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Bélakova, S., Waroszova, S., BeneSova, K., 2017: Vyskyt mykotoxint v pivech z obchodni sité. Kvasny Prum. 63(6): 293—-297

V roce 2016 byl sledovan obsah mykotoxinu deoxynivalenolu, jeho metabolitu deoxynivalenol-3-3-D-glukopyranosidu a ochratoxinu
A v pivech z ¢eské, polské a slovenské maloobchodni sité. Celkem bylo analyzovano 30 vzorkd piv. Pro stanoveni deoxynivalenolu
a jeho metabolitu byla pouzita vysokoucinna kapalinovéa chromatografie ve spojeni s hmotnostni detekci (HPLC/MS) a pro stanoveni
ochratoxinu A ultra vysokoug¢inna kapalinova chromatografie s fluorescencni detekci (UPLC/FLR). Deoxynivalenol byl detekovan ve 25
vzorcich v koncentraénim rozmezi 1,54 — 12,57 pg:I" a deoxynivalenol-3-B-D-glukopyranosid se vyskytoval v 27 vzorcich v rozmezi
kontaminace 1,18 — 12,47 ug-I"'. Ochratoxin A byl nalezen ve 23 vzorcich v rozmezi kontaminace 1,2 — 82,5 ng-|".

Bélakova, S., Waroszova, S., BeneSova, K., 2017: The Occurrence of Mycotoxins in Beers from Retail Shops. Kvasny Prum. 63(6):
293-297

In 2016, contents of mycotoxin deoxynivalenol, its metabolite deoxynivalenol-3-3-D-glucopyranoside and ochratoxin A, in beers from
Czech, Polish and Slovak retail shops were studied. Totally, 30 beer samples were analyzed. Deoxynivalenol and its metabolite were
determined using high performance liquid chromatography with mass detection (HPLC/MS) HPLC, and ultra-high performance liquid
chromatography with fluorescence detection (UPLC/FLR) was employed for the determination of ochratoxin A. Deoxynivalenol was
detected in 25 samples in the concentration range of 1.54 - 12.57 pg-I'" and deoxynivalenol-3-B-D-glucopyranoside was present in 27
samples in the contamination range of 1.18 - 12.47 pg-I". Ochratoxin A was detected in the contamination range of 1.2 — 82.5 ng-I".

Bélakova, S., Waroszova, S., BeneSova, K., 2017: Das Auftreten von Mykotoxinen in den Bieren aus dem Handelsmarkt. Kvasny
Prum. 63(6): 293-297

Im Jahre 2016 wurde ein Gehalt an Mykotoxin Deoxynivalenol, seinen Metabolit Deoxynivalenol-3-p-D-Glukopyranosid und Ochrato-
xin A in den Bieren aus dem tschechischen, slowakischen und polnischen Biermarkt verfolgt. Insgesamt wurden 30 Biermuster analy-
siert. Fur die Bestimmung des Deoxynivalenols und seinen Metabolit wurde Hochleistungs-Fliissigchromatographie in Kombination mit
Massendetektion (HPLC/MS) und zur Ochratoxin A Bestimmung die Ultra-Hochleistungsflissigkeitschromatographie mit Fluoreszenz-
detektion (UPLC/FLR) angewandt. In den 25 Mustern wurde Deoxynivalenol im Konzentrationsbereich 1,54 — 12,57 ug-I" festgestellt,
Deoxynivalenol-3-B-D-Glukopyranosid im Konzentrationsbereich 1,18 — 12,47 pg-I"' in den 27 Mustern und Ochratoxin A in den 23 Mus-

tern im Konzentrationsbereich 1,2 — 82,5 ng:I"' festgestellt.
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B-D-glukopyranosid, ochratoxin A

1 UVOD

Pivo je slabé alkoholicky napoj, ktery se po staleti vyrabi z obil-
nych slad(l, vody a chmele za U¢asti pivovarskych kvasinek (Basaro-
va et al., 2010). Ceska republika patfi mezi zemé s nejvétsi konzu-
maci piva na osobu a rok. V roce 2015 se umistila na prvnim misté
se 143 litry na osobu a rok. Nasleduje Némecko a Rakousko se 106
a 105 litry na osobu a rok (Beer Statistics, 2016). P¥i takto velké kon-
zumaci je kontrola nezadoucich latek jak ve vstupnich surovinach,
tak v pivu velice dllezZita. Mezi tyto nezadouci latky patfi bezesporu
i mykotoxiny.

Mykotoxiny Ize definovat jako pfirodni toxické metabolity viakni-
tych mikromycetl, které evokuji toxickou odezvu organismu uz
i ve velmi malych koncentracich; z tohoto dlivodu je jakékoliv konta-
minace toxinogennimi plisnémi potencialné zna¢né nebezpecna
(Bennett, 1987).

Mykotoxiny jsou chemicky i tepelné velmi stabilni slouceniny
a proto mohou prechazet z infikovaného je€émene do sladu béhem
fizeného procesu sladovani, pfi kterém vznikaji vhodné podminky
pro jejich produkci. Obecné jsou mykotoxiny stabilni do 170 °C v ne-
utralnim az kyselém prostfedi a mohou tedy odolavat i procesu vare-
ni piva. Z tohoto dlivodu je analyze mykotoxinl v surovinach pro
vyrobu piva a v pivu vénovana velké pozornost (Wolf-Hall, 2007).

Deoxynivalenol (DON) je nejvice sledovany fusariovy mykotoxin,
ktery se fadi mezi trichotheceny B. Jeho vyznamnym producentem
je Fusarium graminearum (nepohlavni forma Gibberella zeae), ktery

Keywords: beer, mycotoxins, deoxynivalenol, deoxynivalenol-3-3-
D-glucopyranoside, ochratoxin A

1 INTRODUCTION

Beer is a slightly alcoholic beverage, which has been produced for
centuries from cereal malts, water and hops using brewer’s yeast
(Basarova et al., 2010). The Czech Republic belongs to the countries
with the largest consumption of beer per person per year. In 2015, it
ranked first with 143 liters per person per year. Germany and Austria
with 106 and 105 liters per person per year followed (Beer Statistics,
2016). With such high consumption, monitoring of undesirable sub-
stances in both input raw materials and beer is very important. These
undesirable substances definitely include mycotoxins.

Mycotoxins can be defined as natural toxic metabolites of filamen-
tous micromycetes that evoke a toxic response of the organism even
at very low concentrations; for this reason, any contamination with
toxigenic fungi is potentially very dangerous (Bennett, 1987).

Mycotoxins are chemically and thermally very stable compounds
and thus they can pass from infected barley to malt during the con-
trolled process of malting which generates suitable conditions for
their production. Generally, mycotoxins are stable to 170 °C in neu-
tral to acidic environment and thus they can survive the brewing pro-
cess. For this reason, high attention must be paid to the analysis of
mycotoxins in beer raw materials and beer (Wolf-Hall, 2007).

Deoxynivalenol (DON) is the most studied fusarium mycotoxin, it
belongs to the trichothecenes B. Its major producer is Fusarium
graminearum (asexual form of Gibberella zeae), which plays a role
mainly in warmer areas (optimal growth temperature is 25 °C). An-



Kvasny Prum
63/2017 (6

294

Vyskyt mykotoxint v pivech z obchodni sité

se uplatnuje predevsim v teplejsich oblastech (optimalni teplota rlis-
tu je 25 °C). DalSim producentem je F. culmorum, ktery ma nizsi na-
roky na teplotu (optimum je 21 °C). Vyskyt DON v ceredliich je mezi-
ro¢né velmi variabilni, zavisi pfedevsim na klimatickych podminkach
v dané lokalité, na typu predplodiny a na rezistenci dané odrldy.
(Malit et al., 2003; VeliSek et al., 2009).

Kromé volnych forem mykotoxint, které jsou bézné sledovany,
existuji konjugované formy mykotoxin(, které byvaji také oznacova-
ny jako maskované mykotoxiny. Jedna se zejména o konjugaty
s mono- a oligosacharidy, které vznikaji v pribéhu detoxika¢niho
procesu v kontaminovanych rostlinach. Deoxynivalenol-3-3-D-gluko-
pyranosid (D3G) je nejznaméjsSim a zatim nejprobadanéjSim konju-
gatem trichothecenl (VeliSek et al., 2009; Berthiller et al., 2007).
V souc€asné dobé neni mozné fict, jestli D3G, jakozto detoxikacni
rostlinny produkt, vykazuje akutni toxicitu nebo zda se v téle mize
roz&tépit zpét na DON (Berthiller et al., 2007; Berthiller et al., 2013).

Ochratoxin A (OTA) patfi mezi vyznamné nefrotoxické mykotoxiny
s karcinogennimi u¢inky a je spojovan s nadory ledvin (Malif et al.,
2014). Tento toxicky metabolit je v oblastech mirného podnebniho
pasu a v chladnégjsich oblastech produkovan hlavné viaknitymi mik-
roskopickymi houbami rodu Penicillium (Malif a Ostry, 2003). V obi-
lovinach je OTA produkovan zejména mikroskopickou vlaknitou hou-
bou P, verrucosum, kteréa se jen zfidka vyskytuje na poli. Kontamina-
ce obilovin OTA je proto povazovana prfedev§im za poskliziiovy
problém (Amézqueta et al., 2009; Anli et al., 2010). P, verrucosum se
Casto nachazi v silech, kde ulpiva na mechanickych necistotach a zr-
nech z pfedchoziho roku. Kritické faktory, které ovliviiuji produkci
OTA v napadenych obilovinach béhem péstovani, sklizné a pfede-
vSim skladovani, jsou teplota, vihkost a ¢as, po ktery je obilovina
vystavena nepfiznivym podminkdm (Amézqueta et al., 2009). P¥i-
tomnost OTA v pivu zavisi na kontaminaci vstupnich surovin, . sla-
dovnického jeémene a sladu. Byla provedena fada studii, kde byl
sledovan prechod OTA a dalSich mykotoxinl do piva v pribéhu va-
feni (Scott, 1996; Baxter et al., 2001; Inoue et al., 2013).

Vysoka toxicita mykotoxinl a jejich variabilni vyskyt predurcéuji my-
kotoxiny k regulaci legislativou (Capriotti et al., 2010). Maximalni po-
volené limity mykotoxinii DON a OTA v potravinach jsou v Ceské
republice a Evropské unii stanoveny Nafizenim komise (ES)
€.1881/2006 ve znéni Nafizeni komise (ES) €. 1126/2007 pro fusari-
ové mykotoxiny a Nafizeni komise (EU) €. 105/2010 pro ochratoxin
A. Maximalni limity pro DON a OTA v obilovinach €ini 1250 pg.kg™
a 5 pg.kg™. Pro pivo nebyl maximalni limit stanoven.

Cilem nasi studie bylo sledovat vyskyt DON, D3G a OTA ve vzor-
cich piv, které pochazely z maloobchodni sité Ceské, Polské a Slo-
venskeé republiky.

2 MATERIAL A METODY

Byl sledovan vyskyt mykotoxinu DON, jeho metabolitu D3G a my-
kotoxinu OTA v ¢eskych (10 vzorkd), polskych (12 vzorku) a sloven-
skych (8 vzork() lahvovych pivech. Jednalo se o lezédky s obsahem
alkoholu v rozmezi 4,6 — 6,0 %, které byly zakoupeny v maloobchod-
ni siti v Ceskeé republice, Polsku a na Slovensku v roce 2016.

DON a D3G v pivu byly analyzovany po predchozim precisténi
pfes imunoafinitni kolonku DONPREP. Odplynény vzorek piva byl
nanesen pfimo na imunoafinitni kolonku, k promyti byla pouzita dei-
onizovana voda. Eluce byla provadéna opakované methanolem.
Vzorek byl odparfen do sucha na vakuové odparce. Pfed nastfikem
byl vzorek rozpustén v 0,5 ml smési methanol/voda 50/50 (v/v). Pro

other producer is F. culmorum, which has lower temperature require-
ments (optimum is 21 °C). The occurrence of DON in cereals is very
variable year-on-year, depending mainly on the climatic conditions of
the site, the type of pre-crop and the resistance of the variety. (Malif
et al., 2003; VeliSek et al., 2009).

Besides free mycotoxin forms which are commonly observed, con-
jugated mycotoxin forms exist, they are also referred to as masked
mycotoxins. These are namely conjugates with mono- and oligosac-
charides that originate during the detoxication process in contami-
nated plants. Deoxynivalenol-3-B-D-glucopyranosid (D3G) is the
most well known and so far most studied conjugate of trichothecenes
(Velisek et al., 2009; Berthiller et al., 2007). Currently it remains un-
clear whether D3G as a detoxification plant product exhibits acute
toxicity or whether it can cleave back to DON in the body (Berthiller
et al., 2007; Berthiller et al., 2013).

Ochratoxin A (OTA) belongs to significant nephrotoxic mycotoxins
with carcinogen effects and it is associated with kidney tumours (Malif
et al., 2014). This toxic metabolite is produced mainly by filamentous
microscopic fungi of Penicillium species in the moderate climatic and
in colder areas (Malif and Ostry, 2003). In cereals, OTA is produced
mainly by a microscopic filamentous fungi P. verrucosum which only
rarely occurs in fields. Contamination of cereals with OTA is therefore
considered a post-harvest problem (Amézqueta et al., 2009; Anli et al.,
2010). P, verrucosum is often detected in silos where it adheres to
mechanical impurities and grains from a previous year. Critical factors
affecting OTA production in contaminated cereals during growing, har-
vesting and storage include the temperature, humidity and the time at
which cereals are exposed to adverse conditions (Amézqueta et al.,
2009). The presence of OTA in beer depends on contamination of the
input raw materials, i.e. malting barley and malt. A number of studies
have investigated passing of OTA and other mycotoxins to beer during
brewing (Scott, 1996; Baxter et al., 2001; Inoue et al., 2013).

Mycotoxins due to their high toxicity and variable occurrence are
regulated by the legislation (Capriotti et al., 2010). In the Czech Re-
public and European Union, the maximal allowed limits of DON and
OTA mycotoxins in food are set by the Commission Regulation (EC)
No 1881/2006 as amended by the Commission Regulation (EC)
1126/2007 for fusarium mycotoxins and Commission Regulation
(EU) no. 105/2010 for ochratoxin A. The maximal limits for DON and
OTA in cereals are 1250 pg.kg™ and 5pg.kg™, respectively. No maxi-
mal limit was set for beer.

The aim of our study was to monitor the occurrence of DON, D3G
and OTA in samples of beers from the retail shops in the Czech, Pol-
ish and Slovak Republics.

2 MATERIAL AND METHODS

The occurrence of mycotoxin DON, its metabolite D3G and myco-
toxin OTA was studied in Czech (10 samples), Polish (12 samples)
and Slovak (8 samples) bottled beers. These were lager beers with
alcohol content in the range of 4.6 — 6.0 % which were purchased in
retail shops in the Czech Republic, Poland and Slovakia in 2016.

DON and D3G in beer were analyzed after prior purification
through the DONPREP immunoaffinity column. The degassed beer
sample was applied directly to the immunoaffinity column, deionized
water was used for washing the sample. Elution was carried out re-
peatedly with methanol. The sample was evaporated to dryness on
a vacuum evaporator. Before injecting, the sample was dissolved in
0.5ml of 50/50 v/v methanol/water mixture. For the identification and

Tab. 1 Obsah DON a D3G (ug-I"") v pivech / Table 1 Content of DON and D3G (ug-1) in beers

Kategorie Pocet piv Mykotoxin Pozitivni vzorky Rozmezi Primérny obsah
Category Number of beers Mycotoxin Positive samples Range Average content
X L DON 10 3.07-10.70 4.40
Ceska piva 10
Czech beers D3G 10 1.18 - 12.47 2.99
Lo DON 8 1.54-8.19 2.92
Polska piva 12
Polish beers D3G 11 1.85 - 10.68 4.27
L DON 7 2.29-12.57 4.54
Slovenska piva 8
Slovak beers D3G 6 2.45-10.16 4.22




Vyskyt mykotoxin(i v pivech z obchodni sité

Kvasny Prum.
63/2017 (6)

295

identifikaci a kvantifikaci DON a D3G byla pouzita metoda vysoko-
ucinné kapalinové chromatografie ve spojeni s hmotnostné — spekt-
rometrickou detekci (LC-MS/MS) (Bélakova et al., 2013).

OTA v pivu byl analyzovan po pfedchozim pfecisténi pfes imuno-
afinitni kolonku OCHRAPREP. Vzorek piva byl odplynén na ultra-
zvuku a jeho pH bylo upraveno na 7,2 pomoci 2M roztoku hydroxidu
sodného. Takto upraveny vzorek byl aplikovan pfimo na imunoafinit-
ni kolonku. K promyti kolonky byl pouzit fosfatovy pufr PBS. Eluce
byla provadéna 1,5ml smési methanol/kyselina octova 98/2 (v/v).
Eluat byl odpafen ve vakuové odparce. Pfed néstfikem byl odparek
rozpu$tén v 0,5ml smési methanol/voda 50/50 (v/v). Pro analytické
stanoveni OTA v pivu byla pouzita metoda ultra vysokoucinné kapa-
linové chromatografie ve spojeni s fluorescenéni detekci (UPLC —
FLR) (Bélakova et al., 2011; Bélakova et al., 2015).

3 VYSLEDKY A DISKUSE

3.1 DON a D3G v pivu

DON a jeho metabolit D3G patfi mezi nejcastéji se vyskytujici my-
kotoxiny ve sladu a v pivu v Evropskych zemich (Kostelanska et al.,
2011). DON se muze vyskytovat v pivu, jsou-li suroviny pouzité pro
jeho vyrobu kontaminované (Papadopoulou et al., 2004). Jeho hlav-
nim rostlinnym metabolitem je D3G, ktery vykazuje snizenou toxicitu
vUci rostlindm, a to jako takzvany maskovany mykotoxin (Varga et
al., 2013).

Mykotoxin DON a jeho konjugat D3G se vyskytovaly v koncentraci
vy$8i nez limit kvantifikace (LOQ = 1,00 pg-I"") v 83 a 90% vzorku
sledovanych piv. DON byl nalezen ve v8ech €eskych pivech, 67 %
polskych piv a 88 % slovenskych piv. Koncentrace DON se pohybo-
vala v rozmezi 1,54 — 12,57 pg-I"'. NejvysSi obsah byl nalezen ve slo-
venském pivu. D3G obsahovala vSechna &eska piva, 92 % polskych
piv a 75% slovenskych piv. Koncentrace D3G byla v rozmezi
1,18 — 12,47 pg:I'" . NejvySSi obsah byl nalezen v ¢eském pivu. Pre-
hled kontaminace piv DON a D3G je uveden v tab. 1.

Tyto zjisténé koncentrace se vyrazné nelisi od prfedchozich studii.
Ruprich a Ostry v roce 1995 detekovali DON v 59 ze 77 vzork( piv
v rozmezi 7 — 70 pg-I" (Ruprich a Ostry, 1995). Schothorst a Jekel
v roce 2003 nalezli DON pouze ve 3 z 51 vzorkl holandskych piv,
atovrozmezi 26 — 41 pg-I" (Schothores a Jakel, 2003). Papadopou-
lou-Bouraoui et al. v roce 2004 provedli vyzkum 313 vzorkU piv z ev-
ropskych zemi. DON se vyskytoval v 272 vzorcich s koncentraci
v rozmezi 4,0 — 56,7 ug-I" (Papadopoulou et al. 2004). Bélakova et
al. v roce 2013 sledovala vyskyt DON v 119 pivech z obchodni sité
Ceské republiky. DON byl nalezen v 89 vzorcich s koncentraci v roz-
mezi 2,00 — 44,00 pg-I"' (Bélakova et al., 2013). Varga a spol. v roce
2013 analyzovali DON a D3G ve 374 pivech z 38 zemi svéta. DON
byl nalezen ve 289 a D3G ve 348 pivech (77 a 93 %). Jejich primér-
né koncentrace Cinila 8,4 a 6,9 pug-I" (Varga et al., 2013).

Molarni poméry D3G/DON se pohybovaly u ¢eskych piv v rozmezi
0,25 — 0,75, u polskych piv 0,37 — 1,48 a u slovenskych piv 0,44 —
1,25. Ve srovnani s DON, obsah D3G muze byt nizsi, stejny nebo
vy$Si a neni tedy mozné predpovedét koncentraci D3G z méfeni sa-
motného DON (Varga et al., 2013). Varga et al. uvadi molarni pomér
D3G/DON v rozmezi 0,11 — 1,25 ve studii z roku 2013 pfi testovani
374 piv (Varga et al., 2013), Kostelanska et al. (2009) uvadi molarni
poméry D3G/DON 0,58 — 1,24 ve 176 svétlych a tmavych pivech
(Kostelanska et al., 2009). Zvy$eni poméru D3G/DON v pivu mize
byt zplsobeno rdznymi postupy pfi vyrobé piva. BEhem faze kliceni
pfi sladovani hladiny DON a jeho metaboliti vzristaji ve srovnani
s koncentraci v plvodnich zrnech jeémene. ZvySovani mnoZzstvi
D3G je zplsobeno zejména diky vysoké enzymatické aktivité a po-
kracuje také pfi rmutovani (Varga et al., 2013).

Legislativni limit pro vyskyt DON v pivu nebyl dosud stanoven.
V roce 1999 byl stanoven Evropskym ufadem pro bezpecnost potra-
vin (EFSA) tolerovatelny denni pfijem (TDI) pro DON na 1 pg.kg'
télesné hmotnosti. Nejvyssi nalezena koncentrace DON v analyzo-
vanych pivech byla ve slovenském pivu 12,57 pg.I'" . Aby primérny
muz vazici 83 kg prekrogil TDI, musel by vypit 13 takto kontaminova-
nych pullitrovych piv za den. Nejedna se tedy o koncentraci, ktera by
predstavovala hrozbu pro zdravotni stav konzumentu.

3.2 OTA v pivu

Pritomnost OTA v pivu zavisi na kontaminaci vstupnich surovin, ;.
sladovnického je€mene a sladu. OTA je pfi vysokych teplotach rela-
tivné stabilni. Pfi rmutovani ¢ast OTA prechazi do mlata, ¢ast zUsta-
va ve sladiné. Pfi fermentaci se OTA mUze adsorbovat na kvasinky
a zbytek pfechazi do piva (Scott, 1996; Baxter et al., 2001; Mateo et

quantification of DON and D3G, the method of high performance
liquid chromatography was used coupled with mass spectrometric
detection (LC-MS/MS) (Bélakova et al., 2013).

OTA in beer was analyzed after prior purification through the
OCHRAPREP immunoaffinity column. The beer sample was ultra-
sonic degassed and its pH was adjusted to 7.2 with 2M sodium hy-
droxide solution. The sample then was applied directly to the immu-
noaffinity column. Phosphate buffer PBS was used to wash the col-
umn. Elution was carried out with 1.5ml of methanol/acetic acid 98/2
(v/v). The eluate was evaporated in a vacuum evaporator. Before in-
jecting, the residue was dissolved in 0.5ml of a 50/50 (v/v) methanol/
water mixture. The method of ultra-high liquid chromatography cou-
pled with fluorescent detection (UPLC — FLR) was used for the deter-
mination of OTA in beer (Bélakova et al., 2011; Bélakova et al., 2015).

3 RESULTS AND DISCUSSION

3.1 DON and D3G in beer

DON and its metabolite D3G belong to the frequently occurring
mycotoxins in malt and beer in European countries (Kostelanska et
al., 2011). DON may occur in beer if raw materials for its production
are contaminated (Papadopoulou et al., 2004). Its main plant me-
tabolite is D3G which exhibits lowered toxicity to plants as a so-
called masked mycotoxin (Varga et al., 2013).

Mycotoxin DON and its conjugate D3G occurred at the concentra-
tion higher than the limit of quantification (LOQ = 1.00 pg-I"") in 83
and 90% of the studied beer samples. DON was detected in all
Czech beers, 67 % of Polish beers and 88 % of Slovak beers. Con-
centration of DON moved from 1.54 — 12.57 pg-I"'. The highest con-
tent was found in the Slovak beer. D3G was detected in all Czech
beers, 92 % of Polish beers and 75 % of Slovak beers. D3G concen-
tration moved from 1.18 — 12.47 pg-I". The highest content was
found in the Czech beer. Survey of contamination of beers with DON
and D3G is given in Table 1.

The concentrations found do not vary significantly from previous
studies. In 1995, Ruprich and Ostry detected DON in 59 of 77 beer
samples in the range of 7 — 70 pg-I" (Ruprich and Ostry, 1995). In
2003, Schothorst and Jekel found DON only in 3 of 51 samples of
Dutch beers, in the range of 26 — 41 pg-I" (Schothores and Jakel,
20083). In 2004, Papadopoulou-Bouraoui et al. conducted research of
313 samples of beers from European countries. DON occurred in
272 samples with concentration in the range of 4.0 — 56.7 pg-I" (Pa-
padopoulou et al., 2004). In 2013, Bélakova et al. studied the DON
occurrence in 119 beers from retail shops in the Czech Republic.
DON was detected in 89 samples with concentration in the range of
2.00 — 44.00 pg-I" (Bélakova et al., 2013). In 2013, Varga et al. ana-
lyzed DON and D3G in 374 beers from 38 countries. DON was found
in 289 and D3G in 348 beers (77 and 93 %). Their average concen-
trations were 8.4 and 6.9 pg-I"' (Varga et al., 2013).

Molar rates D3G/DON in Czech beers varied from 0.25 — 0.75, in
Polish beers 0.37 — 1.48 and in Slovak beers 0.44 — 1.25. Compared
to DON, D3G content may be lower, the same or higher and there-
fore D3G concentration cannot be estimated only from DON measur-
ing (Varga et al., 2013). Varga et al. reported D3G/DON rates in the
range of 0.11 — 1.25 in their study from 2013 when 374 beers were
tested (Varga et al., 2013), Kostelanska et al. (2009) reported molar
rates of D3G/DON 0.58 — 1.24 in 176 pale and dark beers (Kostelan-
ska et al., 2009). An increase in the D3G/DON rate in beer may be
due to different beer production processes. During the germination
phase, the level of DON and its metabolites increases compared to
the concentration in the original barley grains. Increasing the amount
of D3G is mainly due to high enzyme activity and it continues in
mashing (Varga et al., 2013).

A legislative limit for the occurrence of DON in beer has not been
determined. In 1999, a tolerable daily intake (TDI) for DON per 1
pg.kg' body weight was established by the European Food Safety
Authority (EFSA). The highest DON concentration found in the ana-
lyzed beers was 12.57 pg.I" in a Slovak beer. To exceed the TDI, an
average man weighing 83 kg would have to drink 13 contaminated
pints of beer per day. Thus this concentration does not pose a threat
to consumers’ health.

3.2 OTA in beer

The presence of OTA in beer depends on the contamination of the
input materials, i.e. malting barley and malt. OTA is relatively stable
at high temperatures. During mashing, some OTA passes to spent
grains, some remains in wort. During fermentation, OTA can adsorb
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Tab. 2 Obsah OTA (ng.I'") v pivu / Table 2 OTA content (ng.l'") in beer

Kategorie Pocet piv Pozitivni vzorky Rozmezi Prdmérny obsah

Category Number of beers Positive samples Range Average content
gzeesciébpz\é?s 10 9 1.8-825 20.8
E&ilf(wébgzﬁs 12 7 1.2-49.3 6.7
Slsolgigi‘zaeglr\éa 8 7 1.9-785 31.3

al., 2007; Bélakova et al., 2011). OTA je také hydrolyzovan kyselina-
mi a nékterymi proteasami na ochratoxin a fenylalanin (Inoue et al.,
2013).

OTA byl nalezen v koncentraci vy$si nez limit kvantifikace (LOQ =
1,0 ng-I'") v 77 % vzorkll sledovanych piv. Ceska piva byla kontami-
novana OTA z 90%, polska piva z 58% a piva slovenska z 88 %.
Koncentrace OTA se pohybovala v rozmezi 1,2 — 82,5 ng.I"". Nejvys-
8i koncentrace byla nalezena v ¢eském pivu. Pfehled kontaminace
piv OTA je uveden v tab. 2.

V Kanadé Scott a Kanhere nasli OTA ve 26 ze 41 testovanych
vzork(l piv s hodnotou OTA do 200 ng-I'' (Scott a Kanhere, 1995).
V roce 2005 bylo analyzovano 88 piv z obchodni sité Spanélska.
OTA se vyskytoval v 83 % analyzovanych vzorkd v rozmezi 7,0-204
ng.I" (Medina et al., 2005). V roce 2009 byl sledovan vyskyt OTA
v pivech z ¢eské maloobchodni sité. OTA byl nalezen v 39 % vzorkud
v rozmezi 1,0 — 243,8 ng-I"' (Bélakova et al., 2011). V roce 2015 byl
na stejném pracovisti publikovan vyskyt OTA v pivech v letech 2011
— 2014. Celkem bylo analyzovano 132 vzork(. OTA byl nalezen
v 81% analyzovanych vzorkd. Jeho koncentrace se pohybovala
vrozmezi 1,0 — 194,6 ng-I" (Bélakova et al., 2015). VSechny ziskané
hodnoty OTA v analyzovanych pivech jsou v souladu s dfive publiko-
vanymi daty.

Legislativni limity pro vyskyt OTA v pivu nebyly dosud stanoveny,
nicméne jsou v nékterych evropskych zemich stanoveny smeérné
hodnoty, jako napf. v Nizozemsku (0,5 pg-I'*), ve Finsku (0,3 pg-I")
a v Italii (0,2 pg-I"") (Yordanova a Vrabcheva, 2006). V roce 2006 byl
stanoven Evropskym ufadem pro bezpeénost potravin (EFSA) tole-
rovatelny tydenni pfijem (TWI) pro OTA 120 ng-kg' télesné hmot-
nosti. Pri vypiti 0,5 | piva, ve kterém byla zjiSténa nejvyssi koncentra-
ce OTA 82,5 ng:I"", by byl spotfebitel vystaven davce 41,2 ng OTA.
Aby primérny muz vazici 83 kg prekrocil TWI, musel by vypit 241
takto kontaminovanych pdllitrovych piv za tyden. D& se tedy konsta-
tovat, Ze obsah OTA v téchto analyzovanych pivech nepfedstavuje
z4dné vyznamné zdravotni riziko.

4 ZAVER

Sledovani potencialné toxickych latek vstupujicich do potravniho
fetézce Clovéka je nedilnou soucasti moderni lidské spoleénosti.
V zajmu ochrany vefejného zdravi je nezbytné udrzet mnozstvi kon-
taminujicich latek na toxikologicky pfijatelnych urovnich. Mezi konta-
minujici latky patfi i mykotoxiny, které se velmi ¢asto vyskytuji v obi-
lovinach a tedy i ve sladovnickém je¢meni. Mykotoxiny jsou pomérné
stabilni slou¢eniny a mohou pfechazet z kontaminovaného jeémene
az do piva. V této praci jsme analyzovali 30 piv, ktera byla nakoupe-
na v maloobchodni siti Eeské, polské a slovenské republiky. Byly zde
sledovany mykotoxiny DON, jeho metabolit D3G a OTA. Bylo konta-
minovano celkem 83 % vzorkl piv DON, 90% D3G a 77% OTA.
Nejvyssi koncentrace DON (12,57 pg.l") byla nalezena ve sloven-
ském pivu, D3G (12,47 pg.I'") v €eském pivu a OTA (82,5 ng.l")
v ¢eském pivu. Maximalni hodnoty pro vyskyt DON a OTA v pivu
nebyly evropskou legislativou stanoveny. Od roku 1999 existuje TDI
pro DON (1pg.kg™ télesné hmotnosti) a od roku 2006 TWI pro OTA
(120 ng-kg™" télesné hmotnosti). Na zékladé téchto stanovenych limi-
tl Ize fict, ze obsah sledovanych mykotoxin( nepfedstavuje v zad-
ném analyzovaném pivu pro konzumenta vyznamné zdravotni riziko.
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to yeast and the rest passes to beer (Scott, 1996; Baxter et al., 2001;
Mateo at al., 2007; Bélakova et al., 2011). OTA is also hydrolyzed by
acids and some proteases to ochratoxin a and phenylalanin (Inoue
et al., 2013).

OTA was found at concentration higher than the limit of quantifica-
tion (LOQ = 1.0 ng-I'") in 77 % of samples of the studied beers. Czech
beers were contaminated with OTA of 90%, Polish beers of 58 %
and Slovak beers of 88 %. OTA concentration moved in the range of
1.2 — 82.5 ng.I". The highest concentration was found in the Czech
beer. Table 2 shows the survey of OTA contamination in beers.

In Canada, Scott and Kanhere found OTA in 26 of 41 tested beer
samples with the OTA value to 200 ng-I"' (Scott and Kanhere, 1995).
In 2005, 88 beers from the retail shop in Spain were analyzed. OTA
occurred in 83% of the analyzed samples in the range of 7.0 — 204
ng.I'" (Medina et al., 2005). In 2009, the occurrence of OTA in beers
from the Czech retail shops was studied. OTA was found in 39 % of
samples in the range of 1.0 — 243.8 ng-I'" (Bélakova et al., 2011). In
2015, the same workplace published the occurrence of OTA in beers
in 2011 —2014. Totally, 132 samples were analyzed. OTA was found
in 81% of the analyzed samples. Its concentration moved in the
range of 1.0 — 194.6 ng-I'" (Bélakova et al., 2015). All the obtained
values of OTA in the analyzed beers are in compliance with previ-
ously published data.

The legislative limits for the occurrence of OTA in beer have not
been set yet, nevertheless guiding values were specified in some
European countries, such as Holland (0.5 pg-I'"), Finland (0.3 pg-I'"),
and ltaly (0.2 pg:I'") (Yordanova and Vrabcheva, 2006). A tolerable
weekly intake (TWI) for OTA of 120 ng-kg"' body weight was estab-
lished by the European Food Safety Authority (EFSA) in 2006. When
drinking 0.5 liters of beer in which the highest OTA concentration of
82.5 ng-kg' was detected, the consumer would be exposed to 41.2
ng of OTA. In order for an average man weighing 83 kg to exceed the
TWI, he would have to drink 241 of such contaminated pints of beer
per week. Therefore, it can be stated that the content of OTA in these
beers does not pose any significant health risk.

4 CONCLUSIONS

Monitoring of potentially toxic substances entering the human food
chain is an integral part of modern human society. In order to protect
public health, the amount of contaminants must be kept at toxicologi-
cally acceptable levels. Contaminant substances include mycotoxins,
which commonly occur in cereals and therefore in malting barley. My-
cotoxins are relatively stable compounds and can pass from contami-
nated barley to beer. In this study, we analyzed 30 beers which were
purchased in retail shops of the Czech, Polish and Slovak Republics.
Mycotoxin DON, its metabolite D3G and OTA were analyzed. Totally
83 % of beer samples were contaminated with DON, 90% D3G and
77 % OTA. The highest DON concentration (12.57 pg.l") was found in
the Slovak beer, D3G (12.47 pg.I'") in Czech beer and OTA (82.5 ng.I")
in Czech beer. The maximal levels for the DON and OTA occurrence
in beer have not been set by European legislation. Since 1999, TDI for
DON (1pg.kg' body weight) and since 2006 TWI for OTA (120 ng-kg™
body weight) have existed. Based on these fixed limits we can claim
that contents of the studied mycotoxins do not represent for consum-
ers any significant health risk in any analyzed beer.
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