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Fusariové mykotoxiny patfi k nej¢astéj§im kontaminantiim sladovnického jeémene, sladu i finalniho piva. V ramci projektu Vyzkumné
centrum pro studium obsahovych latek jeémene a chmele byl v letech 2009 a 2010 sledovan obsah fusariotoxinl ve 12 odriidach jeémene
jarniho, ktery byl péstovan ve dvou moravskych lokalitach ve dvou péstebnich systémech. Kromé suroviny byla sledovéana dynamika my-
kotoxinG deoxynivalenolu a jeho maskované formy deoxynivalenol-3-glukosidu v ramci sladarské a pivovarské technologie pfi pouziti
chemicky oSetfeného a neoSetfeného jemene jako vstupni suroviny technologii.
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Fusarium mycotoxins represent the predominant contaminants of malting barley, malt and final beer. As a part of the national project
Research Centre for Barley and Hop Substances, levels of Fusarium mycotoxins were investigated in 12 varieties of spring barley, har-
vested in 2009 and 2010 in two different Moravian localities and grown under two different breeding systems. Beside of raw materials,
also dynamics of deoxynivalenol and its ,masked"“ form deoxynivalenol-3-glucoside as associated with chemical treatment of barley were
studied within the malting and brewing technologies.

Kostelanska, M. — ZachariaSova, M. — Dzuman, Z. — Hajslova, J. — Ehrenbergerova, J. — Cerkal, R. — Vaculova, K. — Mikyska, A.
— Psota, V.: Fusarium-Mykotoxine in der Sommergerste und ihre Auftreten im Rahmen der technologischen Kette Gerste —
Malz — Bier. Kvasny Prum. 57, 2011, Nr. 7-8, S. 209-214.

Zu den héaufigsten Kontaminanten der Braugerste, des Malzes und des Bieres gehéren Fusarium Mykotoxine. Im Zeitraum 2009-2010
wurde im Rahmen eines Projektes im Forschungszentrum fur Studium Gersten- und Hopfengehaltstoffe einen Gehalt an Fusarium—
Toxine in den 12 Sommergerstensorten, die in den zwei mahrischen Lokalitaten in den zwei Anbausystemen angebaut wurden, verfolgt.
Im Rahmen der Malzerei- und Brautechnologie wurde bei Anwendung der chemisch behandelten und unbehandelten Gerste als einen
Eingangsrohstoff neben den Rohmaterialen auch die Dynamik von Mykotoxinen Deoxynivalenol und seiner maskierten Form Deoxyni-

valenol-3-Glukosid verfolgt.

Kli¢ova slova: jecmen jarni, mykotoxiny, deoxynivalenol, HT-2 toxin,
T-2 toxin

1 UVOD

Problematika vyskytu toxigennich patogen( a jejich sekundarnich
metabolitli, mykotoxind, v obilovinach a nasledné v potravinach je
jednou z priorit vyzkumu podporovaného Evropskou unii. Cilem pro-
jektl je vypracovat postupy jak kontaminaci prfedchéazet nebo jak za-
chytit surovinu mykotoxiny kontaminovanou a minimalizovat jeji dalSi
pronikani do potravinového fetézce. Vyzkum a stanoveni nejvice roz-
Sifené skupiny fusariovych mykotoxinu tvofi dilezitou ¢ast projektu
Vyzkumného centra pro studium obsahovych latek jeémene a chmele
(dale jen Vyzkumné centrum). Na zékladé dosavadnich vysledku zis-
kanych analyzou je€mene jarniho ze sklizni 2005 az 2010 bylo pro-
kazano, Ze k hlavnim mykotoxinovym kontaminantim patfi fusarioto-
xin deoxynivalenol (DON). Zajimavosti ziskanych vysledkd byl ¢asty
vyskyt dvou trichothecend, tentokrat typu A, jmenovité HT-2 a T-2 to-

Keywords: spring barley, mycotoxins, deoxynivalenol, HT-2 toxin, T-
2 toxin

1 INTRODUCTION

The occurrence of toxigenic pathogens and their secondary
metabolites mycotoxins in cereals represent one of the main priorities
extensively supported by European Union. The aim of respective pro-
jects is firstly the development and suggestion of effective methods
that would be able to prevent cereal crops from mycotoxins contam-
ination, and secondly to detect the affected raw materials and mini-
mize their further spread within the food chain. Research and deter-
mination of Fusarium mycotoxins present the crucial part of national
project Research Centre for Barley and Hop Substances (Research
Centre). Based on our existing results obtained by analysis of barley
samples harvested in years 2005-2010, it has been proved, that de-
oxynivalenol (DON) is the main fusariotoxin contaminant of spring
barley. Interestingly, high incidence with relatively high contamination
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xind. Oba analyty byly detekovany pfedevsim v letech 2007 az 2010.
Vystupy experimentll a analyz sladovnického jeémene z let
2005-2008 byly publikovany v ¢asopise Kvasny pramysl (56, 2010,
¢islo 3) vydaném u pfilezitosti pétiletého vyroc¢i zahdjeni aktivit Vy-
zkumného centra [1]. Pfedkladana publikace shrnuje data o vyskytu
mykotoxiny v nasledujicich letech projektu 2009 a 2010, se zamére-
nim na zminéné HT-2 a T-2 toxiny a osud DON a jeho maskované
formy DON-3-glukosidu (D3G) v pribéhu vyroby sladu a piva.

2 FUSARIOVE TRICHOTHECENY , TYPU A“
V JECMENI, SLADU A PIVU

Mykotoxin DON patfi obecné k nejznaméjSim a nejcastéji deteko-
vanym kontaminantdm obou diskutovanych technologii. Jeho inci-
dence, koncentraéni hladiny i dynamika v priibéhu sladovani a vareni
piva byly pfedmétem jiz nékolika rozsahlych studii [2-8]. Vedle DON
je tfeba vzpomenout i vyskyt maskovaného D3G [5,6,9,10], ktery se
ukazal byt béznym kontaminantem sladarskych i pivovarskych mezi-
produktl, ale zatim bohuzel neni stanovovan rutinné. Pfitomnost to-
hoto toxinu byla jiz dfive publikovana v je€meni, pSenici i kukufici, kdy
jeho koncentraéni hladiny v testovanych vzorcich predstavovaly v pra-
méru 20 % koncentrace volného DON [11].V poslednich deseti letech
je stale vétsi pozornost vénovana dalsim dvéma fusariotoxinlim ze
skupiny trichothecen( typu A, jmenovité HT-2 a T-2 toxinim, jejichz
stale Castéjsi vyskyt, ale i zvySujici se kontaminace byla potvrzena
nékolika desitkami monitorizaénich studii [12-22].

Oba toxiny jsou sice povazovany za hlavni kontaminanty ovsa
a ovesnych vyrobkd, ale od roku 2002 byly sledovany stale se zvy-
Sujici koncentrace obou toxinl jak v jeémeni, tak také v pSenici. K hlav-
nim producentdm HT-2 i T-2 toxin( patfi druhy mikroskopickych viak-
nitych hub (plisni) Fusarium poae, F. langsethiae a F. sporotrichoides,
jejich akutni i chronicka toxicita je ve srovnani s DON vy$$i. Navzdory
vysoké toxicité obou latek a stale se zvySujici incidenci i kontaminaci
toxind HT-2 i T-2 v ceredliich a potravinach, nebyly doposud Evrop-
skou komisi stanoveny jejich maximalni hygienické limity. Prozatim je
stanovena pouze hodnota jejich Tolerable Daily Intake (TDI) na hla-
diné 0,06 pg/kg télesné hmotnosti pro sumu HT-2 i T-2 [23]. Pro pfesné
stanoveni téchto limit(l zatim nebyl nashromazdén dostatek analytic-
kych dat.

Primérné hladiny kontaminace HT-2 a T-2 toxin( se v jeCmeni
bézné pohybuji v rozmezi 50-200 pg/kg (suma toxind), ale byly za-
znamenany i koncentrace nad 1000 pg/kg [15, 18, 24]. Obecné byva
ve vzorcich ceredlii ¢astéji detekovan HT-2 toxin, coz je de-acetylo-
vany metabolit T-2 toxinu. Vliv bézné& pouzivanych agronomickych
praktik na kontaminaci cerealii toxiny T-2 a HT-2 nebyl dosud dosta-
te€né studovan a popsan, ale ze zverejnénych dat je evidentni, ze
neplati stejna pravidla jako v pfipadé DON. Samotné potravinarské
technologie maji na hladiny obou toxin vyznamny vliv a jejich vyskyt
a zmeény v ramci sladafsko-pivovarské technologie byly jiz sledovany
v nékolika malo publikacich [1,5,25,26]. Vysledky studii popisujici hla-
diny HT-2 i T-2 pfi vyrobé& piva nejsou zcela kompatibilni. Nékteré
prace uvadeji prenos toxinli ze sladu do piva srovnatelny s DON, jiné
naopak uvadeéji vyskyt obou toxinli pouze v mlatu a Zzadné nebo velmi
nizké hladiny ve finalnich pivech. Kvaseni ani filtrace nemaji na HT-
2 a T-2 toxiny zadny vliv. Nutno poznamenat, ze pfi analyzach piva
nebyvaji tyto toxiny ¢asto detekovany [22, 27].

3 TESTOVANE VZORKY JECMENE JARNIHO

Stejné jako v minulych letech FeSeni projektu bylo v lokalitach Kro-
méfiz a Zabgice péstovano nékolik sladovnickych odrid pluchatého
(Aksamit, Blanik, Bojos, Jersey, Kangoo, Prestige, Radegast, Seba-
stian) a nepluchatého (KM 1057, AF Lucius, KM 2084 a KM 2283)
je€mene jarniho. V roce 2010 byly navic péstovany i odridy Malz
a Tolar. V obou zminovanych lokalitdch byl je€men péstovan po stan-
dardni pfedplodiné za pouZziti optiméalni péstebni technologie, a to
dvéma systémy; chemicky oSetfeného péstovani a chemicky neoset-
fené péstebni kontroly. Aplikované pesticidni pfipravky jsou souhrnné
uvedeny v tab. 1. )

Analyzy v8ech uvedenych vzork( byly provedeny na Ustavu chemie
a analyzy potravin na Vysoké Skole chemicko-technologické v Praze
pomoci moderni instrumentace vyuzivajici kapalinovou chromatogra-
fii ve spojeni s tandemovou hmotnostni detekci (LC-MS/MS) jako se-
paracni a detekéni systém. Podrobny popis analytické metody je uve-
den v publikacich [5]. Pro zajisténi sladafskych a pivovarnickych
experimentl v roce 2010 byl vybran vzorek jeémene odridy Radegast

levels of trichothecenes “type A” namely HT-2 and T-2 toxins, were
detected in tested barley samples. Both analytes were positive in sam-
ples predominantly in years 2007 — 2010. Results of experiments and
analyses obtained in the project obtained in years 2005—2008 were
published in “Kvasny primysl” journal (56, 2010, issue 3) devoted to
fifth anniversary of Research Centre project running [1]. Recent paper
is focused on summary of data from harvest 2009 and 2010, with em-
phasis on above mentioned HT-2 and T-2 toxins. The fate of DON and
its conjugated or “masked” form DON-3-glucoside (D3G) within the
malting and brewing technology is discussed as well.

2 FUSARIUM TRICHOTHECENES OF “TYPE
A” IN BARLEY, MALT AND BEER

Mycotoxin DON is considered to be the most known and also the
most frequently detected contaminant in both discussed technologies.
Its incidence, concentration levels and dynamics within the malting
and brewing have been subjects to many devoted studies [2-8]. Next
to DON also the presence of masked D3G should be noted [5,6,9,10].
This compound is also the common contaminant of malting and brew-
ing technological intermediates. Unfortunately, this compound it is still
not routinely controlled neither in cereals nor in cereal-based foods.
The existence of D3G has been already proved and published in bar-
ley, wheat, as well as in corn at average concentration levels approx-
imately 20 % of free DON amount [11]. In recent ten years, increasing
attention has been paid to the other Fusarium toxins from group of
trichothecenes A, HT-2 and T-2 toxins. Increasing incidence and levels
have been proved in numerous of monitoring studies [12-22].

Both toxins are considered to be the main mycotoxins contaminants
of oat and oat derived products. Since 2002, increasing contamination
levels in barley and wheat have been observed as well. Fusarium
poae, F. langestiae and F. sporotrichoides belong to the main micro-
scopic fungi species that are responsible for their production. In com-
parison to DON, both acute and chronic toxicity of particular toxins
are significantly higher. Despite of high toxicity of both compounds,
respective maximum legislation limits have not been established yet.
With regard to lack of analytical data for determination of desired hy-
gienic levels, only Tolerable Daily Intake (TDI) was estimated at values
as low as the 0.06 pg/kg b.w. for sum of HT-2 + T-2 toxins [23].

Mean concentration levels of HT-2 and T-2 toxins in barley are in
the range 50—-200 pg/kg (sum of toxins) in this crop, however, in some
cases, also levels exceeding 1000 pg/kg were reported [15,18,24].
With regard to natural formation of HT-2 toxin from T-2 toxin through
de-acetylation, HT-2 toxin represents generally more abundant con-
taminant. The impact of agronomical practices on levels of HT-2 toxin
and T-2 toxins were not properly identified and described until today.
From already published data is clear that the general rules valid for
DON cannot be applied in case of HT-2 and T-2 toxins. Various food
processing technologies have major effect on levels of both toxins
and their fate within malting and brewing has been already described
in few studies [1,5,25,26].

The malting has a major effect on levels of HT-2 and T-2 toxins.
Their levels can be decreased or increased depending on parameters
of particular malting stages. The published result regarding the levels
of HT-2 and T-2 toxins in beer collected from retail markets are rather
contradictory. While some reports show the transfer of toxins from the
raw material to final beer in ratios comparable to DON, other papers
describe only occurrence in spent grains and no or very low concen-
trations in final beer products. It should be noted, that discussed toxins
are not commonly detected in market beers [22, 27].

3 SAMPLES OF SPRING BARLEY TESTED
WITHIN STUDY

Identically to other project’s years, several cultivars of spring malt-
ing barley were grown in two Moravian localities (Kroméfiz and
Zabcice). In total, eight covered cultivars (Aksamit, Blanik, Bojos, Jer-
sey, Kangoo, Prestige, Radegast, Sebastian) and four hulless (KM
1057, AF Lucius, KM 2084 a KM 2283) were grown in 2009. In 2010,
two more covered cultivars Malz and Tolar were grown. The barley
was grown after the standard pre-crop in both localities and the op-
timal growing technologies were applied for two growing systems with
and without chemical treatments. The overview of applied fungicides
is summarized in Tab. 1.

Mycotoxins analysis of all described samples were carried out in
laboratories of Department of Food Chemistry and Analysis on Insti-
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Tab.1 Prehled pouzitych fungicidl a herbicidl v letech 2009 a 2010 / Overview of fungicides and herbicides applied in year 2009 a 2010

2009 2010
Lokalita Pripravek NeoSetiena OSetrena NeoSetiena OsSetiena
Locality Active substances Non-treated | Chemically treated | Non-treated | Chemically treated
Moveni / Stains Raxil TNT Raxil TNT
Herbicidy / Herbicides Granstar 75 WG Axial
e Starane 250 EC
Kroméri Lontrel 300
Fungicidy / Fungicides Fandango 200 EC Archer Top 400 EC
Fandango 200 EC Fandango 200 EC
Mofeni / Stains | Raxil TNT | Raxil TNT
Herbicidy / Herbicides Logran 20 WG Mustang Forte
Zabgice Banvel 480 S
Fungicidy / Fungicides Archer Top 400 EC Archer Top 400 EC
Fandango 200 EC ‘
O Neosetiené vzorky / Non-treated samples
2009 O Ogetfené vzorky / Treated samples
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Obr. 1 Obsahy HT-2 toxinu ve vzorcich sladovnického je¢mene, sklizers 2009 a 2010/ Fig. 1 Levels of HT-2 toxin in samples of malting barley,
harvest 2009 and 2010
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(sklizeri 2009), ktery byl vypéstovany v KroméFiZi ve dvou variantach:
(i) chemicky osetfeno a (i) chemicky neoSetieno. V priibéhu obou
technologii byly odebirany vzorky meziproduktt a vyslednych pro-
duktu a byly dale vySetfeny na obsah mykotoxini. Celkem bylo ana-
lyzovano 26 vzorku: i) sladarstvi — vstupni je€men, je€men po 1., 2.
a 3. dni maceni, zeleny slad, slad a sladovy kvét; ii) pivovarstvi — pre-
dek, sladina, mladina, mladé pivo, pivo a mlato. Analyzovany byly
také odpadni macéeci vody pouzité v pribéhu sladovani.

4 OBSAH MYKOTOXINU VE VZORCICH
JECMENE JARNIHO

V letech 2009 a 2010 bylo v ramci projektu Vyzkumného centra
testovano celkové 104 vzorkd sladovnického je¢mene jarniho. Myko-
toxin, ktery byl detekovan v obou letech sklizné ve vSech analyzova-
nych vzorcich, je pfekvapivé HT-2 toxin. V roce 2009 byly naméreny
jeho koncentraéni hladiny v rozmezi 51-602 pg/kg (prameér 143 pg/kg).
Nutno poznamenat, Ze ve dvou vzorcich jeémene (Radegast a KM
2084) byla pfekro¢ena koncentra¢ni hladina 500 pg/kg, ktera bude
podle predpokladll prestavovat budouci hygienicky limit v nezpraco-
vanych ceredliich. V roce 2010 se jednalo o hladiny 35-238 pg/kg
(primér 94 pg/kg). Druhy predstavitel, T-2 toxin, byl v roce 2009 sta-
noven pfiblizné v poloviné vzorkll a jeho hladiny neprekrocily
300 pg/kg. V minulém roce 2010 byla incidence T-2 toxinu ve vzorcich
vyssi, celkové bylo zjisténo 80 % pozitivnich vzork(, s maximalni kon-
centraci 150 pg/kg.

Vedle HT-2 toxinu byl v obou roénicich detekovan prakticky ve vSech
vzorcich také DON, a to v rozmezi hladin 31-690 pg/kg v roce 2009,
nezvykle nizké kontaminace DON byla zji$téna ve sladovnickém jec-
meni v roce 2010, maximalni hladiny nepfesahly 80 pg/kg. Tento fakt
je prisuzovan velmi suchému létu, které nedovolilo masivnéjsi rozvoj
fusariovych plisni. Maskovana forma D3G je ve vzorcich analyzova-
nych v ramci Vyzkumného centra rutinné stanovovan od roku 2009,
kdy byl detekovan v 90 % vzorkUl sladovnického je¢mene na pridmér-
nych hladinach 75 pg/kg. V roce 2010, kdy obecné nalezy mykotoxind
byly velmi nizké, se D3G objevil pouze u ¢tvrtiny vzork( s maximalni
koncentraci 20 pg/kg. Z ostatnich fusariovych mykotoxin(i byl dete-
kovan pouze NIV, a to jen na velmi nizkych hladinach.

Péstebni lokality, Kroméfiz a Zabcice, nemeély nijak zasadni vliv na
spektrum mykotoxind, pocty pozitivnich vzorku i primérné nalezy byly
v obou lokalitach srovnatelné. Mezi nejméné kontaminované odridy
v obou letech patfily odrlidy KM 1057 a Jersey. Naopak odrida Blanik
byla nejvice nachylna ke kontaminaci DON. Fungicidni o$etfeni ne-
mélo obecné vyznamny vliv na hladiny mykotoxint. Na obr. 1 jsou
graficky znazornény hladiny HT-2 toxinu ve v§ech péstovanych odri-
dach v obou typech fungicidniho oSetreni. Hladiny toxinu jsou velmi
srovnatelné u obou variant péstovani a zGstava tedy otazkou dalsiho
vyzkumu, zda fungicidni pfipravky pouzivané proti fusariosdm klast
jsou uginné i na druhy plisni produkujici HT-2 a T-2 toxiny.

5 DYNAMIKA VYSKYTU DON A MASKOVANEHO
D3G V RAMCI SLADARSKE A PIVOVARNICKE
TECHNOLOGIE

Hladiny DON, D3G, HT-2 a T-2 toxind v je¢meni, ktery byl pouzit
pro sladafské a pivovarské pokusy, stejné jako jejich koncentrace
v meziproduktech sladovani, jsou uvedeny na obr. 2. Je zfejmé, ze
v prubéhu maceni dochazi ke snizovani hladin vSech sledovanych
toxind u obou variant o$etfeni je¢mene. Tento fakt je nejpravdépo-
dobnéji zplisoben vyluhovanim mykotoxint do macecich vod. Porov-
nanim variant bez a s chemickym oSetfenim je zfejmé, zZe trend sni-
zovani hladin v pribé&hu maceni se vyrazné nelisi. Toxiny nebyly
v testovanych méacecich vodach detekovany z divodu velkého zre-
déni vzorkd vod. V nasledném kroku kli¢eni sladu, kdy je ziskan me-
ziprodukt zeleny slad, do$lo k novému navysSeni hladin DON a jeho
maskované formy D3G. V zeleném sladu byly detekovany hladiny
DON 0 40 % (,bez chemického osetfeni“) a 0 50 % (,chemicky oset-
feno) vy$Si nez v pfedchozim meziproduktu (jeémen po 3. dni ma-
€eni). Mnohonasobné navyseni hladin D3G, az 260 % v pfipadé kon-
trolniho vzorku bez oSetfeni a 380 % u chemicky oSetfeného je€mene,
bylo zjisténo u vzorkl zeleného sladu. Tyto narGsty jsou dnes pfi¢itany
hlavné aktivité amylolytickych enzymd, které se uplatfiuji v pribéhu
kli¢eni je¢mene a zplsobuji Stépeni vazeb Skrobu, kde je D3G prav-
dépodobné vazan. DalSim vysvétlenim je také ,de novo" produkce
mykotoxinG z plisni na povrchu zrni¢ek. Finalni slad obsahoval pfi-
blizné 50 % DON a asi dvojnasobné mnozstvi D3G ve srovnani s ne-

tute of Chemical Technology in Prague by means of modern instru-
mentation using liquid chromatography hyphenated to tandem mass
spectrometry (LC-MS/MS), which was used for separation and de-
tection of target compounds. Detailed description of analytical method
is given in our publications [5] The sample of Radegast cultivar (har-
vest 2009) from KroméFiz, in both treated and non-treated version,
was picked out for further malting and brewing experiments. Interme-
diates and final products of both technologies were collected and
tested for mycotoxins contamination. All together, 26 samples were
analyzed: () malting — raw barley material, barley after the 1st, 2nd
and 3 steeping, green malt, malt and rootlets; (ii) brewing — first wort,
sweet wort, wort, young beer, beer and spent grains. Additionally,
steeping water used in the malting process was analyzed.

4 CONTENT OF MYCOTOXINS IN SAMPLES OF
SPRING BARLEY

In total, 104 of malting spring barley samples were tested for my-
cotoxins contamination as a part of Research Centre project in last
two years 2009 and 2010. HT-2 toxin was surprisingly detected in en-
tire batch of tested samples in both years. In 2009 its concentrations
were in range from 51 to 602 pg/kg (mean 143 pg/kg). It should be
noted, that in two samples (barley cultivars Radegast and KM 2084
grown in Kroméfiz) concentration exceeded level 500 pg/kg, which is
expected to become the future hygienic limits for unprocessed cere-
als. In 2010, levels of HT-2 toxin ranged from 35 to 238 pg/kg (mean
94 pg/kg). T-2 toxin was detected almost in half of the samples in 2009
and its levels did not exceed level 300 pg/kg. In harvest 2010, the in-
cidence of T-2 toxin was rather higher, 80 % of samples were positive
with maximum concentration as high as 150 pg/kg.

As expected, beside of HT-2 toxin, also DON was notable contam-
inant of almost all samples in 2009; its levels were detected at con-
centrations in the range 31-690 pg/kg. On the other hand, unusually
low concentrations of targeted mycotoxins in barely samples were ob-
served in 2010 (maximum level was 80 pg/kg). This fact was most
probably caused by very hot summer, which did not allow the extensive
growth of Fusarium moulds. Masked D3G is routinely analysed in Re-
search Centre samples since 2009, when 90 % of positive samples
contained D3G at an average level 75 pg/kg. In 2010, only one-fourth
of cultivars contained D3G (levels below 20 pg/kg were observed).

No statistically significant influence of the growing locality (Kroméfiz
and Zabcice) was observed, both percentage of positive samples and
concentration levels were comparable. KM 1057 and Jersey were the
least contaminated cultivars in both years of harvest. On the other
hand, Blanik was the cultivar most susceptible to Fusarium contam-
ination. Also fungicide treatment did not show any notable influence
on final barley contamination. Fig. 1 shows the levels of HT-2 toxin in
tested samples. Concentrations of this toxin are comparable in both
ways of fungicide treatment. Based on these observations, the impact
of fungicides on growth of trichothecenes A producing Fusarium spp.
is rather questionable.

5 DYNAMICS OF DON AND D3G OCCUR-
RENCE WITHIN MALTING AND BREW-
ING TECHNOLOGY

Levels of DON, D3G, HT-2 and T-2 toxins in barley used for experi-
mental malting and brewing and also their levels in malting intermedi-
ates are shown in Fig. 2. The concentrations of all mycotoxins were de-
creased in the initial steeping, which is caused by leaching of
compounds out of barley to steeping water. Obviously, both variants of
chemical treatment do not differ a lot in terms of mycotoxins amount.
However, despite of high sensitivity of analytical method used, myco-
toxins were not detected in steeping water samples, because of its high
dilution rate. In the germination step, within which the green malt is pro-
duced, an extensive increase of DON and D3G occurred. The levels of
DON were higher up to 40 and 50 % for non-treated and treated barley,
respectively, as compared to barley after 3™ steeping. Extreme increase
of D3G was observed in both, green malt derived from non-treated bar-
ley (up to 260 %) and treated barley (up to 380 %). This growth of
masked D3G levels can be explained partly by intensive activity of amy-
lolytic enzymes that can cause the releasing of masked forms form
starch and also partly by “de novo” mycotoxins production by fungi.
Final malt products contained approximately 50 % of DON and two
times higher levels of D3G compared to unprocessed barley. The high
levels of mycotoxins were also detected in rootlets, the side-product of
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Obr. 2 Obsahy DON a D3G v meziproduktech sladovaci technologie: (A) chemicky neosetfeny je¢men, (B) chemicky oSetfeny jeCmen / Fig.
2 Levels of DON and D3G in intermediates of malting technology: (A) non-treated barley, (B) treated barley
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Obr. 3 Dynamika hladin DON, D3G a HT-2 toxinu v meziproduktech pivovarského procesu (A) neoSetfeny slad, (B) oSetfeny slad / Fig. 3 Dy-
namics of DON, D3G and HT-2 toxin levels in intermediates of brewing technology: (A) non-treated malt, (B) treated malt

zprocesovanym jeémenem. Vysoké hladiny DON a D3G byly deteko-
vany také ve sladovém kvétu, ktery je, pro své vhodné nutri¢ni slozeni,
¢asto vyuzivan jako krmivo &i surovina pro specialni vyzivu.

Oba ziskané slady byly dale vyuZity jako vstupni surovina navazu-
jiciho pivovarského experimentu. Dynamika DON, D3G a HT-2 toxinu
v pribéhu vareni piva je znazornéna na obr. 3 pro jednotlivé varianty
sladu. Z vysledkd je patrné, ze v prlibéhu rmutovani, kdy dochazi k roz-
kladu dextrind na monosacharidy, doslo k nejvétsimu nardstu DON
a D3G oproti pdvodnim hladinam detekovanym ve vstupnich sladech.
V nasem pfipadé dochazi rovnéz k navyseni hladin HT-2 toxinu v jed-
notlivych meziproduktech vafeni piva. Cinnosti kvasinek uz také ne-
dochazi k vyraznym zménam a koncentrace DON, D3G i HT-2 v mla-
dém pivu ani v hotovém pivu. Porovnanim obou variant sladd je mozné
konstatovat, Ze v pribéhu technologie dochazi k vy$§im nardstim my-
kotoxin(l pfi pouziti ,chemicky oSetfené varianty jako vstupni suroviny.
Toto je mozno vysvétlit pouZzitim fungicidu, které zplsobuiji inkorporaci
toxin do hlubsich vrstev endospermu. V mlaté, vyuzivaném stejné
jako sladovy kvét ke krmivarskym uceltm, byly hladiny obou sledova-
nych analytd pod detekénim limitem 5 pg/kg.

Co se tyka trichothecen(l A, Ize celkové shrnout, Ze v pribéhu sla-
dovani dochazi nejdfive k vyluhovani T-2 i HT-2 toxin(i do macecich
vod a jejich hladiny v maceném jeémeni klesaji 0 80 az 100 %.V na-
Sem pripadé doSlo pfi kliceni sladu k dalSimu poklesu hladin obou
toxind. Byla ovéem publikovana i data, kdy se HT-2 toxin choval ob-
dobné jako DON a v prabéhu kli¢eni a finalni dotahovani slad( vedlo
k narGstu téchto toxinG a koncentra¢ni hladiny dosahly pfiblizné
60-75 % kontaminace surového je€mene [25]. Ve sladu a dale i ve
v8ech meziproduktech vafeni piva uz nebyl detekovan T-2 toxin. Dy-
namika HT-2 toxinu v pribéhu pivovarstvi byla srovnatelna s chova-
nim DON a D3G (i v pfipadé srovnani chemicky oSetfené a neoset-
fené varianty sladu). Témér cely obsah HT-2 toxinu byl v pribéhu
rmutovani pfeveden ze sladového Srotu do sladiny, malé nalezy byly
ovSem detekovany i v mlatu. DalSi procesy uz vyznamné neovlivnily
koncentrace HT-2 toxinu a ve finalnim pivu byl detekovan na hladiné
11 pg/l.

technology, which is often used as a part of the feed or in special human
diet because of its advantageous nutritional value.

Both malts obtained from non-treated and treated barley, were fur-
ther used as an input material for brewing technology. Dynamics of
DON, D3G and HT-2 transfer from experimental non-treated and
treated malts to beers are illustrated in Fig. 3. As expected on the
basis of previous results, DON and D3G were transferred from malts
to wort and further to the beer. The major increase in mycotoxins
levels occurred immediately after the mashing, when present en-
zymes managed to release the mycotoxins from the malt matrix during
cleavage of starch and dextrins to form mono-carbohydrates. Follow-
ing steps of beer production, such as fermentation or filtration, do not
influence the levels of toxin significantly, although slight drop in my-
cotoxins levels can be observed. Comparing two batches of beer de-
rived from non-treated and treated malts, it should be noted, that
rather higher transfer of DON and D3G was observed in chemically
treated beer intermediates. We assume that this is caused by releas-
ing of mycotoxins incorporated deeply to barley endosperm (what is
result of fungicide application). The content of mycotoxins in spent
grains, occasionally also used to feed, were lower than limit of detec-
tion of the analytical method (5 pg/kg).

Regarding trichothecenes A, it can be concluded that within malting
technology are HT-2 and T-2 toxins firstly leaching out to steeping wa-
ter and their content decreases down to 80 — 100 % compared to lev-
els in input barley. In our case, germination of malt resulted in another
drop in both toxins concentrations. Data describing the similar fate of
HT-2 toxin to DON and its levels also increased in green malts and
reached the 60 — 75 % of barley content were also published [25].
Neither in malt nor in brewing intermediates T-2 toxin was detected.
Dynamics of HT-2 toxin within brewing process was similar to DON
and D3G (also in case of non-treated and treated samples compar-
ison). Almost the whole batch of HT-2 toxin was transferred from malt
to wort and only traces of analyte were detected in spent grains. An-
other step of brewing did not affect levels of HT-2 toxin significantly
and it was detected in final beer on concentration level 11 pg/l.
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6 ZAVER

Fusariové mykotoxiny jsou v ramci narodniho projektu Vyzkum-
ného centra pro studium obsahovych latek jeémene a chmele syste-
maticky sledovany od roku 2005. Jedna se o monitoring fusariotoxin(i
ve 12 odriidach sladovnického jeémene jarniho v zavislosti na pés-
tebni lokalité a fungicidnim oSetfeni. Ve vzorcich z poslednich dvou
sklizni 2009 a 2010 se stal hlavnim kontaminantem jeémene HT-2 to-
xin a jeho hladiny se pohybuji prdmérné kolem 100 pg/kg. Druhym
nejcastéji detekovanym toxinem byl DON a také jeho maskovana
forma D3G. Aplikace fungicidd ani péstebni lokalita nemély zasadni
vliv na hladiny testovanych fusariotoxind.

Kromé hladin toxin v je€meni byl sledovan i jejich osud v ramci
klasické sladarsko-pivovarské technologie. V prubéhu sladovani
klesly hladiny DON pfiblizné na polovinu jeho hodnoty ve vstupni su-
roviné, naopak koncentrace D3G se zvysily pfiblizné dvakrat. V pru-
béhu vareni piva dochazi k nejvétsim nardstliim toxinl v prabéhu rmu-
tovani, dalsi kroky pivovarské technologie uz nemaji na hladiny
fusariovych mykotoxint vyznamny vliv.
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6 CONCLUSIONS
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2005. Monitoring of mycotoxins was carried out with 12 cultivars of
malting spring barley and their dependence on growing locality and
fungicide treatment of particular samples. In samples of last two har-
vests 2009 and 2010, the HT-2 toxin was identified as the main barley
contaminant occurring at mean contamination level of 100 pg/kg. The
second abundant fusariotoxin was obviously DON and also its
masked form D3G. Based on performed experiments, the application
of fungicides and the locality of growing seem to have no significant
influence on mycotoxins levels in malting barley samples.

In addition to barley, also intermediates and final products of malting
and brewing technologies were tested. Within the malting process,
the drop of DON levels down to 50 % was observed, on the other
hand, concentration of D3G increased more than twice in comparison
to unprocessed barley. The mashing process had the most significant
effect on Fusarium mycotoxins levels; further beer processing steps
do not influence mycotoxins at all.
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