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»Emerging“ mykotoxiny jsou nové se objevujici mykotoxiny, jejichz existence dfive nebyla znama. Fusaproliferin, beauvericin, enniatiny
a moniliformin jsou metabolity nejbéznéjsiho rodu plisné - Fusarium spp. Dosud o nich existuji pouze omezené udaje, bylo vSak zjisténo,
Ze zejména enniatiny se nachazeji v obilovinach v pomérné vysokych koncentracich. V sou¢asné dobé probiha vyzkum a sledovani
téchto mykotoxinG v rliznych surovinach a vyrobcich z nich. Tato prace shrnuje nejnovéjsi poznatky o vyskytu ,emerging” mykotoxind
v pivovarskych surovinach a jejich pfechodu do piva.

Benesova, K. — Cumova, M. — Bélakova, S. — Mikulikova, R. — Svoboda, Z.: The occurrence of “emerging“ mycotoxins in brewing
raw materials. Kvasny Prum. 61, 2015, No. 4, pp. 114-119

“Emerging“ mycotoxins are newly appearing mycotoxins, the existence of which was previously unknown. Fusaproliferin, beauvericin,
enniatins, and moniliformin are metabolites of the most frequent fungi of Fusarium spp. Only limited data on these toxins exist, however,
namely enniatins were detected in cereals at relatively high concentrations. Currently, research and monitoring of these mycotoxins in
various raw materials and derived products have been conducted. This study summarizes the latest knowledge about the occurrence of
“emerging“ mycotoxins in brewing materials and their transmission to beer.

Benesova, K. — Cumova, M. — Bélakova, S. — Mikulikova, R. — Svoboda, Z.: Das Vorkommen von,.emerging“ Mykotoxinen in
den Braurohstoffen. Kvasny Prum. 61, 2015, Nr. 4, S. 114-119

Die ,emerging“ Mykotoxinen sind eine neue entstehende Mykotoxinen, ihre Existenz wurde bis jetzt nicht bekannt. Fusaproliferin,
Beauvericin, Enniatiny und Moniliformin sind die Metabolite des haufigsten Schimmelstammes - Fusarium spp. Bis jetzt existieren tUber
diese Mykotoxine nur beschrénkte Angaben, jedoch wurde es festgestellt, dass insbesondere Enniatine in der in Getreide in den relativ
hohen Konzentrationen sich befinden. Zurzeit lauft eine Forschung und Verfolgung von Mykotoxinen in den verschledenen Rohstoffen
und daraus hergestellten Erzeugnissen. Im Artikel wird eine Ubersicht von neuesten Erkenntnissen lber die ,emerging* Mykotoxine in
den Braurohstoffen und deren Ubergang ins Bier zusammengefasst.
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1 UVOD

Mykotoxiny jsou sekundarni metabolity houbovych patogenu, které
bézné kontaminuji Siroké spektrum obilovin, potravin a krmiv. Jsou
to nebezpecné kontaminanty pfirodniho plvodu. V organismu mo-
hou vyvolat r(izné toxické syndromy souhrnné zvané mykotoxikdzy.
(Richard, 2007). Cilovymi organy pusobeni mykotoxind jsou
predevsim vnitfni organy, tj. jatra, ledviny, plice, buriky endokrinnich
zlaz a imunitniho systému. Mykotoxiny mohou vyvolat akutni to-
xické reakce a fada z nich ma mutagenni, teratogenni, karcinogenni
a estrogenni U¢inky. V pfipadé spole¢ného vyskytu vice mykotoxin(
tyto mohou mit synergicky a kumulativni u¢inek (Speijers, Speijers,
2004). Jsou termostabilni a z kontaminovanych potravin se nedaji
zcela odstranit.

K nejvyznamnéjsim ,tradi€énim” mykotoxinm nalézanym v obi-
lovinach patfi produkty hub rodu Fusarium (trichotheceny, zearale-
non, fumonisiny), Aspergillus a Penicillium (aflatoxiny, ochratoxin A).
Tyto mykotoxiny jsou studovany nékolik desetileti, a proto je dos-
tupna fada studii o jejich pusobeni i vyskytu (Creppy, 2002).

»Emerging“ mykotoxiny jsou nové se objevujici mykotoxiny, je-
jichz existence dfive nebyla znama. Jsou to metabolity jednoho
z nejbéznéjsich rodd plisni, Fusarium spp. Jde napf. o fusaprolife-
rin, beauvericin, enniatiny a moniliformin. Vyznamnymi producenty
téchto toxinU jsou F. subglutinans, F. proliferatum, F. avenaceum,
F. tricinctum, F. acuminatum, F. oxysporum, F. sporotrichioides a F.
sambucinum. Dosud o nich existuji pouze omezené Udaje. DU-
vodem neni jen jejich pozdéjsi objeveni, ale zvlasté to, ze teprve
nedavno bylo zjisténo, ze jde o mykotoxiny. Pro posouzeni jejich
Ucinkll vSak zatim chybi dostatek relevantnich informaci, proto
byla v roce 2009 vydana Evropskym ufadem dozorujicim nad bez-
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1 INTRODUCTION

Mycotoxins are secondary metabolites of fungal pathogens which
commonly contaminate a wide range of cereals, foodstuffs and feed-
stuffs. They are dangerous contaminants of the natural origin. In the
organism, they can cause various toxic syndromes, summarily called
mycotoxicoses (Richard, 2007). The target organs affected by myco-
toxins are mainly the internal organs, i.e. livers, kidneys, lungs, cells
of endocrine glands and the immune system. Mycotoxins can trigger
acute toxic reactions and many of them have mutagenic, teratogenic,
carcinogenic, and estrogenic effects. In cases where more mycotox-
ins occur, their effect can be synergistic and cumulative (Speijers and
Speijers, 2004). They are thermostable and cannot be completely
eliminated from contaminated foods.

Products of species of Fusarium (trichothecens, zearalenone,
fumonisins), Aspergillus and Penicillium (aflatoxins, ochratoxin A)
belong to the most important “traditional” mycotoxins occurring in
cereals. These mycotoxins have been investigated for tens of years
and many studies on their operation and occurrence are available
(Creppy, 2002).

The “emerging“ mycotoxins are newly appearing mycotoxins, the
existence of which was previously unknown. They are the metabo-
lites of one of the most common species of fungi, Fusarium spp.,
such as fusaproliferin, beauvericin, enniatins, and moniliformin. The
significant producers of these toxins are F. subglutinans, F. prolifera-
tum, F. avenaceum, F. tricinctum, F. acuminatum, F. oxysporum, F.
sporotrichioides, and F. sambucinum. Only limited data on them exist.
The reason is not only their later discovery but mainly the fact that
their toxity was revealed only recently. Still, there is lack of relevant
information for the evaluation of their effects. Therefore, in 2009, the
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pec¢nosti potravin (European Food Safety Autority — EFSA) vyzva
ke sledovani téchto mykotoxinl a poskytovani dat o jejich vyskytu
za UCelem pfipadného zavedeni maximalnich pfipustnych mnoz-
stvi v potravinach (Verstraerte, 2009).

V soucasné dobé se ke stanoveni mykotoxinl nejcastéji vyuzivaji
analytické metody na principu vysokouc€inné kapalinové chromato-
grafie s hmotnostné spektrometrickou detekci. Tyto metody umozniuji
soudasné stanoveni vice mykotoxinG, pfipadné i dalSich pfitomnych
latek v jediné analyze a poskytuji tak komplexni prehled o vlastnos-
tech a kontaminaci zkoumaného vzorku.

2 VLASTNOSTI ,EMERGING“
MYKOTOXINU

Beauvericin byl poprvé izolovan z agarovych kultur Beauverina
bassiana a enniatiny z F. oxysporum. Producenti fusaproliferinu, F.
proliferatum a F. subglutinans jsou nejCastéjSimi patogeny kuku-
fice. Pilotni toxikologické vyzkumy fusaproliferinu ukazaly terato-
genni a patologické u¢inky na bunécné kultury in vitro (Munkvold
et al., 1998). Je také toxicky pro krevety Artemia salina a lidské B
lymfocyty (Logrieco et al., 1996) a teratogenni pro kufeci embrya
(Ritieni et al., 1997). Enniatiny a beauvericin pusobi jako ionofory,
které narusuji fyziologickou iontovou rovnovahu a pH tim, Zze vy-
tvofi dimerické struktury, které prepravuji monovalentni ionty pfes
buné&nou membranu. Enniatiny jsou popisovany jako rostlinné to-
xiny s antibiotickou a insekticidni aktivitou (Grove, Pople, 1980),
beauvericin vykazuje cytotoxicitu (Fornelli et al., 2004) a muaze
zpUsobit apoptézu (programovanou bunéénou smrt) a fragmenta-
ci DNA (Ojcius et al., 1991). Jejich pfipadna akutni ani chronicka
toxicita doposud nebyla potvrzena a toxické pusobeni téchto la-
tek je stale pfedmétem vyzkumu. Moniliformin (MON) byl popr-
vé izolovan a strukturné charakterizovan v roce 1973 (Cole et al.,
1973) jako sekundarni metabolit mikroskopické houby Fusarium
moniliforme, odtud také pochazi jeho nazev. Byla prokdzana vy-
soka akutni toxicita pro laboratorni zvifata, napf. potkany a dribez
(Burmeister et al., 1979), je také cytotoxicky pro savéi burky a je
fazen mezi potencialni kardiotoxiny. Mechanismus toxického ucinku
spociva v inhibici enzymud odpovédnych za oxidativni dekarboxylaci
pyruvatu na acetyl CoA a a-ketoglutaratu na sukcinyl CoA.

Enniatiny A, A,, B, B, (dale jen Enn A, Enn A,, Enn B, Enn B,)
a beauvericin maji podobnou chemickou strukturu. Jedna se o cyk-
lické hexadepsipeptidy skladajici se ze stfidajicich se jednotek D-
-a-hydroxy-isovaleryl-(2-hydroxy-3-methylbutanové kyseliny) a ami-
nokyselin (Oueslati et al., 2011), kde jednotlivymi substituenty R;, R,
a R, jsou v pfipadé enniatn bud sekundarni butyl nebo isopropyl,
u beauvericinu potom fenylmethyl (Santini et al., 2012) (obr.1). Mo-
niliformin ma strukturu hydroxycyklobutenedionu, tedy malé iontové
molekuly ve formé& sodné nebo draselné soli karboxylové kyseliny
(Springer et al., 1974). Fusaproliferin je bicyklicky seskviterpen (San-
tini at al., 1996). Podrobny pfehled o fyzikalné chemickych a biologic-
kych vlastnostech téchto mykotoxind a jejich vyznamu v potravino-
vém fetézci shrnuje prace Jestoi v roce 2008 (Jestoi, 2008).

Obr. 1 Struktura enniatind a beauvericinu / Fig. 1 Structure of ennia-
tins and beauvericin

European Food Safety Authority (EFSA) launched a call for monitor-
ing these mycotoxins and providing data on their occurrence with
the aim to prospectively introduce the maximum acceptable limits in
foods (Verstraerte, 2009).

Currently, mycotoxins are most commonly detected with analyti-
cal methods based on high-performance liquid chromatography with
mass spectrometry. These methods can be applied for a simultane-
ous determination of several mycotoxins and/or detection of other
substances present in one analysis, providing thus a complex insight
into properties and contamination of a tested sample.

2 “EMERGING“ MYCOTOXIN
CHARACTERISTICS

Beauvericin was first isolated from agar cultures of Beauverina
bassiana and enniatins from F. oxysporum. Fusaproliferin producers,
F. proliferatum and F. subglutinans, are the most common pathogens
of corn. Pilot toxilogical research into fusaproliferin has shown tera-
togenic and pathological effects on cell cultures in vitro (Munkvold
et al., 1998). It is also toxic for prawns Artemia salina and human
B lymphocytes (Logrieco et al., 1996) and teratogenic for chick em-
bryos (Ritieni et al., 1997). Enniatins and beauvericin act as ionofors
that disturb physiological ionic balance and pH by forming dimeric
structures that transfer monovalent ionts through the cell membrane.
Enniatins are described as plant toxins with antibiotic and insecti-
cidal activity (Grove and Pople, 1980), beauvericin exhibits cytotoxic-
ity (Fornelli et al., 2004) and can cause apoptosis (programmed cell
death) and DNA fragmentation (Ojcius et al., 1991). Their possible
acute or chronic toxicity has not been confirmed yet and toxicicity
of these substances has still been investigated. Moniliformin (MON)
was firstly isolated and its structure characterized in 1973 (Cole et
al., 1973) as a secondary metabolite of a microscopic fungi Fusarium
moniliforme, from which it derived its name. Its high acute toxicity has
been proven for laboratory animals, e.g. rats and poultry (Burmeister
et al., 1979), it is also cytotoxic for mammalian cells and belongs to
potential cardiotoxins. The mechanism of its toxic effect is based on
the inhibition of enzymes responsible for oxidative decarboxylation of
pyruvate to acetyl CoA and a-ketoglutarate to sukcinyl CoA.

Enniatins A, A,, B, B, (further only Enn A, Enn A,, Enn B, Enn
B,) and beauvericin have similar chemical structures. These cyclic
hexadepsipeptides consist of alternating D-a-hydroxy-isovaleryl-
(2-hydroxy-3-methylbutan acid) and amino acid-units (Oueslati et
al., 2011), in enniatins, the individual R, R, and R, substituents are
either secondary buthyl or isopropyl, in beauvericin, phenylmethyl
(Santini et al., 2012) (Fig. 1). Moniliformin hydroxycyclobutanedione
structure is formed by small ionic molecules in a form of natrium
or potassium acid (Springer et al., 1974). Fusaproliferin is a bicyclic
sesquiterpene (Santini et al., 1996). A detailed summary of physi-
cal, chemical and biological characters of these mycotoxins and their
importance in the food chain has been presented in a study by Jestoi
(Jestoi, 2008).

3 THE OCCURRENCE OF “EMERGING*
MYCOTOXINS IN CEREALS

Research studying the occurrence of “emerging“ mycotoxins has
been limited only to various parts of Europe and Africa. The available
data suggest the association between the local climate and detected
mycotoxin concentration.

Beauvericin was found to occur at lower concentrations in cere-
als in colder climate, higher concentrations were recorded in south
Europe and north Africa. Zinedine et al. (2011) reported maximum
beauvericin concentration of 59 mg.kg" in corn. The highest enniatin

o | % | | ®
Beauvericin phenylmethyl | phenylmethyl | phenylmethyl
Enniatin A sec-butyl sec-butyl sec-butyl
Enniatin A, sec-butyl sec-butyl iso-propyl
Enniatin B iso-propyl iso-propyl iso-propyl
Enniatin B, iso-propy! iso-propyl sec-butyl
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3 VYSKYT ,,EMERGING* MYKOTOXINU
V OBILOVINACH

Vyzkumy sledujici vyskyt ,emerging“ mykotoxind jsou zatim ome-
zeny na r{izné ¢asti Evropy a Afriky. Dostupné Udaje naznacuji sou-
vislost mezi mistnim klimatem a nalezenou koncentraci mykotoxint.

Bylo zjisténo, ze beauvericin se vyskytuje v nizSich koncentra-
cich na obilovinach v chladnégj$im klimatu, vy8Si koncentrace se na-
chazeji v jizni Evropé a severni Africe. Zinedine et al. (2011) uvadi
maximalni koncetraci beauvericinu 59 mg.kg™" v kukufici. Nejvyssi
koncentrace enniatinG byla popsana ve Spanélsku - 814 mg.kg"
enniatinu A, v ryzi (Meca et al., 2010) a v severni Africe, zatimco
v severni Evropé byla koncentrace spiSe nizsi — max. 18,3 mg.kg™
enniatinu B ve finské pSenici (Jestoi et al., 2004). Fusaproliferin se
v chladnégj$im klimatu vyskytuje vzacnéji, ve sttedomofi je jeho vy-
skyt ob&asny — ojedinéla koncentrace 19,6 mg.kg™' v ryzi z Maroka
(Sifou et al., 2001). Nejvyssi obsah moniliforminu byl nalezen v nor-
ské pSenici — 0,95 mg.kg™ (Uhlig et al., 2004).

4 OSUD ,EMERGING“ MYKOTOXINU
BEHEM PROCESU VYROBY SLADU

Mykotoxiny mohou pfechdzet z kontaminovanych vstupnich su-
rovin do sladu a finalniho produktu — piva. Osud nékterych myko-
toxind v pribéhu sladovaciho procesu a béhem vyroby piva byl jiz
v minulosti sledovan (Scott, 1996), avSak existuji zatim pouze dvé
studie, které sledovaly prechod enniatini a beauvericinu z je¢mene
do sladu a do piva, kdy byly analyzovany i meziprodukty, a to pouze
v laboratornim méfitku (Vaclavikova et al., 2013; Hu et al., 2014).

Véclavikova et al. sladovali v roce 2007 je¢men jarni, odridu
Radegast, ve dvou variantdch (neoSetfené a oSetfené na poli fun-
gicidem proti houbovym chorobam) a odebirali vzorky v prabéhu
sladovaciho procesu. Jednalo se o pfirozené kontaminovany je¢-
men. Autofi pozorovali pomaly pokles hladin mykotoxinli v prdbéhu
maceni, vétsi pokles nastal az po ukonéeni maceni a za¢atku klice-
ni.V zeleném sladu poklesl Enn A a Enn A, 0 20 % oproti je€émenu
po tfetim dni maceni, naopak obsah Enn B a Enn B, se zvysil o 30,
resp. 20 %. Po hvozdéni, dotahovani a odkli¢eni poklesl obsah Enn
B, o dalSich 20 %, obsah Enn B se mirné zvysil. U ostatnich enni-
atind nedoslo k vétsim zménam hladin. Celkové obsahoval zeleny
slad pfiblizné 13 — 30 % enniatin(i proti vychozimu je€meni, v ho-
tovém, odhvozdéném sladu obsah enniatind jesté mirné poklesl
na 10 — 20% mnozstvi v plvodni suroviné. Chemické o$etfeni ne-
mélo pfili§ vyrazny vliv.

Hu et al. (2014) sladovali odrddu je€mene jarniho Quench ve tfech
opakovanich, z nichz jedna byla infikovana v dobé kveteni na poli
sporami Fusarium culmorum, druhd sporami Fusarium avenaceum
a tfeti byla ponechana pfirozené infekci. Autofi méfili koncentrace
enniatind a beauvericinu ve vychozim jeémeni, v maceci vodé po 1.
a 2. dni maceni, v zeleném sladu a vysledném odhvozdéném sla-
du. Vysledky byly ¢astecné v rozporu se zavéry Vaclavikové et al.
(2013). U prirozené kontaminované (neinfikované) varianty se obsah
enniatind a beauvericinu v zeleném sladu zvysil oproti jeémeni pri-
mérné o cca 50 %. Vysledny odhvozdény slad obsahoval proti vycho-
zimu jemeni 76 % Enn A, 83% Enn A,, 100% Enn B, 103% Enn B,
a 84 % beauvericinu. Hladiny se tedy oproti vychozimu jeCmeni té-
mér nezménily. V obou pfipadech byl také analyzovan sladovy kvét,
ktery je pro vysoky obsah enzymd, vitaminl a dal$ich zdravi pro-
spésnych latek vyuzivan ke krmivarskym ucelim. Hladiny enniatind
ve sladovém kvétu se pohybovaly kolem 400 pg kg™ (Vaclavikova et
al., 2013), resp. v rozmezi 37,1 — 648,9 pg.kg" a beauvericin 72,6
pg.kg™ (Hu et al., 2014). V obou citovanych studiich byl sladovan
vzdy pouze jeden, resp. dva vzorky jedné odridy s pfirodni konta-
minaci, u kazdé byl jiny vychozi obsah mykotoxind a byly vzajemné
Vv jiném poméru.

Bolechova et al. (2015) studovali obsah enniatinCi a beauvericinu
v je€meni a z né&j vyrobeného sladu. Bylo analyzovano celkem 12
vzorku jeémene jarniho a 12 vzork( z n&j vyrobeného sladu. Slo
o Ctyfi sladovnické odrudy — Malz, Bojos, Sebastian a Xanadu ze 3
lokalit v Ceské republice (Céslav, Uhersky Ostroh a JaroméFice nad
Rokytnou). Pouze v nékolika pfipadech tato studie potvrdila pfedcho-
zi diléi vysledky, Ze sladovanim se hladina enniatinG a beauvericinu
nezmeéni nebo mirné klesne. Je prokazano, ze slozeni mykoflory jec-
mene i dalSich plodin se méni v zavislosti na lokalité, pocasi, odrudeé,
a zejména ro¢niku péstovani (PoliSenska et al., 2009). VSechny tyto
parametry tak maji velky vliv na spektrum pfitomnych mykotoxin(,
jejich mnozstvi a jejich vzajemny pomér.

concentration was described in Spain - 814 mg.kg" of enniatin A,
in rice (Meca et al., 2010) and North Africa, while concentration in
north Europe was rather lower — max. 18.3 mg.kg™ of enniatin B in
Finnish wheat (Jestoi et al., 2004). Fusaproliferin occurs more rarely
in colder weather, its occurrence in the Medirerrenean area is oc-
casional — e.g. concentration of 19.6 mg.kg" in rice from Morocco
(Sifou et al., 2001). The highest moniliformin content was detected in
Norwegian wheat — 0.95 mg.kg™"' (Uhlig et al., 2004).

4 FATE OF “EMERGING“ MYCOTOXINS
DURING THE MALT PRODUCTION
PROCESS

Mycotoxins can pass from the contaminated initial raw materials
to malt and the final product — beer. Fate of some mycotoxins during
the malting process and during beer production was followed in the
past (Scott, 1996), nevertheless, there are only two studies describ-
ing the transmission of enniatins and beauvericin from barley to malt
and beer, intermediaries were analyzed in a laboratory scale (Va-
clavikova et al., 2013; Hu et al., 2014).

In 2007, Véaclavikova et al. malted the spring barley variety Rade-
gast, in two variants (untreated and treated in the field with a fun-
gicide against fungal diseases). They collected samples during the
malting process. Barley was naturally contaminated. The authors
observed a slow decline in mycotoxin levels during steeping, a high-
er drop was recorded only after steeping and at the beginning of
germination. In green malt, Enn A and Enn A, decreased by 20%
versus barley after the third day of steeping. On the contrary, Enn B
and Enn B, increased by 30 and 20 %, respectively. After kilning and
degerming, Enn B, content dropped by another 20%, Enn B mildly
increased. Other enniatin levels did not change significantly. Totally,
green malt contained approximately 13 — 30% of enniatins compared
to the initial barley, enniatin content in the finished, kiln dried malt
mildly decreased to 10 — 20% of the amount in the original raw mate-
rial. The effect of the chemical treatment was not confirmed.

Hu et al. (2014) malted the spring barley variety Quench in three
replications, one of them was infected during flowering in the field by
spores of Fusarium culmorum, the other one by spores of Fusarium
avenaceum and the third one was left to the natural infection. The
authors measured enniatin and beauvericin concentrations in the ini-
tial barley, steeping water after the first and second day of steeping,
green malt and resulting degermed malt. The results were partly in
contradiction to the results of Vaclavikova et al. (2013). The enniatin
and beauvericin contents in naturally contaminated (non-infected)
variant in green malt increased versus barley by ca 50 %. Compared
to the initial barley, the final degermed malt contained 76% of Enn
A, 83% of Enn A,, 100% of Enn B, 103% of Enn B,, and 84% of
beauvericin. It means that the levels compared to the initial barley did
not change. Further, in both cases malt culms were also analyzed,
malt culms for their high content of enzymes, vitamins and other for
health beneficial substances are used for feeding. The enniatin levels
in malt culms varied around 400 pg kg (Vaclavikova et al., 2013), Hu
et al. (2014) found enniatin levels in the range of 37.1 — 648.9 pg.kg™
and beauvericin 72.6 pg.kg™. In both cited studies always one or two
samples of one variety with the natural contamination, were malted,
each had a different initial content of mycotoxins and they were mutu-
ally in a different ratio.

Bolechova et al. (2015) studied enniatin and beauvericin contents
in barley and malt made from it. Totally 12 samples of spring barley
were analyzed and 12 samples of produced malt. Four malting varie-
ties were used — Malz, Bojos, Sebastian, and Xanadu from 3 locali-
ties in the Czech Republic (Céaslav, Uhersky Ostroh, and Jaroméfice
nad Rokytnou). The previous partial results suggesting that the
enniatin and beauvericin levels did not change or mildly declined,
were confirmed only in some cases in this study. It has been proven
that the mycoflora composition of barley and other crops changes
depending on the locality, weather, variety and namely the year of
growing (PoliSenska et al., 2009). Therefore, all these parameters
have a great effect on the spectrum of the present mycotoxins, their
quantity and mutual ratio.

Bolechova et al. (2015) found significant differences among the in-
dividual localities. The relatively highest cconcentration of the myco-
toxins studied was found in malts from the locality of Uhersky Ostroh.
These results are summarized in Fig. 2.

Enniatin A was below the limit of quantification, with the exception
of barley Bojos from the locality of Jaroméfice nad Rokytnou (9.4 ug
kg™) and two malts from Uhersky Ostroh (9.6 and 25.3 pg kg™).
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Obr. 2 Nalezené obsahy ,emerging“ mykotoxint v jednotlivych lokalitach (primér hodnot ze 4 odrud) / Fig. 2 Contents of “emerging“ mycoto-

xins in the individual localities (the average value from 4 varieties)
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Bolechova et al. (2015) nalezli vyrazné rozdily mezi jednotlivymi
lokalitami. Relativné nejvyS8si koncentrace sledovanych mykotoxinG
byla nalezena ve sladech z lokality Uhersky Ostroh. Tyto vysledky
pfehledné shrnuje obr. 2.

Enniatin A byl pod mezi kvantifikace s vyjimkou jeémene Bojos
z lokality Jaroméfice nad Rokytnou (9,4 pg kg') a dvou slad(i z Uher-
ského Ostrohu (9,6 a 25,3 pg kg™).

Nejméné kontaminovany byly jecmeny i slady z lokality Céaslav.
Enn A, se vyskytoval v nizkych koncentracich do 34,1 pg kg™, Enn
B do 111,9 pg kg, Enn B, do 68.4 pg kg™ a jejich hladiny v je€meni
i ve sladu byly srovnatelné. Beauvericin se objevil ve dvou sladech
v nizké koncentraci (7,8 pg kg'), v je€menech byl vzdy pod mezi
kvantifikace. Koncentrace mykotoxinti ve vzorcich z lokality Jaro-
méfice nad Rokytnou byly rovnéz nizké. Nejvyssi byly koncentrace
v odriidé Bojos, Enn B 420,7 pg kg, Enn B, 307,6 pg kg' a Enn
A, 154,4 ug kg, kde u Enn B, a A, Slo o nejvy$si koncentraci ze
v8ech zkoumanych vzorkl. Obsah Enn B, B, a A, klesl oproti je¢me-
ni ve vSech sladech s vyjimkou odridy Xanadu. Ve v§ech vzorcich
je€mene byl nalezen beauvericin v nizkych koncentracich (do 30,1
pg kg™) a ve sladu jeho koncentrace jesté klesla. Je€meny z lokality
Uhersky Ostroh byly kontaminovany mykotoxiny nejméné. Ve dvou
je€menech se vyskytoval beauvericin pod mezi kvantifikace a ennia-
tiny do koncentrace 33,5 ug kg (Enn B, v jeémeni Bojos). Po zesla-
dovani téchto vzorkud v§ak doslo u véech 4 vzorkl k velikému narastu
koncentrace nékterych mykotoxinli v fadu stovek az tisicli procent.
Enniatin A se vyskytl ve dvou sladech, nejvy$si koncentrace byla
25,3 yg kg, ostatni sledované mykotoxiny ve vSech sladech, kdy
nejvyssi koncentrace beauvericinu byla 41,7 ug kg, Enn A, 281 pg
kg, Enn B 1110 pg kg™ a Enn B, 504 pg kg™

| kdyz jsou mikromycety rodu Fusarium oznacovany jako ,polni
plisné“, za pfiznivych podminek mohou rust také v priibéhu sklado-
vani (Vaughan et al., 2005; Fakhrunnisa Hasmhi a Ghaffar, 2006).
Mikrospdry plisni mohou byt pfitomny vsude, rizikovy muze byt
napfiklad kontakt sklizené plodiny s pddou pfi sklizni. Zalezi také
na péstované predploding, pficemz nejvice rizikovou v tomto sméru
je kukufice. Pfi sladovani dochazi k poklesu hladin mykotoxinG vli-
vem vyluhovani do maceci vody, v zavislosti na jejich rozpustnosti
ve vodé, béhem kli¢eni vSak jejich produkce muze vzrist, protoze
teplé a vinké prostiedi sladovny je vhodné pro rist plisni. Zvy$enim

The least ccontaminated were barleys and malts from the locality
of Caslav. Enn A, occurred at low cconcentrations to 34.1 pg kg™,
Enn B to 111.9 pg kg, Enn B, to 68.4 ug kg™ and their contents in
barley and malt were comparable. Beauvericin appeared in two malts
at low concentration (7.8 pg kg, in barleys, it was always below the
limit of quantification. Mycotoxin concentrations in the samples from
the locality of Jaroméfice nad Rokytnou were also low. The highest
concentrations were recorded in the variety Bojos, Enn B 420.7 ug
kg', Enn B, 307.6 ug kg, and Enn A, 154.4 ug kg™, in Enn B, and
A, it was the highest concentration of all the studied smaples. Enn
B, B, and A, contents dropped versus barley in all malts, with the
exception of the variety Xanadu. Beauvericin at low concentrations
(to 30.1 ug kg') was detected in all barley samples, its cconcentra-
tion in malt was even lower. Barleys from the locality Uhersky Ostroh
were less contaminated with mycotoxins. Beauvericin below the limit
of quantification and enniatins to 33.5 ug kg' (Enn B, in barley Bojos)
were detected in two barleys. However, after malting, high increase
in concentration of some mycotoxins in orders of hundreds to thou-
sands of percents was recorded in all four samples. Enniatin A oc-
curred in two malts, with the highest concentration of 25.3 pug kg™'. As
for the other mycotoxins studied in all malts, the highest beauvericin
concentration was 41.7 pg kg, Enn A, 281 pg kg, Enn B 1110 pg
kg', and Enn B, 504 pg kg'.

Although the micromycetes of Fusarium species are referred to as
“field fungi“, under favoarable conditions they can also grow during
storage (Vaughan et al., 2005; Fakhrunnisa, Hasmhi, M. H. and Ghaf-
far, A., 2006). Microspores of fungi can be present everywhere, for ex-
ample a contact of the harvested crop with soil during harvest can be
risky. It also depends on the previous crop, maize being the most risky.
During malting, mycotoxin levels decline due to leaching into steep-
ing water, depending on their solubility in water, their production can
then increase during germination as the warm and wet environment of
a malting plant is favourable for the fungal growth. The increase in the
temperature during kilning may cause a higher mycotoxin production
as a result of fungal stress response (Wolf-Hall, 2007).

It must be stated that the described experiments were conducted
only under the laboratory conditions and that the situation in malt
plants can be different (BeneSova and Bélakova — non-published re-
sults).
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teploty béhem hvozdéni v§ak muze dojit k vystresovani plisné a tim
k dalsi produkci mykotoxinG. (Wolf-Hall, 2007).

Je také tfeba uvést, ze popsané pokusy probihaly pouze v labo-
ratornim méfitku a v realném prostiedi sladoven muze byt situace
ponékud odlisna (Benesova a Bélakova — nepublikované vysledky).

Ezekiel et al. (2014) publikovali praci, ktera sleduje obsah 17 my-
kotoxin(, véetné enniatinG A a B, beauvericinu, moniliforminu a fusa-
proliferinu ve dvou tradi¢nich a oblibenych fermentovanych obilnych
napojich ¢asto konzumovanych v Nigérii — Kunu-zaki a Pito. Kunu-
-zaki je nealkoholicky napoj vyrobeny z kukufice, Pito je tradi¢ni al-
koholicky néapoj vyrobeny z €iroku. Byly odebrany vzorky vstupnich
surovin, vyrobeného sladu a hotovych népoju. | zde po zesladovani
doslo k prudkému nardstu koncentrace sledovanych mykotoxind,
v hotovych napojich ovSem jejich koncentrace opét velmi klesla. Za-
véry proto zatim nelze zobecriovat a je tfeba ve vyzkumu nadale
pokracovat.

5 OSUD ,[EMERGING“ MYKOTOXINU
BEHEM PROCESU VYROBY PIVA

Dynamika prechodu enniatinti do piva byla poprvé popsana v r.
2013 (Véclavikova et al., 2013). Enniatiny B a B, byly detekovany
na nejvyssi hladiné v predku, dale se nachdazely ve sladiné a enniatin
B iv mladiné. Enniatiny A a A, nebyly v zddném meziproduktu vyroby
piva detekovany. Pfiblizné 64-91 % enniatin( bylo odstranéno v mla-
tu. Zadny z enniatint nebyl detekovan ve finalnim produktu — v pivu.

Hu et al. (2013) uvadi, ze 64-98 % enniatin(i a 53-85% beauve-
ricinu pavodné pfitomnych v hotovém sladu je odstranéno v mlatu.
Sladina obsahuje kolem 6% enniatini a nedetekovatelné mnozstvi
beauvericinu. Po chmelovaru a fermentaci nebyly jiz enniatiny ani
beauvericin nalezeny ani v hotovém pivu.

Ezekiel et al. (2014) uvadi pokles koncentrace sledovanych myko-
toxinG v hotovych fermentovanych napojich Kunu-zaki a Pito 0 59,3—
9,9 % oproti vychozim nesladovanym surovinam.

6 ZAVER

+Emerging“ mykotoxiny jsou nové se objevujici mykotoxiny, meta-
bolity plisné rodu Fusarium spp. Teprve v nedavné dobé byly identifi-
kovany jako mykotoxiny. Jedné se zejména o fusaproliferin, beauveri-
cin, enniatiny a moniliformin. Probiha vyzkum jejich toxickych uéinku.
O jejich vyskytu dosud existuji pouze diléi udaje, bylo vSak zjisténo,
Ze zejména enniatiny se nachazeji v obilovinach v relativné vysokych
koncentracich. Z obilovin pfechazeji do cerealnich vyrobku a jsou
tak jimi exponovani lidé i zvifata. V sou€asné dobé probiha vyzkum
a sledovani téchto mykotoxind v rznych potravinach a krmivech a je
sledovana jejich tranformace do vyrobenych potravin. Tato prace shr-
nuje nejnovéj$i poznatky o vyskytu ,emerging“ mykotoxint v jeéme-
ni, sladu a sladovém kvétu a jejich pfechodu do finalniho vyrobku,
piva. Bylo zjisténo, Ze tyto mykotoxiny do piva nepfechazeji. Slad
a sladovy kvét jsou pro vysoky obsah zdravotné prospésnych latek
vyuzivany k potravinafskym a krmivarskym ucelum, proto je velmi
zadouci sledovani jejich obsahu i v téchto komoditach.
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