI A DALSICH CEREALIICH

JeCmen, stejné jako dalSi ceredlie péstované v podminkach mir-
ného klimatického pasma, muze obsahovat v dobé sklizné deteko-
vatelné koncentrace rtiznych druh( fusariovych mykotoxind. Priklady
zjiStovanych urovni kontaminace a s ni souvisejici toxikologickeé i tech-
nologické aspekty jsou diskutovany v fadé studii, v tomto struéném
pfehledu uvadime pouze nejvyznamnéjSi prace publikované v po-
sledni dek&dé [14-20]. Zajimavé vysledky pfinesla napf. studie Ed-
wardse (2009) shrnujici vyskyt mykotoxin(i v konvenéné a ekologicky
péstovaném jeémeni v letech 2002—2005. Ze 446 vzork( byl DON
detekovan v 57 % vzork(. Pouze u jednoho vzorku hladina DON pre-
sahovala maximalni limit pro nezpracované cereadlie ur¢ené pro lid-
skou spotfebu (1250 ug/kg) a byly v ném detekovany také acetylo-
vané formy DON (3-a 15-ADON). HT-2 a T-2 byly detekovany ve 36 %

The European Commission has been established the Commission
Regulation (EC) No. 1126/2007 amending Commission Regulation
(EC) No. 1886/2006 which sets maximum levels of certain contami-
nants in foodstuffs. In these regulations maximum levels of deoxyni-
valenol, zearalenon and fumonisins are included [9,10].

Climate changes contribute to spread of so far not common Fusar-
ium species. Consequently, spectrum and levels of mycotoxins in var-
ious commodities are changing annually [11]. Probably due to climate
conditions changes chemotypes Fusarium culmorum responsible for
NIV production [12] or F. sporotrichioides a F. poae synthetised HT-
2 and T-2 are spread during last two years [13]. The increased inci-
dence of HT-2 and T-2 resulted in proposal to set legislation limit for
sum of HT- and T-2 in cereals but new regulation is still in progress.

2 SCIENTIFIC ACTIVITIES OF RESEARCH
CENTRE FOR BARLEY AND HOP
SUBSTANCES PROJECT ON THE FIELD
OF MYCOTOXIN CONTAMINATION

The issue of Fusarium mycotoxins is one of the main task in sci-
entific project of Research Centre for Barley and Hop substances
(Research Centre) supported by Ministry of Education, Youth and
Sports of the Czech Republic. Coordinating institution Mendel Uni-
versity in Brno together with Agricultural Research Institute Kromeriz,
Ltd., have been responsible for growing of raw material for beer pro-
duction and assessment of factors influencing FHB development. In
addition, Department of Food Chemistry and Analysis of Institute of
Chemical Technology Prague has been focused on assessment of
impact employed agricultural practices on mycotoxin levels. New and
modern analytical method based on liquid chromatography coupled
to tandem mass spectrometry has been developed and validated for
determination of a wide range of mycotoxins within single run. In the
follow-up research barley was micromalted at the Research Institute
for Brewing and Malting, Plc and on the ground of mycotoxin occur-
rence in malt was generated data important for assessment of di-
etary exposure of consumers. The following section summarizes re-
sults obtained within this integrated collaboration.

3 OCCURENCE OF FUSARIUM
MYCOTOXINS IN BARLEY AND OTHER
CEREALS

Barley, as well as other cereals can be contaminated by mycotox-
ins. Reports concerning mycotoxin contamination of this commodity
have brought by many countries from around the world [14-20]. Re-
cent study published by Edwards (2009) summarized occurrence of
mycotoxins in conventional and organic barley harvested within
2002-2005 in the United Kingdom. In total, 446 of barley samples
were examined for the most abundant mycotoxins, DON was detected
in percentage incidence of 57 %. It should be noted, that maximum
limit established for DON in unprocessed cereals (1,250 ug/kg) was
exceed only in one sample. HT-2 and T-2 were observed in percent-
age incidence of 36 % and 12 % with maximum levels of 105 a 138
ug’kg, respectively [21].

The occurence of mycotoxins in cereals harvested in Czech Re-
public is discussed in detail in survey published by HajSlova et al.
(2007) [22]. In this study, 198 samples of cereals, wheat, barley and
rye obtained in years 1999-2001 were examined to DON occurrence,
later on, in 2005, another 65 samples of wheat and barley were anal-
ysed to most abundant trichothecenes (NIV, DON, FUS-X, suma
ADONSs, HT-2 a T-2). The lowest levels of DON were observed in rye
harvested in 2001 (22—-190 ug/kg). In contrary, the highest levels of
this toxin were detected in case of barley (maximum level of 2,021
ug/kg). As mentioned above, cereal samples from 2005 were anal-

Tab. 1 Pfehled pouzitych fungicidl v letech 2005-2008 / Overview of fungicide treatment within the experimental period

2005 2006 2007 a 2008
Fungicid Uginna latka Fungicid Uginna latka Fungicid Uginna latka
Fungicide Active substances | Fungicide Active substances Fungicide Active substances
Horizon 250 EW tebuconazole Alto Combi 420 EC | cyproconazole Falcon 460 EC tebuconazole
Mirage 45 EC prochloraz carbendazin triadimenol
Tango Super fenpropimorph spiroxamine
epoxyconazole
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a ve 12 % v8ech vzork( s maximalnimi hladinami 105 a 138 ug/kg
[21].

Vyskyt mykotoxind v ceredliich péstovanych v Ceské republice je
komplexnéji shrnut ve studii autort Hajslova a kol. (2007) [22]. Cel-
kem 198 vzork( ceredlii (pSenice, jeCmene a zita) sklizenych v letech
1999-2001 bylo vySetfeno na obsah DON a dale 65 vzork( pSenice
a jeémene z roku 2005 na hladiny nejvyznamnéjSich trichothecent
(NIV, DON, FUS-X, suma ADONSs, HT-2 a T-2), kdy nejniz&i hladiny
DON byly detekovany ve vzorcich zita péstovaného v roce 2001
(22-190 ug/kg). Naopak nejvy$si hladiny tohoto fusariotoxinu byly
zjistény u vzorkl jeCmene (az 2021 ug/kg). Jak jiz bylo uvedeno vyse,
vzorky ceredlii sklizené v roce 2005 byly vySetfeny jak na trichothe-
neny typu B (DON, NIV, FUS-X, suma ADONSs), tak na trichotheceny
typu A (HT-2 a T-2). Celkem 40 vzork( ze 41 bylo pozitivnich na ales-
pori jeden z cilovych analytll (DON =98 %, NIV = 78 %, suma ADONs
7 %, HT-2 15 % a T-2 39 % vzorku). Naproti tomu FUS-X nebyl de-
tekovan v zadném z vysetfovanych vzorkt. Majoritni DON byl dete-
kovan v rozmezi koncentraci 6-597 ug/kg. Ostatni trichotheceny byly
ve srovnani s DON detekovany na podstatné nizSich hladinach [22].

4 FAKTORY OVLIVNUJICi OBSAH
MYKOTOXINU V CEREALIICH

Mikromycety rodu Fusarium patfi mezi pldni mikroorganismy, k in-
fekci obilnin a nasledné produkci mykotoxint proto dochazi jiz v pra-
béhu vegetace. Zakladnim faktorem ovliviiujicim napadeni fusarii
a kritiénost choroby jsou klimatické a povétrnostni podminky pro-
stfedi, které hraji hlavni roli ve vSech stupnich jejich vyvoje. Teplotni
podminky béhem zimniho obdobi pak ovliviuji pfeziti mikroskopic-
kych vlaknitych hub na posklizriovych zbytcich. V pribéhu mirnych
zim jsou plisné schopny sporulace, diky tomu mikromycety preziji
i v nepfiznivych podminkach. Naopak suché a velmi chladné pocasi
na podzim a v zimé tomuto trendu brani. Jarni klima ovliviiuje typ,
kvalitu a dobu rozsifeni vznikajicich spor. Pokud se doba Sifeni spor
shoduje s dobou kveteni, nasledky mohou byt rozsahlé. V 1été do-
chazi k rozriistani plisni a produkci mykotoxin(i. Zalezi ovéem také na
Jrezistenci“ a aktualnim vyzivném stavu rostliny, pfitomnosti dalSich
patogenu a virulenci jednotlivych druhd plisni [16,17].

K minimalizaci mykotoxinové kontaminace obilovin Ize pfispét do-
drzovanim tzv. zdsad spravné zemédélské praxe (Good Agricultural
Practice). Ty zahrnuji mimo jiné stfidani plodin, spravné oSetfeni pudy
po sklizni i pfed setim a racionalni aplikaci hnojiv a pesticidl [6].

Volba vhodného chemického oSetfeni je slozitou otazkou. U€inek
fungicidu na rozvoj FHB zalezina mnoha faktorech, zejména na uc¢inné
latce, zpUsobu a dobé aplikace zvoleného pfipravku. OSetfeni fungi-
cidem je ucinné v pfipadé, Ze je pouzit bezprostfedné pred napade-
nim patogeny a klasy jsou pfipravkem zcela pokryty. Na u¢innost ma
také vyznamny vliv prdbéh povétrnosti béhem aplikace [23-25].

Od roku 2005 probiha v rdmci Vyzkumného centra kazdoro¢ni stu-
die zaméfena na zhodnoceni vyskytu fusariovych mykotoxinG v zrnu
vybranych odr(d a linii jeémene jarniho. Do studie je zafazeno cel-
kem dvanact odrad/linii — sedm pluchatych odrid sladovnického typu
je¢mene jarniho — Amulet, Jersey, Bojos, Malz, Prestige, Sebastian,
Tolar, bezplucha odrida Merlin a bezpluché linie KM 1057, KM 1910
(v roce 2009 byla registrovana pod ndzvem AF Lucius), KM 2084, KM
2283 (viechny linie byly vyslechtény v ZVU KroméFiz, s. r. 0.). Od-
rady a linie jsou pé&stovany na dvou lokalitach — Zabg&ice (systém pé-
stovani bez chemického oSetfeni a s chemickym oSetfenim fungicidy,
typ a ucinné latky jednotlivych pfipravkd shrnuje tab. 1) a Kroméfiz
(pokusna série bez chemického osetreni). V roce 2006 byla sklizen
na lokalité Zabcice zni¢ena (abnormalni srazkovy uhrn ved! k po-
rstani zrna), proto byly k analyzam vyuzity vzorky z nahradnich lo-
kalit — BraniSovice a Uhersky Ostroh (zkudebni stanice Ustfedniho
kontrolniho zkugebniho Ustavu zemédélského — UKZUZ).

VSechny vzorky jeémene jarniho byly vySetfeny na obsah vybra-
nych fusariovych mykotoxini (NIV, DON, suma ADONSs, fusarenon-
X déle jen FUS-X, HT-2, T-2 a ZON) na Ustavu chemie a analyzy po-
travin Vysoké Skoly chemicko-technologické v Praze. Pro tyto ucely
zde byla vyvinuta metoda vysokoucinné kapalinové chromatografie
ve spojeni s tandemovou hmotnostni spektrometrii typu iontova past.
Metoda byla validovana a akreditovana dle ISO 17025 Ceskym in-
stitutem pro akreditaci (CIA).

Naméfena data potvrzuji nékteré zavéry uvedené v pfedchozich
publikacich [14—22]. Spektrum mykotoxin(i se v prabéhu ¢ty pokus-
nych let zménilo. V roce 2005 byl u vétSiny vzorkl zrna detekovan
DON (primérnd hladina 42 ug/kg) spolu s HT-2 (prdmérna hladina
25 ug/kg). V nasledujicim roce byla zjisténa pfiblizné stejna incidence

ysed to both trichothecenes of B group (DON, NIV, FUS-X, suma
ADONSs) and trichothecenes of A group (HT-2 and T-2). Altogether,
40 samples from 41 have positive finding of at least on of target an-
alytes (DON =98 %, NIV = 78 %, suma ADONs =7 %, HT-2 =15 %
a T-2 = 39 % of samples). On the other hand, FUS-X was not de-
tected in any sample. DON levels in cereals harvested in 2005 were
in concentration range of 6 — 597 ug/kg. Other trichothecenes were
detected on significantly lower levels than DON [22].

4 FACTORS EFFECTING MYCOTOXIN
CONTAMINATION OF CEREALS

Fungi of Fusarium genus are considered to be “field” pathogens,
hence they attack crops and produce mycotoxins during vegetation
period. The main factor influencing Fusarium infestation of cereals
seems to be climate which plays significant role in all stages of fungi
development. The climate during winter season affects the survival
of fungi on crop residues: as far as the winter is mild, fungi are ca-
pable of sporulating on the cereal stubble debris. On the other hand,
dry and cold conditions during autumn and winter prevent form their
survival. In spring, the climate influences quality of produced spores,
their dispersal thus the intensity of disease. Coincidence in the dates
of spore dispersal and crop flowering is critical for outbreak of dis-
ease. In summer, together with the virulence characteristics of Fusar-
ium species and the resistance of the plant, climate controls com-
petition between pathogens and thus the rate of mycelium growth in
plant [16,17].

The effects of climate are uncontrollable but minimization of FHB
incidence is possible due to compliance of Good Agricultural Prac-
tice (GAP) which including e.qg. crop rotation, soil tillage, fertilization
and application of chemical treatment [6].

Unfortunately, choice of suitable chemical treatment is often com-
plicated due to dependence on many factors such as active sub-
stances, way and time of application. The highest efficacy of fungi-
cide treatment can be achieved if it is applied just before fungi
colonisation of ears and penetration into tissue is effective [23-25].

Since 2005, annual study concerning the evaluation of Fusarium
mycotoxin occurrence in barley has been started within Research
Centre project. Altogether 12 of barley cultivars representing 7 of cov-
ered malting barley Amulet, Jersey, Bojos, Malz, Prestige, Sebastian,
Tolar, and 5 of hulless cultivars Merlin, KM 1057, KM 1910 (regis-
tered as AF Lucius in 2009), KM 2084, KM 2283. The field experi-
ment was set up in two localities — Zabgice (growing in two systems
— with and without chemical treatment) and Kroméfiz (growing with-
out chemical treatment). Unfortunately, harvest in Zabgice was de-
stroyed due to abnormal precipitation by germination of grain in 2006
hence for all experiments the barley samples harvested in substitute
locality BraniSovice and Uhersky Ostroh were used.

All harvested barley samples were analysed for 6 trichothecenes
and zearalenon (NIV, DON, suma ADONs, FUS-X, HT-2, T-2 a ZON).
As mentioned above, analytical method of high performance liquid
chromatography coupled to tandem mass spectrometry (HPLC-
MS/MS) was used for mycotoxin analysis. It should be noted that de-
veloped analytical method was validated and accredited according
to ISO 17025 by Czech Accreditation Institute (CIA).

Spectrum and levels of target mycotoxins were changing during
experimental period. In 2005 DON was detected in most of samples
(mean level of 42 ug/kg) along with HT-2 (mean level of 25 ug/kg)
whereas DON levels observed next year were lower (mean level of
13 ug/kg) and contamination by HT-2 and T-2 was insignificant. In
2007, NIV (mean value of 45 ug/kg) with co-occurrence of DON (mean
value of 39 ug/kg) was detected almost in all samples. The highest
levels as well as incidences of trichothecenes of A group, HT-2 (max-
imum level of 715 ug/kg) and T-2 (maximum level of 320 ug/kg), was
observed in 2008 when crop was probably invaded by producer of
these toxins as a consequence of mild winter. On the other hand, tri-
chothecenes of B group — NIV, FUS-X and suma ADONs were de-
tected in 7, 0 and 1 of samples, respectively and DON was observed
in 19 samples at low levels (mean value of 17 ug/kg).

Comparing growing localities, differences in levels as well as in in-
cidences of mycotoxins were obvious. This was significant especially
in 2007, all cultivars harvested in Zabé&ice contained DON, NIV, HT-
2 a T-2 except three covered cultivars Jersey, Tolar a Merlin but in
KroméfFiz harvest, these toxins was detected only in two hulless cul-
tivars KM 2084 a KM 1910 (AF Lucius), see Fig.1-2. Similarly, har-
vest from Kromériz in 2008 was contaminated predominantly by HT-
2 and T-2 and entire spectrum (NIV, DON, HT-2 and T-2) was detected
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DON, ale na mnohem niz$ich hladinach (primérna hladina 13 ug/kg),
kontaminace HT-2 a T-2 byla zanedbatelna. V roce 2007 byla pozo-
rovana vyrazna zména ve spektru mykotoxin(i oproti rok(im pred-
chozim. Témér u vSech vysSetfenych odrid jeémene byl v zrnu dete-
kovan NIV (primérna hladina 45 ug/kg) spolu s DON (primérna
hladina 39 ug/kg). V tomto roce se také poprvé vyskytoval u vétsiny
odrdd T-2 toxin. V roce 2008 byla uroda pravdépodobné v dusledku
velmi mirné zimy napadena producentem HT-2 a T-2, kdy HT-2 byl
detekovan ve vSech pfipadech a na vysokych hladinach (az 715 ug/kg
detekovanych u bezpluché odrtidy Merlin). Druhym mykotoxinem
s nejvysSimi hladinami (az 320 ug/kg detekovanych taktéz u odridy
Merlin) byl T-2. Trichotheceny typu B (NIV, FUS-X a suma ADONSs)
nebyly témér detekovany a DON byl zji§tén u poloviny vzorkl na niz-
kych hladinach (primérna hladina 17 ug/kg).

Spektrum mykotoxinl se na jednotlivych lokalitach lisilo. Nejvice to
bylo patrné v roce 2007, kdy na lokalité Zabgice byly v zrnu deteko-
vany DON, NIV, HT-2 a T-2 u v8ech odrld s vyjimkou Jersey, Tolar
a Merlin, kdeZto u odrud péstovanych na lokalité Kroméfiz byly zmi-
néné Ctyfi toxiny zjistény pouze v zrnu u bezpluchych linii KM 2084
a KM 1910 (AF Lucius), viz obr. 1, 2. Podobny trend pokraCoval také
v roce 2008. Odrudy vypéstované na lokalité Zabcice obsahovaly
v zrnu opét prevazné spektrum vSech étyf mykotoxin(i oproti odri-
dam pochazejicim z lokality Kroméfiz, kde byly detekovany s vyjim-
kou odrid Malt a Merlin pouze HT-2 a T-2 toxiny. Rozdily ve spektru
mykotoxint mezi ZabCicemi a KroméFiZi jsou dany pravdépodobné
rozdilnymi mikroklimatickymi podminkami lokality. Lokalita Zabcice je
povazovana za jednu z nejteplejSich oblasti Ceské republiky, diky mir-
nym zimam a nizkym primérnym roé¢nim mnozstvim srazek (480 mm)
se fadi k sussim lokalitdm. Naopak Kromé¥iz je charakterizovana jako
lokalita ,tepla a stfedné vihka“ s prdmérnym roénim mnozstvim sra-
zek okolo 568 mm. Pldni typ téchto lokalit je také zcela rozdilny. Pou-
Zité agrotechnické praktiky v obou lokalitdch pravdépodobné nemaiji
vyznamny vliv. Je¢men byl vzdy péstovan po predplodiné pSenici
ozimé v podobném low-input systému.

Na lokalité Zabcice byly v roce 2005 hladiny DON u ,chemicky oSet-
fenych® variant vy3Si nez u variant bez fungicidni ochrany. V roce
2006 byly vySetfeny vzorky je€émene jarniho péstované na lokalitdch
BraniSovice a Uhersky Ostroh. Spektrum i nalezy sledovanych my-
kotoxinu byly opét vy$si u ,chemicky oSetfenych“ variant v porovnani
s ,chemicky neoSetfenymi“ variantami. Stejny trend se opakoval také
v roce 2007.V roce 2008 nemélo fungicidni oSetfeni pfipravkem Fal-
con 460 EC na hladinu mykotoxin(i vyznamny vliv.

Uginnost fungicidd vici fuzariézam (viz vyse) zavisi do jisté miry
také na pokryti klasu fungicidem a penetraci u¢inné latky do pletiv,
ktera mlze byt zlepena pouzitim adjuvantu pfi aplikaci [8,27]. Uginna
latka pfitom mlze mit vliv na potlaceni pouze jednoho typu patogena.
Tim se uvolni zivotni prostor jinému druhu mikromycety a rozvoj FBH
a nasledna produkce mykotoxinli miize mit daleko vétsirozsah. Tento
fakt byl popsan ve studii R. Simpsona (2001), kdy byla sledovana
ucinnost nejpouzivanéjsich fungicidnich slozek na potlaceni riiznych
druhd mikromycet a obsahu DON. Bylo zji§téno, Ze strobiluriny (azo-
xystrobin) jsou velice efektivnik potla¢eni netoxinogenniho druhu Mic-
rodochium nivale a témeér neucinné k potlaceni vliaknitych hub rodu
Fusarium [23]. Aplikace fungicidu mize vSak vést ke stresu F. cul-
morum nebo F. graminearum a produkce mykotoxint tak muze byt
vyrazné vyssi [24]. Tyto dva druhy fusarii byly detekovany také na zr-
nech fungicidné oSetfenych variant je€mene v lokalité Zabcice, coz
mUze byt jedna z moznych pfi€in vy$Sich nalezd mykotoxind v po-
rovnani s neo$etfenou variantou [34].

Obr. 1 Hladiny detekovanych mykotoxin v zrnu odrdd/linii jeCmene
péstovanych v Zabgicich v roce 2007 / Fig. 1 Mycotoxin levels in bar-
ley cultivar harvested in Zabcice in 2007

in grains grown in Zabgice. Differences in mycotoxin contamination
between localities can be explained by microclimatic conditions and
soil composition. Zabgice is characterised as one of the warmest area
in the Czech Republic and belongs to dryer localities due to mild win-
ter and low precipitation. Conversely Kroméfiz can be classified as
“warm and medium humid”. Agricultural practises did probably not af-
fect on differences in mycotoxin incidences because barley was al-
ways grown after winter wheat in similar low-input system in both lo-
calities.

Contrary to our expectation, the levels of DON were higher in bar-
ley treated with fungicides as compared to untreated barley harvested
in Zabcice (2005, 2007 and 2008) as well as in Uhersky Ostroh and
BraniSovice (2008).

Efficacy of fungicide treatment depends on coverage of ears and
penetration of active substances into plant cells, which can be in-
creased by use of adjuvants [8,27]. Unfortunately, active substance
can inhibit the growth of one type of pathogens and thus development
of another pathogen resulting in more extensive production of myco-
toxins. This fact was discussed in study published by Simpson (2001)
when application of azoxystrobine was effective for restrict of non-tox-
igenic fungi Microchodium nivale and inefficient to Fusarium sup-
pression [21]. In contrary fungicide can affect as stressful factor for F.
culmorum or F. graminearum hence the production of toxins is higher
[24]. It should be noted that both F. culmorum and F. graminearum
were detected in fungicide treated barley harvested in Zabcice [34].

5 MASKED MYCOTOXINS

Besides parent (free) mycotoxins, so-called masked mycotoxins
occur in cereals. The hyphothesis on existence of “masked” myco-
toxins was postulated as soon as in mid-1980s when mycotoxicosis
cases observed in farm animals did not correspond to levels of my-
cotoxins detected during laboratory examination of a feeding stuff.
The follow up research showed that mycotoxins can be partly me-
tabolized by living plants as a result of detoxification process [27].
Until now plant metabolites of DON, ZON and ochratoxin A were iden-
tified in cereals [30]. Fig. 3 shows the example of masked mycotoxin,
deoxynivalenol-3-glucoside (DON-3-Gic).

Plant protect themselves from xenobiotic compounds (e.g. pesti-
cides, mycotoxins) by converting them into more polar metabolites,
which are further stored in vacuoles or conjugated to biopolymers
such as cell wall components [29,30]. Masked mycotoxins can po-
tentially increase health risk for consumers due to release of free
(more toxic) mycotoxins from masked forms in gastrointestinal tracts
of mammals [29]. Findings of lately published studies indicate even
the possibility of release of parent mycotoxins during food process-
ing.

Moreover, studies dealing with plant resistance to Fusarium infec-
tion advert to high resistance needn’t lead to low levels of toxins in
grain but low concentration of parent toxin can indicate its transfor-
mation into masked forms [31].

6 FATE OF FUSARIUM MYCOTOXINS
DURING MALTING

Fusarium mycotoxins are relatively stable substances hence they
survive under conditions of food processing and transferrred into fi-

Obr. 2 Hladiny detekovanych mykotoxin(i v zrnu odrud/linii jeémene

péstovanych v Kroméfizi v roce 2007 / Fig. 2 Mycotoxin levels in bar-

ley cultivar harvested in Kromériz in 2007
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5 MASKOVANE MYKOTOXINY

Vedle ,volnych* mykotoxint se mohou v ceredliich vyskytovat také
tzv. ,maskované“ formy. Prvni (nepfimé) uvahy o existenci skrytych
zdroju toxickych sekundarnich metabolitt vidknitych hub napadaji-
cich obiloviny se objevily jiz v poloviné 80. let 20. stoleti, kdy byly po-
zorovany mykotoxikosy zvifat, pfi kterych vysledky klinickych studii
neodpovidaly mnozstvi mykotoxinl stanovenému ve zkrmovaném kr-
mivu. Tyto ,maskované“ formy mykotoxint pravdépodobné vznikaji pfi
detoxifikacnich procesech v obilovinach [27], coz prokazaly i na-
sledné uskute¢néné studie zabyvajici se transformacemi mykotoxinu
v rostlinach. Doposud byly identifikovany rostlinné metabolity DON,
zearalenonu (ZON) a ochratoxinu A [30]. Obr. 3 ukazuje pfiklad mas-
kované formy deoxynivalenolu s glukosou — deoxynivalenol-3-gluko-
sidu (DON-3-Gic).

Detoxifikaéni reakce pravdépodobné chrani rostliny pred toxickymi
latkami z okolniho prostfedi, ale také pfed slou€¢eninami, které rost-
liny tvofi samy a zahrnuji pfedevsim tzv. transformace (deepoxidace,
deacetylace a isomerace) a konjugace. BEhem téchto reakci jsou re-
aktivni funkéni skupiny redukovany ¢i maskovany tak, aby se toxicita
nové vzniklého produktu snizila &i uplné eliminovala [30]. Pfi konju-
gacich jsou volné mykotoxiny vazany na vice polarni latky, napf. na
glukosu, sulfat ¢i glutathion a vzniklé konjugaty jsou ukladany do bu-
nécnych vakuol [29]. Biologicka dostupnost a toxicita téchto latek neni
doposud znama. Potencialni nebezpeci maskovanych mykotoxind
spociva v jejich hydrolyze pfi prdchodu travicim traktem konzument,
pfi které mGze dojit k uvolnéni ptivodniho, vice toxického mykotoxinu
[29]. K rozkladu konjugovanych mykotoxinG (a tedy narGstu jejich
volné formy) dochazi pravdépodobné také za vhodnych podminek pfi
technologickém zpracovani.

Nékteré aktualni studie naznacuji, Zze vysokda uroven ,rezistence“
k fusariosdm neznamena automaticky nizky obsah toxinu v zrnu,
resp. jeho konjugované formy. U rezistentnich linii pSenice seté se
aplikovany toxin konjugoval na detoxikaéni produkt DON-3-Glc. Za-
znamenan byl vztah mezi pomérem DON-3-Glc/DON a DON rezi-
stence v pfipadé toxinem oSetfenych klast [31].

6 OSUD FUSARIOVYCH MYKOTOXINU
V PRUBEHU SLADOVANI

Fusariové mykotoxiny jsou relativné stabilni slou¢eniny a ve vét-
§iné pfipad(l nepodléhaji vyznamné degradaci v pribéhu béznych
technologickych operaci a mohou prechazet do vyslednych produktu
uréenych k lidské spotfebé (vyrobky na bazi cerealii — pecivo, pivo,
musli).

V ramci Vyzkumného centra byly vzorky zrna jeémene sklizeného
v roce 2005 zpracovany na slad v mikrosladovné Vyzkumného Ustavu
pivovarského a sladafského, a. s., v Brné a nasledné vySetfeny na
obsah vybranych mykotoxini v Ustavu chemie a analyzy potravin
(VSCHT Praha). V pGvodnim zrnu byly s nejvétsi incidenci a na nej-
vy$sich hladinach detekovany DON a HT-2. Z toho ddvodu je nasle-
dujici diskuse omezena pouze na tyto dva toxiny. V pfipadé HT-2 do-
$lo v pribéhu sladovani ke snizeni jeho hladin u véech sledovanych
odrlid, takze u vétsiny odriid nebyl HT-2 detekovan. Trend zmén hla-
din DON v pribéhu sladovani se u jednotlivych odriid vyrazné lisil
v zavislosti na lokalité a zplsobu péstovani, coz nazorné dokladaji
obr. 4-6. Mirné navySeni obsahu DON u sladu oproti vychozi suro-
viné bylo pozorovano prevazné u odrid Amulet, Bojos a Jersey pés-
tovanych bez chemického o$etfeni na lokalité Zabgice. Narst hla-
diny DON u téchto odr(id byl pozorovan i v zrnu sklizeném na lokalité
Kromériz. Naopak u odriid Sebastian a Prestige z jednotlivych loka-
lit byl pozorovan opacny trend — sladovanim zrna Sebastianu a Pres-
tige z lokality Kroméfiz doslo ke snizeni obsahu DON, kdezto u stej-
nych odrdd sklizenych na lokalité Zabéice bylo pozorovano zvyseni
hladiny DON ve sladu. V pfipadé vétSiny chemicky oSetfenych vari-
ant z lokality Zabg&ice do$lo po zesladovani ke snizeni kontaminace
DON. Nejvyssi narist DON (az o 33 %) byl pozorovan v pfipadé che-
micky neoSetfené odrlidy Prestige péstované na lokalité Zabcice. Na
druhé strané ve sladu vyrobeném z odridy Malz doslo ke sniZeni ob-
sahu DON jak u vzorkd péstovanych v Kroméfizi, tak v Zabgicich,
a to ve varianté chemicky oSetfené i chemicky neoSetfené.

Pozorované trendy potvrzuje vétSina doposud publikovanych stu-
dii zabyvajicich se osudem mykotoxind v prabéhu sladovani
[36,32,33]. Nejvice informaci je znamo o DON, protoze tento myko-
toxin se v jeCmeni vyskytuje nejcetnéji a na vysSich hladinach nez
ostatni fusariotoxiny. Obecné Ize Fici, ze proces maceni pfispiva k re-
dukci mykotoxin(, které diky své polarité zpravidla pfechazi do ma-

Obr. 3 Ukézka strukturniho vzorce deoxynivalenol-3-glukosidu / Fig.
3 Structural formula of deoxynivalenol-3-glucoside

Obr. 4 Zmény hladin DON a HT-2 po zesladovani zrna jeémene pé-
stovaného ve varianté ,chemicky neo$etfeno” v lokalité Zabg&ice /
Fig. 4 Changes in DON a HT-2 levels after malting of untreated bar-
ley harvested in Zabcice
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Obr. 5 Zmény hladin DON a HT-2 po zesladovani zrna je¢mene pé-
stovaného ve varianté ,chemicky oSetfeno” v lokalité Zabgice / Fig. 5
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Obr. 6 Zmeény hladin DON a HT-2 po zesladovani zrna jeémene pé-

stovaného v lokalité KroméFiz / Fig. 6 Changes in DON a HT-2 levels
after malting of untreated barley harvested in Kromériz
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nal products dedicated for human consumption (i.e. bakery products,
beer).

Barley harvested in 2005 within the Research Centre Project was
micromalted at Research Institute of Brewing and Malting, Plc and
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Ceci vody. Schwarz a kol. (1995) dokumentovali ve své studii pokles
DON, ZON a 15-ADON béhem maceni z puvodnich hladin 5-23 ug/g,
1 ug/g a 2 ug/g na hladiny blizké limitdm detekce [32]. Tento trend
nepfimo potvrzuje i studie [33], kdy promyvanim silné kontaminova-
ného jeémene destilovanou vodou doslo ke snizeni koncentrace DON
0 69 %.

Béhem kli¢eni zeleného sladu se zménila koncentrace DON na
18-114 % vychozi hodnoty — zrna je€émene. Béhem hvozdéni nebyly
zaznamenany v obsahu DON Zadné vyrazné zmény, spiSe doslo
k dal§i mirné redukci. Vysledny slad tedy obsahoval 16—100 % DON
oproti koncentraci v plivodnim je€meni. Relativné vysoké koncent-
raéni hladiny DON vSak byly detekovany v kliccich (4-51 ug/g, fj.
46-300 % koncentrace oproti plvodnimu je¢meni), které jsou od-
padnim produktem sladovani a diky vysokému obsahu nutri¢nich la-
tek se vyuzivaji ke krmivarskym ucelum [32].

NarGsty obsahu DON béhem sladovani pozorované u nékterych
odrlid jeémene péstovaného v ramci Vyzkumného centra a také v do-
stupnych publikacich mohou byt vysvétleny studii uskuteCnénou
v roce 2007 na VSCHT Praha [26]. V této praci totiz byly poprvé,
kromé béznych fusariovych mykotoxinu, stanovovany i obsahy mas-
kovaného DON-3-Gilc. Béhem faze maceni byl zaznamenan vyrazny
pokles az upIna eliminace DON a sumy ADONs (3- a 15- ADON).
Zajimavé bylo pozorovat mirny nardst maskovaného DON-3-Glc bé-
hem prvniho az tfetiho dne maceni (od <5 po 13 ug/kg u jeémene
umele infikovaného vlaknitou houbou Fusarium sp.), coz mohlo byt
zplsobeno zadinajicim uvolfiovanim tohoto maskovaného mykoto-
xinu z polysacharidd. Béhem kli¢eni pak do$lo k vyraznému narlstu
mykotoxini DON, DON-3-Glc, suma ADONs a HT-2 toxinu (252, 642,
499 a 181 % oproti vychozim hodnotdm v zrnu uméle infikovaného
je€mene). Proces hvozdéni hladiny mykotoxinli zasadné neovlivnil,
pfipadné doslo k mirnému poklesu koncentrace oproti zelenému
sladu. FindIni slad pak obsahoval zvy$ené koncentrace mykotoxin(
oproti puvodnimu je¢meni, pro DON a DON-3-Gilc byl primérny na-
rist pfiblizné 300 a 900 %. Velmi vysoké koncentrace mykotoxin(
byly opét kvantifikovany ve sladovych klicich [26].

Narust DON a DON-3-Glc béhem kli¢enimudze pfimo souviset s ¢in-
nosti amylolytickych enzym, které pravdépodobné pfispivaji k uvol-
fovani téchto mykotoxinl z jejich vazanych forem (polysacharidd,
jako je napfiklad Skrob). Alternativni teorii je pak produkce mykoto-
xinll ,de novo", coz znamena novou produkci mykotoxind fungalni bi-
omasou rozrlstajici se nové ve vihkém a teplém prostiedi sladovny
béhem kli€eni jemene. Stabilita obsahu mykotoxini béhem hvoz-
déni pak pravdépodobné souvisi s jejich odolnosti viéi vysokym tep-
lotdm (az do 120 °C) a také s eliminaci rtstu houbového patogenu
[26,32].

7 ZAVER

V ramci Vyzkumného centra pro studium obsahovych latek jec¢-
mene a chmele byl v letech 2005-2008 monitorovan vyskyt vybra-
nych fusariovych mykotoxinti ve 12 odrddach/liniich jeémene jarniho
v zavislosti na péstebni lokalité a fungicidnim oSetfeni. BEhem sle-
dovaného obdobi se u souboru odrid meénilo spektrum jednotlivych
mykotoxinG a také jejich hladiny. V letech 2005 a 2006 byly domi-
nantni trichotheceny typu B (DON, NIV), kdezto v roce 2007 zacal
prevladat vyskyt trichothecent typu A (HT-2 a T-2), ktery po velmi
mirné zimé kulminoval v nadchazejicim roce, kdy byly hladiny téchto
toxind nejvy$si za celé sledované obdobi. Je nutné podotknout, Ze
hladiny DON u zadné odridy nepfesahly maximalni legislativni limit
1250 ug/kg pro nezpracovany je€men [9].

Aplikace fungicidt neméla u vétSiny odriid v jednotlivych letech vy-
znamny vliv na snizeni hladin mykotoxinG v zrnu.

Zesladovanim je€mene doslo pravdépodobné vyluhovanim v ma-
¢ecich vodach ke snizeni hladin HT-2. Trend zmén obsahu DON ne-
byl jednoznaény. Trendy narlstu/poklesu hladin DON po zesladovani
byly odli$né pro jednotlivé odrlidy jak v rdmci péstebni lokality, tak
i systému péstovani.

Podékovani 3
Prace byla podpofena projektem MSMT 1M0570 —Vyzkumné cent-
rum pro studium obsahovych latek je€émene a chmele.

analysed for mycotoxins at Department of Food Chemistry and Anal-
ysis (ICT Prague). Original raw material contained DON and HT-2 at
highest level before malting therefore following discussion will be re-
duced only on these two toxins. Levels of HT-2 was declined during
malting, even in most of cultivars, it was not detected in malt. On the
other hand, decreases/increases of DON in malt in comparison to ini-
tial barley were various depending on locality and way of barley grow-
ing, see Fig. 4-6. Slightincrease of DON in malt was observed mainly
in cultivars Amulet, Bojos a Jersey grown without chemical treatment
in Zabgice as well as in Kroméfiz. On the other hand in case of Se-
bastian a Prestige was observed the opposite trend — decline of DON
in barley from Kromé&riz. DON levels in Sebastian and Prestige malt
produced from barley harvested in Zabgice were higher in compari-
son to DON concentration in barley. Malt produced from chemical
treatment barley contained lower DON levels than barley. The high-
est DON increase (around 33 %) was observed after malting of un-
treated Prestige cultivar from Zabgice.

Similar trends were confirmed in few studies concerning the fate
of mycotoxins during malting [26,32,33]. Most of knowledge is known
about DON. Generally, steeping stage contributes to reduction of DON
due to its solubilisation in water. Schwarz et al. (1995) documented
declines of DON, ZON and 15-ADON during steeping from levels of
5-23 ug/g, 1 ug/g a 2 ug/g to the levels around limits of detection
[32]. DON solubilisation in water was indirectly confirmed by Tren-
holm, who published that 69 % DON was decreased during washing
experiments of greatly contaminated barley [33].

During the germination stage, the significant increase of DON in
the range of 18—-114 % was occurred. Kilning not seems to have any
impact on increase of DON. Interestingly, high DON levels were de-
tected in rootlets (46—300) % increase in comparison to initial barley
[32].

First evidence about fate of masked mycotoxin DON-3-Gic brought
study carried out at ICT Prague [26]. As documented in previous pub-
lished study, steeping stage contributed to significant decreases of
DON and suma ADONSs. Interestingly, DON-3-Gic slightly increases
during the first and third day of steeping. It can be due to its release
from polysaccharides. However, significant increases of DON, DON-
3-Glc, suma ADONs a HT-2 (252, 642, 499 a 181 % — corrected to
mycotoxin levels in barley) were observed during germination stage.
Finally, 300 % and 900 % increases of DON and DON-3-Glc in malt
were documented, respectively. Moreover, highest mycotoxin levels
were detected in rootlets [32].

DON and DON-3-Glc increases can be joined to enzymatic activ-
ities during germination and thus release of mycotoxins from cell
structures. Alternatively, ,de novo“ formation of fungal secondary
metabolites is also conceivable [26,32].

7 CONCLUSIONS

Monitoring of mycotoxin contamination of barley cultivars in de-
pendence on growing locality and fungicide treatment was performed
during 2005-2008 within the Research Centre for barley and hop
substances project. The incidence as well as the levels of mycotox-
ins was changing annually. In both years 2005 and 2006, tri-
chothecenes of B group (DON and NIV) were dominating toxins in
barley grains whereas HT-2 and T-2 predominated in 2007 with the
highest levels in 2008. It should be noted that DON levels did not ex-
ceed the EU limit 1 250 ug/kg for unprocessed cereals intended for
human consumption [9].

Fungicide treatment had not significant impact on mycotoxin oc-
curence, in some cases levels of mycotoxins were even higher after
application of fungicide compared to untreated barley.

During malting process, HT-2 levels were decreased probably due
to solubilisation in steeping water. The toxin could not be detected in
malt. No general trend was observed in DON changes. The results
were rather controversing, both decrease and increase of this tri-
chothecene were occurred during malting. No generalization could
be drawn regarding the impact of malting process on levels of DON
in malt.
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