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V letech 2011-2014 byl sledovan vyskyt ochratoxinu A v pivech z obchodni sité Ceské republiky. Jednalo se o piva vyéepni, lezaky,
specialni, nealkoholicka a pivni mixy. Celkem bylo analyzovéno 132 vzorkd. Ochratoxin A byl nalezen u 81 % z nich. Jeho koncentrace
se pohybovala v rozmezi 1,0-194,6 ng.I-'. Primérny obsah ochratoxinu A ve vSech vzorcich v souvislosti s rokem vyskytu byl 14,2-39,9
ng.I!. Obsah ochratoxinu A byl analyzovan metodou kapalinové chromatografie s fluorescenéni detekci (UPLC/FLR).

Bélakova, S. — BeneSova, K. — Mikulikova, R. — Svoboda, Z.: The Occurrence of Ochratoxin A in Beers. Kvasny Prum. 61, 2015,
No. 2, pp. 34-37

In 2011-2014 the occurrence of ochratoxin A in beers from Czech retail network was studied. The beers included draught beers,
lagers, special non-alcoholic beers and beer mixtures. Totally, 132 samples were analyzed. Ochratoxin A was detected in 81 % of the
samples. Its concentration moved from 1.0-194.6 ng.I"". Average ochratoxin A content in all samples in connection with the year of the
occurrence was 14.2-39.9 ng.I"". Ochratoxin A content was analyzed using the method of liquid chromatography with the fluorescent
detection (UPLC/FLR).

Bélakova, S. — BeneSova, K. — Mikulikova, R. — Svoboda, Z.: Das Auftreten des Ochratoxins A in den Bieren. Kvasny Prum. 61,
2015, Nr. 2, S. 34-37

Im Zeitraum 2011 — 2014 wurde das Auftreten des Ochratoxins A in den Bieren aus dem Biermarkt der Tschechischen Republik ver-
folgt. Es handelte sich um Zapf-, Lager-, Spezial- , Alkoholfreibiere und Biermixe, insgesamt wurde 132 Muster analysiert. In 81% wurde
Ochratoxin A festgestellt, seine Konzentration lag im Bereich 1,0 — 194,6 ng.I"". In Zusammenhang mit dem Jahr des Auftrettens lag in
allen Mustern ein durchschnittlicher Gehalt an Ochratoxin A im Bereich 14,2 — 39,9 ng.I"". Ochratoxin A wurde durch die Methode der

Flissigchromatographie mit Fluoreszenzdetektion (UPLC/FLR) analysiert.
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1 UVOD

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 tropickych a subtropickych oblas-
tech v potravindch produkovan zejména vlaknitymi mikroskopickymi
houbami rodu Aspergillus. Optimalni teplota pro jeho produkci (napf.
pro Aspergillus ochraceus) se pohybuje okolo 28 °C, i kdyz mlze byt
touto vlaknitou mikroskopickou houbou produkovan v teplotnim roz-
sahu 15-37 °C. V oblastech mirného podnebniho pasu a v chladnéj-
Sich oblastech je OTA produkovéan spiSe viaknitymi mikroskopicky-
mi houbami rodu Penicillium. Mikroskopické houby rodu Penicillium
verrucosum jsou schopny produkovat OTA jiz v rozmezi od 4-30 °C
(Malif et al., 2003).

OTA se chova jako kumulativni jed s rychlou absorpci a pomalym
vyluéovanim. V organismu metabolizuje na hydroxylované derivaty,
které se vyznacuji obdobnymi cytotoxickymi a imunosupresivnimi
ucinky, jako OTA. Mezinarodni organizace pro vyzkum rakoviny —
IARC FAO/WHO (1993) klasifikuje OTA jako mozny karcinogen pro
Cloveéka (kategorie 2B) (Anli et al., 2010).

OTA se vyskytuje v fadé komodit jak rostlinného, tak i Zivocisného
puvodu (Malif et al., 2003; ZolIiner et al., 2006). Za jeho hlavni zdro-
je v potravinach jsou pokladany obiloviny (je€men, Zito, oves, pSeni-
ce, ryze, kukufice) a vyrobky z nich (Kabak, 2009), dale vinné hrozny
a produkty z nich — vino, vinna §tava a vinny ocet, a rovnéz kava, lusté-
niny, kofeni a zeleny ¢aj (Varga et al., 2005; Studer-Rohr et al., 1995).

V obilovinach je ochratoxin A produkovan zejména mikroskopic-
kou vlaknitou houbou P, verrucosum, zfidka A. ochraceus. Kontami-
nace obilovin OTA je povazovana piedevsim za poskliziiovy problém
(Amézqueta et al., 2009; Anli et al., 2010). Kritické faktory, které
ovliviuji produkci OTA v napadenych obilovinach béhem péstovani,
sklizné a predevsim skladovani, jsou teplota, vihkost a ¢as, po ktery
je obilovina vystavena nepfiznivym podminkdm (Amézqueta et al.,
2009). OTA se prirozené vyskytuje v jeCmeni i ve sladu (Bélakova
et al., 2011). Ackoli se OTA fadi mezi ,skladi$tni“ mykotoxiny, muze
se vyskytovat i na poli nebo vznikat béhem procesu sladovani (Anli
et al., 2010).
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1 INTRODUCTION

Ochratoxin A (OTA) belongs to important nephrotoxic mycotoxins
with carcinogenic effects, it is associated with kidney cancer (MaliF et
al., 2014). In the tropical and subtropical areas, this toxic metabolite
is produced in foods mainly by filamentous microscopic fungi of As-
pergillus species. The optimum temperature for its production, e.g.
for Aspergillus ochraceus, moves around 28 °C, although it can be
produced by this filamentous microscopic fungi in the thermal range
of 15-37 °C. In the areas of the moderate climate zone and in colder
areas, OTA is produced by filamentous microscopic fungi of Peni-
cillium species. Microscopic fungi of Penicillium verrucosum sp. can
already produce OTA in the range from 4-30 °C (Malif et al., 2003).

OTA behaves as a cumulative poison with fast absorption and
slow elimination. In the organism it is metabolized to hydroxylated
derivatives with similar cytotoxic and immunosuppressive effects as
OTA. The International Agency for Research on Cancer IARC FAO/
WHO (1993) classifies OTA as a possible carcinogen for man (cat-
egory 2B) (Anli et al., 2010).

OTA occurs in dozens of commodities of both plant and animal
origin (Malif et al., 2003; Zdlliner et al., 2006), its main sources in
foods being cereals (barley, rye, oats, wheat, rice, maize) and ce-
real products (Kabak, 2009), in addition grapes and derived products
such as wine, juice, vinegar, then coffee beans, legumes, spices and
green tea (Varga et al., 2005; Studer-Rohr et al., 1995).

In cereals, ochratoxin A is mainly produced by filamentous fungi
P, verrucosum, rarely A. ochraceus. The contamination of cereals by
OTA is considered to be a particularly post harvest problem (Amé-
zqueta et al., 2009; Anli et al., 2010). Critical factors affecting OTA
production in infected cereals during growing, harvest and namely
storing include temperature, humidity and time for which the cereal
is exposed to unfavorable conditions (Amézqueta et al., 2009). OTA
occurs naturally in barley and malt (Bélakova et al., 2011). Although
OTA belongs to “storage” mycotoxins, it can also occur in the field or
be produced during storage (Anli et al., 2010).

The presence of OTA in beer depends on the contamination of
the input raw materials, i.e. malting barley and malt. Ochratoxin A is
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Tab. 1 Poéty analyzovanych piv / Table 1 Numbers of the analyzed beers

Rok / Nealkoholicka / Vyéepni / Lezaky / Specialy / Pivni mixy / Celkem /

Year Non-Alcoholic Draught Lagers Special Beers Beer Mixtures Total
2011 3 11 15 4 0 33
2012 4 1 16 5 0 26
2013 2 6 19 7 1 35
2014+ 3 8 17 4 6 38
Celkem / Total 12 26 67 20 7 132

*data do konce mésice listopadu 2014 / data till the end of November 2014

Tab. 2 Primérny obsah OTA (ng.I"") v pivu / Table 2 Average OTA content (ng.I") in beer

Rok / Positivni / Celkem Rozmezi / Prim.obsah OTA /
Year Positive / Total Range Average OTA content
2011 33/33 4.8-194.6 39.9
2012 22/26 <1.0-170.1 26.9
2013 28/35 <1.0-77.6 14.2
2014 24/38 <1.0-141.0 13.5
Celkem / Total 107/132 <1.0-194.6 23.6

PFitomnost OTA v pivu zavisi na kontaminaci vstupnich suro-
vin, tj. sladovnického je€mene a sladu. Ochratoxin A je pfi vyso-
kych teplotach relativné stabilni. Pfi rmutovani ¢ast OTA prechazi
do mlata, ¢ast zUstava ve sladiné. Pfi fermentaci se OTA mlze
adsorbovat na kvasinky a zbytek pfechazi do piva (Scott, 1996;
Baxter et al., 2001; Mateo et al., 2007). OTA je také hydrolyzovan
kyselinami a nékterymi proteasami na ochratoxin a a fenylalanin
(Inoue et al., 2013).

V nasi praci jsme dlouhodobé monitorovali vyskyt OTA v pivech.

2 MATERIAL A METODY

V letech 2011-2014 byl sledovan vyskyt mykotoxinu OTA v lah-
vovych pivech z maloobchodni sité CR. Jednalo se o piva vycepni,
lezaky, specialy, nealkoholicka a pivni mixy. Celkem bylo analyzova-
no 132 piv (viz tab. 1).

Ochratoxin A (OTA) v pivu byl analyzovan po pfedchozim pre-
¢isténi pfes imunoafinitni kolonku OCHRAPREP. Vzorek piva byl
odplynén na ultrazvuku a jeho pH bylo upraveno na 7,2 pomoci 2M
roztoku hydroxidu sodného. Takto upraveny vzorek byl aplikovan
pfimo na imunoafinitni kolonku. K promyti kolonky byl pouzit fos-
fatovy pufr PBS. Eluce byla provadéna opakované (tfikrat) 1,5 mi
smési methanol/kyselina octova 98/2 (v/v). Eluat byl odparen ve
vakuové odparce. Pfed nastfikem byl odparek rozpustén v 1 ml
smési methanol/voda 50/50 (v/v). Pro analytické stanoveni OTA v
pivu byla pouzita metoda ultra vysokoucinné kapalinové chromato-
grafie ve spojeni s fluorescenéni detekci (UPLC / FLR). Separace
byla provedena na chromatografické koloné Acquity UPLC BEH
C18 (2,1 mm x 100 mm s velikosti ¢astic 1,7 um) pomoci gradien-
tové eluce. Jako mobilni faze byl pouzit acetonitril (ACN) a deioni-
zovana voda okyselend na pH 2,0 pomoci H,PO,. Separace byla
provedena pfi 40 °C, pritoku mobilni faze 0,3 ml.min~" a nastfiku
10 pl. Excitac¢ni a emisni vinova délka byly 335 a 440 nm. Dél-
ka analyzy byla 5 minut. Byla optimalizovana a validovana me-
toda s gradientovou eluci (LOD 0,3 ng.I"', LOQ 1,0 ng.I"', RSD
4,8 %) (Bélakova et al., 2011).

3 VYSLEDKY A DISKUSE

Ochratoxin A v koncentraci vy§Si nez 1,0 ng.I"" byl nalezenu 81 %
analyzovanych vzorkU (tab. 2).

Pramérna koncentrace OTA v nealkoholickych pivech byla
9,0 ng.I"", vy&epnich pivech 28,9 ng.I", lezacich 29,2 ng.I", special-
nich pivech 16,9 ng.I"" a pivnich mixech 27,9 ng.I-".

Podle nalez(i OTA byla piva rozdélena do 4 kategorii (obr. 1).

Koncentrace OTA < 1 ng.F’

25 piv (19 %) neobsahovalo OTA (OTA byl pod mezi stanoveni).
Tato kategorie zahrnovala vSechny druhy sledovanych piv. Nejvice
byla zastoupena piva z roku 2014 (14 piv).

relatively stable at high temperatures. During mashing, some OTA
passes to spent grains, some remains in sweet wort. During fermen-
tation, OTA can be adsorbed onto yeasts and the rest passes to
beer (Scott, 1996; Baxter et al., 2001; Mateo et al., 2007). OTA is
also hydrolyzed by acids and some proteases to ochratoxin a and
phenylalanin (Inoue et al., 2013).

In this study we performed a long-term monitoring of the OTA oc-
currence in beers.

2 MATERIALS AND METHODS

In 2011-2014, the occurrence of OTA mycotoxin in bottled beers
from the retail network in the CR was monitored. The beer samples
included draught beers, lagers, special beers, non-alcoholic beers
and beer mixtures. Totally, 132 beers were analyzed (see Table 1).

Ochratoxin A (OTA) in beer was analyzed after the previous purifi-
cation on the immunoaffinity coumn OCHRAPREP. The beer sample
was degassed in an ultrasonic bath and pH adjusted to 7.2 with 2M
solution of sodium hydroxide. The sample was then applied directly on
the immunoaffinity column. The column was washed with phosphate
buffered saline (PBS). Elution was performed repeatedly (3x) in 1.5 ml
of methanol/acetic acid mixture 98/2 (v/v). The eluate was evaporated
in the vacuum evaporator and before injecting it was dissolved in 1 ml
of methanol/water mixture 50/50 (v/v). For the analytical determination
of OTA in beer, the ultra performance liquid chromatography method
with the fluorescence detection (UPLC / FLR) was used. The separa-
tion was performed with the chromatographic column Acquity UPLC
BEH C18 (2.1 mm x 100 mm with the particle size 1.7 ym) using the
gradient elution, with the mobile phase consisting of acetonitrile (ACN)
and deionized water acidified to pH 2.0 with H;PO,. The separation was
performed at 40 °C, flow rate of the mobile phase 0.3 ml.min-" and in-
jection volume of 10 pl. The excitation and emission wavelengths were
335 and 440 nm, respectively. The duration of the analysis was 5 min-
utes. The method with gradient elution (LOD 0.3 ng.I"!, LOQ 1.0 ng.I"',
RSD 4.8%) was optimized and validated (Bélakova et al., 2011).

3 RESULTS AND DISCUSSION

Ochratoxin A at concentration higher than 1.0 ng.I"' was detected
in 81 % of the analyzed samples (Table 2).

The average OTA concentrations in non-alcoholic beers, draft
beers, lagers, special beers, and beer mixtures were 9.0 ng.l",
28.9 ng.I", 29.2 ng.I", 16.9 ng.I"", and 27.9 ng.I"", respectively.

According to the detected OTA contents, beers were split into four
categories (Fig. 1).

OTA concentration < 1 ng.F’

25 beers (19 %) did not contain OTA (OTA was under the limit of
detection). This category included all kinds of the beers under study.
The most represented beers were from 2014 (14 beers).
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Obr. 1 Rozdéleni vzork( podle kategorii a zastoupeni jednotlivych druhd piv / Fig. 1 Samples split according to categories and representation

of the individual kinds of beers

Koncentrace OTA < 10 ng.I'

38 piv (29 %) obsahovalo OTA v nizké koncentraci, kterd neprevy-
Sovala 10 ng.I"". V této kategorii byly také zastoupeny v&echny druhy
sledovanych piv, nejvice z roku 2014 (17 piv).

Koncentrace OTA v rozmezi 10-100 ng.I’

62 piv (47 %) obsahovalo OTA v koncentraci, kterd nepfevySovala
100 ng.I"'. Byly zde zastoupeny v8echny druhy sledovanych piv, nej-
vice z roku 2011 (24 piv).

Koncentrace OTA > 100 ng.I

7 piv (5 %) obsahovalo OTA v koncentraci vy3si nez 100 ng.l",
nejvice vzork( pochazelo z roku 2011 (4 piva). V této kategorii byly
zastoupeny pouze lezaky a vy€epni piva.

Maximalni povolené limity OTA v potravinach v Ceské republice
a Evropskeé unii jsou stanoveny Nafizenim komise (ES) ¢.1881/2006
stanovujicim maximalni limity nékterych kontaminujicich latek
v potravinach ve znéni Nafizeni komise (EU) ¢. 105/2010. Maxi-
malni limit pro vyskyt OTA v je€meni (nezpracovana obilovina) je
5,0 pg.kg™" a sladu (produkt pochazejici z nezpracované obiloviny)
je 3,0 pg.kg™.

Maximalni hodnota pro vyskyt OTA v pivu nebyla dosud evrop-
skou legislativou stanovena. Evropsky urad pro bezpe€nost potravin
(EFSA) stanovil v roce 2006 tolerovatelny tydenni pfijem (TWI) pro
OTA 120 ng.kg™" télesné hmotnosti. TWI je davka, kterou mize spo-
trebitel pfijmout béhem kazdého tydne svého Zivota bez vyrazného
zvySeni poskozeni zdravi.

Nejvyssi koncentrace OTA v pivu, kterd byla béhem této studie
na nasem pracovisti namérena, ¢inila 194,6 ng.I"'. Tato koncentra-
ce byla namérfena v roce 2011, jednalo se o svétly lezak. Pfi vypiti
0,5 | tohoto piva by byl konzument exponovan davkou 97,3 ng OTA.
Pramérny muz, vazici 83 kg by takto pfijal 1,0 % z TWI. Mdzeme
tedy Fict, ze obsah OTA v pivu nepfedstavuje vyznamné zdravotni
ohrozeni. B

V roce 2005 bylo analyzovano 88 piv z obchodni sité Spanél-
ska. OTA se vyskytoval v 83 % analyzovanych vzorcich v rozme-
zi 7,0-204 ng.I"' (Medina et al., 2005). V roce 2009 probéhla na
VUP§, a.s. v Brné studie, kde bylo analyzovano 115 piv z obchodni
sité CR, OTA se vyskytoval ve 39 % vzork(, rozmezi kontaminace
1,0-244 ng.I"" (Bélakova et al., 2011). V letech 2010-2011 bylo ana-
lyzovano 106 piv z obchodni sité evropskych zemi, OTA se vyskyto-
val v 68 % analyzovanych vzorkd v rozmezi 5,0-189 ng.I"" (Bertuzzi
etal., 2011).

Nase vysledky jsou pIné v souladu s dfive publikovanymi daty.

4 ZAVER

Pivo patfi mezi nejoblibenégjsi alkoholické napoje po celém svété.
\ Cegké republice Cinila jeho spotfeba v roce 2013 144 | na obyva-
tele (Cesky svaz pivovarll a sladoven). Z divodu masivni spotfeby
tohoto népoje je nezbytné sledovat jeho kvalitativni parametry, ke

OTA concentration < 10 ng.I'

38 beers (29%) contained OTA at low concentration not exceeding
10 ng.I"". This category also included all kinds of the studied beers,
mostly from 2014 (17 beers).

OTA concentration in the range of 10-100 ng.l"'

62 beers (47%) contained OTA at concentration not exceeding
100 ng.I"". It included all kinds of the studied beers, mostly from 2011
(24 beers).

OTA concentration > 100 ng.I’

7 beers (5%) contained OTA at concentration higher than
100 ng.I', most samples were from 2011 (4 beers). This category
included only lagers and draft beers.

The maximum permissible limits of OTA in foodstuffs in the
Czech Republic and the European Union were established by
the Commission Regulation (ES) no.1881/2006 setting the max-
imum limits of some contaminants in foodstuffs in wording of
the Commission Regulation (EU) no. 105/2010. The maximum
limit for the OTA occurrence in barley (unprocessed cereal) is
5.0 pg.kg™" and malt (product derived from the unprocessed ce-
real) is 3.0 pg.kg™".

The maximum value for the OTA occurrence in beer has not been
set by the European legislative. In 2006, the European Food Safety
Authority (EFSA) established a tolerable weekly intake (TWI) of 120
ng.kg™ per kg body weight for OTA. TWI is a dose that a consumer
can intake during each week of his/her life without risking adverse
health effects

The highest OTA concentration in beer measured within this study
in our laboratory was 194.6 ng.I"". This concentration was measured
in pale lager in 2011. When drinking 0.5 | of this beer, a consumer
was exposed to the dosage of 97.3 ng of OTA. An average man
weighing 83 kg could thus intake 1.0 % of the TWI. Thus we can
state that the OTA content in beer did not represent any significant
health risk.

In 2005, 88 beers marketed in Spain were analyzed. OTA occurred
in 83% of the analyzed samples in the range from 7.0-204 ng.I"'
(Medina et al., 2005). In 2009, in the study conducted in the RIBM,
Plc. in Brno, 115 beers from Czech shops were analyzed, OTA was
detected in 39% of the samples, the range of contamination varied
from 1.0-244 ng.I" (Bélakova et al., 2011). In 2010-2011, 106 beers
from shops obtained in European countries were studied, OTA oc-
curred in 68% of the analyzed samples in the range of 5.0-189 ng.I"*
(Bertuzzi et al., 2011).

Our results are fully in compliance with the data published previ-
ously.

4 CONCLUSIONS

Beer belongs to the most favorable alcoholic beverages world-
wide. In 2013, its consumption per capita in the Czech Republic
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kterym patfi i mozny vyskyt ochratoxinu A. Pfestoze v nasi studii
bylo kontaminovano OTA 81 % vzorkl, mizZeme fict, Ze obsah OTA
v pivu nepfedstavuje pro konzumenta vyznamné zdravotni ohrozeni.
Je v8ak nezbytné vyskyt OTA v pivu prlibézné sledovat a chranit tak
zdravi spotfebitell.

PODEKOVANI

Vysledky byly ziskany vyuzitim poskytnuté institucionalni podpory
Ministerstva zemé&délstvi Ceské republiky na dlouhodoby koncepéni
rozvoj VUPS.
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