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Abstrakt

Tato prace shrnuje hlavni publikované vysledky dlouhodobého vyzkumu autorky
zamé&fené¢ho na problematiku sledovani latek, které mohou znehodnotit kvalitu piva i
ohrozit zdravi spotiebitele.

V jednotlivych kapitolach jsou charakterizovany vybrané procesni kontaminanty,
mykotoxiny, nezddouci senzoricky aktivni latky a sladové proteiny. Zminény jsou také
pouzité moderni analytické instrumentalni metody pfi stanoveni téchto latek. Akrylamid
jako procesni kontaminant vznikd hlavné béhem tepelného zpracovani potravin a 3-
chlorpropan-1,2-diol ptedevSim pii hydrolyze potravin. Obé tyto latky jsou vysoce
toxické a jsou zarazeny do skupiny 2A, jako pravdépodobné lidské karcinogeny. Mezi
karcinogeny jsou zafazeny také nékteré sledované mykotoxiny T-2 a HT-2 toxin,
deoxynivalenol, ochratoxin A a aflatoxiny. Krom¢ téchto kontaminantti mohou kvalitu
vyrobeného sladu a piva negativné ovlivnit 1 senzoricky aktivni t€kavé latky a jejich
prekurzory. Degradaci sirnych prekurzort vznikaji t€kavé latky, jako jsou dimethylsulfid,
methional, sirouhlik apod, degradaci lipid vznika tékavy aldehyd trans-2-nonenal. Pro
nekteré spotiebitele mohou predstavovat urcité riziko sladové proteiny. Gluten (lepek) je
slozeny protein, ktery se nachazi v potravinach zpracovanych z pSenice a ptibuznych
druht, véetné jeCmene a Zita. Lepek je slozen z gliadint (dfive nazyvanych prolaminti) a
glutelint. Gliadiny jsou alergenni pro jedince trpici nesndsenlivosti lepku — tzv. celiakii.
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Abstract

This study summarizes the major published results of the author's long-term research
that focused on monitoring substances that may degrade the quality of beer and endanger
the consumers” health.

The individual chapters characterize selected process contaminants, mycotoxins,
undesirable sensory active substances and malt proteins. The modern analytical
instrumental methods used for the determination of these substances are also described.
Acrylamide as a process contaminant is formed mainly during the heat treatment of food
and 3-chloropropane-1,2-diol during the hydrolysis of food. Both these substances are
highly toxic and are classified in group 2A as probable human carcinogens. Some of the
monitored mycotoxins T-2 and HT-2 toxin, deoxynivalenol, ochratoxin A and aflatoxins
also belong to the carcinogens. In addition to these contaminants, the quality of the
produced malt and beer can also be negatively affected by sensory active volatile
substances and their precursors. Degradation of sulfur precursors produces volatiles such
as dimethyl sulfide, methional, carbon disulfide, etc., and degradation of lipids forms
volatile aldehyde trans-2-nonenal. Malt proteins may pose a risk to some consumers.
Gluten is a complex protein found in foods processed from wheat and related species,
including barley and rye. Gluten is composed of gliadins (formerly called prolamins) and
glutelins. Gliadins are allergenic to individuals suffering from gluten intolerance - so-
called celiac disease.
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1 Uvod

Ptedlozend habilitacni prace uvadi piehled o latkach, které mohou znehodnototit kvalitu piva
a souhrn¢ informuje o publikovanych vysledcich sledovani téchto latek ve sladu a pivu.

Pivo patii jiz po staleti k tradicnim Ceskym ndpojim. Vzdy bylo povazovéno nejen za
osveézujici, ale také za velmi zdravy, vyzivny a chutny ndpoj, ktery ma piiznivé dietetické
vlastnosti.

Na priikazné analytické i senzorické charakterizaci piva se spolupodili kvalita pivovarskych
surovin, technologie vyroby sladiny a mladiny i technologie kvaseni a zrani piva. V CR jsou
kladeny zna¢né naroky zejména na pouziti vysoce kvalitnich ¢eskych pivovarskych surovin.
Ceska republika je ziejmé jedinou zemi ve svété, ve které pivovarsti odbornici rozlisuji u
novych odrtid je¢mene, zda je to odriida sladovnického je¢mene vhodna pro exportni slad, nebo
pro zachovani senzorického charakteru ndrodniho napoje. Rovnéz dalsi surovina — ¢esky chmel
pfedstavuje SpiCku mezi jemnymi aromatickymi chmely, podobné odridy se jinde nedafi
vypéstovat. Ke specifickym znakim ¢eského piva pak patii naptiklad plnost chuti a zlatozluta
barva. Dal§im dillezitym atributem je spravna pénivost piva; smetanova husta péna chrani pivo
pted oxidaci.

V posledni dobé je celosvétové, a i v Ceské republice vénovéana zvysena pozornost latkam,
které ohrozuji kvalitu findlniho vyrobku nebo zdravi spotiebitele. Pivo patii jiz desitky let
v Ceské republice k potravinam, které jsou peclivé kontrolovany z hlediska zdravotni
nezavadnosti. S tim souvisi 1 kontrola zdravotni nezavadnosti surovin potfebnych na vyrobu
piva ke kterym patii vedle vody a chmele také slad. Krom¢ zdravi Skodlivych latek se kontroluji
i latky, které jsou v urcitych koncentracich nezddouci z pohledu naruSeni senzorickych
vlastnosti sladu a nasledné 1 piva.

Mezi toxické latky, které vznikaji b&hem technologického zpracovani potravin a jsou
sledovany v prubéhu sladovani a ve sladu patii procesni kontaminanty akrylamid a 3-MCPD
(3-chlorpropan-1,2-diol). Ve sladu a v pivu jsou sledovany také toxické sekundarni metabolity
mikroskopickych vlaknitych hub — mykotoxiny. Kromé téchto kontaminantii mohou kvalitu
vyrobeného sladu a piva negativné ovlivnit i senzoricky aktivni t¢kavé latky a jejich prekurzory.
Patii mezi n¢€ zejména sirné slouceniny a lipidy. Stopova mnozstvi téchto sloucenin, které 1ze
bézné nalézt v potravinach, se spolupodileji na vytvareni aroma a tento vliv 1ze obecné hodnotit
jako pfiznivy. U sladu, resp. u piva vSak toto plati jen ve velmi omezené mife a pfitomnost
téchto latek se hodnoti spiSe nepiiznivé. Pro nékteré spotiebitele mohou predstavovat urcité
riziko sladové proteiny, které mohou byt nebezpecné pro jedince trpici alergii na lepek — tzv.
celiakii.

Habilita¢ni prace je sepsana formou souhrnného komentafre k souboru uvetejnénych
védeckych publikaci autorky. Vysledky, které jsou v ramci textu prezentovany, zahrnuji
publikace v zahrani¢nich a domacich impaktovanych a recenzovanych Casopisech. Kopie
vybranych ¢lanki jsou soucasti prace jako piilohy.

Obsah a ¢lenéni prace odpovida vyzkumnému zaméfeni autorky, které zahrnuje oblast
potravinaiské chemie, specialné chemie a technologie vyroby sladu a piva.



Vyse uvedené oblasti vyzkumu jsou také v souladu s vyzkumnou a pedagogickou ¢innosti
autorky 1 s tématy obhajenych bakalafskych a diplomovych praci. Do oblasti pivovarstvi a
sladafstvi v $irSim kontextu byly také zamétfeny vyzkumné projekty, na nichz se autorka
podilela jako fesitel ¢i spolutesitel.



2 Procesni kontaminanaty

Procesni kontaminanty jsou relativné novou a vefejnosti méné znamou skupinou toxickych
latek. Vznikaji obecné v priibéhu zpracovani potravin a mohou zpusobit zdvazna onemocnéni.

Mezi toxické procesni kontaminanty, které vznikaji béhem technologického zpracovani
potravin, patii mimo jiné i akrylamid a 3-MCPD (3-chlorpropan-1,2-diol) [1].

2.1 Akrylamid

V dubnu 2002 zveiejnil Svédsky narodni ufad (NFA — National Food Administration) spolu
se Statni univerzitou ve Stockholmu nalez akrylamidu v potravinich zpracovavanych pfi
teplotach nad 120 °C [2]. Néalez této neurotoxické a potencidlné karcinogenni latky [3] vefejnost
1 odborné kruhy neptijemné ptekvapil.

Akrylamid je triviadlni nadzev pro 2-propenamid. V literatufe je mozné se setkat s riiznymi
synonymy této latky napi. 2-propeneamid, vinyl amid, akryl amid, akrylamid monomer,
propenamid, ethylen karboxamid, kyselina propenova. Akrylamid je bila krystalick4 latka, bez
barvy a zapachu, dobie rozpustnd ve vod€, metanolu, etylacetatu a nerozpustna v heptanu a
benzenu. Pevny akrylamid je stabilni pfi laboratorni teploté, ale mlze polymerizovat pii
zahiivani nebo pfi oxidativnim plsobeni [4; 5; 6]. Polyakrylamid jiz neni na rozdil od
monomeru toxicky.

Polyakrylamid je rozsahle pouzivan pro upravu pitnych a odpadnich vod a k odstranéni
pevnych ¢astic z primyslovych vod. Polymer vytvari vazbu s pevnymi ¢asticemi a tyto tézké
formy agregatt rychle sedimentuji a mohou byt nasledné odstranény. Polyakrylamid se bézné
pouziva v papirenském primyslu jako nosi¢ nebo k zadrzeni pigmenti na papirovych vlaknech.
Uplatiiuje se také v kosmetickém primyslu, pfidava se do mydel a do vlasovych piipravkd.
Dale se pouziva pfi syntéze rtiznych barev, pii vyrobé kontaktnich ¢ocek a také se uplatituje v
textilnim priamyslu. Minoritné je akrylamid pouzivan pro chromatografii a elektroforézu nebo
jako stabilizator pro népln¢ do tiskaren [7; 8].

Akrylamid ma vysoky potencidl vyvolat Siroké spektrum toxickych ucinkl, vcetné
neurotoxickych [2; 9; 10]. Na zaklad¢ provedenych studii byl akrylamid zafazen do skupiny
2A, jako pravdépodobny lidsky karcinogen [2]. In vivo muze byt akrylamid metabolizovan na
epoxid glycidamid, ktery vykazuje stokrat az tisickrat vyssi reaktivitu s DNA, nez samotny
akrylamid [11].

Akrylamid mtze byt absorbovan kuzi, sliznici, plicemi nebo zazivacim ustrojim [12]. Je
povazovan za vysoce nebezpecnou latku z hlediska mozné perordlni expozice pro clovéeka.
Lidska populace je peroralni expozici akrylamidem vystavena zejména pii konzumaci pitné
vody a koufeni [13; 14]. Expozice akrylamidem pro Clovéka je vSak pravdépodobné mnohem
vys$$i konzumaci potravin obsahujicich skrob, které byly tepeln¢ zpracované [15; 16]. Expozice
pitnou vodu je pomérné nizkd [17]. EU stanovila maximalni pfipustny obsah akrylamidu
v pitnych vodach na 0,1 pg.1"' [18].



Evropsky ufad pro bezpecnost potravin (EFSA) vydal v roce 2015 k otadzce ptitomnosti
akrylamidu v potravindch védecké stanovisko, které potvrdilo, Ze akrylamid predstavuje kvili
neurotoxickym a potencialné karcinogennim u¢inkiim zdravotni riziko [19].

2.1.1 Mechanismus vzniku akrylamidu

Akrylamid v potravinach vznikd v pribéhu Maillardovy reakce a jeho prekurzory jsou
redukujici cukry a aminokyselina asparagin (Obr. 1) [20].
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Obr. 1: Mechanismus tvorby akrylamidu z asparaginu v pritomnosti o-hydroxy karbonylovych
sloucenin [20].
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Reak¢ni mechanismus vzniku akrylamidu v potravinach zavisi na slozeni potravin a na
podminkach jejich zpracovani [21; 22; 23; 24]. Za hlavni mechanismus vzniku akrylamidu jsou
povazovany reakce mezi volnou koédovanou neesencidlni aminokyselinou asparaginem a
redukujicimi cukry pfi teplotaich nad 120 °C, kdy vznik4a celd fada velmi reaktivnich
karbonylovych sloucenin [21; 7; 25; 26; 27].

Rozeznavaji se ti1 faze reakci vedoucich k tvorbé akrylamidu [28; 25]:
e Pocatecni faze zahrnuje tvorbu glykosylaminu, nasledovanou Amadoriho pfesmykem

e Ve stfedni fazi dochazi k dehydrataci a fragmentaci sacharidi doprovazejici
Streckerovu degradaci aminokyselin.

o V zavérecné fazi prochdzi Streckertv aldehyd dal§imi redukénimi a dehydratacnimi
reakcemi za vzniku akrylamidu.

Vedle téchto moznosti bylo na modelovych systémech prokazano, ze za urcitych podminek
se na tvorbé akrylamidu podili 1 akrolein a kyselina akrylovd po reakci s asparaginem v
potravinach bohatych na lipidy [25].

Pti zkoumani modelového systému smési glukdzy a asparaginu byl zjistén vliv teploty a také
doby zahtivani. Tvorba akrylamidu byla nizké v teplotnim rozsahu 120 az 140 °C, pokud se
zvysilana 160 az 180 °C, obsah akrylamidu se v matrici dramaticky zvysil. Po dosazeni teploty
180 °C dochazi k naslednému poklesu tvorby akrylamidu. Pokles tvorby akrylamidu pti vyssSich
teplotach lze vysvétlit tim, Ze akrylamid jako meziprodukt Maillardovy reakce dale reaguje za
vzniku jinych sloucenin [26].

Surovinou pro vyrobu sladu jsou obilky je¢mene, které obsahuji predevsim Skrob a dusikaté
slouceniny. V pribéhu sladovani se v je¢meni plisobenim enzymi zvySuje obsah redukujicich
cukrti, béhem hvozdéni dochédzi vlivem teploty k biochemickym zméndm a vznikaji
melanoidinové latky [29]. To vytvaii pfedpoklady pro tvorbu akrylamidu. Vzhledem k témto
skuteCnostem jsme sledovali zavislost tvorby akrylamidu na teploté hvozdéni a obsahy
akrylamidu ve specialnich sladech, které se prazi pii vyssich teplotach. Nase poznatky byly
popsany v publikaci? uvedené v P¥iloze &.1. Zavislost tvorby akrylamidu na teploté ukazuje
Obr. 2. Vysledky prokazaly, ze k tvorbé akrylamidu dochdzi jiz pti teplotach od 60 °C. O vzniku
akrylamidu pti nizkych teplotach rozhoduje doba jejich piisobeni. Slad se pfedsousi az 10 hodin
pfi teplotach od 55 az 65 °C, poté nasleduje vyhfati na dotahovaci teplotu, kterd je pro dany
druh sladu specificka (80 az 225 °C) trvajici od 1,5 hodiny do 2,5 hodiny. Maximalni tvorba
akrylamidu byla zjiSténa v teplotnim intervalu 150 az 170 °C. Pfi teplotach nad 170 °C dochézi
k poklesu tvorby akrylamidu. Snizeni tvorby akrylamidu pii vysSich teplotach lze zdivodnit
tim, ze akrylamid jako meziprodukt Maillardovy reakce dale reaguje za vzniku dalSich
sloucenin reakci neenzymatického hnédnuti [28; 25].

1 MIKULIKOVA, Renata, Klara SOBOTOVA. Determination of acrylamide in malt with GC/MS. ACTA
CHIMICA SLOVENICA. 2007, 54(1), 98-101. ISSN 1318-0207.

2 KELLNER, Vladimir, Renata MIKULIKOVA a Pavel CEJKA. 15 Nezadouci a zdravi $kodlivé latky sladu.
BASAROVA, Gabriela, ed. Sladarstvi: teorie a praxe vyroby sladu. Praha: Havli¢ek Brain Team, 2015, s. 395-
432. ISBN 978-80-87109-47-2.

9



Vyssi obsahy akrylamidu byly zjiStény ve specidlnich a barevnych sladech (450-1700

A4

ng/kg), coz souvisi s vyssi teplotou hvozdéni pfi jejich vyrobé (105-220 °C).

Obsah akrylamidu v analyzovanych vzorcich piva byl pod mezi detekce pouzit¢ GC/MS
metody (< 25 pg/l)’.
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Obr. 2: Zavislost tvorby akrylamidu na teploté hvozdeéni (prazeni) sladu®’.

2.1.2  Vyskyt akrylamidu v potravindch a surovinach a moznosti jeho stanoveni

Ke vzniku akrylamidu v potravinach vcetné piva a pivovarskych surovin dochazi béhem
jejich tepelného zpracovani, a to predevsim pifi smazeni, grilovani, peCeni nebo fritovani
surovin bohatych na Skroby. Pii této tepelné tipravé dochdzi i ke vzniku dulezitych zadoucich
senzoricky aktivnich sloucenin, které dodavaji produktim charakteristické zbarveni, chut’ a
vuni [30]. Akrylamid neobsahuji syrové nebo vaiené potraviny [31].

Z potravin maji nejvétsi obsahy akrylamidu hlavné brambory zpracovavané pii vysoké
teploté peCenim, smazenim nebo prazenim. Mezi takto tepelné upravené vyrobky patii
predevsim bramborové hranolky, bramborové lupinky (chipsy), pecené brambory apod. Také

3 MIKULIKOVA, Renata, Zdenék SVOBODA, Sylva BELAKOVA a Simona MACUCHOVA. Monitoring of
acrylamide in the course of malting and in beer. Kvasny Prumysl. 2008, 54(6), 181-185. ISSN 00235830. Dostupné
z: doi:10.18832/kp2008011

*MIKULIKOVA, Renata, Klara SOBOTOVA. Determination of acrylamide in malt with GC/MS. ACTA
CHIMICA SLOVENICA. 2007, 54(1), 98-101. ISSN 1318-0207.

5 KELLNER, Vladimir, Renata MIKULIKOVA a Pavel CEJKA. 15 Nezadouci a zdravi $kodlivé latky sladu.
BASAROVA, Gabricla, ed. Sladarstvi: teorie a praxe vyroby sladu. Praha: Havli¢ek Brain Team, 2015, s. 395-
432. ISBN 978-80-87109-47-2.
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sladké cerealni vyrobky (prazené) a obilné vyrobky denni spotieby jako je chleba a pecivo
obsahuji vyss§i hodnoty akrylamidu. Ceredlni prazené vyrobky piedstavuji vyznamny zdroj
akrylamidu vzhledem k jejich vy$si spotiebé, a to predevsim u déti a mladeze. Nezanedbatelné
jsou obsahy akrylamidu v kavé a kavovinovych nadhrazkach, pernicich, krekrech, oplatcich,
suSenkdach a prazenych skotdpkovych plodech [32; 33; 34; 35; 36; 37]. Piekvapivé jsou vysoké
nalezy obsahu akrylamidu v susenych $vestkach (od 730 do 1680 pg-kg™!), které detekovali
Amrein a kol [38].

Vzhledem ke slozitym potravinovym matricim je nutno pii stanoveni akrylamidu pouzivat
spolehlivé a citlivé analytické metody, které jsou schopné stanovit stopova mnozstvi
akrylamidu. [39; 40; 41]

Nejcastéji pouzivané metody pro stanoveni akrylamidu jsou plynova a kapalinova
chromatografie ve spojeni s hmotnostnim detektorem [42; 43; 44; 45; 46].

Obsah akrylamidu maze byt v nékterych analyzovanych vzorcich nizky a slozité potravinové
matrice mohou obsahovat rusici latky, proto je vhodné pii jeho stanoveni provést pro dosazeni
vys$i selektivity a nizSich detekénich limith derivatizaci analytu. Znama je derivatizace
pouzitim silyla¢niho cCinidla N,O-bis(trimethylsilyl)trifluor acetamidu (BSTFA) za vzniku
tékavé formy akrylamidu — N,O-bis(trimethylsilyl)akrylamidu (BTMSA) [47]. Dalsi
derivatizace, ktera se pouzivd je reakce akrylamidu s xanhydrolem za vzniku N-xanthyl
akrylamidu [48]. Nejznaméjsi a necast¢jsi zptisob derivatizace akrylamidu je bromace, ktera se
pouziva pii GC-MS analyze [49]. Vyhodou bromace akrylamidu je, Ze produktem je vice t€kava
a méng polarni sloucenina s lep§imi hmotnostnimi charakteristikami. Vysledny derivat je sndze
extrahovan z vodnych roztok a mtize byt 1épe detekovan GC — MS metodou [50]. Konverze
akrylamidu na 2,3-dibrompropionamid byla provedena pfiddnim bezvodého bromidu
draseln¢ho, kyseliny bromovodikové a nasycenym roztokem bromové vody. Pfidanim
trietylaminu byl nestabilni 2,3-dibrompropionamid pieveden na vice stabilni derivat
2-brompropenamid [51; 52].

Jak jiz bylo zminéno, akrylamid byl analyzovan ve sladu a pivu a zavedené optimalizované
metody byly aplikovany i na analyzu v dalSich potravinach a surovinach. Vysledky sledovani
obsahu akrylamidu ve vzorcich potravin rozdélenych do jednotlivych skupin podle slozeni
matrice byly publikovany®. Mezi analyzovanymi potravinami byly bramborové lupinky, kéva,
chléb, susenky, krekry, bramborové hranolky pfedsmazené a smazené bramborové hranolky.
Pro analyzu byla pouzita metoda GC/MSD, pted niz byl akrylamid derivatizovan bromaci.
Ptitomnost akrylamidu byla potvrzena ve vétSiné analyzovanych vzorkl. Akrylamid nebyl
detekovan pouze v instantni kdveé a v slunecnicovém chlebu.

Obsah akrylamidu v brambtirkach se pohyboval v intervalu 160-1530 pg-kg™. Podobné
vysledky uvadi i souhrnnd zprava EFSA z let 2007 az 2009 [53] . Doporuceni Evropské komise
&. 2013/647/ES uvadi smémé hodnoty obsahu akrylamidu v brambtirkdch 1000 pg-kg! [54].

8 SVOBODA, Zdenék, Renata MIKULIKOVA, Olga CWIKOVA, Sylvie BELAKOVA a Karolina BENESOVA.
Monitoring of Acrylamide Content in Selected Foods. Kvasny Prumysl. 2015, 61(7-8), 206-211. ISSN 00235830.
Dostupné z: doi:10.18832/kp2015021
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V mleté kavé se hodnoty akrylamidu pohybovaly v rozmezi od 240 pg-kg™! do 358 pg-kg!,
coz odpovida vysledkiim kontrolniho méfeni provedené¢ho SZPI béhem let 20052011, kdy
prazené mleté kavy obsahovaly akrylamid v mnozstvi od 87 do 460 pg-kg™. Tyto hodnoty
potvrdil i Andrzejewski et al. [55] ve své studii, kdy v mleté kave zjistil koncentrace akrylamidu
v rozmezi od 40 do 400 pg-kg'. Nejnizsi obsah akrylamidu (240 pg-kg!) obsahovala 100%
Arabica, coZz muze byt zptisobeno niz§im obsahem volného asparaginu nez v kave typu Robusta
[20]. V instantni kavé nebyl akrylamid detekovan. Doporuceni Evropské komise ¢.
2013/647/ES uvadi smérné hodnoty obsahu akrylamidu v prazené kavé 450 ug-kg! [54].

Koncentrace akrylamidu ve vzorcich chleba byla stanovena v rozmezi 78—125 ug-kg!. Chléb
obsahuje akrylamid pfedev§im ve své klrce a jeho obsah zavisi zejména na druhu a stupni
vymleti mouky [56], fermentaci, dobé a teploté¢ kvaseni, pouziti kyseliny citronové nebo
mlécné, dobé a teploté peCeni [57]. Mnozstvi akrylamidu v chlebu se obecné pohybuje od 15
az do 161 pg.kg! (v siln& propeeném pSeniéném chlebu). Zitny chléb upeéeny za stejnych
podminek obsahoval vy$§i koncentraci akrylamidu, a to 68205 pg.kg™! [56; 57]. Doporudeni
Evropské komise €. 2013/647/ES uvadi smérné hodnoty obsahu akrylamidu v pSeni¢ném
chlebu 80 pg-kg! a v jiném neZ pieni¢ném chlebu 150 pg-kg™' [54].

Vzorky suSenek vykazovaly nizky az stfedni obsah akrylamidu. Koncentrace akrylamidu v
susenkach se pohybovala v rozmezi 100-259 pg-kg'. Konings et al. [57] ve své praci naméfili
niz§i koncentraci akrylamidu v susenkach 44-121 pg-kg!, naproti tomu Taeymans et al. [8]
naméfili vyrazné vyssi obsah akrylamidu v suSenkéch (170-560 pg-kg™) v porovnani s nasimi
vysledky. Doporuceni Evropské komise €. 2013/647/ES uvadi smérné hodnoty obsahu
akrylamidu pro susenky 500 pg-kg' [54].

Obsah akrylamidu ve vzorcich krekrli se pohyboval v rozmezi 118-470 pg-kg!. Obdobné
vysledky jsou uvedeny v zavérecné zpravé SZPI z monitorovani akrylamidu v krekrech z let
2008-2010, kdy byl zjistén obsah akrylamidu v intervalu 94-715 ug-kg!. Doporudeni
Evropské komise ¢. 2013/647/ES uvadi smérné hodnoty obsahu akrylamidu pro krekry jiné nez
bramborové 500 pg-kg! [54].

Obsah akrylamidu v pfedsmazenych bramborovych hranolcich se pohyboval v intervalu 66—
137 pg-kg!. Nizké koncentrace akrylamidu v pfedsmazenych produktech potvrzuji i zavére¢né
kontrolni zpravy SZPI z let 2007 a 2010, které uvadéji koncentraci akrylamidu v rozmezi 56—
220 png-kg!. Pro porovnani a zjiiténi, jaké je mnozstvi akrylamidu v hranolcich pfedsmaZenych
a po usmazeni, byly dva vzorky podrobeny tepelné upraveé, kdy byly po dobu 10 minut pfi
teplote¢ 180 °C smazeny ve slune¢nicovém oleji. Po tepelné upravé se koncentrace akrylamidu
v hranolcich zvysila vice nez desetkrat. Vzorek, ktery pred smazenim vykazoval mnozstvi
akrylamidu pouze 137 pg-kg™!, obsahoval po fritovani 1588 pg-kg! akrylamidu. Stejny efekt
byl zaznamenan i u druhého vzorku, kde se ptvodni koncentrace 101 pg-kg' akrylamidu
zvysila po smaZeni na hodnotu 1583 pg-kg'. Vysledky experimentu se smazenim hranolki
podporuji snahu o aplikaci technologickych postupii v potravinaiském pramyslu minimalizujici
tvorbu akrylamidu, které ve své praci uvadi napt. Sanny et al. [58]. Doporuceni Evropské
komise ¢. 2013/647/ES uvadi smérné hodnoty obsahu akrylamidu pro hranolky k piimé
spotiebé 600 pg-kg! [54]. Piitomnost akrylamidu byla potvrzena ve vétsiné analyzovanych
vzorki.
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2.1.3 Moznosti eliminace akrylamidu

Vzhledem k moznym nezaddoucim U€inkliim akrylamidu na lidské zdravi je usilovdno o
snizeni jeho mnozstvi v potravinach, a to pfedevsim vybérem vhodnych surovin a upravou
technologickych postupii vyroby potravin [58; 59; 60]. Mezi zdkladni doporuceni pro snizeni
obsahu akrylamidu patii agronomické zasahy, kterymi 1ze omezit obsah redukujicich cukri a
aminokyseliny asparaginu ve vychozi suroving [61]. Obsah asparaginu v mouce a obsah skrobu
v bramborach a obilovindch (vCetné jeCmene) zavisi nejen na odradé, ale i na klimaticko-
pudnich podminkéach péstovani. N&kteii autofi ve svych studiich uvadéji vliv odridy, hnojeni
a zavlazovani na snizovani obsahu akrylamidu [62; 63]. V soucasnosti je vyzkum zaméieny i
na Slechténi obilnin a brambor se snizenym obsahem prekurzori vzniku akrylamidu [64].
Vzhledem k vyznamu odriidy je¢mene ve vztahu k obsahu prekursorti vzniku akrylamidu byla
hledana optimalni rychld metoda pro stanoveni odridové cistoty sladovnického je¢mene.
Vysledky porovnani metod jsou uvedeny v publikaci’ v PFiloze &. 2.

vvvvvv

potravin, kdy se doporucuje pii tepelném zpracovani potravin pouzivani nizsich teplot po delsi
dobu [26; 65]. Rychlost tvorby akrylamidu po dobu peceni cerealnich vyrobkl zavisi na obsahu
vody v tést¢ a na zvoleném teploné-Casovém profilu zpracovani [66]. Vhodné je nastavit
podminky zpracovani tak, aby pfi pozadované konecné vlhkosti byl vyrobek méné propeceny
[67; 68].

Dalsim a neméné¢ dulezitym krokem je vhodnd tprava technologického postupu vyroby
potravin a Uprava receptury. Zde ma velky vyznam piedev§im zména pH roztokl pouzivanych
pti blansirovani [69; 70], anebo piidavek jinych latek (napf. glycin, asparaginasa) [38; 61; 57;
56; 71; 72].

SniZeni obsahu uhli¢itanu amonného, ktery se pouziva jako bézna kypfici latka pii ptiprave
perniki, protoze zabezpeci charakteristicky vzhled, texturu a aréma vyrobkt, vede ke snizeni
obsahu akrylamidu. Hydrogenuhli¢itan amonny je vyraznym akceleratorem vzniku akrylamidu,
pro to je vhodné ho Castecné nahradit sodnymi nebo draselnymi alternativami. Mechanismus
ucinku hydrogenuhli¢itanu amonného je zalozeny na zvySené tvorbé sacharidovych fragmentt
(glyoxalu a methylglyoxalu), které rychleji reaguji s asparaginem. Ve vzorcich primysloveé
vyrobenych pernikli byl stanoven vyrazny pokles akrylamidu, ale vysledny produkt mél
netypicky svétlou barvu a vyraznou slanou chut’ [73].

Na zéklad¢ téchto informaci jsme zjistovali zavislost obsahu aditiv na organoleptickych
vlastnostech vyrobenych pernikii. Kombinaci aditiv byl sniZen obsah akrylamidu ve

7 SEDO, Ondrej, Michal KORAN, Michaela JAKESOVA, Renata MIKULIKOVA, Michal BOHAC a Zbynék
ZDRAHAL. Rapid assignment of malting barley varieties by matrix-assisted laser desorption—ionisation — Time-
of-flight mass spectrometry. Food Chemistry. 2016, 206, 124-130. ISSN 03088146. Dostupné z:
doi:10.1016/j.foodchem.2016.03.056
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vyrobenych perniccich pod mez detekce, aniz by doslo k vyraznému sniZzeni senzorickych
parametrii. Nase poznatky byly shrnuty a uvedeny v publikaci® v P¥iloze &. 3.

Vysledné mnozstvi akrylamidu v potravinach je mozné ovliviiovat v jednotlivych stadiich
jejich technologického zpracovani. Eliminace akrylamidu je ovlivnéna mnoha faktory. Mezi
zakladni faktory patii vybér vhodné suroviny a uplatnéni spravnych agronomickych postupt,
kterymi Ize omezit obsah redukujicich cukri a aminokyseliny asparaginu ve vstupni suroving.

Na zéklad¢ Natizeni komise (EU) 2017/2158 ze dne 20. listopadu 2017, kterym se stanovi
zmirnujici opatieni a porovnavaci hodnoty pro snizeni akrylamidu v potravindch musi
provozovatelé potravinarskych podnikt, ktetfi vyrabéji a uvadeji na trh bramborové hranolky,
bramborové lupinky, chléb, ceredlie, jemné pecivo, kdvu, ndhrazky kavy, potraviny pro malé
déti a obilné piikrmy pro kojence uplatnit zmirnujici opatfeni za Gcelem snizeni mnozstvi
akrylamidu jsou uplatiiovéna i v pib&hu technologie vyroby sladu a piva. Jedna se hlavné o
regulaci teploty a doby hvozdéni sladu.

2.2 3-chlorpropan-1,2 diol (3-MCPD)

3-chlorpropan-1,2-diol (3-MCPD) je bezbarva kapalina s pfijemnou vini snadno rozpustna
ve vodé a etanolu s bodem varu 213 °C. Jeji relativni molekulova hmotnost je 110,54 g-mol™.
Patii do skupiny chlorhydrinti glycerolu nebo také chlorpropanolti. Mezi nejCastéji se
vyskytujici chlorpropanoly patii kromé 3-MCPD také 1,3-dichlor-2-propanol (1,3-DCP).
Nalezeny byly ale i 2-chlor-1,3-propandiol (2-MCPD) a 2,3-dichlor-1-propanol (2,3-DCP).
Dale byly v potravinach objeveny monoestery a diestery chlorpropanold, kde jsou jedna nebo
dvé hydroxylové skupiny acylovany zbytkem mastné kyseliny [75; 76].

3-MCPD je povazovan za potenciondlni karcinogen s mutagennimi, chemosterila¢nimi a
nefrologickymi ucinky. 3-MCPD je na zéklad¢ studii zafazen do 2A skupiny, jako potencialni
lidsky karcinogen. EFSA v roce 2001 stanovila maximalni denni pifjem (ADI) na 2 pg-kg™!
télésné hmotnosti [77; 78].

V soucasné dob¢ existuje jediny legislativni limit, ktery stanovuje maximalni hodnoty pro
mnozstvi 3-MCPD v kyselych hydrolyzatech bilkovin a v séjovych omackach 20 pgkg!
vyrobku s 40 % suSiny (Nafizeni komise (ES) ¢. 1881/2006). Evropskou komisi vSak bylo
vydano doporuceni komise EU ¢. 2014/661 o monitorovani hladin 2- a 3-MCPD a jejich estert
v potravinach, coz doklada zavaznost dané problematiky nejen v CR, ale i v ramci EU.

2.2.1 Vyskyt 3-MCPD v potravindch

Chlorpropanoly vznikaji v potravinach, které soucasn¢ obsahuji vyssi obsah tuka a soli, maji
nizkou aktivitu vody a jsou vystavené piisobeni vyssich teplot [79; 80]. Prekurzorem pro vznik

8 KOMPRDA, Tomas, Antonin PRIDAL, Renata MIKULIKOVA, Zdenék SVOBODA, Olga CWIKOVA, Sarka
NEDOMOVA a Vladimir SYKORA. A combination of additives can synergically decrease acrylamide content in
gingerbread without compromising sensory quality. Journal of the Science of Food and Agriculture. 2017, 97(3),
889-895. ISSN 00225142. Dostupné z: doi:10.1002/jsfa.7811
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chlorpropanolil v potravinach jsou tuky. Predevsim to jsou tfi lipidické slozky: triacylglyceroly,
fosfolipidy a glycerol. Nezbytn4 je ptitomnost chloridd, které jsou v podobé soli pritomné témét
v kazdé potraviné [81]. Primarnimi produkty reakci mezi témito slozkami jsou diestery MCPD,
které se hydrolyzuji na monoestery MCPD. Reakci estert MCPD s chloridy vznikaji estery
DCP a volné chlorpropanoly nasledné vznikaji hydrolyzou estert [82; §83].

Ptitomnost 3-MCPD ve velké skale zpracovanych potravin byl poprvé popsan v roce 2004
[84]. Nejvétsi mnozstvi 3-MCPD bylo nalezeno v bilkovinnych hydrolyzatech ptfipravenych
kyselou hydrolyzou, tedy ve vyrobcich jako sdjova nebo tstiicova omacka [85; 86]. Dale byl
stanoven 1 v Sirokém spektru dalSich potravin jako jsou suSenky, pekatské vyrobky, kéva,
vyrobky z masa a ryb, polévky, uzené vyrobky a v nékterych tradi¢nich piisadach jako jsou
specidlni tmavé slady, upravené Skroby a extrakty masa. V menSim mnozstvi se chlorpropanoly
nachdzeji 1 v tavenych a grilovanych syrech a fermentovanych salamech [87; 88; 89; 90; 91;
92; 93].

2.2.2  Sledovani 3-MCPD ve sladu

V souvislosti s vy$ uvedenymi fakty byl sledovan obsah 3-MCPD 1 ve sladech a tyto
vysledky byly publikovany®. K analyze sladd byla pouzita metoda GC/MSD, pred niz byl 3-
MCPD derivatizovan kyselinou fenylborovou [94; 95; 96].

Obsah 3-MCPD ve sladech se pohyboval v intervalu <10,0-95,0 pg-kg'. Ve svétlych
plzenskych sladech, sladech mnichovskych a ve sladech pSeni¢nych svétlych byl obsah 3-
MCPD pod mezi stanoveni. Tyto hodnoty jsou podstatné nizsi, nez uvadi literatura [97] a tato
skuteCnost je pravdépodobné zpusobena odlisSnou technologii sladovani. V karamelovych
svétlych sladech byly hodnoty 3-MCPD v intervalu <10,0— 5,0 ug-kg™'. CoZ jsou hodnoty, které
nepiekracuji stanoveny maximalni limit pro mnozstvi 3-MCPD v kyselych hydrolyzatech
bilkovin a v s6jovych omackach, ktery je 20 ug-kg' vyrobku s 40 % susiny [98]. Nejvyssi
hodnoty 3-MCPD byly u barvicich sladii 55,0-95,0 pg-kg! a koresponduji s vysledky
uvadénymi v literatufe [97]. Vznik 3-MCPD pfti prazeni a snizeni jeho obsahu v barvicich
sladech 1ze minimalizovat vybérem vhodnych podminek v procesu prazeni sladu.

Vzhledem k tomu, Ze fedéni sladu pti vyrobé finalniho produktu piva se pohybuje od 1:10
(4. 1 kg sladu na 10 kg produktu) do 1:100 [99], neptedstavuje obsah 3-MCPD ve svétlych a
barvicich sladech potencidlni nebezpeci pro spotiebitele.

9 MIKULIKOVA, Renata, Zdenék SVOBODA, Karolina BENESOVA a Sylvie BELAKOVA. 3-MCPD Process
Contaminant in Malt. Kvasny Prumysl. 2018, 64(1), 6-9. ISSN 00235830. Dostupné z: doi:10.18832/kp201802
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3 Mykotoxiny

Mykotoxiny, produkty sekundarniho metabolismu mikroskopickych vldknitych a nékterych
dalSich hub, jsou latky nebilkovinné povahy, toxické pro ¢lovéka a dalsi zivé organismy [100].

Mykotoxiny jsou strukturné rozmanité komplexni organické slouceniny o nizké molekulové
hmotnosti (az na vyjimky niz$i nez 700 g.mol™). Mykotoxiny jsou sekundirni metabolity
vlaknitych hub a ve srovnani s aminokyselinami, lipidy, nukleovymi kyselinami nebo proteiny
nejsou nezbytné pro rust a vyvoj mikrobidlnich producentli (proto nazev sekundarni
metabolity). V soucasné dobé¢ je zndmo ptes 300 mykotoxinti [101].

Patii mezi vyznamné toxiny pfirodniho ptivodu, které mohou kontaminovat Siroké spektrum
potravin a krmiv [102], a vyvolat riizné toxické syndromy nazyvané souhrnné¢ mykotoxikosy
[103; 104]. Nejstarsimi popsanymi mykotoxikosami jsou ergotismus, alimentarni toxicka
aleukie (ATA) a onemocnéni z tzv. Cervené ryze [105]. Toxické vlastnosti mykotoxini
zpusobuji u lidi i zvitat zadvazné nefrotoxické, neurotoxické, kancerogenni, imunosupresivni a
estrogenni ucinky [100].

Vyskytuji se v zemédélskych plodinach, predev§im obilovinach (pSenice, jeCmen, Zito, oves),
ryzi, kukufici, olejnatych semenech (mak, fepka, hoicice, sojové boby, slunecnice) a v
potravinafskych vyrobcich obsahujicich tyto suroviny [106; 107]. Mezi hlavni faktory, které
ovlivituji rozsah piipadné kontaminace zemédé€lskych plodin mykotoxiny v polnich
podminkach, patii vlastni rezistence kultivari vaci napadeni mikroskopickymi vldknitymi
houbami, mira fyziologického stresu, kterému jsou vystaveny rostliny (nedostatecna nebo
neharmonickd vyziva, nedostatek ¢i nadbytek vldhy, zasoleni pldy, zneciSténi ovzdusi,
napadeni jinymi ostatnimi chorobami a Zivoc¢isnymi sktidci, atd.), virulence patogenni houby,
typ produkovaného mykotoxinu, schopnost rostliny degradovat mykotoxiny, dobra zemédélska
praxe (osevni postup zejména piedplodina, typ orby, hnojeni) a interval mezi sklizni a obdobim
vhodnym pro produkci mykotoxinti [108; 109; 110].

Vyznamnym producentem mykotoxinli jsou mimo jiné¢ houby rodu Fusarium, které jsou
soucasn¢ vyznamnymi patogeny zeméedélskych plodin. U obilnin napadaji paty stébel, listy a
klasy. V poslednim obdobi dochazi ke zvySenym vyskytim fusaridz v klasech obilnin [111].
Houbami rodu Fusarium je napadan, zejména za vhodnych podminek pro Sifeni, také
jeémen'®!! Vyskyt fusaridz i mykotoxind je vyznamné ovliviiovan priibéhem pocasi [112;
113]. Vzhledem k tomu, Ze pocasi je v jednotlivych letech velmi variabilni je i napadeni
fusariozami velmi rozdilné. U sladovnického je¢mene vyskyt mykotoxini miize vyznamné
ovlivnit poskliziiové Gprava zrna i zpiisob skladovani. Dal$im faktorem, ktery mize vyznamné
ovlivnit intenzitu vyskytu fusarii je technologie péstovani a nachylnost odriidy [114; 115].
Pokud jde o agrotechnické opatieni, jsou dulezité predevsim piedplodina a zplisob zpracovani

10 BENESOVA, Karolina, Renata MIKULIKOVA, Sylvie BELAKOVA, Zdenék SVOBODA a Vratislav PSOTA.
Identification of substances originating from pathogen - caryopsis interaction and their effect on malt quality.
Kvasny Prumysl. 2011, 57(1), 2-7. ISSN 00235830. Dostupné z: doi:10.18832/kp2011001

1 BENESOVA, Karolina, Vratislav PSOTA, Renata MIKULIKOVA, Sylvie BELAKOVA a Zdenék SVOBODA.
Pathogenic metabolites in barley caryopses and their effect on quality of malting barley and malt. Kvasny Prumysi.
2011, 57(7-8), 215-218. ISSN 00235830. Dostupné z: doi:10.18832/kp2011021
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pudy [109; 116]. Vyskyt fusarioz miize vyznamné ovlivnit také pouziti fungicidi. Aplikace
fungicidu muze snizit napadeni, ale souCasné vést ke stresu patogenu a tak muze dojit
ke zvyseni produkce mykotoxinii [109]. Vzhledem k tomu, Ze u¢innost stdvajicich fungicidt
neni vzdy uspokojiva, jsou neustdle hledany nové postupy, kterymi by bylo mozno vyskyt
fusari6z omezit.

Na zaklad¢ téchto skutecnosti byl proveden v letech 2012-2017 monitoring obsahu
fusariovych mykotoxini (DON, ZON, T-2 a HT-2 toxin) u 592 vzorka zrna sladovnického
jeémene imunochemickou metodou ELISA. Obsah mykotoxinti nepiekro¢il maximalni limit
EU pro nezpracované obiloviny [98]. Vysledky této dlouhodobé studie byly publikovany'? a
jsou uvedeny v Priloze ¢. 4 .

Nékteré druhy rodu Fusarium jsou producenty vysoce toxickych mykotoxint, predevSim
deoxynivalenolu (DON), nivalenolu (NIV), HT-2, T-2 toxinu a zearalenonu (ZON) [117; 118].
V posledni dobé se také hodné diskutuje o vyznamném metabolitu deoxynivalenolu-3-
glukosidu (DON-3-Glc) [119; 120] . Fusariové mykotoxiny jsou relativné stabilni slouc¢eniny a
ve vetsing piipadi nepodléhaji vyznamné degradaci v pribéhu béznych technologickych
operaci a mohou piechazet do vyslednych produkti urcenych k lidské spotiebé. Toxiny navic
pronikaji difuzi z povrchové rostouci plisné do vnitini €asti potravin a surovin a oblast jejich
produkce piekryva znacnou cast riistové kiivky plisné.

Vyznamnymi producenty mykotoxint jsou i n€které dal$i druhy hub, které se piilezitostné
vyskytuji na obilovinach. Napt. Aspergillus flavus, A. parasiticus a A. nomius produkuji
zejména aflatoxiny. Ochratoxin A je nejcastéji produkovan vlaknitymi houbami rodu
Asperigillus a Penicillium.

3.1 Trichotecenové mykotoxiny

Skupina trichothecenovych mykotoxini patii mezi nejzndméjsi toxiny produkované
pirevazné vladknitymi houbami rodu Fusarium. Produkce trichothecenli byla prokézéna i u
n¢kterych hub rodu Myrothecium, Trichoderma, Trichothecium, Cylinrocarpon, Phomopsis,
Verticimonosporium a Stachybotrytys.

Kontaminace organismu trichotheceny ma za nasledek Sirokou paletu projevii [121]. Miize
dochazet k rozlicnym syndromt@m, napiiklad ke snizovani piijmu nebo totdlnimu odmitani
potravy, k podrazdéni kiize a k dermdlnim nekr6zam, zvraceni, prijmim a krvacivosti.
Trichotheceny jsou popsany i1 jako imunosupresory a inhibitory syntézy proteinii a DNA. Bez
vyjimky vSechny trichotheceny vykazuji pro zivo¢ichy vétsi ¢i mensi stupen toxicity, vykazuji
1 insekticidni efekt. Byla popsana i fytotoxicka aktivita. Toxicita je vysvétlovana predevsim
pritomnosti epoxyskupiny [122]. Podle charakteristickych chemickych vlastnosti se rozlisuji
Ctyfi podskupiny trichothecentl, a to trichotheceny typu A, B, C a D.

12 SVOBODA, Zdenék, Renata MIKULIKOVA, Karolina BENESOVA a Sylvie BELAKOVA. The occurrence
of the selected Fusarium mycotoxins in Czech malting barley, harvested in 2012-2017. Czech Journal of Food
Sciences. 2019, 37(6), 439-445. ISSN 12121800. Dostupné z: doi:10.17221/317/2018-CJFS
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3.1.1 Trichotecenové toxiny T-2 a HT-2 toxin

Patii mezi trichotheceny typu A, které obecné vykazuji vyssi akutni toxicitu nez trichoteceny
typu B. T-2 toxin byl izolovan v roce 1968 z kultury Fusarium sporotrichioides. Je povazovan
za jednoho z nejpravdépodobnéjsich plivodct mykotoxikdzy — alimentarni toxické aleukie. V
obilninach se bézn¢€ vyskytuji toxiny T-2 a HT-2 soucasné, jelikoZ jeden pfechédzi v druhy. HT-
2 je deacetylovana forma T-2 toxinu [123]. T-2 a HT-2 se vyskytuji v obilninach (pSenice, oves,
jecmen), v kukufici, ryzi, fazolich a sgji, dale také v nékterych cerealnich vyrobcich. T-2 a HT-
2 toxiny se obvykle nenachéazeji v zrnu obilnin pfi sklizni, ale objevi se az v disledku nadmérné
vlhkosti v pribehu skladovani [123].

T-2 toxin ma dermatotoxické (zpusobujici nekrozu kiize) a emetické (zptisobujici zvraceni
nebo daveni) uc¢inky, byly popsany také G€¢inky imunosupresivni, genotoxické a na zaklade¢
provadénych experimentii se zvifaty se T-2 povazuje za potencialni karcinogen a mutagenni
slouceninu [123].

3.1.2  Deoxynivalenol

Patii k trichotheceniim typu B. V roce 1973 byl v USA izolovan deoxynivalenol z kukufice
napadené mikromycetou Fusarium graminearum. Pii zkrmovani deoxynivalenolem (DON)
kontaminované kukufice bylo u prasat pozorovano zvraceni (vomitus). Na zakladé toho byl
odvozen trivialni ndzev tohoto mykotoxinu — vomitoxin [124]. DON byl nalezen v
nasledujicich potravinach: obilniny (jeCmen, pSenice, triticale, proso, zito) a vyrobky z nich,
détské vyziva z obilnin, rizné vyrobky z kukufice, ryze, proso, €irok, otruby, chleba, Spagety,
miisli, nudle, pivo, chili prasek, koriandr, zdzvor, sojové boby, ¢esnek, brambory. DON je velmi
stabilni a jeho koncentrace se neméni ani po technologickém zpracovani vstupni suroviny do
findlniho vyrobku. V krmivech se nachazeji pomérné vysoké koncentrace deoxynivalenolu, coz
souvisi s obsahem lepku a vlhkosti zrna. Pifenos deoxynivalenolu na dojnice podavanim
kontaminovaného krmiva je mozny, ale v mléce jsou nalezy DON extrémné nizké (< 4 mg.1™").
Ptechod rezidui DON do masa, mlé¢ka nebo vajec je také zanedbatelny. Pii toxikologickém
hodnoceni byly u zvifat prokdzany kozni zmény, gastrointestinalni onemocnéni, hematologické
zmény, imunosupresivni a teratogenni uc¢inky [125]. DON je z hlediska praktického vyskytu
trichothecenti povazovan za hlavni kontaminant potravin. Je indikatorem mozné kontaminace
dalsimi trichothecenovymi mykotoxiny. DON se Casto vyskytuje v obilovinach spole¢né s
nivalenolem, diacetoxyscirpenolem a T-2 toxinem. Jde vSak naStésti o jeden z nejméné
toxickych trichothecenti [125]. DON je prekursorem 3-acetyldeoxynivalenolu (3-ADON) a 15-
acetyldeoxynivalenolu (15-ADON) a spolu s nim jsou n¢kdy detekovany v obilninéch [124].

3.1.3 Deoxynivalenol — 3 glukosid (DON-3-glc)

V posledni dob¢ jsou casto diskutovany 1 tzv. maskované mykotoxiny. Jedna se o
konjugované mykotoxiny, ve kterych se toxin obvykle vaze na polarné;jsi latku, naptiklad
glukosu [126]. Jednou z téchto latek je konjugadt DON-3-B-D-glukopyranosid (DON-3-
glucosid), vyznamny metabolit DON [127]. Nékteré studie ukazaly, ze u fermentovanych
vyrobkll je mozné pozorovat vyznamny nartst hladin nékterych konjugati mykotoxint,
pfestoZze u vychozi suroviny nebyla prokdzdna vyznamna kontaminace [128; 129]. Stale
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diskutovanou otazkou zlstava i toxicita téchto latek. V travicim traktu ¢loveka, a obdobné je
tomu prvdépodobné i u hospodaiskych zvitat, mize dochazet k uvoliiovani mykotoxinti z vazeb
na komponenty matrice a de facto tak k navyseni toxické zatéze organismu [130].

3.1.4 Nivalenol (NIV)

Patii k trichotheceniim typu B. Tento pfirozené¢ se vyskytujici toxin je produkovan
toxinogennimi kmeny rodu Fusarium (F. sporotrichioides) a byl poprvé izolovan z F. nivale
[125]. V poslednich letech je stale castéji detekovan v riznych obilovinach [107]. IARC
(International Agency for Research on Cancer) v r. 1993 dosla k zavéru, Ze existuji dostatecné
dukazy karcinogennich tc¢inkt nivalenolu na pokusnych zvitatech. U lidi nebyly k dispozici
zadné udaje. Celkovy zaveér byl, ze stupeinl kancerogenity nebyl urcen (skupina 3). U mySi ma
NIV embryotoxicky a ferotoxicky ucinek, teratogenni ucinek nebyl prokazan. NIV vykazuje
antivirovy a imunotoxicky uc¢inek. V zavislosti na davce a expozici mize mit Uc¢inek
imunosupresivni a imunostimulacni [125]. NIV je jednim z nejméné akutné toxickych
trichothecentl, na bunétné tirovni je jeho hlavnim toxickym tc¢inkem inhibice proteosyntézy
prostiednictvim vazby na ribozom.

3.2 Zearalenon

Mezi nejvyznamnéjSimi producenty zearalenonu nalezi Fusarium graminearum a F.
semitectum. Zearalenon byl nalezen v nasledujicich potravinach: obilniny a vyrobky z nich
(vCetné jeCmene, sladu a piva), kukufice, ryze, €irok, proso, boby, ofechy, banany a v n¢kterych
druzich kofeni. Jednd se o relativné lipofilni slouceninu. Obsah zearalenonu casto pfi
technologickém zpracovani obilovin vyznamné klesa. Akutni toxicita zearalenonu je nizka,
nicméné jeho piijem stravou muze vyvolat (diky strukturni podobnosti se steroidnimi hormony
estrogeny) hyperestrogenni syndrom. S ohledem na své estrogenni G¢inky se zearalenon nékdy
oznacuje jako mykoestrogen. Je pokladan za vhodny indikator pfitomnosti dalSich fusariovych
mykotoxinil v ceredliich, jako jsou napf. trichotheceny DON a nivalenol [125]. U zearalenonu
byla prokazana hepatotoxicita, hematotoxicita, imunotoxicita a genotoxicita. Neni vyznamn¢
akutné toxicky, spolu se svymi derivaty vSak vykazuje vyznamné estrogenni a anabolické
ucinky [125].

3.3 Ochratoxiny

Ochratoxin A (OTA) je produkovan zejména vldknitymi mikroskopickymi houbami rodu
Aspergilus (A. ochraceus, A. melleus) a Penicillium (P. verrucosum, P. nordicum). Z
chemického hlediska patii OTA do skupiny ochratoxinii. Lze ho obecné¢ charakterizovat jako
derivat 7-izokumarinu vazany na aminoskupinu L-B-fenylalaninu [131].

Ochratoxin A ma nefrotoxické, mutagenni, teratogenni, kancerogenni a neurotoxické ucinky.
Patii mezi vyznamné neurotoxické mykotoxiny a je spojovan s nadory ledvin a nddorovym
onemocnénim varlat [132; 133].
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V potravinach byl OTA poprvé stanoven ve vin€ a hroznové stave [134]. Vyskyt ochratoxinu
A a koncentrace ve vinech jsou vysoce ovlivnény zemépisnymi a klimatickymi podminkami.
Vyssi obsahy OTA a vyssi poc€et kontaminovanych vzorka byly opakované zjistény ve vinech
ze Sttedomofti a dalSich jiznich vinafskych oblasti [135]. Na zdklad¢ téchto informaci jsme
provedli stanoveni obsahu ochratoxinu A ve vzorcich vina z moravské vinafské oblasti a
v zahrani¢nich vinech. Vysledky potvrdily ptfedchozi zévéry, Ze riziko kontaminace vina
ochratoxinem A je v jihomoravské vinafské oblasti velmi nizké. Tato studie byla publikovana'?
a je uvedena v Priloze ¢. 5.

Ochratoxin A se miize také nachazet v riznych potravinach rostlinného [136] a zivociSného
puvodu, mimo jiné v obilninach a vyrobcich z nich — je¢men, slad, pivo. Pfitomnost OTA v
pivu zavisi na kontaminaci pivovarskych materiald, tj. sladovnického je¢mene a sladu,
mikromycety Penicillium verrucosum sp. a Aspergillus ochraceus sp. Byl sledovan obsah
ochratoxinu A v pivovarskych surovinach a v pivu, vysledky byly publikovany'* a jsou
uvedeny v Priloze €. 6.

3.4 Aflatoxiny

Aflatoxiny jsou produkovany zejména vldknitymi mikroskopickymi houbami rodu
Aspergilus (zejména A. flavus a A. parasiticus). Nejvyznamnéjsi aflatoxiny jsou B1, B2, G,
G2 a M1 [137]. Jsou toxické a aflatoxiny skupiny B a G patii mezi prokazané kancerogeny
[131]. V téle se metabolizuji v jatrech na reaktivni meziprodukt, epoxid aflatoxin M1. Vyskytuji
se v mnoha potravindch rostlinného a Zivocisného ptvodu, jako jsou zejména ofechy, koteni,
mléko, syry, apod [138].

Vzhledem k vysoké toxicit¢ aflatoxini a ke skuteCnosti, Zze mohou z pfirozené
kontaminovanych surovin ptfechazet do piva, byl proveden monitoring vyskytu aflatoxint B,
B>, G1 a Gy v pivovarskych surovindch a v pivu. Na zéklad¢ této studie jsme dosli k zavéru, ze
piva vafena z kvalitnich a dobfe skladovanych surovin nepfedstavuji pro spotiebitele zadné
zdravotni riziko expozice aflatoxind. Vysledky byly publikovany!® a publikace je uvedena
v Priloze €. 7.

13 MIKULIKOVA, Renata, Sylvie BELAKOVA, Karolina BENESOVA a Zdendk SVOBODA. Study of
ochratoxin A content in South Moravian and foreign wines by the UPLC method with fluorescence detection.
Food Chemistry. 2012, 133(1), 55-59. ISSN 03088146. Dostupné z: doi:10.1016/j.foodchem.2011.12.061

“BELAKOVA, Sylvie, Karolina BENESOVA, Renata MIKULIKOVA a Zdenék SVOBODA. Determination of
ochratoxin A in brewing materials and beer by ultra performance liquid chromatography with fluorescence
detection.  Food  Chemistry. 2011,  126(1), 321-325. ISSN  03088146.  Dostupné  z:
doi:10.1016/j.foodchem.2010.10.062

15> BENESOVA, Karolina, Sylvie BELAKOVA, Renata MIKULIKOVA a Zdenék SVOBODA. Monitoring of
selected aflatoxins in brewing materials and beer by liquid chromatography/mass spectrometry. Food Control.

2012, 25(2), 626-630. ISSN 09567135. Dostupné z: doi:10.1016/j.foodcont.2011.11.033
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3.5 Metody stanoveni mykotoxini

Analyza mykotoxini je provadéna riznymi metodami v zdvislosti na vybaveni laboratofi,
které stanoveni provadéji. Prevazné se jednd o stanoveni vysokoucinou kapalinovou
chromatografii s hmotnostni detekci. Tato metoda byla pouzita k analyze vétSiny nami
sledovanych mykotoxint. Validace a optimalizace metody byla publikovana'® a je uvedena
v Priloze ¢.8. Déle je mozné mykotoxiny stanovovat metodami imunochemické enzymové
analyzy (napt. ELISA) a radioimunologickymi, ktera jsou spiSe vhodné&j$i pro screeningova
(orientacni) méteni [100; 139].

3.6 Vyznam mykotoxinl v pribéhu vyroby sladu a piva

Mykotoxiny piedstavuji urcité bezpe&nostni riziko pro pivovarsky primysl'’ [128]. Pti
sladovani kontaminovaného je¢mene vznikaji vyhodné podminky pro rozvoj toxinogennich
hub [140]. Béhem maceni, kliceni i hvozdéni jsou houby stile schopny ristu a tvofeni
mykotoxinil [140]. Vyroba sladu — fizeného kli¢eni obilnych zrn - je komplexni biologicky
proces, ktery zahrnuje Sirokou skdlu biochemickych a fyziologickych reakci. Vymeéna maceci
vody sice odstraiuje ¢ast mykotoxint, ale pfi kliceni miize dochazet opét k jejich nartstu [140;
141]. Pii1 hvozdéni dochazi k poklesu obsahu mykotoxint, ale ne k jejich vymizeni [142; 143;
128]. Houby vcetné spor se z infikovaného je¢mene a sladu do piva dostat nemohou, nejpozdé;ji
ve stadiu rmutovani jsou usmrceny. Cast mykotoxinii diky své tepelné stabilité timto procesem
projde beze zmén [144; 140] a miZe piejit az do finalniho produktu — piva [140].

Jak v8ak vyplyva z vySe uvedenych vysledkil, hodnoty koncentrace mykotoxinti v pivu jsou
natolik nizké, ze predstavuji pouze minimalni riziko pro konzumenty. To vSak neznamena, ze
by neméla byt vénovéna stala pozornost minimalizaci mikrobidlni kontaminace je¢mene a sladu
vlédknitymi houbami.

BOLECHOVA, Martina, Karolina BENESOVA, Sylvie BELAKOVA, Josef CASLAVSKY, Markéta
POSPICHALOVA a Renata MIKULIKOVA. Determination of seventeen mycotoxins in barley and malt in the
Czech  Republic. Food  Control. 2015, 47, 108-113. ISSN  09567135. Dostupné z:
doi:10.1016/j.foodcont.2014.06.045

17 KELLNER, Vladimir, Renata MIKULIKOVA a Pavel CEJKA. 15 Nezadouci a zdravi $kodlivé latky sladu.
BASAROVA, Gabriela, ed. Sladaistvi: teorie a praxe vyroby sladu. Praha: Havli¢ek Brain Team, 2015, s. 395-
432. ISBN 978-80-87109-47-2.

21



4 Senzoricky aktivni latky a jejich prekursory

Mezi senzoricky aktivnimi latkami ovliviiujicimi zésadné kvalitu piva hraji vyznamnou
ulohu heterocyklické a sirné slouceniny, z nichz nékteré se vyznacuji vysokou senzorickou
aktivitou 1 v extrémné nizkych koncentracich. Stopova mnozstvi téchto sloucenin, které 1ze
bézné nalézt v potravindch, se spolupodileji na vytvareni jejich aroma a tento vliv 1ze obecné
hodnotit jako pfiznivy. U sladu, resp. u piva to vSak plati jen ve velmi omezené miie a
ptitomnost heterocyklickych a sirnych latek se v tomto sméru hodnoti spiSe neptiznive.

4.1 Sirné latky

Sirné slouceniny se do piva dostavaji bud’ s vychozimi surovinami (slad, chmel), nebo
vznikaji v pribéhu chemickych ¢i enzymovych reakci béhem jednotlivych etap vyroby
(rmutovani, vareni, fermentace, starnuti). V jeCmeni a chmelu mtze obsah sirnych sloucenin
zéviset nejen na odridé, ale 1 na péstebnim misté, pribéhu pocasi a pouzité¢ technologii
péstovani. U sladu pak zavisi obsah sirnych latek pfedev§im na technologii sladovani a
eventualni kontaminaci nezddoucimi mikroorganismy [145; 146].

VétSina sirnych slou€enin pfitomnych v je€meni, sladu a pivu jsou netékavé latky
(aminokyseliny, bilkoviny, anorganické sirany). Tyto latky nejsou pifimo odpovédné za
neptiznivé ving a chuti piva, ale jsou dulezité jako prekursory, ze kterych za urcitych podminek
mohou vznikat senzoricky aktivni latky. Takto vzniklé slouCeniny jsou ve vétSin€ piipadi
t€kavé a jejich mnozstvi byva nizsi nez 1 % z celkového mnozstvi latek, které maji ve své
molekule siru a jsou obsazeny v pivu. Skute¢nd mnozstvi latek odpovédnych za sirné viin€ jsou
proto extrémné nizka [147; 99].

Sirné aminokyseliny jsou pfirozenou soucésti je¢mene, sladu i piva, kde ptlisobi jako
prekursory té€kavych sirnych latek. Tyto latky pak maji nezanedbatelnou roli v senzorické
kvalité piva. T¢kavé sirné latky mohou nepiiznivé ovlivnit chut’ piva i ve velmi nizkych
koncentracich. Proto je nutné znat nejen obsah jejich prekursort, ale i moznosti jejich vzniku
v priubéhu technologie vyroby piva.

Vlastni sira se do vychozi suroviny, kterou je je¢men, dostavd béhem vegetace ve forme
siranli obsazenych v fad¢ mineralnich hnojiv nebo po jejich pfeméné 1 z organickych hnojiv,
ale také ve formé plynné jako SO; [148; 149].

Prvnim stupném asimilace siry je aktivace siranového iontu pomoci ATP-sulfurylasy (EC
2.7.7.4), coz vede ke tvorb¢ adenosin-5'-fosfosulfatu (APS) a pyrofosfatu. Sekundarni
fosforylaci APS (adenylylsulfatkinasa, EC 2.7.1.25) vznikd 3'-fosfoadenosin-5'-fosfosulfat
(PAPS). Aktivovany sulfat z APS, stejné€ jako z PAPS je pienaSen pomoci APS- nebo PAPS-
sulfotransferasy (EC 2.8.2.16) do thiolové skupiny pienasece a vlastni redukce sulfatu na sulfit
pak muze probihat vdzanou nebo volnou cestou. Sulfity jsou dale redukovany na sulfidy
sulfitreduktasou (EC 1.8.99.1) nebo thiosulfatreduktasou (EC 2.8.1.3) [148; 149].

Redukovana sira vstupuje do metabolismu vyhradné ve form¢ cysteinu a teprve naslednou
syntézou vznikd dal$i esencidlni aminokyselina methionin. Uvedené aminokyseliny jsou
prekursory dalSich sirnych sloucenin [148; 149].
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Mezi hlavni meziprodukty vzniku senzoricky aktivnich sirnych latek béhem vyroby piva

patfi S-methylmethionin, ktery vznik4 metylaci methioninu v cyklu sirnych aminokyselin (Obr.
3) [148; 150; 151; 152; 149].

NH3 L
methionin
O
N /N \
H;C
PP' +Pi S-adenosyl H,C—S
3 HO OH homocystein CH3
methionin S-adenosyl S-methyl
methionin methionin

Obr. 3: Vznik S-methylmethioninu [152]

Slady sladované (prazené) pii teplotach 50 °C az 220 °C vykazuji snizujici se koncentraci
methioninu se vzrustajici teplotou. Tato zavislost je zpusobena degradaci methioninu na
dimethylsulfid. Ten ze sladu unika a je sledovan jako t€kavy meziprodukt. V ramci predlozené
prace byl DMS sledovan a vysledky byly publikovany'®!°. Prokdzanou zavislost obsahu
metioninu na teploté (Obr.4) lze vyuZit pfi optimalizaci teploty hvozdéni, s cilem snizit obsah
metioninu ve vyrabénych sladech.

Béhem hvozdéni sladu, kdyz teplota presdhne 60 °C, je S-methylmethionin degradovén na
homoserin a dimethylsulfid, takze nezanedbatelna ¢ast miize byt ztracena strzenim do plynu.
Degradace a syntéza S-methylmethioninu je zdvisld na vlhkosti a teplot¢ zrna. Oxidaci
uvolnéného dimethysulfidu vznikd dimethylsulfoxid (Obr.5). Rychlost oxidace roste s teplotou
hvozdéni. Rozsahlejsi oxidace dimethylsulfidu vede ke vzniku dimethylsulfonu
(methylsulfonylmethan — MSM), ktery neni kvasinkami metabolizovan [149].

18 MIKULIKOVA, Renata, Zdenék SVOBODA, Karolina BENESOVA a Sylvie BELAKOVA. Determination
of methionine in malt. Kvasny Prumysl. 2009, 55(11-12), 310-314. ISSN 00235830. Dostupné z:
doi:10.18832/kp2009025

19 KELLNER, Vladimir, Renata MIKULIKOVA a Pavel CEJKA. 15 Nezadouci a zdravi $kodlivé latky sladu.
BASAROVA, Gabriela, ed. Sladarstvi: teorie a praxe vyroby sladu. Praha: Havli¢ek Brain Team, 2015, s. 395-
432. ISBN 978-80-87109-47-2.
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Obr. 4: Zavislost obsahu methioninu na teploté hvozdéni (praZeni) sladu®
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Obr. 5: Vzdjemna zavislost cest vzniku dimethylsulfidu v pivu [99]

Dalsi cesta vzniku dimethylsulfidu zahrnuje rozklad methioninu vzajemnou reakci
s redukujicimi cukry. Hlavnim produktem této degradace je methional nebo od néj odvozeny
methionol. DalSimi dvéma produkty jsou dimethylsulfid a dimethylsulfoxid. Rozkladem
methionalu miize vznikat ehylmethylsulfid. Termickym rozkladem cysteinu a cystinu vznika

sulfan [99; 146].

20 MIKULIKOVA, Renata, Zdenék SVOBODA, Karolina BENESOVA a Sylvie BELAKOVA. Determination
of methionine in malt. Kvasny Prumysl. 2009, 55(11-12), 310-314. ISSN 00235830. Dostupné z:

doi:10.18832/kp2009025
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Béhem rmutovani pfechazi S-methylmethionin, vznikly pii sladovéani, do roztoku, kde
probiha jeho rozklad. Vznikajici dimethylsulfid je strhavdn vroucimi parami. Rychlost
vypatfovani dimethylsulfidu je v této fazi rychlej$i nez jeho syntéza. Po varfeni dochazi
v chladnouci mladin€ stale k degradaci S-methylmethioninu, ale jizZ nedochdzi k odpatfovani
dimethylsulfidu [146].

Béhem vyroby piva mohu vznikat také rizné alkylpolysulfidy. Prekursory téchto
alkylpolysulfida jsou trioly, S-alkylcystein sulfoxid, methional, thiosulfinaty a methionin —
sulfoxid (Obr.6) [99; 146].

H,S

NH; ——————>= HsC—SH

\\\\\\\*

S glukosa, biacetyl, riboflavin, O,
\
CHj3 riboflavin, hv

Obr. 6: Mozny mechanismus sysntézy polysulfidii z methioninu behem rmutovani sladu [146]
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Béhem fermentace piva jsou pivovarské kvasinky (Saccharomyces cerevisiae a S.

pastorianus) schopné metabolizovat sirné aminokyseliny na jednodussi slou¢eniny, mimo jiné
1 na té¢kavé sirné latky [153].
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Obr. 7: Pravdépodobna cesta degradace methioninu pivovarskymi kvasinkami (Saccharomyces
cerevisiae a S. pastorianus): (a) Ehrlichova draha; (b) enzym methionin ylyasa (EC 4.4.1.11) [146]

Pfi kvaSeni mladiny jsou pivovarské kvasinky schopné metabolizovat S-methylmethionin,
ale nejsou schopny ho degradovat na dimethylsulfid. Pravdépodobné¢ ho preménuji na
methionin u¢inkem methyltransferasy (EC 2.1.1.12), ktery dale metabolizuji (Obr. 7) [146].
Béhem fermentace pivovarské kvasinky produkuji sulfan, a to pfevazné z cysteinu, v mensi
mife ze siranll a zanedbateln¢ z methioninu.

Pivovarské kvasinky jsou schopny béhem kvaSeni mladiny produkovat dimethylsulfid rovnéz
enzymatickou redukci dimethylsulfoxidu. Tato produkce dimethylsulfidu je nicméné
kompenzovana jeho ztratou strhavanim s CO,. Produkovany mohou byt i polysulfidy, jako
dimethyldisulfid a dimethyltrisulfid [154].

Pivovarské kvasinky béhem zivota pfijimaji organickou i anorganickou siru z prostfedi, aby
Jji pouzily v metabolismu aminokyselin. Prekursory metabolizovany pivovarskymi kvasinkami
jsou sirany, sifiCitany, methionin, cystein, cystin, thiamin a glutathion [154].

V lezackych pivech se nachazi dimethyltrisulfid, ktery vznik4d degradaci methionalu a
methionolu v Cerstvém pivu. Methional pochazi predevSim ze Streckerovy eliminace
methioninu pii sladovani je¢mene [155; 156].

4.2 Stanoveni sirnych latek

Stanoveni sirnych senzoricky aktivnich latek je velmi narocné, protoze se nachazeji
v analyzovanych matricich (slad, pivo) ve velmi nizkych koncentracich (ug.kg' — ng.kg™).
Pfed vlastni analyzou je tfeba analyty extrahovat z matrice a zakoncentrovat. Pro
zakoncentrovani té¢kavych latek se pouziva destilace s vodni parou, headspace metody (extrakce
plynem) a mikroextrakce tuhou fazi (SPME) [157; 158; 159; 160]. K analyze sirnych tékavych
latek byva nejcastéji vyuzivana plynova chromatografie ve spojeni se selektivnimi detektory
(napft. plamenovy fotometricky detektor) [161; 162].

Tekavé latky lze z kapalnych i rozmélnénych pevnych vzorkii izolovat Setrnou extrakci
plynem, tedy s vyuzitim tzv. headspace techniky (HS). Podstatou téchto metod je analyza
plynné faze, ktera byla v kontaktu s extrahovanym materidlem, v idedlnim piipad¢ az do
ustaveni rovnovazné distribuce t€kavych latek mezi plynnou a kondenzovanou (kapalnou nebo
pevnou) fazi, ktera je popsana distribu¢ni konstantou jednotlivych slozek v dané soustavé [163;
164].
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Rozlisuji se dva zplisoby usporadani headspace analyzy [164]:
» Staticka headspace

V tomto uspotradani se analyzuje vzorek plynu odebrany z prostoru nad kondenzovanou fazi
ve statickém uzavieném systému.

» Dynamicka headspace

Kondenzovana faze se kontinudlné extrahuje proudem inertniho plynu (tzv. stripovani),
z n¢hoz jsou vynasené pary tékavych latek vhodnym zptisobem zachycovany.

Statickd HS technika je vétSinou pouzivana pro stanoveni t€kavych latek ve vzorcich, které
jsou obtizné analyzovatelné béznym chromatografickym postupem. V kombinaci s plynovou
chromatografii (HS-GC) umozni nepiimo stanovit t€kavé latky v kapalnych nebo pevnych
matricich analyzou plynné faze, ktera je v termodynamické rovnovaze se vzorkem v uzavieném
systému. Tato technika je vétSinou doporucovana pro kapalné vzorky, jejichz matrice mtize pti
pfimém nastiiku, poSkodit chromatografickou kolonu nebo vyZzaduje intenzivni ¢iSténi vzorku
pied analyzou [165].

Metodu HS extrakce ve spojeni s plynovou chromatografii s FPD detektorem jsme pouzili
pro stanoveni DMS v mladiné a pivu. Vysledky stanoveni a optimalizace metody byly
publikovany?!' . Byla optimalizovana doba extrakce v zavisloti na teploté. Nejvyssi vytéznost
HS extrakce byla pti 50 °C po dobu 30 min. Tyto podminky byly pouzity pro stanoveni DMS
ve vzorcich mladiny a piva. Obsahy DMS v analyzovanych mladinach se pohybovaly od 9,6
do 59,6 pg.I’!, v pivech od 6,1 do 34,9 ug.l"! coz koreluje s vysledky uvadénymi v literatute
[166].

Obsahy volného DMS ve sladu se pohybuji v rozmezi 1-20 mg.kg™!, hladiny volného DMS
v pivu a mlading jsou fadové niz§i pohybuji se v rozmezi 2—-100 pg™' [99].

Dynamickd HS naSla Siroké uplatnéni pii izolaci a zakoncentrovani tckavych latek
z kapanych matric [167; 168; 169].

V prvnim kroku této metody jsou analyzované latky stripovany z kapalné faze a mohou byt
zachyceny tfemi zplsoby: a) sorpci na termalni sorbent, b) vymrazovéanim c) kryofokusaci na
zaCatku chromatografické kolony [164].

Ze sloupce sorbentu jsou analyzované latky uvolilovany extrakei organickym rozpoustédlem
nebo zahievem za prichodu nosného plynu vedouciho piimo do kolony plynového
chromatografu (termicka desorpce) [164; 170]. Pro zakoncentrovani sirnych tékavych latek se
pouzivaji riizné typy sorbentli. Napft. pro zachyceni thiold a disulfidi z kapalnych matric se
pouziva Carbopack X, Porapak Q a Tenax GC. Molekularni sito SA a Tenax GC byly popsany
pro zachyt dimethylsulfidu, dimethyldisulfidu, sirouhliku, sirovodiku [171; 172; 173; 174; 175;
176].

21 SVOBODA, Zdenék, Renata MIKULIKOVA, Sylvie BELAKOVA a Karolina BENESOVA. Optimization of
Determination of Dimethyl Sulfide in Wort and Beer. Kvasny Prumysi. 2017, 63(3), 121-125. ISSN 00235830.
Dostupné z: doi:10.18832/kp201714
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V poslednich letech se stava ¢asto pouzivanou technikou mikroextrakce tuhou fazi (SPME).
SPME je bezrozpoustédlova metoda piipravy vzorku. Tuto metodu vyvinul v poloving 90. let
minulého stoleti J. Pawliszyn na universit¢ Waterloo Ontario, Kanada. Metoda nevyzaduje
slozitou instrumentaci a je zaloZena na sorpci analytu malym mnozstvim extrakéni faze na
povrchu kiemenného vldkna. Analyty se sorbuji do dosazeni rovnovazného stavu. Mnozstvi
extrahovaného analytu zavisi na hodnot¢ rozdélovaciho koeficientu analyt — vlakno [177; 178].

Kiemenné vlakno pokryté polymerem je spojeno s ocelovym pistem a umisténo v duté
ocelové jehle. Vlakno je zatazeno dovniti jehly, kterd propichne septum v zatce vialky [179].

Vlakno se vysune piimo do vzorku (DI-SPME) nebo do prostoru nad jeho hladinou (HS—
SPME). Analyt se sorbuje na povrch vlakna. Po dosazeni rovnovéhy (2-30 min) se vlakno
zasune op¢t do jehly, kterd je pak zavedena do injektoru plynového chromatografu, kde je
vlakno opétovné vysunuto a po tepelné desorpci je analyt z povrchu vldkna undsen nosnym
plynem na GC kolonu [178; 179].

Pti pouziti metody SPME, mnozstvi extrahované¢ho analytu zavisi, jednak na polarité a
tloustce vlakna, jednak také na extrakénim &ase a koncentraci analytu ve vzorku. Uginnost
extrakce lze zvysit michanim, ptidavkem soli do vzorku, zménou pH nebo teploty [178].

Existuje nékolik typti vldken vhodnych pro extrakci tékavych latek. Afinita vlakna vici
analytu zavisi na polarité stacionarni faze a na vlastnostech daného analytu. Naptiklad nepolarni
polydimethylsiloxane (PDMS) vldkno je preferovano pro extrakci nepolarnich analytt, kterymi
jsou 1 nékteré t¢kavé aromatické latky. Vice polarni polyakrylatové (PA) je vhodnéjsi pro vice
polérni latky, jako jsou fenoly nebo alkoholy. SmiSend vlakna, obsahujici divinylbenzen (DVB)
nebo Carboxen (CAR), zvySuji retencni kapacitu [179]. Pro analyzu tékavych aromatickych
latek mohou byt pouzita i kombinovana vlakna jako PDMS/DVB, CAR/PDMS, CW/PDMS.

Ptestoze SPME ma maximalni citlivost pfi dosazeni rovnovéahy, neni Uplnd rovnovaha
nezbytnou podminkou pro dosazeni ptesnych a spravnych vysledka analyzy, a to vhledem
k linearnimu vztahu mezi analytem adsorbovanym na SPME vldkno a jeho vnitini koncentraci
ve vzorku za nerovnovaznych podminek. Pfi¢emz nikdy neni dosaZeno rovnovazného stavu pro
vSechny analyty ve vzorku. VétSinou je doba extrakce kompromis mezi dobou analyzy a
pozadovanym detekénim limitem. [178; 179]

Extrakeni teplota fidi difGzi analytu na povrch vldkna. ZvySeni teploty ma za nésledek
zvyseni difize a extrakce analytu, ale zaroven snizeni hodnoty distribu¢ni konstanty. Pro ptesné
a spravné vysledky, je vybér extrakéni teploty v souladu s ostatnimi parametry SPME klicovym
problémem.

V publikaci?? byly experimentaln& porovnavany automatizované analytické metody SPDE
(dynamické mikroextrakce na pevnou fazi) a TDAS (automatizovana termickéa desorpce). Pro
vlastni analyzu sirnych tékavych latek byla pouzita plynova chromatografie ve spojeni
s plamenofotometrickym detektorem. Byly sledovéany tyto tékavé sirné latky: dimethylsulfid,

2 MIKULIKOVA, Renata, Zdenék SVOBODA, Karolina BENESOVA a Sylvie BELAKOVA. Use of modern
analytical SPDE and TDAS methods for the analysis of sulphur volatile flavors. Kvasny Prumysl. 2011, 57(7-8),
231-235. ISSN 00235830. Dostupné z: doi:10.18832/kp2011024
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dimethyldisulfid, dimethyltrisulfid, sirouhlik, ethylsulfid, diethyldisulfid, methionol, 3-
methylthiofen, ethylthioacetat, 2-methyl-1-buthanthiol.

Pro metodu HS-SPDE byly testovany dva typy jehel s riznymi stacionarnimi fazemi (PDMS
a kombinovana stacionarni faze PDMS/aktivni uhli). I kdyZ obé& stacionarni faze jsou vhodné
pro stanoveni t€kavych latek, méla vétsi vytéznost pro stanovované analyty kombinovana
stacionarni faze PDMS/AU. U dynamické head-space metody byly testovany dva typy sorbentti
— Tenax TA a Carbotrap. Vhodnéjsi byl sorbent Tenax TA. Jako nejvhodnéjsi metoda pro
stanoveni sirnych tékavych latek je na zéklad¢ dosazenych vysledki metoda dynamické head-
space ve spojeni TDAS se sorbentem Tenax TA. Metoda SPDE ma velmi dobrou vytéznost pro
sledované sirné latky, ale musi byt ovladana autosamplerem. Tento zplsob extrakce neni
mozno provadét ruéng, protoze by se pii rucni manipulaci nedosahlo potfebné opakovatelnosti.
V kazdém piipadé je tato metoda robustnéjsi nez metoda SPME.

Pro analyzu sirnych tékavych latek byva nejcastéji vyuzivana plynova chromatografie ve
spojeni se selektivnimi detektory [180; 157]. Selektivni detektory jsou obzvlasté vyhodné pfi
analyzach rozmanitych sirnych latek ve slozitych matricich. Tyto detektory mohou redukovat
casové narocné Cisténi vzorkl, které muze byt pfi¢inou znecisténi vzorkl dalSimi
kontaminanty, nebo dokonce ztraty stanovovanych analytli. Stale nejvice pouzivanym
detektorem pro analyzu sirnych latek je plamenovy fotometricky detektor. Tento detektor sice
vykazuje nelinearni (exponencialni) odezvu na sirné latky v zavislosti na jejich koncentraci, ale
je pomérné levny, robusni a postacujici pro mnoho aplikaci [161; 162]. Alternativou
k plamenové fotometrickému detektoru je pulzni plamenové fotometricky detektor (PFPD).
Detektor vyuziva zdroje plynu plamene v davkovani tak, aby plamen nebyl trvaly. Pulzni
zapalovani je viditelné a plamen sam zhasind. Tento cyklus se opakuje 2—4krat za sekundu.
Selektivita je zabezpeCena vhodnym filtrem a ¢asovou dimenzitou [157].

Kombinace plynové chromatografie s hmotnostni spektrometrii je vhodna pii identifikaci
tékavych sirnych latek v riznych matricich.

Pro analyzu tékavych sirnych latek metodou plynové chromatografie se pouzivaji kolony s
polarni stacionarni fazi polyethylenglykolu nebo s mirné polarni fazi 5 % - phenyl-95 % -
dimethylpolysiloxanu [181; 182; 183].

Poznatky ziskané pfi optimalizaci techniky SPME byly vyuzity k analyzam vin a ovocnych
destilatd a byly publikovany?*-** viz P¥iloha &.9.

2 MIKULIKOVA, Renata, Jan GOLIAS, Vladimira MRAZOVA. SPME-GC-MS analysis of volatile
compounds in Czech white wines from five grape varieties. Mitteilungen Klosterneuburg. 2009, 59 (3), pp. 159-
165, ISSN 0007-5922.

#WINTEROVA, R., R. MIKULIKOVA, J. MAZAC a P. HAVELEC. Assessment of the authenticity of fruit
spirits by gas chromatography and stable isotope ratio analyses. Czech Journal of Food Sciences. 2008, 26(5),
368-375. ISSN 12121800. Dostupné z: doi:10.17221/1610-CJFS
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43 Lipidy

Obilky je¢mene obsahuji dva typy lipidi: zasobni a funkéni. Zasobni lipidy, specidlné
triacylglyceroly slouzi jako zasobarna energie pii mobilizaci specifickych enzymt pfi
poskozeni, ndkaze a dalSich stresujicich faktorech nebo pfi kliceni. KdyZz jsou zrna je¢mene
poskozena nespravnym skladovanim nebo jsou vystavena urCitym mikroorganismiim, muaze
dojit k degradacnim reakcim lipidi. Tyto reakce mohou byt katalyzovany vlastnimi
endogennimi enzymy zrna nebo enzymy mikroorganismi v zavislosti na enviromentéalnich
podminkach nebo poskozeni. Lipasa (EC 3.1.1.-) a lipoxygenasa (EC 1.13.11.12) jsou dva
hlavni enzymy ovliviiujici degradaci lipidi v zrnech je¢mene [184; 185; 146].

Hydrolyza triglyceridl je katalyzovana lipasami, které jsou v zrnu vzdy pfitomné. Mezi
nepiiznivé efekty jejich aktivity patii pfedevSim zmény v chuti a aroma potravin, rostouci
acidita oleji a uvolnéni nenasycenych mastnych kyselin, které jsou oxidovany lipoxygenasami
[146; 184].

Specifickym substratem lipoxygenasy je cis,cis-1,4-pentadienova struktura, kterou je mozné
nalézt u mastnych kyselin jako je linolova, linolenova nebo arachidonova kyselina.
Lipoxygenasa je degraduje bud’ na volné kyseliny, triglyceridy nebo methyl- (ethyl-) estery.
Primérni produkty jsou opticky aktivni cis-trans-konjugované hydroperoxidy. Tyto
hydroperoxidy jsou tvofeny radikdlovym mechanismem a jsou bud’ rozloZeny, nebo dale
oxidovany na sekundarni produkty jako jsou alkoholy, kyseliny, ketony nebo aldehydy, které
mohou nepfiznive ovlivnit nutricni hodnotu, aroma, chut’ a kvalitu potraviny [184; 185].

V uskladnéném pivu je zékladni slozkou podilejici se na chuti zluklého masla aldehyd trans-
2-nonenal® [186; 187; 187]. Mechanismus tvorby trans-2-nonenalu v pivu je enzymaticka nebo
nenezymatickd oxidace a oxidace volnych mastnych kyselin, kde svou roli sehrava praveé
lipoxygenasa?® [184].

Jelikoz mastné kyseliny obsazené v obilce je¢mene a néasledné ve sladu mohou byt zdrojem
mnohych senzoricky aktivlnich latek v pivu, bylo nutné zavést a optimalizovat stanoveni tukl
a mastnych kyselin ve vychozich surovinach. Obsah lipidi byl stanoven pomoci moderni
metody extrakce na fluidnim lozi. Pro analyzu zastoupeni mastnych kyselin byly porovnavany
dvé& polarni kapilarni kolony Supelcowax a SLB-IL 17,

Vzhledem k tomu, Ze aldehyd trans-2-nonenal je zakladni slozkou podilejici se na zménach
chuti ve skladovaném pivu, byla optimalizovana metoda automatické HS-SPME-GC pro

25 SVOBODA, Zden&k, Renata MIKULIKOVA, Sylvie BELAKOVA, Karolina BENESOVA, Ivana MAROVA
a Zdenék NESVADBA. Determination of Trans-2-Nonenal in Barley Grain, Malt and Beer. Kvasny Prumysl.
2010, 56(11-12), 428-432. ISSN 00235830. Dostupné z: doi:10.18832/kp2010044

2 MAROVA, I., A. HALIENOVA, R. MIKULIKOVA a Z. SVOBODA. Regulation of lipoxygenase activity in
barley and malt. 276. Prague, CZECH REPUBLIC: 34th Congress of the Federation-of-European-Biochemical-
Societies, 2009. ISSN 1742-464X.

27 SVOBODA, Zdené&k, Renata MIKULIKOVA, Sylvie BELAKOVA, Karolina BENESOVA a Zden¢k
NESVADBA. Determination of lipid content and fatty acid representation in barley caryopses and malt. Kvasny
Prumysl. 2009, 55(11-12), 315-320. ISSN 00235830. Dostupné z: doi:10.18832/kp2009026
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stanoveni této latky v pivu a pivovarskych surovinach. Optimalizace metody byla
publikovana®® viz PFiloha &. 10. Pro extrakci HS-SPME bylo porovnano pét typt vldken: 100
um PDMS, 65 um PDMS/DVB, 85 um CAR/PDMS, 50/30 um DVB/CAR/PDMS, 85 um PA)
[188; 189]. Nejvyssi vytéznosti pro extrakci HS-SPME bylo dosazeno vlaknem PDMS/DVB,
doba extrakce 20 minut pfi teploté 60 °C s ptidavkem 1,5 g NaCl. Identifikace trans-2-nonenalu
byla provedena metodou HS-SPME-GC-MS, vlastni analyza vzorki byla provedena
automatizovanou metodou HS-SPME-GC-FID.

28 SVOBODA, Zdenek, Renata MIKULIKOVA, Sylvie BELAKOVA, Karolina BENESOVA, Ivana MAROVA
a Zdenek NESVADBA. Optimization of Modern Analytical SPME and SPDE Methods for Determination of
Trans-2-nonenal in Barley, Malt and Beer. Chromatographia. 2011, 73(S1), 157-161. ISSN 0009-5893.
Dostupné z: doi:10.1007/s10337-011-1958-x
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5 Alergenni latky

Pro nékteré spotiebitele mohou ptedstavovat urcité riziko sladové proteiny. Gluten (lepek —
z latinského "lepidlo") je slozeny protein, ktery se nachazi v potravinach zpracovanych z
pSenice a piibuznych druhtli, véetné¢ jeCmene a zita. Lepek je slozen z gliadini (dfive
nazyvanych prolamini) a glutelinti. Jejich trividlni nazvy vychazejici z latinskych nazvi rostlin.
Pro prolaminy se nyni obecné pouzivd néazev gliadiny (odvozeny nazev od pSeni¢nych
prolamint). Gliadiny pSenice (nazyvané gliadiny), zita (nazyvané sekaliny), a jeCmene
(nazyvané hordeiny) jsou toxické pro jedince trpici alergii na lepek — tzv. celiakii.

Celiakie patii mezi tzv. autoimunitni onemocnéni. Jeji podstatou je abnormadlni reakce
imunitniho systému nemocného jedince na lepek [190]. V jeho stievé vznikaji obranné latky
namifené proti lepku. Soucasn¢ poskozuji sténu travici trubice (tenkého stieva). Rozviji se zanét
a poskozena sliznice méni své vlastnosti. Dochazi k poruse traveni néckterych cukri
a nedostatecnému vstfebavani bilkovin, tukti, mineralt a vitamint. Pro zlepSeni kvality Zivota
celiatikl se v posledni dobé& rozsifuje sortiment potravin vhodnych pro bezlepkovou dietu. Mezi
nové napoje vhodné pro celiaky patii i bezlepkové pivo. Od 1. ledna 2012 plati nové Natizeni
komise (ES) ¢. 41/2009, které méni oznaceni bezlepkovych vyrobki. Natizeni uvadi jednotny
limit pro bezlepkovou potravinu, a to bez ohledu na to, z jakych surovin byla vyrobena, a to ve
vysi 20 mg lepku/kg potraviny ve stavu urceném ke spotieb¢ [191]. Aby se vyrobce dostal do
této kategorie, musi garantovat plnéni podminek vyhlasky (vyrobek musi byt laboratorné
otestovan a na obalu mit oznaceni o bezlepkovosti vyrobku).

K analyze obilnych proteint se vyuziva vice metod zalozenych na principu elektroforézy,
kapalinové chromatografie i imunochemickych reakci [192; 193]. Pii stanoveni alergennich
ucinkli prolamini je nejrozsifenéj$i variantou imunochemicky test ELISA. Je to déno
skutecnosti, ze protilatky zamétené na prokazatelné toxické sekvence gliadinii se v soucasnosti
jevi jako nejracionélnéjsi zptisob kontroly potravin z hlediska jejich vhodnosti pro lidi nemocné
celiakii.

Pro stanoveni toxické sekvence pentapeptidu QQPFP, ktera se opakované vyskytuje v
molekulach prolaminu, byl pouzit test RIDASCREEN® Gliadin competitive. Je to kompetitivni
enzymova imunoanalyza pro kvantitativni stanoveni peptidovych fragmenti prolaminu z
pSenice (gliadiny), z ryZe (sekaliny) a z je¢mene (hordeiny) v pivu, Skrobu a Skrobovém sirupu.
Pouzitd monoklonalni protilatka RS rozpozndva mezi ostatnimi toxickou sekvenci QQPFP. Z
tohoto diivodu jsme i1 v nasi préci zvolili test ELISA jako zakladni analyticky postup. Vysledky
analyz Seskych a zahrani¢nich piv byly publikovany?.

Obsahy gliadinu se v ¢eskych svétlych lezackych pivech pohybovaly v rozmezi 24,0-108,4
mg.I”!, u deskych vycepnich piv 6,2-108,4 mg.1"!. Nejvyssi hodnoty byly naméfeny u ¢eského
pSeni¢ného piva 1335,5 mgl!. Zahraniéni piva méla obsahy gliadinu nizsi
(< 5,0-19,6 mg.I'"). Nizsi obsahy gliadinu v zahrani¢nich pivech mohou souviset s pouZitim
surogatli (ndhrazka sladu) pfi vyrobé¢ piva.

2 MIKULIKOVA, Renata, Zdenék SVOBODA, Karolina BENESOVA a Sylvie BELAKOVA. Beer and celiac
disease. Kvasny Prumysl. 2013, 59(10-11), 321-323. ISSN 00235830. Dostupné z: doi:10.18832/kp2013035
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Piva na ¢eském trhu vykazuji pomérné¢ Siroky rozsah koncentraci gliadinu. Pti pfepoctu na
gluten bézné uzivanym faktorem 2 jen vyjimecné spliuji pozadavek Codex Alimentarius
(mezinarodné¢ platné doporuceni Codex Stan 118-1979, €. 2 Definice a ¢1.5 Analytické metody,
jehoz zasady byly plné pievzaty do komunitdrniho Natizeni (ES) ¢.41/2009/ES z 20.ledna
2009) pro oznaceni ,gluten- free* [191]. Pro oznaceni ,,gluten- free” by z analyzovanych
ceskych piv vyhovovalo pouze bezlepkové pivo vyrobené specialni technologii.
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6 Zaver
Ptredlozend habilitacni prace piedstavuje uceleny soubor vysledkii vyzkumné c¢innosti

uchazecky v oblasti sledovani kontaminujicich a Skodlivych latek v riznych potravinaiskych
matricich, zejména v jeCmeni, sladu a pivu pomoci modernich instrumentalnich metod.

Vétsina experimenti byla realizovana na VUPS a.s., pracoviité Sladaisky stav Brno, coZ je
instituce zamétena na komer¢ni analyzy, jeCmene, sladu a nékteré specidlni analyzy piva pro
Ceské 1 zahrani¢ni zdkazniky a souCasné na vyzkumnou ¢innost. Specializované akreditované
laboratofe VUPS, které uchazedka vedla v letech 2001 — 2018 mély jako hlavni naplit vyvoj
sofistikovanych instrumentdlnich metod k monitoringu kontaminanti v pivovarskych
surovinach a finalnim produktu — pivu.

Vysledky jsou uspotadany do kapitol podle povahy sledovanych kontaminanti a téz
s ohledem na technologicky postup vyroby sladu a piva. V prvni skupiné vysledkii byly
sledovany procesni kontaminanty — akrylamid a 3-MPCD, které patii k nebezpecnym latkam
kontaminujicicm fadu potravin i potravindiskych surovin. Obé latky byly analyzovany ve sladu
a pivu a zjistény ve sladu. Nejvyssi obsahy téchto kontaminantl byly nalezeny ve specialnich
a barvicich sladech, které se pouzivaji pti vyrob¢ specialnich a tmavych piv a také cerealnich
vyrobkll. Bylo zjisténo, Ze obsah téchto kontaminantl je ovliviiovan pfedevsim teplotou a
dobou hvozdéni. K analyze byly vyuzity metody plynové chromatografie ve spojeni
s hmotnostnim detektorem, pouzit¢ metody byly validovéany a akreditovany.

Dalsi skupinou sledovanych latek kontaminujicich suroviny, meziprodukty i finalni produkty
v priub¢hu celé technologie piva jsou mykotoxiny. Primarné vznikaji v prabéhu mikrobidlni
(plistiové) kontaminace skladovaného je¢mene nebo sladu a ponévadZz jsou rezistentni a
termostabilni, pfechazeji az do piva. Mykotoxiny ptedstavuji ur¢ité bezpecnostni riziko pro
pivovarsky primysl, proto jsou v pivu i surovinach prubézné monitorovany a je dilezité vyvijet
citlivé metody pro jejich stanoveni. Vyroba sladu z kontaminovaného je¢mene nevylucuje
kontaminaci vldknitymi houbami. Rovnéz béhem maceni, kli¢eni i hvozdéni jsou houby stéle
schopny riistu a tvofeni mykotoxinti. Houby vcetné spér se z infikovaného je¢mene a sladu do
piva dostat nemohou a nejpozdgji ve stadiu rmutovani jsou usmrceny. Cast mykotoxint viak
diky své tepelné stabilité¢ timto procesem projde beze zmén a muze piejit az do finalniho
produktu — piva. Jak vSak vyplyva zvysledkli predlozené prace, hodnoty koncentrace
mykotoxini v pivu jsou natolik nizké, Ze pfedstavuji pouze minimalni riziko pro konzumenty.
To vSak neznamend, Zze by neméla byt vénovana stald pozornost minimalizaci mikrobialni
kontaminace je¢mene a sladu vlaknitymi houbami.

Dalsi sledovanou skupinou kontaminanti piva a surovin byly senzoricky aktivni
heterocyklické a sirné slouceniny, z nichz nékteré se vyznacuji vysokou senzorickou aktivitou
1 v extrémné nizkych koncentracich. U sladu, resp. u piva se pfitomnost téchto latek hodnoti
spiSe nepfiznive. Stanoveni sirnych tékavych latek je metodicky velmi narocné, protoze jsou
pritomny v nizké koncentraci. K analyze byla v pfedlozené praci vyvinuta metoda HS extrakce
ve spojeni s plynovou chromatografii s FPD detektorem pro stanoveni DMS v mlading a pivu.
V ramci prace byly mimo jiné experimentalné porovnavany automatizované analytické metody
SPDE (dynamicka mikroextrakce na pevnou fazi) a TDAS (automatizovand termicka
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desorpce). Byly sledovany tyto tékavé sirné latky: dimethylsulfid, dimethyldisulfid,
dimethyltrisulfid, sirouhlik, ethylsulfid, diethyldisulfid, methionol, 3-methylthiofen,
ethylthioacetat, 2-methyl-1-buthanthiol. NejlepSich vysledki pfi stanoveni téchto latek bylo
dosazeno metodou dynamické head-space ve spojeni TDAS se sorbentem Tenax TA.

Z dalsich tekavych senzoricky aktivnich latek sledovanych v ramci ptedlozené prace je tfeba
zminit trans-2-nonenal, ktery je zakladni slozkou podilejici se na zménach chuti ve
skladovaném pivu. V praci byla optimalizovina metoda automatické HS-SPME-GC pro
stanoveni této latky v pivu a pivovarskych surovinach. Optimalizovanou metodou byl nejvyssi

Cvwr

Posledni sledovanou skupinou v pivu a surovinach byly potencialni alergeny. Pro nékteré
spotiebitele mohou ptedstavovat urcité riziko sladové proteiny. Gluten (lepek) se nachazi v
potravinach zpracovanych z pSenice a ptibuznych druhti, véetn€ jeCmene a zita. V je¢meni patii
k lepkovym proteinim hordeiny. V ramci piedlozené prace byla pro stanoveni toxické
sekvence pentapeptidu QQPFP vyuzita kompetitivni enzymova imunoanalyza pro kvantitativni
stanoveni peptidovych fragmentii hordeinti z je¢mene v pivu. Piva na ¢eském trhu vykazuji
pomeérné Siroky rozsah koncentraci gliadinu. Pfi piepoctu na gluten bézn¢ uzivanym faktorem
2 Ceska piva jen vyjimecné splituji pozadavek Codex Alimentarius pro oznaceni ,,gluten- free®.
Tomuto oznaceni by z analyzovanych Ceskych piv vyhovovalo pouze bezlepkové pivo
vyrobené specialni technologii.

Pivovarstvi patii k historicky i ekonomicky nejvyznamnéjSim odvétvim potravinaiského
primyslu v CR s vyznamnym mezindrodnim piesahem. Sledovani kvality piva a surovin je
proto v centru pozornosti vyrobctli i konzumentti. Diilezité je zejména udrZet vysokou kvalitu a
bezpecnost ,,Ceského piva®“ jakozto nositele regionalni ochranné zndmky. Predlozenéd prace
komplexné¢ dokumentuje problémy spojené s vyskytem riaznych typti kontaminujicich latek
doprovazejicich jednotlivé kroky v ramci technologie vyroby sladu a piva. V ramci odbornych
aktivit byly vyvinuty metody pro stanoveni kontaminanta ¢asto ve stopovych koncentracich.
Bylo provedeno stanoveni celé¢ fady kontaminantii a posouzen vliv podminek technologického
zpracovani, skladovani, odridy a dalSich faktorti na jejich obsah. Soucasné byly diskutovany
postupy mozné minimalizace obsahu procesnich kontaminantt zejména v pivu jakozto finalnim
konzumovaném produkt. V rdmci prace byly ziskdny cenné vysledky, které vyznamné
piispivaji k souboru poznatki nutnych k a¢inné kontrole pivovarskych surovin a produkti
v primyslové praxi a tim podporuje dobré jméno Ceského piva a jeho mezinarodni uznani a
prestiz.
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8 Seznam symboll a zkratek

AU i, aktivni uhli

CAR...ooiiii, Carboxen

CWoiiieee, Carbowax

DCP ..o dichlorpropanol

DMS ... dimethylsulfid

DON ....ccoviieeen. deoxynivalenol
DVB....cooeieee divinylbenzen

EFSA ..o European Food Safety Authority
ELISA....ccoovveenee Enzyme-Linked ImmunoSorbent Assay
ES o Evropské spolecenstvi

21 6 R Evropska unie
FID..oooiiiiiee plamenové ioniza¢ni detektor
FPD..coovviii plamenové fotometricky detektor
GCootreieeeeee plynové chromatografie

HS ..o headspace

MS hmotnostni spektrometrie

NIV e, nivalenol

OTA ..o ochratoxin A

PA .o polyakrylat

PDMS ... polydimethylsiloxan

SPDE ......ccceeivenne Solid-phase dynamic extraction
SPME.....ccccovvinnns Solid Phase Microextraction
SZPT...oooiiiiiiins Statni zemédéElska a potravinaiska inspekce
TDAS....coeeeieeee Thermal Desorption Autosampler
40\ R zearalenon
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Abstract

In food, acrylamideis produced in the course of Maillard reaction and its precursors are reducing saccharides and ami-
no acid asparagine. Acrylamide formation in food depends on food composition and processing conditions. Significant
quantities are formed during heat treatment above 120 °C, mostly at 150180 °C, while at still higher temperatures the

extent of formation decreases.

Barley isthe raw material for malt production. It is acrop with high content of nitrogen compounds and a high content
of starch. During malting, enzymatic activity leads to an increase in the content of reducing saccharidesin malt, and du-
ring kilning, biochemical changes|ead to melanoidin production and these conditions are favourable for acrylamide for-
mation. These processes were studied in several malts using gas chromatography-mass spectrometry. Acrylamide was
determined in significant amounts from several pg kg™*—mg kg™

Keywords: Acrylamide, gas chromatography, mass spectrometry, malt

1. Introduction

In 2002 the detection of acrylamide (Figure 1), neu-
rotoxic and potentially carcinogenic substance, in food
processed at temperatures >120 °C was reported.' High
acrylamide content was found especially in food with a
high starch content, such as food from potatoes and ce-
reals.*

T

——

CH, C
\\\
g™ \\NHZ

Figure 1. Structural formula of acrylamide (C;H;NO, CAS 79-06-1).

Acrylamide originates in the Maillard reaction and
its precursors are reducing sugars and asparagine. The
mechanisms leading to acrylamide formation in food de-
pend on food composition and processing conditions.>®
There are three reaction phases:”®

— production of glycosylamine, followed by Amado-

ri rearrangement,

— dehydration and fragmentation of saccharides ac-

companying Strecker degradation of amino acids
occur,

— Strecker aldehyde undergoes further reduction and

dehydration reactions and acrylamide is created.

Besides this, studies of model systems have shown
that under certain conditions acrolein and acrylic acid also
participate in acrylamide formation after reaction with as-
paragine in foods rich in lipids.®° Further research in mo-
del systems of glucose and asparagine showed the effect
of temperature and time of heating. Acrylamide formation
was low within the temperature range of 120-140 °C; if
increased to 160-180 °C, the content increased dramati-
cally. After reaching 180 °C, acrylamide production decli-
nes. The decline in acrylamide formation with higher tem-
peratures can be explained by the fact that acrylamide as
an intermediate product of Maillard reaction decomposes
into other products.”!° Certain processes during produc-
tion of malt are also favourable for acrylamide forma-
tion."!

The most frequently used methods for acrylamide
determination are'? HPLC-MS and GC-MS. In the latter
case, acrylamide is derivatised by bromation.'*'*

The advantage of acrylamide bromation is that the
product is more volatile and less polar. The resulting deri-
vate is readily extracted from aqueous solutions and it can
be more easily detected with GC-MS. Conversion of acry-
lamide to 2,3-dibromopropionamide is usually performed
by an addition of anhydrous potassium bromide, hydro-
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bromic acid and a saturated solution of bromine in water.
By adding trietylamine, non-stable 2,3-dibromopropiona-
mide is converted to more the stable derivate 2-bromopro-
penamid.'

2. Materials and Methods
2.1. Chemicals

The following substances were used as standards:
acrylamide (1 mg mL™") in methanol (Absolute Standards,
USA), (13C3) acrylamide (1 mg mL™") in methanol (Cam-
bridge Isotope Laboratories, USA), 2,3-dibromopropiona-
mide (1 mg mL™") in methanol (Absolute Standards,
USA). Bromine, potassium bromide, hydrobromic acid,
sodium thiosulphate and trietylamine were all obtained
from Merck (Germany). Methanol, ethylacetate (for
HPLC, Chromservis, Czech Republic) were used.

2.2. Malt Samples

Samples of barley malt for the determination of acry-
lamide were taken in the course of malting (kilning). The
first sample was taken at 60 °C and the last one at 210 °C,
sampling was done in intervals of 10 °C. In addition, sam-
ples of special and coloured malts were taken (Table 1).

Table 1. The samples of special and coloured malts used in this
study.

Pilsener
Munich

Pale malt

Smoked
Melanoidin

Special malt

CARAPILS®
CARAHELL®
CARARED®
CARAAMBER®
CARAMUNICH®
CARAAROMA®

Caramel Malt

CARAFA®
CAAFA®SPECIAL

Roasted malt

Wheat malt Wheat — pale
Wheat — dark
CARA - WHEAT

Wheat — roasted

Rye malt Rye — pale
Rye — caramel

Rye — roasted

2.3. Sample preparation

10 ul of internal standard ('°C, acrylamide) and
50 mL of distilled water (60 °C) were added to the ground
sample (5 g). After sonication (20 min) the homogenate
was transferred quantitatively into centrifuge tubes and

centrifuged at 8000 rpm™" for 30 min. 2 g of KBr and HBr
acid (pH 0-1) were added to 5 mL of supernatant. After
cooling, 2 mL of bromine water was added. Contents in
the flask were stirred and the flask was placed in a contai-
ner with crushed ice for 10 h into the refrigerator. After
bromination the excess bromine was titrated with Na,S,0,
(1 mol L™! solution) until discoloration occurred. The con-
tent of the flasks was transferred to teflon centrifuge tu-
bes, 5 mL of ethylacetate was added to each tube and the
content was shaken for 3 min and then centrifuged at
5000 rpm™' for 5 min. After centrifugation, 1 mL of the or-
ganic phase was delivered with a pipette to a plastic mi-
crotube and triethylamine (0.2 mL) was added. Microtu-
bes were shaken and after 15 min, they were centrifuged
at 5000 rpm~! for 5 min. After centrifugation, the tube
content was delivered to glass vials and analyzed using
GC/MSD.

2.4. Instrumentation

Gas chromatograph Trace GC Ultra Finnigan with
mass detector Trace DSQ Thermo Finnigan was used with
the DB-WAX capillary column (30 m x 0.25 mmi.d., 0.25
pm film thickness; J&W Scientific, USA). The column
was held at 50 °C (1 min), then programmed at 15 °C
min' to 150 °C (5 min). The temperature of the PTV in-
jector was 200 °C in splitless mode (1 min). Transfer line
temperature was 200 °C. The mass selective detector ope-
rated in selected ion monitoring (SIM) mode with positive
electron impact (EI) ionization. The carrier gas was he-
lium with a flow 1.5 mL min~'. Under these conditions,
the retention time of acrylamide and ('3C3) acrylamide de-
rivatives was 16.34 min.

Identification of acrylamide was conducted on the
basis of retention time and for 2-bromopropenamide of
specific ions m/z 149 and 151, quantification was perfor-
med using a calibration curve. To attain reliable results
and maximum selectivity, the isotopically marked ('3C3)
acrylamide (m/z 152.154 for 2—brom0(13C3)propenamide)
was used as an internal standard.

3. Results and Discussion

The calibration curve was linear in the range from
30 to 620 pg kg™ (acrylamide content in a real sample)
with the correlation coefficient of 0.9985, LOQ was 25 pg
kg™'. Recovery was confirmed by samples spiked with
isotopically marked (13C3) acrylamide and it ranged from
72%—86%.

Figure 2 shows the results of the dependence of
acrylamide formation on kilning temperature. Maillard
reactions occur at two main stages in the malting process;
during wort boiling and in the production of speciality
malts. Therefore, there is a strong possibility that acryla-
mide could be found in beer.

Mikulikova and Sobotova:
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During kilning, acrylamide is already created from
60 °C. Formation of acrylamide at temperatures from
60—100 °C can be explained by long heating at temperatu-
res above 60 °C. Malt is pre-dried for even 10 h at tempe-
ratures of 55-65 °C, after which kilning at temperatures
follows, which is specific for the given type of malt (to
225 °C), held from 90 min to 2.5 h. Maximal acrylamide
formation was found in the temperature interval
150-170 °C. Then, a decrease in acrylamide formation
follows. The decrease may be explained by the fact that
acrylamide as an intermediate product of Maillard reac-
tion.”
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Figure 2. Dependence of acrylamide formation on kilning tempe-
rature.

Figure 3 shows acrylamide content in special and
coloured malts Coloured and special malts are typically
prepared by roasting kilned malt, a process comparable to
coffee roasting."” In pale malts, acrylamide content was in
the range of 630-660 ug kg™'. In special melanoidin malt
its content was 2210 ug kg™'. Melanoidin malt has the sa-
me acrylamide content as the malt sampled in the course
of kilning at 130 °C. This high value of acrylamide corres-
ponds to the melanoidin malt preparation conditions, at
which the Maillard reaction is promoted. Rye malts exhi-
bit lower acrylamide contents in caramel and roasted
malts than barley malts prepared at the same temperatu-
res. Lower acrylamide content is caused by different con-
tents of asparagines and reducing sugars in modified rye
malt. In a similar way, the lower acrylamide content in
wheat malts can be explained.

In roasted barley malts, the highest acrylamide con-
tent is in the malt CARAFA® SPECIAL. The highest
acrylamide content of all the malts analyzed was determi-
ned in malts of the type CARAMUNICH (3084 ug kg™).
This corresponds to the method of caramel malt produc-
tion (kilning temperature 150-170 °C) and conforms with
the described dependence of acrylamide formation on
temperature during kilning.

Acrylamide content
(ng-kg™)

_ 3500

= | 2500

Special Pale malt
malt

Caramel
Wheal Roasted It

Ryemalt o mait

Figure 3 Acrylamide content in special malts.

4. Conclusion

Malt analyses proved the dependence of acrylamide
content on kilning temperature. With the increasing tem-
perature, acrylamide content in malt increased until 180
°C, after which it starts to decrease, due to further reac-
tions of non-enzymatic browning. Higher acrylamide con-
tents were found in special and coloured malts. This fact
is connected with higher temperatures during kilning of
these malts.
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Povzetek

Tvorba akrilamida v hrani je posledica Maillardove reakcije. Prekurzorji so reducirajoci sladkorji in aminokislina aspa-
ragin. Na tvorbo akrilamida vpliva tudi temperatura, pospesena je pri temperaturah nad 120 °C, zlasti pa pri 150-180
°C, medtem ko pri Se vecjih temperaturah akrilamid sodeluje v nadaljnjih reakcijah in se njegova vsebnost zmanjsa.
JeCmen je surovina, iz katere pridelujemo slad. Vsebuje veliko dusikovih spojin in Skroba. Med pridelavo sladu se vseb-
nost reducirajocih sladkorjev povecuje zaradi encimskih reakcij. Biokemijske reakcije med nadaljnjimi procesi vodijo
to tvorbe melanoidina. Nadaljnji nastanek akrilamida smo preucevali v ve¢ vzorcih sladu z uporabo plinske kromatogra-
fije z masnospektrometriéno detekcijo. Dolo¢ili smo ga v intervalu med pg kg™ in mg kg™
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A method for discriminating malting barley varieties based on direct matrix-assisted laser desorption-
ionisation - time-of-flight mass spectrometry (MALDI-TOF MS) fingerprinting of proteins was developed.
Signals corresponding to hordeins were obtained by simple mixing of powdered barley grain with a
MALDI matrix solution containing 12.5 mg mL™! of ferulic acid in an acetonitrile:water:formic acid

50:33:17 v[v/v mixture. Compared to previous attempts at MALDI-TOF mass spectrometric analysis of
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barley proteins, the extraction and fractionation steps were practically omitted, resulting in a significant
reduction in analytical time and costs. The discriminatory power was examined on twenty malting barley
varieties and the practicability of the method was tested on sixty barley samples acquired from Pilsner
Urquell Brewery. The method is proposed as a rapid tool for variety assignment and purity determination
of malting barley that may replace gel electrophoresis currently used for this purpose.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Due to their influence on malting quality, the identity of malt-
ing barley varieties and their purity (i. e. the affiliation of the grains
within the entire batch to a single variety) is a fundamental step
preceding the process of beer production (Newton, Swanston,
Guy, & Ellis, 1998). Routinely, the identity and purity of malting
barley varieties are determined by means of one-dimensional poly-
acrylamide gel electrophoresis (1D-PAGE) of the hordein fraction
(Almgard & Landegre, 1974). In this approach, which has been used
for several decades as a standard method in breweries, hordeins
are extracted from crushed barley grains overnight, followed by
electrophoretic separation on the second day and visualisation of
protein bands on the third day. Variety identification and purity
determination are based on a comparison of protein band patterns
with those of standard malting barley varieties or comparisons
between several grains from the same batch, respectively.

* Corresponding authors at: Research Group Proteomics, CEITEC - Central
European Institute of Technology, Masaryk University, Kamenice 5, 62500 Brno,
Czech Republic.

E-mail addresses: sedo@sci.muni.cz (0. Sedo), zdrahal@sci.muni.cz (Z. Zdrahal).

http://dx.doi.org/10.1016/j.foodchem.2016.03.056
0308-8146/© 2016 Elsevier Ltd. All rights reserved.

As well as involving time-consuming analytical steps, this stan-
dard protocol is complicated by safety issues, due to the use of
toxic chemicals (such as acrylamide, N,N-methylenebisacrylamide
or mercaptoethanol). In addition, it has been shown that some bar-
ley varieties are not distinguishable by means of 1D-PAGE
(Almeida & Cavalli-Molina, 2000).

Matrix-assisted laser desorption-ionisation - time-of-flight
mass spectrometry (MALDI-TOF MS) caused a revolution in micro-
bial diagnostics (Bizzini & Greub, 2010; Clark, Kaleta, Arora, &
Wolk, 2013; Welker & Moore, 2011; Sedo, Sedlacek, & Zdrahal,
2011). Due to its rapidity and high discriminatory power, it has
become the method of choice for identification of bacterial patho-
gens. Aside from bacteria and fungi, other types of materials can
also be subjected to MALDI-TOF MS profiling analysis.

The concept of cereal protein profiling by MALDI-TOF MS, with
the aim of discriminating different cereal varieties, has already
been investigated. Specific gliadin signals obtained by MALDI-
TOF MS after a 20 min extraction of milled grains enabled the iden-
tification of wheat varieties with the aid of artificial neural net-
works (Bloch, Kesmir, Petersen, Jacobsen, & Sondergaard, 1999).
A similar approach was also demonstrated on rye and barley
(Bloch et al., 2001), while data treatment based on multivariate
analysis was used for this purpose (Gottlieb et al., 2002).
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Discrimination between malting barley varieties on the basis of
MALDI-TOF mass spectral comparison of hordeins was achieved
for the first time by Salplachta and Bobalova (2009) after optimisa-
tion of the extraction procedure. MALDI-TOF MS also enabled
brewing process monitoring, as was shown by MALDI-TOF MS pro-
filing of water-soluble proteins (LaStovickovd, Mazanec,
Benkovska, & Bobalova, 201 0). A fundamentally different approach
for identification of malting barley varieties was developed by
Pattermore, Rice, Marshall, Waugh, and Henry (2010), who
employed MALDI-TOF MS profiling of DNA fragments in a multi-
plexed single nucleotide polymorphism (SNP) assay.

In the present paper, we introduce a rapid and easy method for
discrimination between malting barley varieties based on MALDI-
TOF MS analysis of proteins obtained directly from the barley
material.

2. Materials and methods
2.1. Barley samples

Certified standards of registered malting barley varieties were
obtained from Oseva Pro (Prague, Czech Republic; varieties Akcent,
Bojos, Laudis, Malz, Marthe, Tipple, and Wintmalt), from Bio-Rad
spol s.r.o. (Prague, Czech Republic; varieties Ebson and Esterel),
and Central Institute for Supervising and Testing in Agriculture
(Brno, Czech Republic; varieties Advent, Aksamit, Aktiv, Blanik,

Delphi, Despina, Kangoo, Radegast, Sebastian, Tolar, and Xanadu).
Standards for Malz and Wintmalt varieties were obtained after
being grown at two different locations in the Czech Republic (sam-
ples labelled “CZ”) and Slovakia (samples labelled “SK”).

Sixty samples of malting barley selected for evaluation of the
method were delivered to Pilsner Urquell Brewery from different
producers over a two-year period (2013-2014). The sampling
was carried out by acquiring eight small sub-samples from differ-
ent parts of each batch.

2.2. Chemicals

Ferulic acid (FerA) and 6-aza-2-thiothymine (ATT) were
obtained from Sigma-Aldrich (Steinheim, Germany). Trifluoroacetic
acid (TFA) and acetonitrile (ACN) were from Merck (Darmstadt, Ger-
many). Formic acid (FA) was from Riedel de Haén (Seelse, Germany).
o-Cyano-4-hydroxycinnamic acid (CHCA), 2,5-dihydroxybenzoic
acid (DHB), and sinapinic acid (SA) were obtained from Bruker Dal-
tonik (Leipzig, Germany). All chemicals were of analytical grade
purity. Water was prepared using a Milli-Q plus 185 apparatus (Mil-
lipore, Billerica, MA).

2.3. Sample preparation

A single barley grain per sample was crushed using a mortar
and pestle. The certified malting varieties were prepared in
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Fig. 1. MALDI-TOF mass spectra of Bojos standard by using (a) CHCA, (b) ferulic acid with 0.1% TFA, and (c) strongly acidified ferulic acid (17% FA).
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Fig. 2. Discrimination between eight malting barley varieties by cluster analysis based on their MALDI-TOF mass spectra obtained with (a) CHCA and (b) ferulic acid with 0.1%
TFA. Different grains are labelled “A”, “B”, and “C”. Standards from different resources are labelled “CZ” and “SK".

triplicate to test the discriminatory power of the method. The opti-
mised MALDI matrix consisted of a solution of 12.5 mg mL™! ferulic
acid in an acetonitrile:water:formic acid (50:33:17, v/v/v) mixture.
A minimum visible amount of powdered material was transferred
to a 200-pL Eppendorf tube containing 20 pL of the matrix solu-
tion) and mixed by vortexing (Biosan V-1 plus; Biosan SIA, Riga,
Latvia) at 3000 rpm for 10s. The mixture was left standing for
10 s (centrifugation was found to be unnecessary), the extract
was deposited onto three sample spots of a stainless steel MALDI
target and allowed to air dry at room temperature. Other variations
in the matrix compound and solvent composition are described in
the Section 3.

2.4. MALDI-TOF mass spectrometric analysis

MALDI-TOF mass spectra measurements were carried out using
an Ultraflextreme instrument (Bruker Daltonik, Bremen, Germany)
operated in linear positive mode under FlexControl 3.4 software.
External calibration of the mass spectra was performed using pro-
tein calibration mixture Il and Escherichia coli DH5 alpha standard
(both obtained from Bruker Daltonik) for the high-mass range and
low-mass range, respectively. The ion source voltage settings were
different in relation to the mass range of detected compounds. For
low-mass/high-mass detection, the values were: ion source I
20.00 kV/20.00kV, ion source II 18.70kV/18.45KkV, lens
6.00 kV/6.50 kV, and pulsed ion extraction 130 ns/480 ns (opti-
mum values should be adjusted by experienced technicians as they
may differ between individual instruments). The laser was set to
120% of the threshold laser power (i. e. the laser power at which

peaks start to appear) for a particular type of sample. Three inde-
pendent spectra, each comprising 1000 laser shots, were acquired
from each of the sample spots. Within an individual sample spot,
the laser was directed manually, where a minimum of 200 and a
maximum of 400 shots were obtained from each position on the
sample spot. Mass spectra were processed using Flex Analysis (ver-
sion 3.4; Bruker Daltonik) and BioTyper software (version 3.1; Bru-
ker Daltonik). The mass spectra were smoothed, subjected to
baseline subtraction and normalisation to the most intense signal
under default settings of the Biotyper software. Within the mass
range 20-50 kDa a maximum of 100 peaks per spectrum with
signal-to-noise ratio greater than 3 were further considered. As
input data for cluster analysis, signals present in at least three
out of the total of nine replicate analyses of each barley sample
were taken into account (in a format of Biotyper MSPs — main spec-
tra projections). The MALDI-TOF mass spectra-based dendrogram
was generated using a correlation distance measure (one minus
Pearson’s correlation coefficient calculated from the sequences of
values) with the average linkage algorithm (unweighted average
distance - UPGMA) settings, available within the Biotyper
software.

2.5. SDS-PAGE

Hordein-enriched fraction of barley grains was prepared by
extracting wholemeal flour (from one grain) twice in 0.5 mL of
60% (v/v) ethanol, 2% (w/v) dithiothreitol. Extraction was carried
out in a thermomixer for 30 min at room temperature. Alcohol-
soluble extract was dried down in a SpeedVac vacuum concentra-
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Table 1
Optimization of the MALDI matrix solution.

Matrix/TFA  S/N peak Resolution peak  S/N peak Resolution peak Peak area ratio 9687/ Number of 100% Number of 80-100%
conc. 4850 Da 4850 Da 9687 Da 9687 Da 4850 Da reproducible peaks reproducible peaks
ATT/0.1 190+ 21 593+13 160 + 38 933+19 0.57 +0.05 16 39
ATT/1 347 +62 611+19 85+24 906 + 31 0.26 + 0.06 19 37
DHB/0.1 132+43 528 +20 52+20 739 +31 0.45 +0.05 25 49
DHB/1 16415 580 +18 50+9 81340 0.30+0.03 15 37
FerA/0.1 286 + 25 639+ 14 212+33 1020+ 16 0.66 + 0.07 30 54
FerA/1 247 +57 635+ 14 106 £ 18 1004 + 12 0.48 +0.02 28 46
HCCA/0.1 230 £ 41 391+£12 57+12 486 +42 0.25+0.02 21 43
HCCA/1 246 + 26 361+8 85+12 415+30 0.34+0.05 19 49
SA/0.1 130+ 21 556 +18 32+12 826 + 37 0.20 +0.05 16 28
SA/1 325+ 60 533+20 107 £31 800 + 49 0.28 +0.05 10 38
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Fig. 3. MALDI-TOF mass spectra of three standards of malting barley varieties obtained by using strongly acidified ferulic acid as a MALDI matrix.

tor. The dry powder was dissolved in 50 pL of Laemmli sample buf-
fer, incubated for 5 min at 95 °C, and centrifuged for 10 min at
15,000g. The supernatant (4 pL) was loaded onto 18-well Bio-Rad
4-15% SDS-PAGE gradient gel together with two Bio-Rad ladders:
PrecisionPlus and Dual Xtra. The gel ran at a constant voltage of
200V in a Criterion cell (Bio-Rad). Protein staining was performed
with BioSafe Coomassie Blue G-250 (Bio-Rad).

3. Results and discussion

Barley protein signals were initially obtained after direct
application of powdered grains onto the MALDI target which was

overlaid with a MALDI matrix solution. However, cross-
contamination using this simple approach was apparent. For that
reason, subsequent analyses were conducted in the manner
described in Section 2.3, employing direct and rapid extraction of
the barley proteins into the matrix solution. Primarily, we exam-
ined the same MALDI matrix solution as is routinely used for
MALDI-TOF MS profiling of bacteria (saturated solution of CHCA
in an acetonitrile:water:TFA mixture, 50:47.5:2.5, v/v/v). By
extracting and ionising proteins from barley by CHCA, the mass
range of detected compounds in the resulting mass spectra was
2-14 kDa (Fig. 1a). Ten standards of eight malting barley varieties
were analysed with the aim of testing if their discrimination was
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possible on the basis of the signals obtained. To examine the rele-
vance of the method, two standards (varieties Wintmalt and Malz)
were obtained from two independent resources. As shown in the
dendrogram in Fig. 2a, almost no discrimination was achieved
between all ten varieties. For that reason, we optimised the matrix
solution composition. This included testing five different MALDI
matrices, which were selected due to their ability to assist in pro-
tein ionisation in MALDI. Each of these matrices was prepared in
two solvents, differing in acidity (two levels of TFA concentration
were tested). Powdered grain of the Bojos standard was subjected
to extraction and fifteen analyses using each of these matrix solu-
tions. As a platform with the potential to show the highest discrim-
inatory power, we sought a method that could provide spectra
containing a high number of well-resolved and reproducible sig-
nals. The following mass spectral features were monitored:
signal-to-noise ratio, mass spectral resolution, and the number of
reproducible signals (detected in all fifteen (100%) or at least
twelve (80-100%) of the analyses). We also noted that detection
of intense signals around 5 kDa was achieved using all of the matri-
ces, while compounds around 10 kDa were ionised with variable
efficiencies. For that reason, relative intensity of these signals
was selected as another parameter for optimisation. The summary
of results is given in Table 1. Ferulic acid containing 0.1% TFA was
found to be the most suitable matrix, showing the highest S/N and
resolution for peaks around 10 kDa, and the highest number of
reproducible signals.

The mass spectra obtained using this optimised matrix solution
are displayed in Fig. 1b. Compared to CHCA (Fig. 1a), more signals
were gained in the mass range of 8-13 kDa. Unfortunately, the
cluster analysis based on mass spectra obtained using ferulic acid
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containing 0.1% TFA again showed poor discrimination between
the malting barley varieties (Fig. 2b). Detailed visual inspection
of the mass spectra indicated some candidates for peaks around
13 kDa characteristic of some of the varieties; however, their speci-
ficity was not found to be sufficient for reliable discrimination.

As hordeins represent the class of proteins showing the highest
variability among barley varieties (Dai et al., 2014), a MALDI matrix
capable of ionisation of compounds with relatively higher molecu-
lar weights from complex protein mixtures has the potential to
enhance the discriminatory power of the method. We thus exam-
ined strongly acidified ferulic acid, which modulates signal sup-
pression effects connected to MALDI in favour of high-mass
proteins (Madonna et al., 2000; Sedo, Nemec, KiiZové, Kacalova,
& Zdrahal, 2013). As seen in Fig. 1c, the detection of signals in a sig-
nificantly wider mass range was achieved using this matrix. Impor-
tantly, different malting barley varieties were found to show
visibly distinct signals above 20 kDa, as demonstrated over Fig. 3
(the mass spectra of the remaining seventeen malting barley vari-
eties tested are shown in Supplementary Fig. 1). The possibility of
discriminating between twenty malting barley varieties was
demonstrated by means of cluster analysis constructed on the
basis of MALDI-TOF mass spectra obtained from three grains per
standard variety analysed individually (Fig. 4). In addition, ten of
the standards were re-analysed after two months by a less experi-
enced operator to verify the robustness of the method. The cluster-
ing proved to be independent of the mass spectral quality achieved
by the operator. The only exception was observed in the case of
variety Esterel; however, the clustering of separated groups of
samples A-C (operator 1) and D-F (operator 2) was very close.
Nevertheless, limits in the discriminatory power of the method
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were revealed by the existence of clusters containing unseparated
or very closely grouped varieties. This indicates that under our
experimental set-up, some of the samples could not be identified
unambiguously but they could be assigned to particular groups
of indistinguishable varieties. Among these problematic groups,
at least a close relationship between varieties Aktiv, Blanik, Bojos
and Laudis was found to be supported by their origin, as they were
created by hybridisation from the variety Madonna. Similarly to
MALDI-TOF MS, these varieties were not distinguishable by means
of 1D-SDS PAGE, as they did not show any specific bands allowing
their discrimination (see Supplementary Fig. 2).

Similar problems were not encountered by Salplachta and
Bobalova (2009), who demonstrated distinguishing a different set
of thirteen malting barley varieties, overlapping with our set only
in four cases, based on MALDI-TOF mass spectra of extracted hor-
deins. However, the authors evaluated the discriminatory power of
the method only on the basis of visual comparison of a single
MALDI-TOF mass spectrum per variety.

To examine the practicability of the method, sixty samples of
barley delivered to Pilsner Urquell Brewery from different produc-
ers over a two-year period were subjected to MALDI-TOF mass
spectrometric analysis using the proposed method. These samples
were designated to individual varieties by the producers and their
purity and identity was checked independently by means of SDS-
PAGE. As seen from Fig. 5, MALDI-TOF mass spectrometric analysis
was capable of verifying variety identity. Out of the total of 60
samples, only four were not clustered with a corresponding stan-

dard or group in the dendrogram. In addition to cluster analysis,
the assignment of samples was carried out by a common Biotyper
scoring algorithm. Results equivalent to those obtained by means
of cluster analysis were achieved for all 60 samples, as the highest
identification log(score) always corresponded to MSPs of standards
grouped together with the samples by cluster analysis.

Several advantages of MALDI-TOF MS over SDS-PAGE are indis-
putable. Compared with the standard procedure, for analysis of 14
grains from one batch for purity control, a 2-fold decrease in ana-
lytical costs and an 18-fold reduction in time was achieved by
switching from SDS-PAGE to MALDI-TOF MS. Importantly, costs
of SDS-PAGE are even higher if one considers specific safety issues
and toxic waste handling connected with acrylamide use. A fre-
quently discussed concern related to MALDI-TOF mass spectromet-
ric profiling is connected to repeatability of the method. In the case
of our novel method, this issue is considerable also, due to the
necessity of manual mass spectra acquisition which involves the
“sweet-spot” tracing. The results of clustering outputs in our study,
conducted over a period of several months by two MALDI MS oper-
ators (Fig. 4), proved the potential of the method to provide robust
identification results. Another effect accompanying MALDI-TOF
mass spectrometric analysis is the mutual suppression of ionisa-
tion among individual components of the analysed mixture. In
the course of our study using individual barley grains, we did not
encounter suppression effects that impaired the detection of hor-
dein signals significantly. For barley purity determination, the
method should be used in a manner analogous to SDS-PAGE,
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where comparison of parallel analyses of individual barley grains
from one batch is conducted. In the case of a mixture of grains from
blended varieties analysed directly, both methods would provide
unspecific profiles not enabling determination of a particular
variety.

MALDI-TOF MS analysis can give uncertain outputs in cases
concerning indistinguishable varieties, although this is also the
case using the established SDS-PAGE method. This is, particularly,
important for Czech breweries in the case of two varieties Bojos
and Laudis that are used for malting currently. The introduction
of MALDI-TOF MS for barley profiling should always be accompa-
nied with adequate testing of samples relevant to the individual
brewery, as breweries world-wide, or even on the level of particu-
lar regions, are supplied with different malting barley varieties.
The limits in discriminatory power should always be thoroughly
examined on a set of relevant malting barley varieties to avoid gen-
erating misleading results.

4. Conclusions

MALDI-TOF mass spectra obtained after short mixing of pow-
dered material with strongly acidified ferulic acid solution show
high-mass proteins that are characteristic of individual malting
barley varieties or their groups. Thanks to its rapidity and simplic-
ity, the method has the potential to replace SDS-PAGE that is rou-
tinely used in the brewing industry for recognition of malting
barley varieties and purity control of barley samples. Together with
MALDI-TOF MS identification of spoilage bacteria from brewery
bottling halls and beers (Vavrova, Matoulkova, BaldZova, & Sedo,
2014; Wieme et al., 2014) and direct beer fingerprinting applica-
tions for technology and authenticity control (Sedo, Marova, &
Zdrahal, 2012), assignment of malting barley varieties represents
another effective application of MALDI-TOF MS in the brewing
industry.
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A combination of additives can synergically
decrease acrylamide content in gingerbread
without compromising sensory quality

Tomas Komprda,®* Antonin Pridal,” Renata Mikulikova,© Zdenék Svoboda,*
Olga Cwikova,® Sarka Nedomova?® and Vladimir Sykora?®

Abstract

BACKGROUND: The present study tested whether replacement of the leavening agent ammonium carbonate by sodium
hydrogen carbonate in combination with calcium cation and acidifying agent will synergically decrease acrylamide (AA) content
in gingerbread.

RESULTS: The type of leavening agent and the presence of Ca?* and citric acid accounted for 33.6%, 13.2% and 53.2% of
the explained variability of the AA content, respectively (P < 0.01). The AA content in gingerbread produced with (NH,),CO,
alone was 186.5 pg kg~'. Irrespective of other tested additives, NaHCO, decreased (P < 0.05) AA content to 42% compared to
(NH,),CO;. Combination of NaHCO; + CaCl, + citric acid in dough reduced (P < 0.05) AA content below the limit of detection
(25 pg kg™"). The AA content in gingerbread (y; ng kg~') decreased with an increasing number of additives used (x) according
to the equation y = 158.8 - 47.94x (r? = 0.42; P < 0.0001). A comprehensive sensory analysis did not indicate any significant
deterioration (P > 0.05) in the organoleptic quality of gingerbread produced using calcium cation and citric acid.

CONCLUSION: The present study demonstrates that the combination of additives NaHCO,/Ca** /citric acid synergically decreases

AA content in gingerbread without compromising the sensory quality.

© 2016 Society of Chemical Industry
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INTRODUCTION

Gingerbread belongs to the risky food because of the presence
of acrylamide (AA). AA is a neurotoxin that is listed by the Inter-
national Agency for Research on Cancer as a probable human
carcinogen.! Although epidemiological associations have not indi-
cated that AA is a human carcinogen, the margins of expo-
sure indicate concern with respect to neoplastic effects based
on animal evidence.? Based on the AA content in foods moni-
tored from 2007 to 2010, the most risky foods are instant cof-
fee and potato crisps (mean AA levels in the year 2010 of 1123
and 675 mgkg~', respectively).? In a more recent scientific opin-
ion reported by the EFSA CONTAM Panel,? the highest AA levels
were in solid coffee substitutes and coffee, as well as in potato
fried products, with an estimated dietary AA exposure across sur-
vey and age groups of 0.4-1.9 ugkg™" body weight (BW)day™'
and 0.6-3.4pugkg™" BWday™', respectively. The Panel?> concur-
rently selected the bench mark dose lower limit (BMDL,,) value of
0.17 pg kg™! BW day~' for neoplastic effects in mice.

Despite a relatively low AA content in soft bread (mean value
30mgkg™),? this food item contributed between 20% and 50%
to the overall AA intake in Europe.* In this context, AA content in
gingerbread is not insignificant (mean AA content: 415mgkg™';
90th percentile: 1187 mgkg™").3

Moreover, gingerbreads are usually produced with ammo-
nium carbonate as a leavening agent. Another indispensable

component is honey, with a high content of reducing sugars,
including fructose; these are two significant risk factors for
production of AA in thermally processed foods.” ™’

The main route of AA formation in the above-mentioned prod-
ucts is a Maillard-type reaction of amino acid asparagine with
reducing sugars via a Schiff base intermediate at temperatures
above 120 °C.3 Acrylamide formation depends, amongst other fac-
tors, on the overall thermal input (superposition of temperature
and a baking time);® the greatest amount of AA is formed in the
surface layer of the thermally treated product. This accounts for the
high risk levels associated with some small-sized products (such as
awhite pepper-gingerbread tested in the present study) as a result
of a high (i.e. unfavourable) surface/volume ratio.

* Correspondence to: T Komprda, Mendel University in Brno, Depart-
ment of Food Technology, Zemédélskd 1, 613 00 Brno, Czech Republic.
E-mail: komprda@mendelu.cz

a Mendel University in Brno, Department of Food Technology, Zemédélskd 1,613
00 Brno, Czech Republic

b Mendel University in Brno, Department of Zoology, Fisheries, Hydrobiology and
Apidology, Zemédélskd 1, 613 00 Brno, Czech Republic

¢ Research Institute of Brewing and Malting, Mosteckd 971/7, 614 00 Brno, Czech
Republic
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In addition, considering the fact that white pepper-gingerbread
is baked at 180 °C, a relatively high AA content can be expected.
Nevertheless, data regarding AA content in this particular type of
gingerbread have not yet been reported in the literature.

Regarding the possible carcinogenicity of AA, several mitigation
measures were proposed regarding the relevant foods. These mea-
sures are based on altering the four main factors affecting the Mail-
lard reaction: precursor content, temperature, water activity and
pH.? The European Food and Drink Industry (CIAA) summarized
the parameters used for mitigating AA burden for consumers in
the ‘CIAA Acrylamide Toolbox'.'® These parameters include agro-
nomical factors (sugars, asparagine), recipe (@ammonium carbon-
ate, sodium bicarbonate, pH, minor ingredients), processing (ther-
mal input) and final preparation.

In particular, the certain additives were tested in this context:
ions (Na*, Mg?*, Ca?*), organic acids and amino acids," ~'* spice
antioxidants,’> and asparaginase.'®

However, when changing the recipe or the temperature regime,
the organoleptic acceptability of the product by consumers should
be considered. Instrumental parameters such as colour (trichro-
matic parameters L¥, b*, a*) are usually measured;'” evaluation by
a sensory panel is reported only exceptionally.’

The objectives of the present study were: (1) to determine
AA content in a white pepper-gingerbread produced accord-
ing to the original recipe; (2) to compare AA levels in this
‘classically’ produced white pepper-gingerbread with white
pepper-gingerbreads produced using alternative additives
(sodium bicarbonate, calcium ions, acidifying agent), includ-
ing their combinations with possible synergic effects; and
(3) to evaluate the organoleptic acceptability of the white
pepper-gingerbread produced according to both the alterna-
tive and ‘classical’ recipes. The ultimate goal was to propose a
recipe leading to a safe product.

MATERIALS AND METHODS

Gingerbread preparation

The white pepper-gingerbread was tested. The main ingredi-
ents (gkg™' product) consisted of wheat flour (mineral content
0.6%) 550; honey (linden flower-honeydew; electrical conductivity
75mSm~"; water content 18.5%) 360; eggs (common supermar-
ket) 82; and freshly grounded spices: cinnamon 3.61, cloves 1.31,
nutmeg 0.33, ginger 0.33, cardamom 0.33, coriander 0.25, allspice
(Pimentadioica) 0.25, white pepper 1.56 and NaCl 0.25.

The addition of the certain other substances into the ginger-
bread was also tested: ammonium carbonate, E503, (NH,),CO; (at
an amount comprising 84 mmol kg~' product); sodium bicarbon-
ate, E500, NaHCO; (154 mmol kg~"); calcium chloride, E509, CaCl,
(83 mmol kg™"); and citric acid, E330, C4;H;0, (38 mmol kg~'). The
presence of these substances (including their combinations) in the
gingerbread samples and the corresponding labelling of the sam-
ples are both reported in Table 1.

For preparation of gingerbread, honey was heated to 30°C to
decrease its viscosity and facilitate homogenization with eggs
and spices. Next, one-quarter of the flour dose, the leavening
agent (@ammonium carbonate dissolved in 5 g of water or sodium
bicarbonate without water) and a tested additive (if used) (Table 1)
was added (calcium chloride was dissolved in 5 g of water; citric
acid was added directly to the dough without water). Then, the
remaining three-quarters of the wheat flour dose were added.
Dough was processed into cylinders (width 1.5-2.0cm), which

were divided into 1-cm portions to produce single ball-shaped
gingerbreads.

The balls (weighing approximately 10 g) were placed on a bak-
ing foil and the foil with gingerbreads was carried over to the
pre-heated baking metal plate. Gingerbreads were baked at 180 °C
in an electric oven with simultaneous bottom and upper baking.
The total baking time was 7 min 30s; the metal plate with ginger-
breads was rotated by 180° after 3 min 45s to ensure a uniform
effect of temperature. After the baking was finished, gingerbreads
on the baking foil were immediately placed on a marble board for
cooling (with an instantaneous decrease of baking temperature).
After cooling down, gingerbreads were put into sample containers
at 50 pieces each.

Eight batches of gingerbread corresponding to the tested addi-
tives (their combinations are shown in Table 1) were prepared
within a given experiment.

Acrylamide determination

Within each batch, four gingerbreads were analyzed for AA con-
tent in duplicate (n =4). The whole procedure was repeated four
times.

The standards and chemicals used were: AA (1mgmL™")
in methanol (Absolute Standards, Hamden, CT, USA); ('3C,)
acrylamide (1 mgmL~") inmethanol (Cambridge Isotope Lab,
Inc., Tewksbury, MA, USA); 2,3-dibromopropionamide (1 mg mL™")
in methanol (Absolute Standards); bromine, potassium bromide,
hydrobromic acid, saturated bromine water, sodium thiosul-
phate and trietylamine (all from Merck, Darmstadt, Germany);
methanol and ethylacetate (purity for high-performance liquid
chromatography; Sigma-Aldrich, Praha, Czech Republic).

The sample was prepared and AA was determined according
to Mikulikova and Sobotova.’® Ground sample (10 g) was placed
into a 50-mL volumetric flask, 10 L of internal standard [("3C,)
acrylamide] was added, and the volume was levelled up with dis-
tilled water at 60 °C. After sonication (20 min) in an ultrasonic bath,
the homogenate was transferred quantitatively into a centrifugal
tube and centrifuged at 5000 X g for 30 minutes. Five microlitres of
supernatant was mixed with 2 g of potassium bromide and hydro-
bromic acid was added to achieve pH0-1.

After cooling, 2 mL of bromine water was added. The content of
the flask was stirred and the flask was placed into a refrigeratorin a
container with crushed ice for 10 h. After bromination, the excess
bromine was titrated with sodium thiosulphate (1 molL™" solu-
tion) to discoloration. Flask content was transferred into a Teflon
centrifugal tube, 5mL of ethylacetate was added and the con-
tents were shaken for 3 min and then centrifuged at 2000 x g for
5min. After centrifugation, 1 mL of organic phase was pipetted
onto a plastic microtube and 0.2 mL of triethylamine was added.
The microtube was shaken and, after 15 min, it was centrifuged at
2000 x g foran additional 5 min. After centrifugation, the tube con-
tent was delivered to a glass vial and AA content was determined
using gas chromatography/mass spectrometry (GC/MS).

Acrylamide was determined using the gas chromato-
graph Trace GC Ultra Finnigen with DB-WAX capillary column
(30m x 0.25 mm X 0.25 pm; J&W Scientific, Folsom, CA, USA) and
the mass selective detector Trace DSQ ThermoFinnigan (Arcade,
NY, USA). The temperature of the PTV injector working in the
splitless mode was 200 °C (1 min). The column temperature pro-
gramme was: 50°C (1 min) = 15°Cmin~" to 150°C (5 min). The
GC/MS interface transfer line temperature was held at 200 °C. The
mass selective detector operated in the selected ion monitoring
mode with positive electron impact ionization. The carrier gas was
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Table 1. Sample labelling based on the presence of the tested additives in gingerbread
Additives
Leavening agent Cation Acidifying agent
Ammonium carbonate (A) Sodium bicarbonate (S) Calcium chloride (Ca) Citric acid (C)
(NH,4),CO3 NaHCO; CaCl, CgHgO5 Sample labelling
Presence in the sample + - - - A
+ - - + AC
- + - - S
- + - + SC
+ - + - ACa
+ - + + ACaC
- + + - SCa
- + + + SCaC

helium with a flow rate of 1.5 mLmin~". Under these conditions,
the retention time of the brominated AA and (*C;)acrylamide
derivatives was 14.80 min.

Acrylamide was identified based on the retention time and the
presence of the two specific ions of 2-bromopropenamide: m/z
149 [C,H,”°BrNO]I* and m/z 151 [C3H,®"BrNO]*. Quantification
was performed using a calibration curve. Isotopically marked
(3C;)acrylamide was used as an internal standard; molecular ions
of 2-bromo('*C;)propenamide m/z 152 and m/z 154, respectively
were selected.

Physical parameters

The colour of the gingerbread samples was determined as
reflectance values based on the L*a*b* system (lightness, red-
ness, yellowness)' using a spectrophotometer CM-3500d (Konica
Minolta, Osaka, Japan) containing an integrated spectral compo-
nent, a D65 illuminator and a 10° observer.

Samples were measured directly (without a foil or a Petri dish)
at room temperature. The L¥*a*b* values were determined at the
top and the bottom surface and at the cross-cut section; the
average value from these three determinations was used in the
statistical evaluation. Three samples of each gingerbread variant
were measured in duplicate (n =3).

Firmness was measured using a TIRATEST 27025 testing machine
(TIRA Maschinenbau GmbH, Schalkau, Germany). A puncture test
was carried out with a cylindrical probe (diameter 3mm) at a
velocityof 50 mm s~'. Eight samples of each gingerbread variant
were measured (n=8).

Sensory analysis

Sensory analysis was performed in a sensory laboratory equipped
according to the standard CSN I1SO 8589 (1989) by a panel of
nine trained assessors in three consecutive sessions (carried out
on three different days; n=27) and, subsequently, by 20 real
consumers (two sessions in 2 days with different consumers each
day were performed; n = 20).

A 100-mm unstructured line scale was used to evaluate of each
of the nine descriptors (including anchor points placed at the very
ends of a particular line scale): shape (regular — irregular); colour
(light — dark), surface (intact — wrinkled; blistered); odour (typ-
ical, distinctive — bland, unimpressive); porosity (porous — non-
porous); firmness (soft, pliable — tough); spice taste (distinc-
tive — unimpressive); flavour (characteristic — bland; off-flavour,
including specification); overall impression (excellent — inferior).

Statistical analysis

The differences between the gingerbread variants were evaluated
using a one-way analysis of the variance ratio test, including
post-hoc Tukey's test. The effects of the additives on the total and
explained variability in AA content in gingerbread were tested
by a generalized linear model of the main effects analysis of
variance (ANOVA). All above-mentioned tests including correlation
analysis were performed using STATISTICA, version 12 (StatSoft,
Tulsa, OK, USA).

RESULTS AND DISCUSSION

The calibration curve regarding AA determination was linear and
in the range 25-1540ugkg™" (AA concentration in real sam-
ples), with a correlation coefficient of 0.9989. Relative SD, limit of
detection and limit of quantification (LOQ) were 10%, 10 pg kg™’
and 25 pg kg~', respectively. Recovery [determined using samples
spiked with isotopically marked ('3C;)acrylamide] ranged from
68% to 75%.

Labelling of gingerbread variants based on the presence of the
tested additives is shown in Table 1. As shown in Table 2, all tested
additives had a significant effect (P < 0.01) on AA contentin ginger-
bread and, together, they explained more than 70% of total vari-
ability in the content of this toxin. The most important factor was
the acidifying agent (citric acid), for which the presence/absence in
dough accounted for more than half of the explained variability in
AA content in gingerbread. Leavening agent explained more than
one-third of AA content variability. The least important (but nev-
ertheless still highly significant, P <0.01) factor was the calcium
cation.

The above-mentioned data are ilustrated in more detail in
Fig.1. Regarding the leavening agent, sodium bicarbonate
decreased (P<0.05) AA content in gingerbread to less than
one-half (from 88.4 to 37.5mgkg~") compared to ammonium
carbonate. The presence of citric acid decreased (P<0.05) AA
content by more than three-fold compared to an unacidified
sample. Despite the fact that the addition of calcium cation
to dough had no statistically significant effect (P=0.093), AA
content in gingerbread produced with CaCl, was only 60% of
the value established in gingerbread produced without the
cation.

Several conclusions can be drawn based on the testing of the
single gingerbread samples produced with different additives or
their combinations (Fig. 2).
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Table 2. Effect of the tested additives on the total and explained
variability in AA content in gingerbread; generalized linear model of
the main effects ANOVA

Ratio of the
Total Explained
Effect F-value  P-value  variability variability
Leavening agent? 219 0.0001 23.6 33.6
Cation® 8.6 0.0067 9.3 132
Acidifying agent© 349 0.0000 37.4 53.2

2 (NH,),CO; (84 mmol kg~") or NaHCO; (154 mmol kg~").
b presence (83 mmol kg~") or absence of calcium chloride (CaCly).
¢ Presence (38 mmol kg~") or absence of citric acid (CgHgO7).

120
B
110 B
» 100 A ——
¥ 90+—= |
2 801+ L -
g 70 -
T 601 A : I
S 50— A 1 —
: T
g 40 +— —— A —
30+ i —
ammonium| soda present | absent | present | absent
bicarbona
Leavening agent Calcium cation Citric acid

Figure 1. Effect of the tested variability factors on AA content in ginger-
bread. Ammonium carbonate: (NH,),CO3 (84 mmol kg™'); sodium bicar-
bonate: NaHCO; (154 mmol kg™'); calcium cation: CaCl, (83 mmolkg™");
citric acid: C4HgO; (38 mmolkg™"). A, B: means with different uppercase
letters within a given factor (irrespective of other tested factors) indicate a
statistically significant difference (P < 0.05; one-way ANOVA with post-hoc
Tukey's test).

First, compared to the original recipe with ammonium carbonate
as the only additive (sample A), AA content in all other samples
was substantially reduced (P < 0.05): to 52% in gingerbread with
ammonium carbonate+calcium chloride (ACa) and down to 14%
in the sample containing ammonium carbonate with calcium
chloride and citric acid (ACaC; AA content in the SCaC sample was
below the limit of detection of 25 pg kg™").

Second, a synergic effect of the tested additives can be pre-
sumed from a trend in the decrease of AA content in the ginger-
bread samples with an increase of the additive number (Fig. 2).
When AA content in gingerbread (y; ug kg™') was expressed as a
function of the number of additives used (y), the regression was:
y=158.8 - 47.94x (r* =0.42; P < 0.001).

Sensory traits of the white pepper-gingerbread samples, includ-
ing instrumentally measured colour parameters (L*a*b* values)
and firmness, are reported in Table 3.

Based on the sensory analysis, the lightest (P<0.05) gin-
gerbread variants were those containing both citric acid and
calcium ions (SCaC and ACaC). The darkest (P<0.05) was the
AC-variant. These data corresponded to the instrumentally mea-
sured L* values (Table 3). It follows from these results that citric
acid maintained the dark coloration of the sample caused by
the Maillard reaction. At the same time, however, it decreased
(P<0.05) the AA content to 23% of the control variant A
(Fig. 2).

12

Acrylamide (p

A ACa S AC SCa SC

ACaC SCaC

Figure 2. Acrylamide content in gingerbread prepared with ammonium
carbonate [A; (NH4),CO3] or sodium bicarbonate [S; NaHCOs] as leaven-
ing agent; with calcium chloride [Ca; CaCl,] or without this form of calcium
cation; with citric acid [C; CgHg O] or without this acidifying agent; includ-
ing various combinations of the additives. A, gingerbread with ammonium
carbonate [(NH,4),CO;; 84 mmol kg~'], without calcium cation, without cit-
ric acid; ACa, gingerbread with ammonium, with calcium cation [CaCl,,
83 mmol kg1, without citric acid; S, gingerbread with sodium bicarbon-
ate [NaHCO5; 154 mmol kg~'1, without calcium cation, without citric acid;
AC, gingerbread with ammonium, without calcium cation, with citric acid
[C¢HgO5; 38 mmol kg~']; SCa gingerbread with sodium bicarbonate, with
calcium cation, without citric acid; SC, gingerbread with sodium bicarbon-
ate, without calcium cation, with citricacid; ACaC, gingerbread with ammo-
nium, with calcium cation, with citric acid; SCaC, gingerbread with sodium
bicarbonate, with calcium cation, with citric acid; mean + SEM; SCaC sam-
ple has no error bar because the AA content in all four experiments was
under the limit of detection (<25ugkg™'); A-D: means with different
uppercase letters indicate a statistically significant difference (P <0.05;
one-way ANOVA with post-hoc Tukey’s test).

The relationship between the AA content and gingerbread light-
ness was stronger in the case of the L* value compared to colour
evaluated by sensory analysis:r = —0.49 and r = +0.31, respectively
(P<0.01in both cases).

The highest level (P < 0.05) of instrumentally measured firmness
(TIRATEST) was established in a ACaC sample (5.38N) (Table 3);
the correlation coefficient between physically and subjectively
measured firmness was r =0.54 (P < 0.01).

When evaluated by the trained assessors, the best overall
impression (P < 0.05) was established in the S-sample. However,
the SCaC-variant was no different (P <0.05) in this parameter
compared to either the S- or the control A gingerbread based
on the analysis of the real consumers. Moreover, the low (i.e.
favourable) values reported for most of the sensory parameters of
the SCaC-sample (Table 3) suitably complement a synergic effect
of the tested additives on AA reduction.

The LOQ established in the present study (25pgkg™) is well
within the limit recommended for the given analytical method for
gingerbread (50 pg kg~') by the European Food Safety Authority.?
An LOQ of 50 pg kg~" was also reported by Geng et al.?' for various
fried products. However, it is also possible to decrease LOQ by
one order of magnitude, as established in an experiment by Troise
et al.?? for three different kinds of food.

By contrast, AA recoveries found in the present study (68-75%)
are somewhat lower compared to the values reported by Geng
etal.?’ (90-102%), as well as by Pittet et al.?® for wheat semolina
samples (93-104%) and Troise etal.?? for French fries, ground
coffee and cookies (90-97%).

AA content in white pepper-gingerbread produced using the
original recipe with ammonium carbonate (187 ugkg~'; sample
A) (Fig.2) was lower than indicated by most of the literature
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Table 3.

Parameters of the sensory analysis of the gingerbread samples, including instrumentally measured traits

Sample (mean + SEM)?

Trait A AC S SC ACa ACaC SCa SCaC
trained assessors (n = 27)Shape® 40 +5A 40+6° 25 + 47 26 + 47 2+4%  28+5A 26 + 67 23+ 57
Colour? 61+4P 80+ 3F 47 +4C 32438 37+38C  1342A 26+ 38 7+1A
SurfaceP 42 +5€ 41 +6C 334 58C 32+4M8C 3945C 18+ 4AB 27 +4M8C  1243A
Odour® 55+58 56 + 58 21+4A 45 4+ 5B 41+5%8 55468 40 + 58 36 + 678
Porosity® 31+4A 3245 44 +5M8C 564 48C 364 5AB 444 5ABC 584 6C 45 1 6MBC
FirmnessP® 56 + 48C 74 +4¢ 9+2A 50458 19+ 2R 62 + 58€ 55 4 58C 61 +65C
Spice tasteP 40+ 57 47 + 6" 40 + 47 38+5°0  26+5° 38 +6° 45+ 57 37+5°
Flavour® 49 + 65€ 66 + 5€ 24 +5° 46+58C 50468  6845C 51+ 58C 384+ 578
Overall impression® 53580 7144P 23+ 5A 46+ 48 50+58C 68 44D 50 + 48€ 46 + 58
Real consumers (n = 20) ShapeP 40 +5A 35+ 3A 30+ 37 37 +47 29+ 27 33 +47 34+ 57 24+ 37
Colour? 56 + 3P 74 + 4F 57+3P 51+4P 34428 26 + 418 38 4+ 28C€ 18+ 2R
SurfaceP 66 + 4P 54 + 6P 51+5P 424 5ABC 53,50 494 58CD 304 3AB 25+ 47
Odour® 49 + 57 59+ 57 45+ 57 55+ 58 56+ 57 60 + 6" 57 + 6" 51+4A7
Porosity® 25+3A 38+ 5RB 364478 444+ 6M8C  46+48C 454 58C  6145C 55+ 58€C
FirmnessP® 33447 70+ 38 28+ 37 38+ 47 35+ 47 74 + 3B 63+ 58 72 + 48
Spice tasteP 41 +4A 31 +47 47 + 4R 43 +4A 38+ 47 46 +4A 43 +4A 43 +4A
Flavour® 49437 51+4A 48 4+ 47 46 + 57 52+4A 61+47 49 4 47 49 4 47
Overall impression® 51 +4A 59 + 3AB 53+4"8 53458 59458 684 3B 51458 50+ 37
Firmness (N)< 3.1+0.03473+0.11F  1.78+0.02%2.84 +0.06°2.66 +0.038 5.38 +0.137 4.40+0.06° 4.67 +0.09°F
L*d 54+0.07¢ 49+0.15% 57+020° 61+0.18° 52+0.168 60+0.31F 59+0.12F 65+0.19"
a*e 12+0.04° 12+0.08°  13+0.07° 10+0.128 12+0.07° 10+0.108 11+0.04¢ 9+0.07”
p*f 29+0.13¢ 27+0.17%  37+0.06° 32+0.06F 28+0.09% 29+0.27¢ 34+0.07° 31+0.11P

chloride, CaCly; C, citric acid, CgHgO;.

real consumers (10 different consumers in each of two sessions; n=20

(excellent — inferior) .
¢ Measured by a TIRATEST machine.

@ The substances (including their combinations) added to the dough were: A, ammonium, (NH,),COs; S, sodium bicarbonate, NaHCO3; Ca, calcium
b Points on an unstructured 100-mm scale with defined anchor points; evaluated by nine trained assessors in three sessions (n=27) and by 20
(light — dark), surface (intact — wrinkled; blistered); odour (typical, distinctive — bland, unimpressive); porosity (porous — non-porous); firmness

(soft, pliable — tough); spice taste (distinctive — unimpressive); flavour (characteristic — bland; off-flavour, including specification); overall impression

d Lightness, © redness and f yellowness (as measured by a Konica Minolta CM-3500d spectrophotometer; Centre Internationale de I'Eclairage, 1976).
A-HMeans with different superscript uppercase letters within a line differ at P < 0.05 (post-hoc Tukey’s test).

), respectively; descriptor anchor points: shape (regular — irregular); colour

data regarding AA content in a ‘common’ gingerbread (mean val-
ues, ug kg™"): 415,% 890,24 481,° 303 (median; reporting European
Union database on AA levels in food)? and 415.2° A lower value
(46 g kg~") was reported by Papousek et al.?

As far as the above-mentioned AA levels are concerned, ginger-
bread can be classified somewhere in the middle of the range of
the relevant foods, from cereal-based baby food (31 ugkg™)3 to
cocktail snacks (1060 pg kg™") or potato crisps (1249 ug kg=")?* to
coffee substitutes (1350 pg kg=1).2°

An AA-promoting effect of the ammonium carbonate as a baking
agent (NH,),CO, found in the present study (Figs 1 and 2) confirms
the results of previous experiments investigating the AA content
in foods.>”?” The N atom from the ammonium carbonate is not
incorporated into AA and the amidation of acrylicacid by ammonia
does not contribute to the AA content in gingerbread;® the pro-
moting effect of ammonium carbonate is indirect as a result of the
provision of more reactive carbonyls (glyoxal) originating from the
reaction of ammonia with reducing sugars.

Substituting ammonium carbonate by sodium bicarbonate
decreased (P < 0.05) AA content in the white pepper-gingerbread
to 42% in the present study (Fig. 1). Similar results were reported
by Amrein etal.?’ AA content in gingerbread decreased by 60%.
NaHCO, reduced the AA content in gingerbread to one-third
compared to (NH,),CO; in an experiment by Amrein etal’ On

the other hand, adding NaHCO; to a dough formulation resulted
in only a weak decrease (13%) in AA content in fried fine bakery
products.'®

Divalent cations (Ca*) added to the dough can markedly reduce
AA content in foods? by interacting with asparagine and conse-
quently preventing Schiff base intermediate formation.?’ When
calcium cation was added to the dough in the present study, the
AA content in the white pepper-gingerbread was only 60% of the
value established in the variants produced without Ca%* (Fig. 1).
Salazar et al.>® similarly reported a reduction of AA in tortilla chips
made of flours prepared from corn nixtamalized with Ca(OH),.

The substantial effect of adding citric acid into the dough on
the reduction of the AA content in white pepper-gingerbread in
the present study (with a more than three-fold decrease) (Fig. 1)
was likely a result of the Maillard reaction being pH dependent:
at a lower pH, the reactive amino group of the precursor amino
acids (asparagine) is protonated to the non-reactive NH,* group?
and it is therefore unavailable for further reactions leading to AA
formation.® Amrein et al?’ reported a decrease of AA in ginger-
bread from 500 to 120 ug kg~! when 500 g of citric acid per 100 kg
of dough was added. Similarly, 0.5 and 5.0 g of citric acid per 100 g
of dough decreased the AA content in gingerbread by a factor 4
and 40, respectively, in an experiment reported by Amrein et al.®
This effect also applies to other thermally treated foods: soaking or
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blanching potatoes in a citric acid solution reduced AA in potato
crisps by 50%.3

The first requirement when deciding on the possible presence
of synergistic effects is to define the null interaction in the joint
action of two or more agents using concentration-time response
models.3? The derivation of the mathematical kinetic models test-
ing the synergistic action of more additives on the decrease of
production of any toxicant (including AA) is not described in avail-
able literature (in contrast, for example, to synergy of an effect
of more toxicants on living systems33). Nevertheless, based on
the logistic-exponential model of Zhang and Zhang,?* the chem-
istry of the joint effect of additives tested in the present study
on AA reduction (which likely manifests itself mainly during the
formation-predominant kinetic stage, but also partially during the
elimination-predominant kinetic stage®*) can be summarized as
described below.

NaHCO, decreases sugar fragmentation (i.e. less glyoxal is gener-
ated from glucose/fructose and consequently less AA is formed).?’
Changes in the ionic strength induced by the positively-charged
Na* ion affect the rate of the addition reactions of the amino
groups of amino acids to the double bonds of conjugated vinyl
compounds such as AA; changes in the ionic microenvironment
contribute to the mitigating effects of positively-charged metal
ions.3® Mono- and divalent cations (Na*, Ca?") interact with
asparagine and prevent Schiff base intermediate formation and,
consequently, AA generation.? CaCl, ionic and electronic associ-
ations with asparagine supress early-stage Maillard reactions.®

Moreover, metal cations (Na*, Ca?*) cause pH reduction;
amongst other things, increased acidity reduces AA forma-
tion as a result of hydrolysis of the carboxamide group leading to
aspartic acid.?® The beneficial effects of a low pH (caused by the
above-mentioned metal cations, but predominantly by organic
acids, including the citric acid tested in the present study) result
not only from protonation of the reactive free a-NH, group of
asparagine to the non-reactive a-NH,* form, but also from partial
acid-catalyzed hydrolysis of asparagine to aspartic acid and of
AA to acrylic acid.* The protonation of the a-amino group of
asparagine caused by organic acids hinders the formation of the
N-substituted glycosylamine.®

Regarding sensory evaluation, Pedreschi et al.> recommend uti-
lizing calcium salts only in a low concentration to avoid an off-taste.
This finding was partly confirmed in the present study by a less
favourable flavour of the SCa variant (P < 0.05) compared to the
corresponding sample without calcium salt (51 and 24 points on
a 100-mm evaluation scale, respectively) (Table 3). On the other
hand, the flavour or the overall impression of the gingerbread vari-
ants containing CaCl, did not differ (P> 0.05) from control sample
A (Table 3).

The adverse effect of low pH (citric acid) on taste is depen-
dent on the organic acid concentration.'The amount of organic
acids (citric, tartaric) should be limited to 250 mg per 1009 (i.e.
13mmol kg~") of dough to comply with the sensory standards
for gingerbread.?’” In the present study, the flavour of the ginger-
bread variants containing citric acid (38 mmol kg~') did not differ
(P> 0.05) from control A (Table 3). On the other hand, citric acid
increased (P < 0.05) gingerbread browning in the present study
(compare A and AC variants) (Table 3), in contrast to the results
of Amrein et al.’ who reported a reduction of browning in ginger-
bread after adding 52 mmol kg~ of citric acid.

Regarding the leavening agents, Kukurova et al.” reported that
cookies produced with the addition of (NH,),CO; were the most
pleasant, which does not agree with the better (P < 0.05) flavour

and overall impression of gingerbread variants produced with
NaHCO,; compared to (NH,),CO; found in the present study
(Table 3). Moreover, the results of the present study (insignificant
differences between A and AC variants with respect to shape
and porosity, respectively) (Table 3) do not agree with the data
reported in the study by Amrein et al.%, for which the addition of
sodium bicarbonate (up to 199 mmol kg~") resulted in an alkaline
taste and insufficient leavening.

Regarding colour parameters, Amrein etal® and Haase etal."”
reported an insignificant difference in the L* value for biscuits
produced with (NH,),CO; and NaHCO,, respectively. This finding
does not agree with the results of the present study in which there
was a higher L* value (P <0.05) for the S-gingerbread compared
to the A-sample, as confirmed also by sensory analysis (the colour
of the S- and A-gingerbread was 47 and 61 points, respectively;
P <0.05) (Table 3).

On the other hand, the higher values for the colour parameters a*
and b* with respect to cookies produced with NaHCO, compared
to (NH,),CO; in an experiment by Kukurova et al.” agree with our
data: both a* and b* values of the S-variants were higher (P < 0.05)
compared to the A-samples (Table 3).

However, a relationship between the AA content and the colour
parameters was not so strong in the present study (although
highly significant, correlation coefficients were <0.5) as that
reported by Ciesarové etal.'® for fried fine bakery products
(correlation coefficients in the range 0.88-0.98).

Despite the product tested in the present study comprising was
a small-volume gingerbread produced using the key substances
promoting AA formation (@ammonium carbonate, fructose-rich
honey), the AA content in the original (control) variant was rela-
tively low (below 200 pg kg=') compared to more common types
of gingerbread (mostly > 400 pg kg™").

Replacing ammonium carbonate with sodium bicarbonate,
adding calcium ions or lowering the pH of the dough using citric
acid decreased AA content by 47-86% compared to the original
recipe.

An effect of each of the aforementioned additives on AA pro-
duction is well known. However, the present study contributes
to the state of knowledge about AA by demonstrating a syn-
ergic effect of the combination of different additives. So far,
additive or synergic effects have been studied only marginally
in this context: Hanley et al.' reported a greater AA reduction in
fried potatoes using a combination of glutamine (acidic amino
acid) and lysine (basic amino acid) compared to treatment with
each of these amino acids individually. Similar results were
achieved using a combination of citric acid and some amino
acids.'>'4

The highest AA reduction achieved in the present study was an
86% decrease (compare the A and SCaC variants shown in Fig.2),
which is less than the 97% decrease reported by Ciesarova et al.3
using asparaginase. However, in contrast to their experiment,*® the
present study suggests an easy and an inexpensive alternative for
the production of gingerbread.

Moreover, the combination of additives proposed in the present
study (NaHCO,/Ca?*/citric acid) decreased AA content in ginger-
bread below the limit of detection without any significant deteri-
oration of the sensory parameters.
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Abstract: In 2012-2017, the occurrence of deoxynivalenol, zearalenone and T-2 toxin in 592 samples of malting bar-
ley from different regions of the Czech Republic was studied using the ELISA immunochemical method. On average,
the total content of positive samples was 18.6% for deoxynivalenol (DON), 9.5% for zearalenone (ZEN) and 20.5% for T-2
toxin. The highest values measured were 917 pg/kg for DON (2012), 42 pg/kg for ZEN (2017) and 199 pg/kg for T-2 toxin
(2013). The maximal DON and ZEN contents in cereals intended for food production are limited by the Commission
Regulation (EC) No. 1881/2006, the EU limit from 2013 applies for the sum of T-2 and HT-2 toxins. Concentrations
of any of the mycotoxins studied did not exceed the EU limit in any barley samples.

Keywords: malting barley; Fusarium; mycotoxins; ELISA

Mycotoxins are toxic secondary metabolites produced
by microscopic filamentous fungi, namely Fusarium,
Aspergillus and Penicilium sp. They are thermostable,
low-molecular substances with different chemical struc-
tures and a number of negative effects on human and
animal health. They commonly contaminate economic
crops, food and feed (Krska et al. 2007), representing
thus a major global economic problem (J1 ez al. 2016).
With the ongoing climate change, an increased risk of
the occurrence of mycotoxigenic fungi and mycotoxins
is expected due to the adaptation of fungal pathogens
to altered conditions (GEISEN et al. 2017; MEDINA
et al. 2017). The spectrum of explored and described
mycotoxins is expanding (VACLAVIKOVA et al. 2013;
BOLECHOVA et al. 2015; Luz et al. 2017). Modified
forms of mycotoxins represent new research trends
(FREIRE & SANT'ANA 2018). Cereals may be simulta-
neously contaminated with two or more mycotoxins
(BELAKOVA et al. 2014; PLEADIN et al. 2013, 2017),
detection of one mycotoxin may indicate the pres-
ence of another, and this contamination influences
the cumulative toxic effect.

Fusarium fungi belong to the most important
producers of mycotoxins, at the same time they are

important pathogens of agricultural crops (PLA-
CINTA 1999; MoORCIA et al. 2013). The occurrence
of fusarioses and mycotoxins is greatly influenced
by the course of weather. The occurrence, quantity
and type of mycotoxin may depend on the envi-
ronment, the type of fungi present, the severity
of the infection and the cultivar or crop type. In
malting barley, the presence of mycotoxins can be
significantly affected by the storage and post-harvest
treatment of the grain. Another factor that can signifi-
cantly affect the intensity of the Fusarium occurrence
is the technology of growing and susceptibility
of the variety, pre-crop, soil cultivation and, also,
by the application of fungicides. Relationships and
interactions arising among the plant, pathogenes,
microscopic fungi, environment, manner of plant
protection and treatment are very complex and they
significantly affect mycotoxin production and con-
tent (TERZI et al. 2014).

The most well-known toxins produced predomi-
nantly by filamentous Fusarium fungi include the
group of trichothecene mycotoxins, zearalenones
and the group of fumonisins (WoLr-HaALL 2007;
CAPRIOTTI et al. 2010).

Supported by the Ministry of Agriculture of the Czech Republic, Project No. RO 1917.

439



Food Analysis, Food Quality and Nutrition

Czech Journal of Food Sciences, 37, 2019 (6): 439—445

The contamination of the organism with trichot-
hecenes results in a wide variety of manifestations;
various syndromes may include reduced intake
or total rejection of food, skin irritation and dermal
necrosis, vomiting, diarrhea and bleeding. Trichothe-
cenes have also been described as immunosuppres-
sants and inhibitors of protein and DNA synthesis
(MosTrOM 2011). All trichothecenes, without excep-
tion, exhibit a higher or lower degree of toxicity for
the animals; they also exhibit an insecticidal effect.
Phytotoxic activity has also been described (ABBAS
et al. 2013). Research into the acute and chronic
toxicity of these substances is ongoing (GROOPMAN
et al. 2013; ESCRIVA et al. 2015).

DON, the most observed trichothecene, is often
detected in cereals. Its occurrence in cereals varies
from year to year depending mainly on the weather
in the given locality, type of pre-crop and resistance
of the variety. It is an indicator of a possible contami-
nation with other mycotoxins. DON often co-occurs
with the acetylated isomers of 3-acetyldeoxynivalenol
(3-ADON), 15-acetyldeoxynivalenol (15-ADON)
and other Fusarium toxins, such as nivalenol (NIV),
zearalenone (ZEN), T-2 toxin (T-2) and HT-2 toxin
(HT-2) (PESTKA 2007; BRYLA et al. 2016).

In zearalenone and its metabolites, estrogenic effect,
reproduction and developmental toxicity in animals have
been proven; they pose hepatotoxic, hematotoxic, im-
munotoxic and genotoxic effects (ZINEDINE et al. 2007).

Controlling the health safety of consumed food
and feed in terms of the presence of mycotoxins is an
absolute prerequisite for the health protection of the
population. Control programs for monitoring myco-
toxins in food and feed have been introduced in many
countries, including the European Union (EU). Com-
mission Regulation (EC) No. 1881/2006, supplemented
by Commission Regulation (EC) No. 1126/2007, set the
Maximum Levels (ML) of selected mycotoxins in cere-
als and other foodstuffs. The currently valid European
legislation stipulates the content of selected Fusarium
mycotoxins in unprocessed cereals, including malting
barley: 1250 ug/kg for DON and 100 pg/kg for ZEN.
For the sum of T-2 and HT-2 toxins, the indicative limit
0f 200 pg/kg is used. The indicative levels are based on
the occurrence data available in the EFSA database and
they are not feed and food safety levels (EU Commision
Recommmendation 2013/165/EU).

This study summarizes the results of six-year (2012—
2017) monitoring of the selected trichothecene my-
cotoxins (DON and T-2 toxin) and ZEN in malting
barley from the 14 regions in the Czech Republic.
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MATERIAL AND METHODS

Standards and chemicals. Methanol (analytical
grade) for the mycotoxin extraction was purchased
from Sigma-Aldrich (Germany). Certified reference
materials (CRMs) — naturally contaminated wheat (for
DON and T-2 toxin) and corn (ZEN) was purchased
from Trilogy (USA). ELISA test kits (AgraQuant® De-
oxynivalenol Assay 0.25/5.0, AgraQuant® Zearalenone
Plus Assay 25/1000 and AgraQuant® T-2 Toxin Assay
20/500) were provided by Romer Labs (Tulln, Austria).

Barley samples. In 2012-2017, totally 592 samples
of malting spring barley were analysed (i.e. the varieties
KWS Ariane, Blanik, Bojos, Francin, Kangoo, KWS Irina,
Laudis 550, Malz, Marthe, Overture, Prestige, Radegast,
Sebastian, Sunshine, SY Tepee, Wintmalt, Xanadu,
Manta, Pionier, RGT Plane), i.e. in 2012 (n = 117),2013
(1 =98), 2014 (1 = 116), 2015 (1 = 109), 2016 (1 = 110)
and 2017 (n = 42). The samples were obtained directly
from the growers from all regions of the Czech Republic
as described at BELAKOVA et al. (2014).

Determination of mycotoxins. Ground barley
sample (20 g) was extracted with 100 ml of deion-
ized H,O (for the DON determination) or of 100 ml of
MeOH : H,0 70 : 30 (for ZEN and T-2 toxin), shaken
for 50 min, centrifuged at 4000 rpm for 15 min, an
aliquot of the supernatant (100 pul) was diluted accord-
ing to the instructions or used directly for the analysis.

Mycotoxin concentrations (DON, ZEN and T-2 toxin)
were determined using competitive ELISA test kits as
instructed by the kit manufacturer. Each kit contains
a microtiter plate with 96 wells coated with antibodies
, standard solutions containing different concentrations
of mycotoxins, an enzyme conjugate, anti-antibody,
substrate and chromogen solution, stop solution, and
washing and dilution buffers. The calibration curve
was constructed according to the instructions in the
set, repeatability - the relative standard deviation
(% RSD) was calculated from 10 determinations. The
LOD and LOQ values are given by the manufacturer.
The quality control of the method was established using
the appropriate CRMs. The parameters of the method
for targeted mycotoxins are presented in Table 1.

RESULTS AND DISCUSSION

The occurrence of the individual mycotoxins
in barley in the individual years. The contents of
mycotoxins DON, ZEN and T-2 toxin in barley are
summarized in Table 2. The minimal and maximal
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Table 1. Parameters of the ELISA method for targeted mycotoxins

Mycotoxin LOD LO RSD CRM declared CRM measured
(ng/kg) (ng/kg) (%) (ng/kg) (ng/kg)
DON 200 250 9.5 700 £ 100 859.0 + 81.6
ZEN 20 25 10.2 454.2 + 37.6 419.8 + 42.8
T-2 10 20 7.9 57.1+10.5 60.9 + 4.8

LOD - limit of detection; LOD - limit of quantification; CRM declared — given by the manufacturer; CRM measured — measured

by the laboratory

values and percentage of positive samples in each
harvest are given, samples where the mycotoxin con-
tent was detected above the quantification limit are
considered positive. To calculate the average values
in individual years, the mycotoxin content was taken
into account only in positive samples. For the evalu-
ation, the basic statistical characteristics were used
(means, absolute and relative frequencies). Results
are expressed in Figures 1-3.

The level of DON contamination ranged from 4.8% in
2017 t0 29.1% in 2012. Since the ELISA immunochemical
screening test for DON has a higher detection limit,
the samples with any lower DON concentration were
not captured. The highest determined DON content
(917 pg/kg) was found in harvest 2012. In all other
samples tested, DON ranged from 250 to 668 pg/kg
and was comparable to harvests in the next years when
the average DON content moved around 300 pg/kg.

The lowest level of contamination was evident in
mycotoxin ZEN, when in 2012, 2013, and 2015, no
positive samples were found; in years 2014, 2016 and
2017 12-30% positive samples with the maximal ZEN
content of 42 pg/kg were detected

No sample positive for the presence of T-2 toxin was
found in the years 2012 and 2017. In 2013-2016, the
level of contamination moved in the scope from 11.8%
to 46.9%, with the highest concentration (199 pg/kg)
measured in 2013. Average mycotoxin contents are
summarized in Figure 1.

The most contaminated harvests were those in 2014
and 2016, when all three monitored mycotoxins were
detected in some samples. In 2012, no sample positive
for ZEN and T-2 toxin contents was found and 29% of
the samples were positive for DON content, including
the above mentioned sample with the highest DON
content. In 2017, no tested sample was positive for
T-2 toxin, 11.9% of the samples contained ZEN above
LOQ and only 4.8% of the samples were positive for
the DON content.

From Figure 2 which summarizes the total oc-
currence of mycotoxins in barley in the period of
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Figure 1. Average content of the studied mycotoxins in the
individual years

Table 2. Occurrence of the studied mycotoxins (ug/kg) in barley in the Czech Republic in 2012-2017

Harvest DON ZEN T-2

analysed/positive (%) min. max. analysed/positive (%) min. max. analysed/positive % min. max.
2012 117/34 29.1 252 917 117/0 0 0 0 117/0 0 0 0
2013 9898/13 13.3 251 568 98/0 0 0 0 98/26 26.5 26 199
2014 116/23 19.8 250 577 116/18 152 25 39 116/39 33.6 25 90
2015 109/8 7.3 255 348 109/0 0 0 0 109/43 46.9 26 145
2016 110/30 27.3 251 668 110/33 30.0 26 39 110/13 11.8 25 129
2017 42/2 4.8 260 286 42/5 11.9 28 42 42/0 0 0 0
Total 592/110 18.6 592/56 9.5 592/121 20.4
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2012-2017, it is evident that on average the total
content of the positive samples in the given years
was 18.6%, 9.5%, and 20.5% of DON, ZEN, and T-2
toxin, respectively.

Some processes used in beer production act as a de-
contamination process, although some of the myco-
toxins present in barley and malt may pass to the final
product, nevertheless, the content found does not pose
a significant health hazard to consumers (WoLr-Hall
2007; KARLOVSKY et al. 2016; PASCARI et al. 2017).

The effect of the variety and previous crop on the
mycotoxin content. To evaluate the effect of a variety,
only varieties with a sufficient number of samples
(> 30) were selected, these were the varieties Bojos,
Blanik, Laudis 550, and Malz. The numbers of the
mentioned varieties were as follows: Bojos 208 samples,
Laudis 550 61 samples, Blanik 39 samples and Malz
152 samples. Figure 3 shows that the variety did not
have effect on the DON, ZEN and T-2 toxin content.

Maize, wheat, sugar beet, potatoes, spring barley,
and rape were grown as a previous crop before malting
barley. Maize affected the DON content most (detected
average value 420.5 pg/kg), the adverse effect of maize as
a pre-crop on Fusaria contamination and subsequently
higher mycotoxin levels has already been confirmed
by previous research (POLISENSKA et al. 2012; Q1U
et al. 2016), further, winter wheat (341.4 pg/kg), rape
(324.8 pg/kg) and sugar beet (310.3 pug/kg). The effect
of the previous crop on ZEN and T-2 toxin was not
confirmed. Figure 3 shows the effect of the variety
on mycotoxin content.

Comparison with the available data in the Euro-
pean countries. Barley contamination with Fusarium
mycotoxins is quite common in the European countries
and worldwide. In the period of 2005-2010, POLISENSKA
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Figure 2. Total mycotoxin content in 2012—-2017
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et al. (2012) analysed 327 samples of malting barley
for the DON content using the ELISA assay. The level
of contamination (when DON was > 40 pg/kg) varied
from 63% in 2010 with the highest value of DON 227
pg/kg to 96% in 2009 when the highest measured value
was 7050 pg/kg. In 2006, 2007, and 2010, the same
authors also analysed ZEN content when in 2006,
100% positive samples were found (> 2 pg/kg) and the
maximal detected value was 222 pg/kg. Conversely,
in 2007 and 2010, 45%, and 22% of positive samples
with a maximum of 48 and 14 pg/kg, respectively,
were found (POLISENSKA et al. 2012). The results are
practically comparable with BELAKOVA et al. (2014),
who monitored 325 samples of the malting barley har-
vested from 2008 to 2011. The maximum measured
DON levels varied from 106.1 to 2213.5 ug/kg, ZEN
from 21.4 to 59.4 pg/kg and XT-2, HT-2 toxins from
53.4 to 145 pg/kg (BELAKOVA et al. 2014).

In 2012, monitoring of cereals including 20 samples
of barley for the mycotoxin presence was conducted
in Ireland (Food Safety 2015). Twelve samples con-
tained DON at low concentrations (to 200 pg/kg),
on the other hand, ZEN was found in 11 samples,
the highest measured value was 150 pg/kg. T-2 and
HT-2 were not found at quantifiable concentrations.
The samples were analysed by the method of liquid
chromatography with UV, FLD or MS detection.

In Switzerland, in 2013 and 2014, 280 and 160 bar-
ley samples for the presence of Fusarium mycotoxins
were tested by the HPLC/MS method. DON was the
prevailing mycotoxin in both harvests with the average
concentration of 235 pg/kg in 2013 and 47 pg/kg in
2014. In 2013 the highest determined concentration
was 4860 pg/kg, in 2014 of 1725 pg/kg. The average
ZEN content was 3.7 pg/kg and 10.2 pg/kg in 2013

450
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300 7ZEN
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Figure 3. The effect of the variety on mycotoxin content
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and 2014, respectively. The highest concentration of
240 pg/kg was determined in 2014. T-2 and HT-2 toxins
were detected in harvest 2013 in 16 (6%) and in harvest
2014in 10 (6%) samples and the average concentration
was 15.4% or 9.7% (SCHONEBERG et al. 2016).

In 2013-2015, research into mycotoxins in cereals in
the area of Bosnia and Herzegovina investigated a total
of 58 barley samples for the presence of mycotoxins
DON, ZEN, and fumonisins by the ELISA method.
The published data showed that DON was detected
totally in 22 samples (38%) in quantifiable concen-
trations with the average content of 365 pg/kg and
the highest detected values of 578 pg/kg, ZEN was
found in 20 samples (34%) with the highest measured
concentration of 84 pg/kg (PLEADIN et al. 2017). We
can state that considering different weather condi-
tions and used analytical methods the occurrence
of the studied mycotoxins is comparable.

In Poland, BryLA et al. (2016) analysed 26 mycotoxins
in 147 various grain samples from the harvest 2014
included 8 samples of spring barley and 16 samples of
winter barley. Four samples of spring barley contained
DON with maximum concentration of 222 pg/kg and
six samples contained ZEN with highest concentration
of 31 pg/kg, all 16 samples of winter barley contained
DON with maximum 1602 pg/kg and ten samples
contained ZEN with maximum 19 pg/kg.

Similar data have been also presented in previously
published research. For example, in 2001, eight samples
harvested in Eastern Slovakia were analysed using
LC/UYV, five of which were contaminated with DON
of the average concentration of 187 pg/kg with the
highest concentration found 530 pg/kg (CONKOVA
et al. 2006). EDWARDS (2009) analysed in UK totally
446 barley samples from harvests 2002 to 2005 (ap-
proximately 25% of which were collected from or-
ganic growers) for the presence of 10 trichothecene
mycotoxins by the GC/MS method. DON was found
in 57% of the tested samples and only one of them
from harvest 2005 exceeded ML EU with concentra-
tion of 1416 pg/kg. 12% of samples were T-2 and HT-2
positive of highest concentration of 138 pg/kg. The
author stated that no significant differences in con-
tamination between barleys grown in conventional
and organic farming were found. PLEADIN et al. (2013)
mapped concentration of Fusarium mycotoxins in
cereals in six different Croatian regions, including 34
barley samples. They reported 53% samples contami-
nated by DON with an average content of 228 pg/kg
and the highest content of 342 pg/kg, 9% of samples
positive for ZEN with the average content of 32 ug/kg

and the highest content of 68 pg/kg. 32% of the samples
contained T-2 with the average value of 13 pug/kg and
the highest content of 26 pg/kg. On the other hand,
TABUC et al. (2009) who within their research using
ELISA examined totally 21 barley samples harvested
in 2002-2004 in south eastern Romania, reported
slightly higher concentrations of DON and ZEN.
The authors found DON in the range from 0 to 4000
ug/kg and concentrations in 13 (62%) samples exceed-
ed ML EU, and all samples were ZEN contaminated
at the average concentration of 133 pg/kg and 71%
of them exceeded ML EU.

Some of the cited authors also mapped in their stud-
ies the occurrence and representation of the individual
pathogens of Fusarium species, they described local
weather conditions in the given seasons and suggested
that a great variability of the occurring pathogen
or simultaneous co-occurrence of more pathogens and
also occurrence of their metabolites was affected by
these conditions. These facts indicate that the natural
contamination of cereals, including malting barley by
mycotoxins cannot be completely eliminated not even
if proper farming practices are maintained.

CONCLUSION

In 2012-2017, screening of totally 592 samples of
malting barley for the content of Fusarium mycotoxins
by immunochemical ELISA method was conducted.
On average, the total content of positive samples in all
the studied mycotoxins was to 20.5% in the given years.
The mycotoxin content was affected by a pre-crop,
the least suitable was maize, and the effect of a barley
variety was not proven. Mycotoxin contents did not
exceed ML EU for unprocessed cereals in DON and
ZEN and indicative limits for T-2 and HT-2 toxins in
any of the studied samples. As mycotoxins may pass
into malt and beer produced from the malting barley,
further monitoring of quality of the input materials
to protect consumers’ health is necessary.
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In 2009-2010, 72 wine samples of Moravian and foreign origin were analysed for ochratoxin A contam-
ination. A fast analytical method based on immunoaffinity column clean-up and followed by the ultra
performance liquid chromatography coupled to fluorescence detection was used. LOD and LOQ values
were 0.3 and 1.0 ng/L. Ochratoxin A was detected in 11% of Moravian wines and the detected OTA level
ranged from 1.2 to 71.2 ng/L. In foreign wines, OTA level ranged from 1.6 to 227.0 ng/L. The values of OTA
in all studied samples were significantly below the maximum allowable limit, 2.0 pg/kg, set by the Euro-

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Ochratoxins, secondary metabolites of toxigenic fungi
(microscopic micromycetes), are dangerous contaminants of nat-
ural origin. They are produced by Aspergillus species (A. ochraceus,
A. sulphureus, A. sclerotinum, A. niger, and A. carbonarius) in tropi-
cal and subtropical areas, by Penicillium species (P. verrucosum,
P. purpurascens, and P. commune) in colder areas (Gupta, 2007).
Ochratoxin A (OTA) is the most significant and widespread myco-
toxin of the ochratoxin group. The main toxic effects of OTA are
nephrotoxicity, hepatotoxicity, immunotoxicity, teratogenicity
and neurotoxicity. OTA also has potential mutagenic and carcino-
genic effects (Pfohl-Leszkowicz & Manderville, 2007; Ringot,
Chango, Schneider, & Larondelle, 2006). It acts as a cumulative
poison, with quick absorption and slow elimination. So far, only
little information has been available on the combined effects of
OTA and other mycotoxins (Ringot et al., 2006).

Ochratoxin A occurs in a number of food commodities both of
plant and animal origin. The main OTA sources in food are cereals
and cereal products (e.g. Duarte, Pena, & Lino, 2010; Kabak, 2009),
followed by wine and wine grape products, including raisins
(Aksoy, Eltem, Meyvaci, Altindisli, & Karabat, 2007; Ostry, Ruprich,
& Skarkova, 2002). OTA also occurs in green and roasted coffee (e.g.
Sugita-Konishi et al., 2006), legumes, spices and green tea. Contam-
ination of brewing materials (Scott, 1996) by OTA is often

* Corresponding author. Tel.: +420 545 214 110/37; fax: +420 545 321 225.
E-mail address: benesova@beerresearch.cz (K. Benesova).

0308-8146/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.foodchem.2011.12.061

associated with the presence of OTA in beer (e.g. Bélakova, Benes-
ova, Mikulikova, & Svoboda, 2011; Scott & Kanhere, 1995). The
main animal sources are pork meat, blood and innards (Gareis &
Scheuer, 2000).

OTA in wine and grape juice was first reported in Switzerland in
1996 (Zimmerli & Dick, 1996). Since then a number of studies
focusing on OTA content in wine and wine grapes have been car-
ried out. Summary review was given in studies from 2006 to
2007 (Mateo, Medina, Mateo, Mateo, & Jiménez, 2007; Varga &
Kozakiewicz, 2006).

Higher OTA content was mainly found in red wines; rosé and
white wines followed, OTA content depends on a winemaking
process (Meca, Blaiotta, & Ritieni, 2010). The highest OTA content
was detected in special and liquor wines (Valero, Marin, Ramos,
& Sanchis, 2008). The European Commission set the maximum
allowable limits (MALs) for wine to 2.0 pg/kg. (Off. Journal of the
European Union, 2006). However, this limit does not apply to
liquor or dessert wines with more than 15% alcohol content.

It is well known that the ochratoxin A occurrence and concen-
tration in wines is highly affected by geographical and climatic
conditions. Higher OTA content and higher number of contami-
nated samples was repeatedly detected in wines from the Mediter-
ranean and other southern wine-producing areas. For example,
OTA concentration in Italian wines varied from 0.01 to 4.0 pg/L
(Brera, Soriano, Debegnach, & Miraglia, 2004), similarly, in Greek
wines OTA level ranged from <LOD to 2.82 pg/L (Stefanaki, Foufa,
Tsatsou-Dritsa, & Dais, 2003) and the maximum OTA value in
Portugal wines was 2.4 ng/L (Pena, Cerejo, Silva, & Lino, 2010).
Lower concentrations were measured in Spain, where OTA values
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varied from 0.06 to 0.316 pg/L (Lopez de Cerain, Gonzalez-Penas,
Jiménez, & Bello, 2002); similarly, OTA values in Turkish wines var-
ied from 0.006 to 0.815 pg/L (Var & Kabak, 2007) and the maxi-
mum value in Croatian wines was 21.0 ng/L (Flajs, Domijan, Ivic,
Cvjetkovic, & Peraica, 2009).

In central European wine regions, the OTA occurrence in grapes
and wine was significantly lower. OTA was not detected in
products from Hungary (Berente et al., 2005) and similarly, OTA
was detected only in 1 of 116 wine samples from Austria (Eder,
Paar, Edinger, & Lew, 2002). In Slovakia, content of OTA and other
mycotoxins was analysed in wine grapes from South Slovakian,
Nitrian and Small Carpathian regions with maximal content of
1.03 pg/kg (Mikudova, Ritieni, Santini, Juhasovd, & Srobarova,
2010). In 2005 a pilot study on the OTA occurrence in fresh grape
juice, must and wine from South Moravia was performed. OTA con-
tent was under the limit of quantification (8 ng/L) in all samples
(Ostry et al., 2007).

The Moravian wine region includes around 97% of the total area
under wine in the Czech Republic (Kraus, 2005). The Moravian
wine region is divided into four sub-regions: Znojmo, Mikulov,
Velké Pavlovice and Slovacko (Fig. 1). The total area of vineyards
is 18,512 ha. Soil conditions are various with prevailing stony, skel-
etal, sandy and also clayey soils. The region has moderate inland
climate with the average annual temperature is 9.42 °C, average
annual rainfall 510 mm and average annual sunshine is 2244 h.
Wet and fresh air blowing from the Atlantic Ocean slows down rip-
ening of wine grapes contributing to the development of various
aromatic and spicy substances. All these conditions imprint Mora-
vian wines their unique character.

The aim of this study was to determine ochratoxin A content in
wine samples from the Moravian wine production area using a
new more sensitive UPLC method and compare the detected OTA
levels with those found in foreign wines.

2. Experimental
2.1. Materials and reagents

OTA standard (solution, 10 pg/ml in acetonitrile), analytical and
HPLC reagents were obtained from Sigma-Aldrich (Steinheim, Ger-
many). The immunoaffinity columns Ochraprep were purchased
from the company R-Biopharm (Germany).

Phosphate buffer (PBS) was prepared by mixing 800 ml of
deionised water containing 19.1+0.1 g of disodium hydrogen
phosphate and 200 ml of deionised water containing 1.8+0.1g
of potassium dihydrogen phosphate. The pH of the resulted phos-
phate buffer was adjusted to 7.4 with 2 M NaOH solution.

e

Fig. 1. The Moravian wine regions: 1, Znojmo sub-region; 2, Mikulov sub-region; 3,
Velké Pavlovice sub-region; 4, Slovacko sub-region.

Mobile phase was prepared by adjusting 500 ml of deionised
water to pH 2.0 with concentrated HsPO,4. Before use it was filtered
through the 0.22 um nylon filter.

2.2. Samples

Two sets of samples were analysed: The first set included 46
wine samples from all four Moravian subregions. Wines were pur-
chased in retail stores, specialised shops or delivered directly by a
producer (wine grower). All of them were quality wines or special
wines and archive wines. The effects of weather conditions in the
harvest year, the fungicide treatments or production procedures
were not determined. The other set contained 25 foreign wine
samples (22 samples from Europe, two from Chile and one from
South Australia). Wines were randomly purchased in the local
stores during 2009.

2.3. Preparation of wine samples

NaOH (2 M) was added to 50 ml of the wine sample and pH was
adjusted to 7.2. Then the sample was applied to the immunoaffin-
ity column (OCHRAPREP) and washed with 20 ml of phosphate
buffer. Ochratoxin A was eluted repeatedly (3x) with the mixture
of 1.5 ml of methanol:acetic acid (98:2, v/v). The obtained eluate
was concentrated on the rotary vacuum vaporiser, the residue ob-
tained was transferred to 1 ml of methanol:water (50:50, v/v). The
prepared sample was filtered prior to the analysis through a
0.22 um nylon microfilter.

2.4. Preparation of standard calibration curve

OTA standard (Sigma-Aldrich) concentration was 10 pg/ml in
acetonitrile (ACN). Concentration of stock solution prepared from
this standard was 100 ng/ml in methanol:water 50:50, v/v. A
nine-point calibration curve of methanol:water 50:50, v/v (at con-
centrations of 0.2, 0.4, 0.5, 1, 2, 4, 6, 8 and 10 ng/ml) was con-
structed. Fresh calibration solutions were prepared every day.
Each solution was injected twice; mean was calculated from two
measurements. Calibration curve was constructed as the depen-
dence of the peak area on concentration of the standard. Ochra-
toxin A was identified by the comparison of retention time of a
corresponding peak with the peak of the standard. The external
standard method was used for the quantitative evaluation.

2.5. Instrumentation and OTA analyses

OTA standards and samples were analysed on the Acquity UPLC
chromatographic system (Waters, USA). The system is equipped
with a binary high-pressure gradient pump, vacuum degasser,
autosampler with the Rheodyne injector, thermostat of columns
and programmable PDA and a fluorescence detector. Data were
collected and processed by the Empower software.

Analyses were performed on an Waters Acquity BEH C18 col-
umn (100 x 2.1 mm, 1.7 pm particle size) using binary gradient
acetonitrile (ACN):water adjusted with H3PO,4 to pH 2.0 (0 min
40% ACN, 2 min: 60% ACN, 2-2.2 min: 60% ACN, 2.5 min: 40%
ACN). The flow rate of the mobile phase was 0.3 ml/min, the col-
umn temperature 40 °C, injection volume was 10 pl. The total anal-
ysis time was 5 min. The system was equipped with a fluorescence
detector set to an excitation wavelength of 335 nm and emission
wavelength of 440 nm.

2.6. OTA analysis by Mass Spectrometry

For the identification and confirmation of OTA in some selected
samples, the High Performance Liquid Chromatography/Mass
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Fig. 2. OTA standard (interrupted line) and wine contaminated with OTA (full line).
Table 1
OTA concentrations in Moravian wines.

Sub-region Variety Kind Description Year Content of OTA (ng/L)
Mikulov Chardonnay White 2006 <LOQ
Mikulov Chardonnay White 2006 <LOQ
Mikulov Ryzlink rynsky White Wine with the attribute late harvest 2008 <LOQ
Mikulov Ryzlink vlassky White Wine with the attribute late harvest 2009 <LOQ
Slovacko Rulandské bilé White Straw wine 2003 <LOQ
Slovacko Aurelius White Botritic harvest 2005 <LOQ
Slovacko Chardonnay White 2007 <LOQ
Slovacko Ryzlink vlassky White Quality varietal wine dry 2007 <LOQ
Slovacko Rulandské bilé White 2009 <LOQ
Slovacko Ryzlink vlassky White 2009 <LOQ
Slovacko Miiller Thurgau White 2009 <LOQ
Slovacko Frankovka Red Quality varietal wine 2007 <LOQ
Slovacko André Red Wine with the attribute late harvest 2008 <LOQ
Velké Pavlovice Chardonnay White <LOQ
Velké Pavlovice Chardonnay White 2004 35
Velké Pavlovice Rulandské bilé White Selection of grapes 2005 <LOQ
Velké Pavlovice Miiller Thurgau White Dry 2009 <LOQ
Velké Pavlovice Rulandské bilé White Quality varietal wine dry 2009 4.0
Velké Pavlovice Ryzlink vlassky White 2009 <LOQ
Velké Pavlovice Sylvanské + Miiller Thurgau White 2009 <LOQ
Velké Pavlovice Palava White 2009 <LOQ
Velké Pavlovice Cabernet Sauvignon Red Dry wine with the attribute late harvest 2007 71.2
Velké Pavlovice Svatovaviinecké + Frankovka Red 2009 <LOQ
Znojmo Chardonnay White 2006 17.3
Znojmo Chardonnay White Quality varietal wine dry 2006 <LOQ
Znojmo Miiller Thurgau White 2008 <LOQ
Znojmo Chardonnay White 2008 <LOQ
Znojmo Veltlinské zelené White 2008 <LOQ
Znojmo Rulandské bilé White 2008 <LOQ
Znojmo Miiller Thurgau White Dry 2008 <LOQ
Znojmo Neuburské White 2009 <LOQ
Znojmo Veltlinské zelené White 2009 <LO0Q
Znojmo Ryzlink rynsky White 2009 <LOQ
Znojmo Miiller Thurgau White 2009 <LOQ
Znojmo Veltlinské zelené White 2009 <LOQ
Znojmo Veltlinské zelené White 2009 <LOQ
Znojmo Rulandské bilé White 2009 <LOQ
Znojmo Modry Portugal Red Quality varietal wine dry 2006 <LOQ
Znojmo Svatovaviinecké Red Quality varietal wine dry 2007 <LOQ
Znojmo Modry Portugal Red 2008 1.2
Znojmo Zweigeltrebe + Frankovka Red 2008 <LOQ
Znojmo Modry Portugal Red Quality varietal wine dry 2009 <LOQ
Znojmo Zweigeltrebe + Frankovka Red 2009 <LOQ
Znojmo Zweigeltrebe Red 2009 <LOQ
Znojmo Frankovka Red 2009 <LOQ
Znojmo Svatovavfinecké Red 2009 <LOQ
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Spectrometry method was used. The chromatographic system
Finnigan Surveyor with ion trap LCQ Advantage (Thermo-Fisher,
USA) with atmospheric pressure ionisation controlled by the Excal-
ibur software was used. Conditions were as follows: The Kinetex
PFP column (3.0 x 100 mm, 2.6 um particle size) using isocratic
elution with a methanol:10 mM ammonium acetate in water
(70:30, v/v) mixture as a mobile phase was employed. The flow
rate was 0.3 ml/min and injection volume was 25 pl. The retention
time of OTA was 2.5 min. The following MS parameters were em-
ployed: For electrospray ionisation with positive ion polarity, the
capillary voltage was set to 3.0 kV, the capillary temperature to
250 °C, the sheath gas flow (nitrogen) to 40 L/min. The collision en-
ergy was 40% and the fragmentation time was 30 ms. To determine
the product ion of OTA, the protonated molecule ([M+H]") at m/z
404 was isolated, and the fragment ions were detected in a scan
range of m/z 300-450. The most intensive product ion was m/z
358 ([M+H-HCOOH]"). OTA was detected in full scan mode of
MS? 404 — 358.

3. Results and discussion
3.1. Analytical methods

OTA can be analysed with the method of direct injection
(Berente et al., 2005; Dall’Asta, Galaverna, Dossena, & Marchelli,
2004; Pena et al., 2010). However, the detection limits are high,
around 1 pg/L as the analyte is not pre-concentrated.

Therefore, the selective immunoaffinity column was chosen as
the most suitable method for obtaining high purity OTA extract
with a low content of matrix components that could cause interfer-
ence in the assay. However, these components must be sufficiently
separated from the targeted analyte. Using this method a very low
OTA concentration can be detected. This method is very fast, sim-
ple and environmentally friendly as no toxic chlorinated solvents
are used.

The optimised gradient elution was used for the chromato-
graphic analyses. Five injections of blank (mobile phase) were per-
formed and no peak was detected at the same retention time of

Table 2
OTA concentrations in foreign wines.

OTA. Subsequently five injections with OTA standard at different
concentrations were applied. A peak with a gradually increasing
area without any interferences was observed. Then five injections
of wine (matrix) without OTA contamination were performed, at
standard retention time no peak was observed again.

Fig. 2 shows the chromatograms of OTA standard (2.0 ng/ml)
and a contaminated red wine sample with OTA content of
2.45 ng/ml (i.e. 0.049 ng/ml in a real sample). Samples were pre-
concentrated fifty times.

The calibration curve showed a good linear relationship be-
tween peak areas and OTA concentration. Curve was linear in the
given range with the regression coefficient R? = 0.9995. Equation
of the calibration curve was y=17,452 + 144x + 1570 + 714. Effi-
Validation program was used for calculation of the confidence
intervals (a(17,112-17,792); b(-118.25-3258.20)).

The limit of detection (LOD) was defined as the concentration at
which the signal to noise ratio equals 3. The limit of quantification
(LOQ) was defined as the concentration where the signal to noise
ratio equals 10. Limit of detection was 0.015 ng/ml and limit of
quantification was 0.05 ng/ml, after recalculation to the wine ma-
trix, it was 0.3 and 1.0 ng/L, respectively. RSD for repeatability in
wine was 5.3%.

Recovery was calculated using the spiked sample. The sample
with zero OTA concentration was selected and spiked with the
OTA standard of the given concentration (1.0 ng/ml) and then it
was extracted and analysed using the method described above.
The value of recovery was 95%. The OTA content in real wine sam-
ples is given in ng/L without recalculation for recovery. Relative ex-
tended uncertainty of the determination was 9.6%.

3.2. Occurrence of OTA in wine

3.2.1. Moravian wines

The set included 46 samples, 33 white and 13 red wines. OTA
was detected in 5 samples, i.e. 11%. Three contaminated wines were
from the region of Velké Pavlovice. The highest detected OTA con-
centration (71.2 ng/L) was in archive Cabernet Sauvignon from
2007. Higher OTA concentration in red wines may depend on

Country of origin Wine description Kind Year Content of OTA (ng/L)
France Cuvée White 2004 1.6
France Cuvée White 2005 <LOQ
France Chardonnay White 2007 171
France Cuvée Rosé 2007 34
France Cuvée Rosé 2007 <LOQ
France Cuvée Red 2006 <LOQ
France Cuvée Red 2007 <LOQ
Italy Chardonnay White 2006 <LOQ
Italy Soave White 2008 33
Italy Sangiovese Red 2006 <LOQ
Italy Cuvée Red 2007 <LOQ
Hungary Tokaji White 2001 <LOQ
Portugal Port White 13.6
Portugal Cuvée Rosé 2.0
Greece Cuvée White 227.0
Greece Cuvée Red 109.0
Greece Merlot Red 2006 127.3
Spain Port White <LOQ
Spain Chardonnay White 2004 1.7
Spain Chardonnay White 2005 75.9
Spain Cuvée White 2006 <LOQ
Spain Shiraz Red 2005 59.5
Spain Cabernet Red 2006 16.9
Chile André Red 2000 4.6
Chile Cabernet Sauvignon Red 2009 49.0
South Australia Chardonnay White 2002 5.00
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technology used for their production; grapes are allowed to ferment
with their skins, which can be highly contaminated with toxigenic
fungi. Most wines were from the Znojmo region where OTA was de-
tected in two of 23 wine samples. The variety Chardonnay from
2006 contained 17.3 ng/L and Modry Portugal from 2008 1.2 ng/L,
i.e. trace amounts closely above the limit of quantification. OTA
was not detected in 4 wines from the Mikulov region and 9 samples
from the Slovacko region. Neither year nor variety affected the OTA
content. Enhanced OTA content was not confirmed in wines with
higher content of sugar and alcohol (straw wines, special selection
of berries). Results are summarised in Table 1.

The present results confirmed previous conclusions (Berente
et al.,, 2005; Eder et al., 2002; MikuSova et al., 2010; Ostry et al.,
2007) that risk of wine contamination with ochratoxin A is very
low in the South Moravian wine region.

3.2.2. Foreign wines

This set included 26 wine samples - 13 white, 3 rosé and 10 red
wines. OTA was detected in 16 samples, i.e. 64%, average OTA con-
tent was 44.0 ng/L. Of 13 white wines eight samples were positive,
average OTA content was 43.2 ng/L, of three rosé wines two
positive samples were detected, average OTA content was 2.7 ng/
L and of 10 red wines six were positive, i.e. 60%, with average
OTA content of 61.0 ng/L. Relatively higher OTA content was de-
tected in all wines from Greece (109.0-227.0 ng/L) and Spain
(1.7-75.9 ng/L). These results confirm findings of other authors
that OTA content strongly depends on the geographical position
of a vineyard and climatic conditions, red wines having relatively
the highest OTA content. The highest OTA level measured in this
study was detected in white dessert wine from Greece. Dessert
wines are quite prone to be contaminated with OTA. The high lev-
els of OTA can be due to the raisining (Valero et al., 2008). OTA con-
tents detected in this set of samples of wines imported from the
Mediterranean region were substantially lower compared to data
given in foreign/other studies (Brera et al., 2004; Lopez de Cerain
et al,, 2002; Pena et al., 2010; Stefanaki et al., 2003), limiting factor
can be a small size of the set. Of the oversea wines, the highest OTA
content was found in Cabernet Sauvignon from Chile. The detected
OTA content in all the analysed samples was under the maximum
allowable limit (MAL) set by the EU, 2.0 ng/kg. Results are summa-
rised in Table 2.

4. Conclusion

The method for the extraction of ochratoxin A from wine was
optimised and the analytical UPLC method with fluorometric
detection was developed and validated. This method enables to ob-
tain results in a substantially shorter period compared to the clas-
sical HPLC method. LOD and LOQ values were 0.3 and 1.0 ng/L. The
method is simple and fast and it is suitable for monitoring the OTA
occurrence in wine.

During the 3-year period (2008-2010) this method was used for
the analysis of 72 wine samples of Moravian and foreign origin.
OTA was detected in 11% of Moravian wine samples and the de-
tected levels ranged from 1.2 to 71.2 ng/L. OTA was detected in
64% of foreign wine samples and it ranged from 1.6 to 227.0 ng/
L. The results confirmed our presumption that risk of ochratoxin
A occurrence in wines from the South Moravian region is very
low. The values of OTA in all studied samples were significantly be-
low the maximum allowable limit.
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In 2008-2009 the total set of 237 samples of malting barley, malt, hop, wort, and beer was analysed for
ochratoxin A (OTA) contamination using the ultra performance liquid chromatography (UPLC) coupled to
fluorescence detection (FLD). The UPLC method is a fast technique with low limits of detection and quan-
tification (LOD and LOQ) compared to other methods used routinely. LOD and LOQ values were 0.0003

and 0.001 ng/ml for beer, 0.05 and 0.2 pg/kg for barley and malt, 0.16 and 0.5 pg/kg for hop, respectively.

Keywords:
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Ochratoxin A was detected in one barley sample (0.3 pg/kg), one malt (0.7 pg/kg) and one hop sample
(0.6 pg/kg). OTA content was also determined during the brewing process. In addition, samples of both

UPLC domestic and foreign beers, obtained from local stores, were analysed. OTA content was determined in
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Brewing
Barley

Malt

Beer

39% of beer samples, the detected OTA level ranged from 0.001 to 0.0544 ng/ml. Only one beer sample
contained 0.2438 ng/ml OTA.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Mycotoxins, products of secondary metabolism of filamentous
micromycetes, belong to the most serious contaminants of natural
origin. These highly dangerous chemical substances are known for
their toxic effects. Ochratoxins comprise a group of mycotoxins
produced in tropical and subtropical areas, namely by Aspergillus
species (A. ochraceus, A. sulphureus, A. sclerotinum, A. niger, A. car-
bonarius), in colder areas by Penicillium species (P. verrucosum, P.
purpurascens, P. commune). Chemically, they can be characterised
as derivatives of 7-isocumarin linked to amino acid L-B-phenylala-
nin. In 1992 three new mycotoxins, analogues of ochratoxin A, con-
taining hydroxyprolin, serin or lysine instead of phenylalanin, were
isolated from micromycetes of A. ochraceus (Hadidane et al., 1992).

Ochratoxin A (OTA) is the most significant and widespread
mycotoxin of the ochratoxin group. For the first time it was iso-
lated in the laboratory research from A. ochraceus species in the
Republic of South Africa in 1965 (van der Merwe, Steyn, & Fourie,
1965) and as a naturally occurring contaminant it was found in
maize in 1969 in the USA (Shotwell, Hesseltine, & Goulden, 1969).

The main toxic effects of OTA are nephrotoxicity, immunotoxic-
ity, mutagenicity, carcinogenicity, teratogenicity and neurotox-
icity. These effects were confirmed experimentally in animals
and can be thus assumed in humans as well (Pfohl-Leszkowicz &
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E-mail address: benesova@beerresearch.cz (K. Benesova).
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Manderville, 2007). Study on the mechanisms of OTA effects on liv-
ing organisms has proved the inhibition of protein synthesis, in-
crease in lipid peroxidation, damage to saccharide and calcium
metabolism and damage to mitochondrial functions (Dirheimer &
Creppy, 1991). OTA acts as a cumulative poison with quick absorp-
tion and slow elimination. Toxicokinetic profile is animal species
dependent. In humans, OTA is metabolised very slowly with a
half-life of more than 30 days. Recent studies have demonstrated
that exposition to this toxin can represent a world wide problem
(Pena, Seifrtova, Lino, Silveira, & Solich, 2006; Ueno et al., 1998).
Ochratoxin A, similarly as other mycotoxins, is heat-resistant (Bull-
erman & Bianchini, 2007) and neither freezing can eliminate it
from food. Prevention is of utmost importance and therefore high
attention has been devoted to food and feed protection already
in the phase of growing, e.g. treatment with appropriate fungicides
(Amézqueta, Gonzalez-Pefias, Murillo-Arbizu, & Lépez de Cerain,
2009).

Ochratoxin A occurs in a number of commodities both of plant
and animal origin. The main OTA sources in food are cereals,
mainly barley, rye, oats, wheat, rice and maize, and cereal products
(Kabak, 2009; Sugita-Konishi et al., 2006). Wine was identified as
the second biggest source of OTA. OTA was also detected in wine
juice and wine vinegar (Varga & Kozakiewicz, 2006), in pork meat,
blood, innards (livers, kidneys, products from blood), bovine milk
(Serensen & Elbak, 2005), in coffee (Sugita-Konishi et al., 2006),
beer (Reinsch, Topfer, Lehmann, Nehls, & Panne, 2007) legumes,
spices, green tea and dried fruits, such as figs. (Karbancioglu-Giiler
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& Heperkan, 2008) or raisins (Sugita-Konishi et al., 2006). OTA may
also represent a potential airborne hazard, in water-damaged
buildings, or occupational contamination, in workplaces with high
mould exposure, such as agricultural, farm and alimentary indus-
tries (Duarte, Pena, & Lino, 2009). The European Commission set
the new maximum allowable limits (MAL) for some food commod-
ities in 2006 (Official Journal of the European Union, 2006).

The presence of OTA in beer depends on contamination of brew-
ing materials, i.e. malting barley and malt, with micromycetes of
Penicillium verrucosum sp. and Aspergillus ochraceus sp. Several
studies of brewing materials have been performed. OTA content
in barley ranged from 0.1-2.7 pug/kg (Thelman & Weber, 1997),
0.01-0.495 ng/kg (Wolf, 2000) and 0.53-12 pg/kg (Gumus, Arici,
& Demirci, 2004). OTA content in malt ranged from 0.1-0.92 pg/
kg (Thelman & Weber, 1997) and 0.5-6.6 pg/kg (Gumus, Arici, &
Demirci, 2004). In 1996 transmission of OTA and other mycotoxins
into beer during brewing was studied (Scott, 1996). Korgh et al. ob-
served substantial OTA losses (40-89%) (Krogh, Hald, Gjertsen, &
Myken, 1974) in the grist during mashing, most probably due to
proteolytic degradation. Another 16% was eliminated with the
spent grains. During fermentation OTA losses ranged from 2-69%
(Scott & Kanhere, 1995). The remaining OTA is transmitted to beer.
For the first time OTA content in beer was described in 1983 (Payen,
Girard, Gaillardin, & Lafont, 1983). A number of studies performed
worldwide since 1998 reported OTA levels in beer ranging from 0
to 0.5 ng/ml (Mateo, Medina, Mateo, Mateo, & Jiménez, 2007 and
Refs. cited herein), with the exception of the study on South African
beers performed in 2002 (Odhav & Naicker, 2002), where the value
of 2340 ng/ml was the highest level ever reported for OTA content
in beer. We can conclude that beer is not a relevant contributor to
the OTA exposure for population. The European Commission did
not set the maximum allowable limit for OTA content for beer.

Barley, malt and beer represent a very complicated matrix, sam-
ple preparation and clean-up procedure prior to the analysis are
necessary. The methods most frequently used are liquid-liquid
and solid-liquid extraction or immunoaffinity columns (IAC)
(Senyuva & Gilbert, 2010 and Refs. cited herein,). The possibilities
of extraction, separation and detection of OTA and other mycotox-
ins including HPLC, TLC, GC, mass spectrometry, capillary electro-
phoresis and ELISA tests were summarised in the latest review in
January 2009 (Turner, Subrahmanyam, & Piletsky, 2009).

The aim of this study was to determine the ochratoxin A con-
tent in raw brewing materials, during the brewing process and in
the beer samples by a new UPLC separation technique coupled to
fluorescence detection.

2. Experimental
2.1. Materials and reagents

OTA standard (solution, 10 pg/ml in acetonitrile), analytical and
HPLC reagents were obtained from Sigma-Aldrich (Steinheim, Ger-
many). The immunoaffinity columns Ochraprep were purchased
from the company R-Biopharm (Germany).

Phosphate buffer (PBS) was prepared by mixing 800 ml of
deionised water containing 19.1+0.1 g of disodium hydrogen
phosphate and 200 ml of deionised water containing 1.8 +0.1¢g
of potassium dihydrogen phosphate. The pH of the resulted phos-
phate buffer was adjusted to 7.4 with the solution of 2 M sodium
hydroxide.

2.2. Samples

OTA content was determined in three sets of samples: (1) OTA
content in brewing materials - barley, hop, malt, (2) OTA content

during beer production, (3) OTA content in beers purchased in local
shops.

2.2.1. OTA content in brewing materials - barley, hop, malt

Samples of malting barley, hop and malt were obtained from
different localities and suppliers in the Czech Republic. Various
matrixes of hop were delivered (cones, extract, paste). This set in-
cluded 39 barley samples, 58 malt samples and 5 hop samples, i.e.
totally 102 samples. All samples came from harvests 2008-2009.

2.2.2. OTA content during beer production

Ochratoxin A was determined in samples of two malting barley
varieties Bojos and Sebastian during malting and brewing. The
samples from the harvest year 2008 were collected from the grow-
ing station HrubCice in the Czech Republic. The malting barley
samples included both the fungicide treated and nontreated vari-
ants. Malts from these barleys were prepared in the micromalting
plant of the Malting Institute of the Research Institute of Brewing
and Malting in Brno using the procedure with short steeping and
CO, extraction. Sweet wort, hopped wort and beer were prepared
in the Brewing Institute of the Research Institute of Brewing and
Malting in Prague. Beer was prepared by a classical decoction
method. This set included 20 samples.

2.2.3. OTA content in beer

Beer samples were purchased in local Czech stores in 2009. Beer
samples included pale beer, lager, blended beers, special beers,
dark and nonalcoholic beers both of inland and outland produc-
tion. This set included 115 samples.

2.3. Sample preparation and extraction

OTA from a sample was concentrated on the immunoaffinity
column. The antibodies contained in the immunoaffinity column
were reversibly bound to the mycotoxin in the extract and thus
trapped. Subsequently, the mycotoxin was eluted from the column
using the elution mixture, as described below.

The barley, malt samples (50x0.1¢g) and hop samples
(25 +0.1 g) were blended for 2 min or ultrasonicated for 10 min
with 200 ml acetonitrile-water (60:40 v/v). The homogenised sam-
ple was centrifuged at 4000 rev/min for 10 min. The supernatant
was filtered through a glass filter. 22 ml of PBS was added to
2 ml filtered extract. After complete homogenisation the sample
was applied to the Ochraprep immunoaffinity column with flow
rate equal to 2-3 ml/min. The column was washed with 20 ml of
PBS.

Elution was repeated three times with 1.5 ml of methanol/ace-
tic acid (98:2, v/v) at a flow rate less or equal to 2-3 ml/min. The
eluate was rotary evaporated to dryness under vacuum and redis-
solved in 1 ml of methanol-water (50:50, v/v). The sample was fil-
tered through a 0.22 pm nylon microfilter.

In the liquid matrixes, the extraction step was omitted. 50 ml of
beer sample was degassed using the ultrasound cleaning device,
pH was adjusted to 7.2 with 2 M NaOH. The whole volume of the
sample was passed through the immunoaffinity column and elu-
tion was performed as described above.

2.4. Preparation of standard calibration curve

Concentration of OTA standard (Sigma-Aldrich) was 10 pg/ml
in acetonitrile (ACN). Concentration of stock solution prepared
from this standard was 100 ng/ml in methanol-water 50:50. A se-
ven-point calibration curve of methanol-water 50:50 (at concen-
trations of 0.5, 1, 2, 4, 6, 8, and 10 ng/ml) was constructed.
Calibration solutions were freshly prepared each day before the
measurement. Each solution was injected twice, mean was
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calculated from two measurements. Calibration curve was con-
structed as the dependence of the peak area on concentration of
the standard. Ochratoxin A was identified by the comparison of
retention time of a corresponding peak with peak of the standard.
The external standard method was used for the quantitative
evaluation.

2.5. Instrumentation and OTA analyses

OTA standards and samples were analysed on the Acquity UPLC
chromatographic system (Waters, USA). The system is equipped
with a binary high-pressure gradient pump, vacuum degasser,
autosampler with the Rheodyne injector, thermostat of columns
and programmable PDA and fluorescence detector. Data were col-
lected and processed by the Empower software.

Analyses were performed on a Waters ACQUITY UPLC HSS T3
column (2.1 x 100 mm, 1.8 pm particle size) using binary gradient
acetonitrile (ACN)-water adjusted with H3PO4 to pH 2 (0 min 40%
ACN, 2 min: 60% ACN, 2-2.2 min: 60% ACN, 2.5 min: 40% ACN).
The flow rate of the mobile phase was 0.500 ml/min, the column
temperature was 40 °C, injection volume was 10 pl. The total anal-
ysis time was 5 min. The system was equipped with a fluorescence
detector set to an excitation wavelength of 335 nm and emission
wavelength of 440 nm.

For the identification and confirmation of OTA in some selected
samples, the HPLC/ITP/MS LCQ Advantage (Thermo-Fisher, USA)
with atmospheric pressure ionisation controlled by the Excalibur
software was used. Conditions were as follows: The Kinetex PFP
column (3.0 x 100 mm, 2.6 um particle size) was employed using
isocratic elution with a methanol - 10 mM ammonium acetate in
water (70:30, v/v) mixture as mobile phase. The flow rate was
0.300 ml/min and injection volume was 25 pl. The retention time
of OTA was 2.5 min. The following MS parameters were employed:
For electrospray ionisation with positive ion polarity the capillary
voltage was set to 3.0 kV, the capillary temperature to 250 °C, the
sheath gas flow (nitrogen) to 40 I/min. The collision energy was
40% and the fragmentation time was 30 ms. To determine the
product ion of OTA, the protonated molecule ([M +H]J") at m/z
404 was isolated, and the fragment ion was detected in a scan
range of m/z 300-450. The most intensive product ion was m/z
358 ([M +H-HCOOH]"). OTA was detected in full scan mode of
MS? 404 — 358.

3. Results and discussion
3.1. Method parameters

Matrixes of barley, malt, hop, and beer being very complicated,
the use of selective immunoaffinity columns was the most suitable
method for obtaining high purity OTA extracts without the content
of matrix components that could cause interferences in the assay.
The method for the extraction of ochratoxin A from different ma-
trixes was optimised. Both the methods used for sample homoge-
nisation, i.e. blending and ultrasonic homogenisation, gave similar
results. For the extraction on immunoaffinity column, different
volumes of PBS buffer and beer samples were tested to achieve
optimal recovery. Conditions described in Section 2.3 proved to
be the most suitable.

For the chromatographic analyses, gradient elution was opti-
mised. Elution mentioned above in Section 2.5 was assessed as
the best one. Fig. 1 shows the chromatogram of OTA standard at
the concentration of 0.5 ng/ml and chromatogram of beer sample
with 0.795 ng/ml of OTA, extract was pre-concentrated fifty times.

Calibration curve was linear in the given range with the regres-
sion coefficient R? = 0.9992. The equation of the calibration curve

was y =7430 +94 x + 715 £ 527. EffiValidation program was used
for calculation of the confidence intervals (a < 7189.40-76971.50
>; b < —-640.47-2069.80 >).

The limit of detection (LOD) was defined as the concentration at
which the signal to noise ratio equals 3. The limit of quantification
(LOQ) was defined as the concentration where the signal to noise
ratio equals 10. LOD and LOQ values were 0.0003 and 0.001 ng/
ml for beer, 0.05 and 0.2 pg/kg for barley and malt, 0.16 and
0.5 pg/kg for hop, respectively. RSD for repeatability was 5.3% in
barley and malt, 4.2% in beer.

Recovery for barley and malt was calculated using the certified
reference material (CRM), cereal flour enriched with the known
OTA concentration. The sample with zero OTA concentration was
selected for the determination of recovery in beer. The sample
was spiked with the OTA standard of the given concentration
and then it was extracted and analysed pursuant to the method de-
scribed above. Relative extended uncertainty of the determination
for barley and malt was 14.90%. Relative extended uncertainty of
the determination for beer was 8.94%. Recovery and relative ex-
tended uncertainty of determination for hop was not calculated
due to a small number of samples and differences in hop matrixes
(cones, extract, paste). Results are given in Table 1.

3.2. Analyses of brewing materials

Within the period of two years (2008 and 2009) the analyses of
39 malting barley samples, 58 malt samples and 5 hop samples
were performed. These brewing material samples came from dif-
ferent localities of the Czech Republic. OTA was detected in one
barley sample (0.3 pg/kg) and one malt sample (0.7 pg/kg). One
hop sample was contaminated with 0.6 pg/kg of ochratoxin A. All
three contaminated samples were from harvest 2009. Results
(without recalculation for recovery) are given in Table 2.

In comparison to other studies (Gumus, Arici, & Demirci, 2004;
Thelman & Weber, 1997; Wolf, 2000), very low OTA contamination
of studied brewing materials was found.

The level of OTA depends on number of key factors. Cereals can be
contaminated during harvest, the occurrence and persistence of P.
verrucosum in soil has been proved (Elmholt & Hestbjerg, 1999).
Good storage practice must be also kept (Magan & Aldreda, 2007).
In addition, admixtures of impurities, namely dust, weed seeds,
and grain fractures (Tangni & Pussemier, 2006) can affect OTA
contamination. Dust can either contaminate cereals directly or it
can act as an inoculum. Seed and weed admixtures can temporarily
increase moisture in a cereal and thus create suitable conditions for
mycotoxin production. Early grain clearance and moisture decrease
under critical limit can prevent cereal contamination with OTA.

It can be concluded, that the very low contamination of studied
brewing materials with OTA was probably due to the fact that
impurities were removed as the samples were determined for fur-
ther processing and beer production. Another reason can be, that
all producers and suppliers kept an excellent drying and storage
conditions, which helped avoid mould growth and subsequent
OTA contamination.

3.3. Transmission of OTA during the technological process of beer

Transmission of OTA during the technological process of beer
production was analysed in 2 samples of barley, malt, sweet wort
and hopped wort and beer produced from them. The barley varie-
ties Bojos and Sebastian were from one locality, the variants were
both chemically (fungicide) treated and nontreated. OTA content
was not detected in any barley and malt samples. The trace
amounts of OTA were detected in sweet wort made from the vari-
ety Sebastian. Sweet wort was stored in the refrigerator for 72 h
during analyses. During this time an eye-visible mould was
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Fig. 1. OTA standard (full line) and beer contaminated with OTA (interrupted line).
Table 1 Table 4
Limits of detection and quantification for different matrixes. OTA concentrations in beer samples.
Matrix LOD LOQ Recovery% Total Positive Min Max
Beer 0.015 ng/ml 0.05 ng/ml 95 Pale beer ng/ml 72 30 0.001 0.2438
Barley, malt 0.05 ng/kg 0.2 ng/kg 82 (CRM) Dark beer ng/ml 18 8 0.0022 0.0478
Hop 0.16 pg/kg 0.5 pg/kg - Special beer ng/ml 10 4 0.0018 0.045
Nonalcoholic beer ng/ml 15 5 0.0014 0.0508
Table 2 A level (0.2438 ng/ml) was found only in one sample of pale beer.
OTA concentrations in brewing materials. Results are given in Table 4.
Total Positive Min Max
Barley ng/kg 39 1 0 0.3 4. Conclusion
Malt ung/kg 58 1 0 0.7
Hop Helke > ! 0 06 The method for the extraction of ochratoxin A from different
matrixes was optimised and the analytical UPLC method with fluo-
rometric detection was developed and validated. This method en-
Table 3 ables to obtain results in a substantially shorter period compared

OTA concentrations during technological process.

Variety Barley Malt Sweet wort Hopped wort Beer
(ng/kg) (pg/kg) (ng/ml) (ng/ml) (ng/ml)
Bojos (nontreated) <LOD <LOD <LOD <LOD 0.0076
Bojos (treated) <LOD <LOD <LOD <LOD 0.013
Sebastian (nontreated) <LOD <LOD 0.0126 <LOD <LOD
Sebastian (treated) <LOD <LOD 0.0126 <LOD <LOD

created, probably causing production of OTA. This suggests a pos-
sible contamination of a sample during storage at lowered temper-
ature. OTA was not found in the control sample of wort. OTA was
not detected in the beer made from the variety Sebastian. We
can assume that secondary fungal contamination can be elimi-
nated by maintaining the proper technological procedure. Trace
amounts of OTA were only detected in beer produced from the
variety Bojos; OTA concentration in other samples was below
LOD. Results are given in Table 3.

3.4. Occurrence of OTA in beer

In 2009 analyses of 115 beers (i.e. pale, dark, special and nonal-
coholic beers) from local stores were performed. OTA was present
in 39% of samples. With the exception of one sample, Ochratoxin
concentration ranged from 0.001-0.0544 ng/ml, which corre-
sponds to the data given in the literature. The highest ochratoxin

to the classical HPLC method. LOD and LOQ were significantly low-
er compared to the data given in the literature for the FLD or MS
detection. It is also much cheaper than the frequently used MS
detection. The method is simple and fast and it is suitable for rou-
tine checking of the brewing materials, intermediates and a final
product in the whole technological process of the beer production.
It is also suitable for monitoring the OTA occurrence in beer in
common trade network.

During the two-year period (2008-2009) this method was used
for the analysis of samples of malting barley, malt, hop and beer.
Only one barley, one malt and one hop sample from 2009 were
contaminated with ochratoxin A. 115 beer samples of local and for-
eign provenience purchased in local stores were analysed, OTA
content was determined in 39% of samples in the range of 0.001
to 0.2438 ng/ml.
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In 2008—2011 a total set of 333 samples of brewing raw materials and beer were analyzed for the
presence of aflatoxins B4, Bz, G1 and G,. The standard analytical method using high-performance liquid
chromatography coupled to mass spectrometric detection with immunoaffinity column clean-up was
applied. The method was validated. Limits of detection varied from 0.04 to 0.12 pg/kg in barley and malt,
0.08—0.58 pg/kg in different hop samples, 0.04—0.12 pg/kg in brewers’ yeast and spent grains and 1.5
—4.7 ng/l in beer. Limits of quantification varied from 0.13 to 0.39 pg/kg in barley and malt, 0.25—1.94 pg/
kg in different hop samples, 0.13—0.39 pg/kg in brewers’ yeast and spent grains and 5.1—15.2 ng/l in beer.
In 7 of 216 samples of brewing raw materials (3.2%), aflatoxins were found at trace concentrations to
1.2 pg/kg. In 6 of 117 (5.1%) beer samples, aflatoxins were detected at concentrations to 31.0 ng/l. Values

Beer in barley and malt did not exceed the maximum allowable limit set by the European Union.

Immunoaffinity column

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Mycotoxins are low molecular secondary metabolites of fila-
mentous microscopic fungi that cause various toxic syndromes,
collectively called mycotoxicoses. Bennett (1987) defined myco-
toxins as natural products of fungi that evoke a toxic response of
the organism even at small concentrations. Therefore, any
contamination with toxigenic fungi may be considerably dangerous
(Richard, 2007; Speijers & Speijers, 2004). Microscopic fungi occur
in soil and in a form of spore also frequently in the air. Mycotoxins
are found throughout all levels of the food chain, contamination
may already occur in the phase of growing in a field as well as
during storage (Krska, Baumgartner, & Josephs, 2001). The most
serious effects include hepatotoxicity and neurotoxicity (Eaton,
Beima, Bammler, Riley, & Voss, 2010). Acute toxic mycotoxin
effects are observed only exceptionally, late toxic effects, such as
carcinogenity, immunotoxicity, mutagenity and developmental
toxicity caused by the uptake of single low doses or repeated low
doses from food, being more significant. For this reason, their
presence in food materials is continuously monitored. In 2006, the
European Commission set the new maximum allowable limits
(MAL) for some food commodities (Commision of the European
Communities, 2006).

* Corresponding author. Tel.: +420 545 214 110/37; fax: +420 545 321 225.
E-mail address: benesova@beerresearch.cz (K. Benesova).

0956-7135/$ — see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.foodcont.2011.11.033

The best known mycotoxin producers are fungi of Aspergillus,
Penicillium and Fusarium species. Aflatoxins (Aspergillus flavus
toxins) are products of toxigenic strains A. flavus, A. parasiticus,
A. argeninicus, and A. nomius. They are typical toxins of tropical and
subtropical regions. Under favorable conditions (relatively high
temperature and humidity) A. flavus and A. parasiticus are able to
grow and produce aflatoxins on nearly each organic substrate
including all agricultural commodities. They mostly occur in
various unprocessed products, such as cereals, spices, all kinds of
nuts, oil crops, figs and dried fruits (Imperato, Campone, Piccinelli,
Veneziano, & Rastrelli, 2011). Food of the animal origin is a much
less suitable substrate for aflatoxin production. Of more than 20
aflatoxins known, only four (i.e. By, By, Gy, and G;) contaminate
food. Chemically, they belong to difuranocoumarins. Aflatoxin By
occurs most frequently, it is considered as the most toxic and
powerful carcinogens (IARC, 1993). Hydroxylated derivates of
aflatoxin B;, aflatoxins My and My, are found in milk and dairy
products (e.g Bilandzi¢, Varenina, & Solomun, 2010; Lopez, Ramos,
Ramadan, & Bulacio, 2003). These metabolites are produced mainly
during the digestion process of ruminants fed with contaminated
feed.

Beer is a traditional beverage in many countries. Mycotoxins get
to beer either from contaminated input materials or adjuncts
(barley, malt, hop, brewery yeasts) added in the course of brewing.
The first experiments to trace the mycotoxin fate in the brewing
process were carried out in the 1970s when the authors Chu, Chang,
Ashoor, and Prentice (1975) added before the micromalting process
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purified standards of toxins AF B; and ochratoxin A at concentra-
tions of 1 and 10 pg/g of malt. A great portion of mycotoxins was
removed during the production process, nevertheless 18% (at
concentration of 1 pg/g) and 27% (at concentration of 10 pg/g) of
aflatoxin B; passed into beer. The aflatoxins are only moderately
heat-stable when boiled in water alone, but if present in foods and
bound to a substrate, they are not nearly degraded (Tabata et al,,
1992). In 2010, the authors Pietri, Bertuzzi, Agosti, and Donaldini
(2010) studied the transfer of aflatoxin By and fumonisin By from
naturally contaminated raw materials to beer. Content of AF B;
ranged from 0.31 to 14.85 pg/kg of the raw material, 0.6—2.2 % of AF
B; passed into beer. Before 1991 aflatoxins were not detected in
European beers (e.g. Cerutti, Vecchio, Finoli, & Trezzi, 1987; Fukal,
Prosek, & Rakosova, 1990; Payen, Girard, Gaillardin, & Lafont,
1983; Woller & Majerus, 1982), later, in the 1990s trace amounts
were scarcely found in several samples of beers imported from
south Europe. They occurred in beers coming from South America
or equatorial Asian countries (Mably et al., 2005; Scott, 1996;
Nakajima, Tsubouchi, & Miyabe, 1999). The presence of aflatoxins
in raw materials and beers from tropical countries is common (e.g.
Nikander et al., 1991; Odhav & Naicker, 2002), increased aflatoxin
concentration is frequently reported in sorghum, a traditional
African cereal, and beers brewed from it (Matumba, Monjerezi,
Khongha, & Lakudzala, 2011).

A number of analytical methods have been used for the myco-
toxin detection in food matrices (Turner, Subrahmanyam, &
Piletsky, 2009). The most commonly used test for screening of
aflatoxins in food is the commercially available set ELISA (e. g. Ghali,
Hmaissia-khlifa, Ghorbel, Maaroufi, & Hedili, 2008), high-
performance liquid chromatography with fluorescent (Jaimez
et al,, 2000) or mass - spectrometric detection is employed for
more accurate determination. Currently, multiresidual methods for
the analysis of more mycotoxins from one food matrix have been
developed (e. g. Berthiller, Sulyok, Krska, & Schuhmacher, 2007;
Ibafiez-Vea et al.,, 2011; Ventura et al.,, 2006; Zachariasova et al,,
2010). The advantage is a lower price of the analysis and detec-
tion of simultaneous occurrence of more toxins.

The aim of this study was to summarize results of a four-year
(2008—2011) research project monitoring the occurrence of afla-
toxins By, By, G1 and G, in brewing materials — malting barley, malt,
hop, brewers’ yeast, spent grains and beer. All samples were ob-
tained from malt plants and breweries in the EU countries. The
method of high-performance liquid chromatography with mass
spectrometry (HPLC—MS/MS) was used for the analysis.

2. Experimental
2.1. Materials and reagents

Aflatoxin standards (B and Gq 2.0 ug/ml, B, and G; 0.5 pg/ml,
solution in acetonitrile), analytical and HPLC reagents were ob-
tained from Sigma—Aldrich (Steinheim, Germany). The immu-
noaffinity columns AFLAPREP were purchased from the company R-
Biopharm (Germany). Multifunctional SPE clean-up columns
MycoSep® 226 Aflazon+ were obtained from the company Romer
Labs Diagnostic GmbH (Austria).

Phosphate buffer (PBS) was prepared by mixing 800 ml of
deionized water containing 19.1 + 0.1 g of disodium hydrogen
phosphate (NaHPO4) and 200 ml of deionized water containing
1.8 + 0.1 g of potassium dihydrogen phosphate (KH;PO4). The pH of
the resulted phosphate buffer was adjusted to 7.4 with the solution
of 2 M sodium hydroxide (NaOH).

Mobile phase for chromatographic analyses was prepared by
dissolving 0.38 &+ 0.001 g of ammonium acetate (CH3COONH,4) in
400 ml of deionized water and the volume was adjusted to 500 ml.

The solution was filtered before use through the 0.45 pm nylon
filter.

2.2. Samples

Aflatoxin content was analyzed in different brewing materials —
malting barley, malt, hop, brewers’ yeast and spent grains. Barley
samples were collected during harvests 2008—2010. All samples
were obtained from EU malting plants or breweries. The set
included 61 barley samples, 77 malt samples, 54 hop samples, 12
brewers’ yeast samples, 12 spent grains samples and 117 beer
samples, i.e. totally 333 samples.

2.3. Preparation of samples

All samples were analyzed shortly after delivery. Barley and malt
samples were ground and homogenized in the malt mill (Super Jolly
SJ 500, Mezos, Czech Republic). Various matrices of hop were ob-
tained (cones, extract, paste). Dried hop cones or pellets were ground
in a mortar. 50 + 0.1 g of a homogenized sample (barley, malt) or
25 + 0.1 g (hop pellets) or 10 4 0.1 g (hop cones) were weighed into
alyofilization bottle and 2.0 g of sodium chloride was added. 125 ml of
MeOH:H,0 (60:40 v/v) was poured into the sample. After 10 min of
ultrasonic treatment, deionized H,O water (125 ml) was added and
the homogenized sample was centrifuged at 4000 rev/min for
10 min. The supernatant was filtered through a glass filter.

10 ml of filtrated extract of barley, malt or hop were applied to
the AFLAPREP immunoaffinity column at a flow rate equaling to
2—3 ml/min or slower. The column was washed with 2 x 10 ml of
PBS. Elution was repeated three times with 1.0 ml of methanol at
a flow rate lower than or equaling to 2—3 ml/min. The eluate was
rotary evaporated to dryness under vacuum and redissolved in 1 ml
of methanol—water (50:50, v/v). The sample was filtered through
a 0.22 pm nylon microfilter.

In the beer matrix, the extraction step was omitted. 50 ml of
beer sample was degassed using the ultrasound cleaning device;
pH was adjusted to 7.2 with 2 M NaOH. The whole volume of the
sample was passed through the immunoaffinity column and
elution was performed as described above.

Brewers’ yeast and spent grains were thoroughly homogenized
(shaken) and 25 g aliquot was immediately taken. 100 ml of
ACN:H,0 (84:16 v/v) was added to the sample and the sample was
placed in ultrasonic bath for 10 min. The sample was then centri-
fuged at 4000 rev/min for 15 min and the supernatant filtered
through a glass filter. 10 ml of the filtered extract was transferred
into the glass tube and the whole volume was pushed through the
MycoSep® 226 Aflazon + clean-up column. Pure extract (4 ml) was
removed, rotary evaporated to dryness under vacuum, redissolved
in 1 ml of methanol—water (50:50, v/v) and analyzed.

2.4. Preparation of standard calibration curve

Aflatoxin standards Bj, By, G1 and G, were purchased from
Sigma—Aldrich. Concentrations of By and G; were 2.0 ug/ml and
concentrations of B, and G, were 0.5 pg/ml in acetonitrile.
Concentration of stock solution prepared from this standards was
100 ng/ml of B and G; and 50 ng/ml of B, and G; in methanol:-
water 50:50, v/v. A six-point calibration curve of methanol:water
50:50 was constructed from this stock solution by gradual dilution.
Concentrations were as follows: By and G; 0.5, 1, 2, 5, 8, and 10 ng/
ml, By and G, 0.25, 0.5, 1, 2.5, 4, and 5 ng/ml. Fresh calibration
solutions were prepared before the measurement every day. Each
solution was injected twice; mean was calculated from two
measurements. The calibration curve was constructed as the
dependence of the peak area on concentration of each standard.
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Each aflatoxin was identified by comparing the retention time and
MS/MS spectrum of a corresponding peak with the peak of the
standard. The external standard method was used for the quanti-
tative evaluation.

2.5. Analysis of aflatoxins by HPLC/ITP/MS

For the identification and quantification of aflatoxins, the HPLC
(Finnigan Surveyor) coupled to ion trap LCQ Advantage (Thermo-
Fisher, USA) with atmospheric pressure ionization was used.
Conditions were as follows: The Synergi Hydro RP 80A HPLC
column (3.0 x 150 mm, 4.0 pum particle size) was employed using
isocratic elution with a methanol:10 mM ammonium acetate in
water (50:50, v/v) mixture as the mobile phase. The column
temperature was 40 °C. The flow rate was 0.3 ml/min and injection
volume was 25 pl. The following MS parameters were employed:
For electrospray ionization with positive ion polarity, the capillary
voltage was set to 3.0 kV, the capillary temperature to 250 °C, the
sheath gas flow (nitrogen) to 40 I/min. The collision energy was 40%
and the fragmentation time was 30 ms. To determine the product
ions, the protonated molecules [M + H]" (at m/z 313 for AFB4, 315
for AFB;, 329 for AFG; and 331 for AFG;) were isolated, and the
fragment ions were detected in a scan range of m/z 200—400. The
selected fragment ions were 285 and 241 m/z for AFB,, 287 and
259 m/z for AFB;, 311 and 243 m/z for AFGq and 313 and 245 m/z for
AFG,. Data were collected and processed with Excalibur software.

3. Results and discussion
3.1. Analytical methods

Brewing materials are very complicated matrices, therefore, the
selective immunoaffinity column (IAC) was chosen as the most
suitable method for obtaining high purity extracts of aflatoxins
with the low content of matrix components that could cause
interferences in the assay. Purification of a sample also helps
prevent contamination of the ion source. Multifunctional SPE
clean-up columns are another alternative for complex matrices.
Currently, the commercially available IAC and SPE columns can be
used for simultaneous extraction of several mycotoxins, which
makes sample preparation cheaper and less laborious.

Calibration curves were linear in the given range. EffiValidation
program was used for calculation of the confidence intervals a and
b. Equations of the calibration curves were as follows: For By
y = 4232 + 1466x + 49405 + 8427 with the regression coefficient
R? =0.9969. (a < —17383 — 29402 >; b < 44606 — 52747 >), for G
y = 5331 4+ 1512x + 37423 4+ 8645 with the regression coefficient
R? = 0.9943. (a < 32737 — 41130 >; b < —16432 — 31562>), for B
¥ = 9534 £ 1115x + 32271 + 3171 with the regression coefficient
R? =0.9909. (a < 4727 — 22335 >; b < 28085 — 34275 >) and for G,
y = 2398 + 1625x + 29858 + 5052 with the regression coefficient
R? =0.9929. (a < —12211 — 19940 >; b < 24300 — 34643 >).

The limit of detection (LOD) was defined as the concentration at
which the signal to noise ratio equals 3. The limit of quantification
(LOQ) was defined as the concentration where the signal to noise
ratio equals 10. LOD and LOQ values for barley and malt are
comparable to the values given in the literature for cereals (Beltran,
Ibafiez, Sancho, & Hernandez, 2009; Frenich, Martinez, Romero-
Gonzélez, & Aguilera-Luiz, 2009; Lattanzio, Solfrizzo, Powers, &
Visconti, 2007) and beer (Nakajima et al., 1999; Ventura et al., 2006;
Zachariasova et al., 2010). Results are summarized in Table 1.

Recovery was calculated using the spiked sample since the
certified reference material is not commercially available for the raw
materials studied. The sample with zero concentration of aflatoxins
was selected and spiked with the aflatoxin standards; hop, brewers’

Table 1
Limits of detection (LOD) and limits of quantificiation (LOQ) for different matrices.
Matrix Aflatoxin LOD LOQ
Barley, malt pg/kg B, 0.04 0.13
B, 0.08 0.26
Gy 0.08 0.25
Gy 0.12 0.39
Hop (granular formulation) pg/kg B, 0.08 0.25
B, 0.16 0.52
Gy 0.15 0.51
Gy 0.23 0.78
Hop (cones) pg/kg B 0.19 0.64
B, 0.39 1.29
Gy 0.38 1.27
Gy 0.58 1.94
Brewer's yeast ug/kg By 0.04 0.13
B, 0.08 0.26
Gy 0.08 0.25
Gy 0.12 0.39
Spent grains pg/kg B; 0.04 0.13
B, 0.08 0.26
Gy 0.08 0.25
Gy 0.12 0.39
Beer ng/l B, 1.5 5.1
B, 31 103
Gy 31 10.2
Gy 47 15.2

yeast and spent grains to two, and barley, malt and beer to three
given concentration levels. Then the samples were extracted and
analyzed using the method described above. Recovery values for
barley and malt were comparable to those given in the literature for
barley (Ibafiez-Vea at al., 2011) and other cereals, such as maize
(Lattanzio et al., 2007; Rahmani, Jinap, Soleimany, Khatib, & Tan,
2011). Recovery for beer was also in compliance with the pub-
lished data (Nakajima et al., 1999; Ventura et al., 2006; Zachariasova
etal., 2010). No comparable data for other brewing matrices exist in
the literature. Hop is one of the most complicated matrices. It
contains many complex substances (polyphenols, phenolic acids,
flavonoids, bitter acids, hop oils and resins) which can complicate
sample purification and following analytical determination. Each
hop sample has a slightly different character (hop cones, hop
pellets). Nowadays hop pellets are most frequently used for beer
production. Recovery values attained by purification of hop through
the immunoaffinity column were very good. Yeast and spent grain
samples contained different percentage of water. The yeast and
spent grain samples were treated in the same way as solid cereal
matrix and results were not calculated to dry matter content in
a sample. Extraction of yeasts and spent grains through the IAC
columns was tested but extract yields were quite low, particularly in
aflatoxins G and G». Inyeasts, the values were 61%, 63%, 41% and 28%
for AFB4, AFBy, AFG1 and AFGy; in spent grains, the values were 60%,
87%41% and 27% for AFBy, AFB,, AFG1 and AFG,. The immunoaffinity
column may not be suitable for this kind of matrices. The sample
clean-up procedures employing the multifunctional SPE column
provided very good recovery values. Considering the complexity of
matrices and relatively high “noise” on the MS detector, these three
matrices were spiked only at two concentration levels, corre-
sponding to the EU limits. The results are summarized in Table 2. The
average recovery value for the sum of all aflatoxins (total aflatoxins)
was 91.97% for barley and malt, 98.50% for hop, 86.64% for yeasts,
92.70% for spent grains and 93.98% for beer.

3.2. Occurrence of aflatoxins in brewing materials

The aflatoxin contents in real samples are given without recal-
culation for recovery. Values above the limit of quantification are
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Table 2
Recovery values of aflatoxin-spiked brewing matrices and beer at three (barley, malt, beer) or two (hop, yeast, spent grains) different levels.
Matrix Preparation of sample Aflatoxin Recovery (%) + RSD
Low level Medium level High level
(1.0 B1/Gy1, 0.5 By/Gy) (2.0 B1/Gy1, 1.0 By/Gy) (4.0 B/G1, 2.0 B,/G3)
Barley, malt pg/kg 1AC B: 97.7 + 18.63 83.1 + 8.83 75.5 + 16.74
B, 98.1 + 16.18 103.2 + 19.94 88.3 + 12.68
Gy 91.8 + 11.58 814 + 11.92 88.9 + 10.97
Gy 117.0 + 25.03 87.8 + 29.31 90.8 + 15.76
Hop (granular formulation) ug/kg IAC B, 86.8 + 12.99 71.8 +7.38
B, 79.8 +17.15 87.5+17.34
Gy 98.7 + 12.48 92.1 £ 9.92
Gy 65.7 + 16.18 109.6 + 12.63
Brewer's yeast ug/kg Clean-up column B, 82.6 + 17.19 882+ 1144
B, 739 + 17.15 82.1 + 15.47
Gy 101.3 + 16.54 90.5 + 9.09
G, 98.7 + 16.87 75.8 +£13.83
Spent grains pg/kg Clean-up column B, 96.6 + 11.62 90.3 + 10.86
B> 93.5 + 14.27 93.0 + 12.83
Gy 96.1 +£9.17 95.5 + 12.27
G, 101.8 + 16.77 74.8 +£12.27
Low level Medium level High level
(0.04 By/G1, 0.02 By/G») (0.08 B1/G1, 0.04 B/G>) (0.16 By/G1, 0.08 By/G»)
Beer g/l IAC B 98.2 + 17.96 884 + 16.30 87.0 + 8.39
B, 96.8 + 14.94 84.3 + 15.83 105.6 + 14.79
Gy 96.8 + 18.67 90.1 + 10.34 80.6 + 10.78
G, 106.0 + 17.82 103.6 + 16.68 904 + 18.84

taken as positive. Table 3 summarizes the results expressed
according to currently valid European legislation (Commision of the
European Communities, 2010) setting the maximum allowable
limit for aflatoxin By 2.0 pg/kg and for total content of all aflatoxins
(= By, By, Gy, G2) 4.0 pg/kg. Only three positive samples of barley
were found (4.9%). One sample contained 0.4 png/kg AFB; and at the
same time 0.4 pg/kg of the sum of the other three aflatoxins (AFB,,
AFG1 and AFG,), the second sample only 0.3 pg/kg AFB; and the
third one only 1.1 pug/kg of the sum of the other three aflatoxins. The
values measured in this study are slightly higher than those given
by Ibafiez-Vea et al. (2011), who analyzed barley samples for food
and feed products. The authors gave five positive (above LOQ)
barley samples with maximal AFB; content 0.185 pg/kg. AFB, was
detected in several samples but only one of them exceeded LOQ
(0.042 pg/kg) and no samples with detected AFG; and AFG,
exceeded limit of quantification.

In this study, one positive sample of malt (1.3%), one sample of
brewers’ yeast (8.3%) and one sample of spent grains (8.3%) were
detected. These samples contained only aflatoxin B; at maximal
concentration of 0.4 ug/kg. Most afltoxins are removed during
brewing, the exact mechanism is not known. Significant losses
during malt production may be caused by non-specific interactions
or adsorption of mycotoxins by the solid particles removed by the
filtration process (Chu et al., 1975) as spent grains. Brewing spent
grains are a major by-product — up to 85% of all waste produced at
brewing is used as feed for livestock, power industry and biotech-
nological processes. Due to its high protein and fiber contents it can
serve as a dietary supplement (Mussatto, Dragone, & Roberto, 2006).

Table 3
Content of aflatoxins in brewing materials and beer.
Matrix Total Positive Range Range
By >°B1, B2, G, G2 By >-B1, Bz, Gy, G2
Barley ng/kg 61 2 3 03-04 03-1.1
Malt ug/kg 77 1 0 0.2
Hop pg/kg 54 0 1 1.2
Brewers yeast ug/kg 12 1 0 0.2
Spent grain pg/kg 12 1 0 04
Beer ng/l 117 5 2 5.0-10.6 15.4-31.0

One positive hop sample (1.9%) contained only aflatoxins B, G;
and Gy above LOQ. Aflatoxins in malt, hop, yeast or spent grains
aflatoxins have not been detected yet, nevertheless, monitoring of
contamination by these mycotoxins in these matrices might be
desirable also in the future.

3.3. Occurrence of aflatoxins in beer

Six positive beer samples (5.1%) contained aflatoxins in the
values exceeding LOQ. In five of them, only AFB; at maximum
concentration 10.6 ng/l was detected. This sample also contained
4.8 ng/l of other aflatoxins. The sixth positive beer sample con-
tained 31.0 ng/1 of the other three aflatoxins (AFB,, AFG; and AFG,).
The given concentrations are comparable with the results given by
Nakajima et al. (1999) and Mably et al. (2005) for European beers.

Presumably, malting barley and malt are not main sources of
aflatoxin exposure for consumers if properly dried and secondary
contamination during storage is avoided. We can conclude that beers
brewed from quality, purified and well stored raw materials do not
represent any health risk of aflatoxin exposure for consumers.

4. Conclusion

Aflatoxins may pass from the naturally contaminated raw
materials or adjuncts added during the brewing process even to the
final product — beer. In 2008—2011, a total set of 216 samples of
brewing materials coming from the European Union were analyzed.
Aflatoxins in trace concentrations to 1.2 pg/kg were found in 7
samples, i.e. 3.2%. In addition, trace amounts of aflatoxins were
detected in six (5.1%) of 117 analyzed beer samples coming from the
EU countries (AFB; to 10.5 ng/l and sum of all aflatoxins to 31.0 ng/
1). Values in barley and malt did not exceed the maximum allowable
limit given by the European Union.
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In this study, an analytical method for the determination of 17 mycotoxins was developed and validated:
common (aflatoxins By, By, Gy, and G,, fumonisins B; and B;, ochratoxin A, deoxynivalenol, nivalenol,
zearalenone, T-2 and HT-2 toxin) and “emerging” toxins (enniatins A, Aj, B, and By, and beauvericin) were
detected using ultra-performance liquid chromatography coupled to mass spectrometry. A modified
QuEChERS method was used for extraction. The method was applied to a total set of 52 barley and malt
samples. All samples were contaminated with at least one of mycotoxins. None of the investigated
samples contained any of four aflatoxins nor ochratoxin A. Fumonisin By occurred only in one sample,
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processed cereals set by the European Union.
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1. Introduction

Barley (Hordeum vulgare L.) belongs to the oldest and econom-
ically most important crops. Currently, most of barley production is
used as feed; the best quality barley is utilized for production of
malt, beer and whisky. Fusarium, Aspergillus, and Penicillium species
are the most significant fungal pathogens attacking cereals. My-
cotoxins, secondary metabolites of these microscopic filamentous
fungi (molds) are dangerous natural contaminants of crops. The
target organs for mycotoxins are the immune and hematological
system, the liver, kidneys, neurological and respiratory system.
They can also induce dermatological reactions; in addition, they
have mutagenic, teratogenic, carcinogenic, and estrogenic effects.
The common occurrence of several mycotoxins accumulates their
effects (Speijers & Speijers, 2004). Products of fungi of Fusarium
(trichothecenes, zearalenone, fumonisins), Aspergillus and. Penicil-
lium sp. (aflatoxins, ochratoxin A) are the most significant myco-
toxins found in cereals. These mycotoxins have been studied for
decades and numerous studies on their acting and occurrence are
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E-mail address: benesova@beerresearch.cz (K. Benesova).
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available (Creppy, 2002; Groopman, Kensler, & Wu, 2013; Marin,
Ramos, Cano-Sancho, & Sanchis, 2013; Zain, 2011). On the other
hand, “emerging” mycotoxins are neither routinely determined nor
legislatively regulated. This group belongs to fusarium mycotoxins,
including namely enniatins (Enns), beauvericin (Bea), mon-
iliformin, and fusaproliferin. Important producers of these toxins
are F subglutinans, E proliferatum, F. avenaceum, E tricinctum, E
acuminatum, E oxysporum, F. sporotrichioides, and F sambucinum
(Jestoi, 2008). Enniatins and beauvericin are usually cyclic hex-
adepsipeptides consisting of alternating units of p-a-hydroxy-iso-
valeryl- (2-hydroxy-3-methyl butan acid) and amino acids
(Oueslati, Meca, Mliki, Ghorbel, & Manes, 2011). Enniatins exhibit
both antibiotic and insecticidal activity (Grove & Pople, 1980).
Beauvericin exhibits cytotoxic activity (Fornelli, Minervini, &
Logrieco, 2004) and can induce apoptosis (programmed cell
death) and DNA fragmentation (Ojcius, Zychlinsky, Zheng, & Young,
1991). Enniatins and beauvericin act as ionophores; they disturb
the pH and physiological ionic balance (Ivanov et al., 1973; Kamyar,
Rawnduzi, Studenik, Kouri, & Lemmens-Gruber, 2004; Kouri,
Lemmens, & Lemmens-Gruber, 2003).

Mycotoxins are thermostable and can pass from contaminated
cereals to bakery and cereal products. Therefore, their occurrence is
monitored, some of them have been regulated by European
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legislation (EC, 2006). In 2009, the European Food Safety Authority
(EFSA) launched a call for monitoring the “emerging” mycotoxins
and providing data on their occurrence (Verstraete, 2009).

Common mycotoxins in cereals are usually detected with
screening ELISA tests, their advantage being cost effectiveness.
More accurate and sensitive analytical methods based on high-
performance liquid chromatography (HPLC) with fluorescence
(FL) or ultraviolet (UV) detection or mass spectrometry (MS) are
applied for simultaneous determination of several mycotoxins in
one sample (Sulyok, Krska, & Shuhmacher, 2007, 2010, Malachova
et al, 2011). Due to modern, sensitive mass spectrometers, the
current trend is minimal or none sample pre-treatment. Besides
cost savings, another advantage is a limited use of organic
environmentally-unfriendly solvents (Malachova et al., 2011;
Rubert et al., 2012; Zachariasova et al., 2010).

The objective of this study was to develop and validate a method
based on ultra-performance liquid chromatography with tandem
mass spectrometry for the determination of multiple mycotoxins,
namely aflatoxins By, By, G; and G,, fumonisins B; and B,, ochra-
toxin A, deoxynivalenol, nivalenol, zearalenone, T-2 and HT-2 toxin,
and “emerging” mycotoxins beauvericin and enniatins A, Aj, B, and
B, in samples of spring barley and barley malt. Our method can be a
useful tool for obtaining data on the occurrence of mycotoxins
needed for their further regulation by legislation.

2. Experimental
2.1. Materials and reagents

Mycotoxin standards (solid and solution in acetonitrile) were
purchased from different suppliers. Deoxynivalenol (DON), ochra-
toxin A (OTA), HT-2, zearalenone (ZON), aflatoxins By, By, G1 and G
as well as isotope-labeled standards AFB;-'3Cy;, FB;-3Cag,
DON—13C34, 0TA—13C20 and T-2 toxin—13C24 were obtained from
Sigma—Aldrich (Steinheim, Germany). Nivalenol (NIV), T-2 toxin
and fumonisins FB; and FB; were purchased from Biopure (Wien,
Austria). Enniantins EnnA, EnnA;, EnnB, EnnB; and beauvericin
were obtained from Enzo Life Science (New York, USA). Before use,
the standard stock solutions were prepared in acetonitrile or
mixture of toluene: acetonitrile (20—200 pg/ml) and stored at 4 °C
in the dark.

Analytical, HPLC and MS reagents (acetonitrile, methanol, for-
mic acid, ammonium formate, MgS0O4, and NaCl) were obtained
from Sigma—Aldrich, Fluka (Steinheim, Germany) and Lach-Ner
(Czech Republic). Deionized water was prepared using the Milli-Q
system (Millipore Corporation, USA). The reference material
(maize matrix contaminated with the assigned values of selected
mycotoxins) was obtained during the participation in the inter-
laboratory Proficiency Test for multi-mycotoxin methods based on
LC-MS (MS) IRM MoniQA FOOD-CT-2006-036337.

2.2. Samples

Three sets of samples (52 in total) from harvest 2012 were
analyzed. The first set included 22 samples (n = 22) of the following
malting barley varieties: Bojos, Xanadu, Blanik, Radegast, Malz, and
Wintmalt from different localities in the Czech Republic. DON
detected in these varieties using the screening ELISA method
exceeded 250 pg/kg. The second set consisted of six barley samples
with DON content lower than 250 pg/kg. This set was then used as
the control (n = 6). The third set included 24 samples, i.e. 12 barley
samples of four malting varieties, Malz, Bojos, Sebastian, and
Xanadu, from three localities in the Czech Republic (Caslav, Uhersky
Ostroh, and Jaromeérice nad Rokytnou) and 12 malt samples made
from these barleys (n = 24). In these samples, the ELISA test was not

performed. The malts were prepared in a micromalting plant in the
Malting Institute of the Research Institute of Brewing and Malting
in Brno using the procedure with short steeping and CO; extraction
according to the MEBAK method (Anger, 2006). The matrix-
matched calibration was used for the quantification of mycotoxin
content.

2.3. Detection of DON by the ELISA method

The competitive direct enzyme-linked immunosorbent assay
(ELISA) is based on an antigen — antibody reaction. The number of
bound substances is measured by adding an enzyme-labeled anti-
gen or antibody. A commercially available AgraQuant® DON Assay
0.25/5.0 Test Kit (Romer Labs, Tulln, Austria) was used for the
routine measurement of DON in barley samples. The method was
validated for barley and malt. Extraction and determination were
performed according to the manufacturer's instructions. Values of
LOD and LOQ were 200 pg/kg and 250 pg/kg, respectively.

2.4. Preparation of samples for the UPLC-MS/MS analysis

Samples were prepared using the modified QUEChERS method.
10 ml of 0.1% HCOOH + 10 ml acetonitrile were added to the ho-
mogenized sample (5 g) and the mixture was shaken for 20 min at
250 rpm. Then 4 g MgSO4 + 1 g NaCl were added, shaken and
centrifuged at 5000 rpm for 5 min 0.5 ml of the mixture was taken
from the supernatant and diluted in 0.5 ml of H,O. Before the
analysis, the sample was filtered through a 0.2 pum nylon microfilter.

2.5. Analysis of mycotoxins by UPLC/MS/MS

For the identification and quantification of the 17 targeted my-
cotoxins, the UPLC Acquity instrument (Waters) coupled to Xevo TQ
MS (Waters) triple quadrupole mass spectrometer with atmo-
spheric pressure ionization was used. Chromatographic separation
was performed on the Acquity UPLC BEH (18
(50 mm x 2.1 mm x 1.7 pm) column equipped with the Acquity
UPLC BEH C18 guard column (5 mm x 2.1 mm x 1.7 um) at 40 °C
using gradient elution. Mobile phase A consisted of 0.1% (v/v) for-
mic acid in water, mobile phase B consisted of 0.1% (v/v) formic acid
and 1 mM ammonium formate in methanol. Gradient elution
started at 0 min with 10% B and was linearly increased to 20% B in
0.3 min, followed by another linear increase to 99.5% B over next
4.5 min, these conditions were maintained for 7 min (99.5% B) and
then at 7.1 min switched back to 10% B. Prior to the next injection,
the column was re-equilibrated to initial conditions for 10 min. The
flow rate was 0.4 ml/min and injection volume 2.5 ul. Mass spec-
trometric conditions were as follows: The ESI interface was used in
positive ion mode, source temperature — 150 °C, desolvation
temperature — 450 °C, cone nitrogen gas flow — 15 L/h, desolvation
gas flow — 700 L/h, capillary voltage — 3 kV. Mycotoxins were
analyzed in MRM mode. The precursor and fragment ions for each
analyte are given in Table 1. Data were collected and processed with
MassLynx software.

3. Results and discussion
3.1. Analytical method

Accuracy, precision, selectivity, recovery and extended uncer-
tainty of the determination of multiple mycotoxins were verified
within the validation process. Spiking was performed in six repli-
cates at three levels for cereal (barley) matrix. The validation
criteria are given in Table 2. The uncertainty was determined based
on the multiple measurement of the matrix spiked at three
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MS/MS parameters for each analyte, Xevo TQ MS (Waters) triple quadrupole mass spectrometer.

Mycotoxin RT (min) Precursor ion Cone voltage (V) Product ion 1 Collision energy (eV) Product ion 2 Collision energy (eV)
Nivalenol 0.84 313.0 26 125.0 12 177 13
Deoxynivalenol 1.10 297.1 20 203 20 2311 20
Aflatoxin G, 2.07 331.1 45 245.1 40 313.1 33
Aflatoxin Gq 221 329.1 45 243.1 37 311.1 30
Aflatoxin B, 233 315.1 45 259.1 40 287.1 35
Aflatoxin By 2.46 313.1 45 213.0 40 241 40
HT-2 Toxin 3.02 442.0 16 215.0 13 263 13
Fumonisin By 3.15 7224 45 334.2 40 352.2 40
T-2 Toxin 3.29 484.1 20 185.2 12 2153 12
Zearalenone 3.48 319.0 20 185.0 20 187 20
Ochratoxin A 3.54 404.2 25 221.1 25 239.1 25
Fumonisin B, 3.62 706.4 50 318.2 55 336.2 50
Enniatin B 435 640.4 50 196.1 25 214.1 25
Beauvericin 4.44 784.4 50 244 25 262.4 25
Enniatin B, 4.45 654.4 50 196.1 30 214.2 30
Enniatin A, 4.54 668.5 50 210.2 27 228.2 27
Enniatin A 4.62 682.5 50 2103 27 2283 27

different concentrations. The extended uncertainty corresponded
to the standard deviation of the data multiplied by a coverage factor
of 2. With the exception of fumonisin B, and zearalenone, all vali-
dated mycotoxins fulfilled the requirements for the extended
maximum uncertainty. Fumonisin B, and zearalenone met the re-
quirements for the maximum extended uncertainty at the nearest
validated level. The recovery in nivalenol was lower than 80%,
nivalenol content was recalculated to the given recovery.

The accuracy of the method was checked with the reference
material containing the assigned amount of selected mycotoxins.
Further, for comparison, mycotoxins were quantified by the isotope
dilution method. This method is appropriate only for the analytes
with available isotope-labeled analogs, thus only some of the
analytes were quantified by this method. In all cases, mycotoxin
contents determined using this reference material were in
compliance with the declared values both of matrix quantification
and isotope-labeled standards.

The method is suitable for the determination of mycotoxins in
food barley as the given limits of quantification (LOQ) are lower
than, or in case of ochratoxin A equal to, maximum allowable limit
(MAL) set by the EU regulation (EC, 2006) for the content of certain
mycotoxins in selected foods.

3.2. Occurrence of mycotoxins in malting barley and malt

None of four aflatoxins and no ochratoxin A were detected in
any of 52 investigated barley and malt samples. Fumonisin B
occurred only in one barley sample from the first set where
contamination with other mycotoxins was presumed at the level of
LOQ (<20 pg/kg). The samples with the mycotoxin content lower
than the limit of detection (LOD) were considered negative, positive
samples for the calculation of average values were those with the
mycotoxin content exceeding the LOQ.

3.2.1. Comparison of DON contents detected by ELISA and UPLC-MS/
MS

Although the ELISA assays are widely used for their easy sample
preparation and low costs, on the other hand, their main limitations
are cross-reactivity and false positive or over-estimated results. Kits
have been developed for the detection of DON and DON-related
compounds, e.g. 3-acetyl-DON, 15-acetyl-DON, de-epoxy-DON
(DOM-1), and deoxynivalenol-3-glucoside (Ran et al., 2013). Be-
sides cross-reactivity with conjugated deoxynivalenol-3-glucoside
(D3G), the result of the ELISA assay may also be affected by cross-
reactivity between the kit antigen and compounds of the matrix.

In this study, we did not determine separately D3G or any other
conjugated forms of DON. Therefore, the results of DON assessed by
the ELISA method in the first set are overvalued. DON concentra-
tions determined by this method varied from 255 to 917 ug/kg in
the first set, while concentrations determined by UPLC-MS/MS
moved from 69.9 to 602.3 pg/kg (Table 3). In the control set, DON
content determined by ELISA in all six samples was below the LOQ,
i.e.250 pg/kg. The UPLC-MS/MS detected DON only in one of six
samples in the amount below LOQ (Table 3).

3.2.2. The first set and control set of barley samples

Samples for the first set were selected with respect to the
presence of trichothecene DON as this frequently occurring toxin is
considered a marker of mycotoxin contamination indicating the
presence of other mycotoxins. This fact was confirmed in this study
as well. The maximum content of DON determined by UPLC-MS/MS
was 602.2 ug/kg; this corresponds to approximately half of the legal
limit of 1250 pg/kg (EC, 2006) and is comparable with the data
given for barley in the literature (Béldkovd, BeneSova, Caslavsky,
Svoboda, & Mikulikovd, 2014). Contents of other present myco-
toxins were also in compliance with the data reported in the
literature. Contamination with ZON and FB, was negligible; these
two mycotoxins were detected only in two samples. Contents of
nivalenol, zearalenone, T-2 and HT-2 toxins are comparable with
results of studies on barley and cereals carried out in the Czech
Republic and neighboring countries in recent years (Bélakova et al.,
2014; Ibanez-Vea, Lizzaraga, Gonzdlez-Penaz, & Lépez de Cerain,
2012; Malachova et al, 2010; Mankeviciene, Butkute,
Gaurilcikiené, Dabkevicius, & Suproniene, 2011; Pleadin at al,,
2013, Skrbi¢, Malachov4, Zivancev, Vepiikovd, & Hajslova, 2011).

Beauvericin and enniatin A occurred sporadically in our samples
and only at low concentrations (max. 47.9 and 11.7 pg/kg, respec-
tively). The samples were most contaminated with Enn A4, Enn By,
and Enn B, which occurred in all samples. The highest concentra-
tion (ca 1000 ug/kg) was detected in Enn B, which is in compliance
with the data reported for barley (Uhlig, Torp, & Heier, 2006;
Vaclavikova et al., 2013). Higher enniatin concentrations have
been reported from the Meditterranean countries with warmer
weather. In 2011, Oueslati et al., 2011 found in barley average
content of Enn A 33.6, Enn A; 116.4, Enn B 27.5 and Enn B 31.0 mg/
kg.

Trace amounts of beauvericin were detected in six samples from
the control set, one sample contained a low quantity of Enn A
(6.72 pg/kg) and 3—4 x lower amount of Enns A;, B and B
compared to the first set. The samples from this set also contained
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Table 2
Validation parameters of UPLC-MS/MS method.
Mycotoxin Spike level Recovery LOD LOQ
(ng/kg) (%) = RSD (ng/kg) (ng/kg)
Nivalenol 80.0 50.0 + 2.0 24.0 80.0
160.0 51.0 + 8.0
800.0 50.0 + 8.0
Deoxynivalenol 50.0 75.0 + 5.0 15.0 50.0
100.0 780+ 8.0
500.0 85.0 +10.3
Aflatoxin G; 2.5 103.0 + 7.0 0.75 2.5
5.0 103.0 + 8.0
25.0 98.0 +5.0
Aflatoxin Gy 2.5 95.0 + 14.0 0.75 2.5
5.0 92.0 + 12.0
25.0 98.0 + 4.0
Aflatoxin B, 1.0 86.0 + 13.0 03 1.0
2.0 97.0 + 12.0
10.0 99.0 + 4.0
Aflatoxin By 1.0 79.0 + 12.0 0.3 1.0
2.0 93.0 + 4.0
10.0 101.0 + 2.0
HT-2 5.0 105.0 + 28.0 1.5 5.0
10.0 99.0 + 13.0
50.0 99.0 + 12.0
Fumonisin By 10.0 94.0 + 17.0 3.0 10.0
20.0 106.0 + 13.0
50.0 75.0 + 14.0
T-2 5.0 90.0 + 14.0 1.5 5.0
10.0 94.0 + 9.0
50.0 92.0 +5.0
Zearalenone 5.0 82.0 +44.0 3.0 10.0
10.0 86.0 + 15.0
50.0 1020 +7.0
Ochratoxin A 5.0 110.0 + 1.0 1.5 5.0
10.0 110.0 + 3.0
50.0 95.0 £ 2.0
Fumonisin B, 5.0 124.0 + 38.0 6.0 20.0
20.0 96.0 + 10.0
50.0 1190+ 7.0
Enniatin B 5.0 96.0 + 12.0 1.5 5.0
10.0 101.0 + 14.0
50.0 1140+ 7.0
Beauvericin 5.0 100.0 + 2.0 1.5 5.0
10.0 97.0 + 3.0
50.0 98.0 +2.0
Enniatin B, 5.0 107.0 + 10.0 1.5 5.0
10.0 99.0 + 6.0
50.0 105.0 + 5.0
Enniatin A, 5.0 96.0 + 7.0 1.5 5.0
10.0 95.0 + 4.0
50.0 99.0 + 3.0
Enniatin A 5.0 94.0 + 4.0 1.5 5.0
10.0 96.0 + 4.0
50.0 99.0 + 2.0

very low or trace amounts of other monitored mycotoxins. Results
from both series are summarized in Table 3.

3.2.3. Transfer of mycotoxins from barley to malt

The fate of some mycotoxins during the malting process and
during brewing has been monitored in the past (e.g. Scott, 1996),
however, there are only two studies on the transfer of enniatins and
beauvericin from barley to malt and beer in a laboratory (Hu, Gastl,
Linkmeyer, Hess, & Rychlik, 2014; Vaclavikova et al., 2013). In 2007,
Vaclavikova et al. malted the spring barley variety Radegast and
collected samples during the malting process. Barley was naturally
contaminated and grown in a field in two variants: treated and
untreated with fungicide. The authors observed, that green malt
contained ca 13—40% of enniatins compared to the initial barley, the
enniatin content in dry kilned malt decreased to 10—30% of the
amount detected in the original raw material. The effect of chemical
treatment was not significant.

Table 3
Results of mycotoxins in the first and second (control) sets of barley samples.
Sample Mycotoxins No. of Mean Range Median
group positive (samples (samples
samples positive positive
above LOD above LOQ) above LOQ)
(% positive)
First set NIV 8(36.4)" 934 52.0-1233 0
(n=22) DON 19 (86.4)° 284.14 69.9-602.3 127.8
ZON 2(9.1) 192,8 181.2-2044 O
FB, 1(4.5) Trace (<20) 0
FB, 2(9.1) 13.36 11.08—-15.64 0
Enn B 22 (100) 498.6 15.90—-1416 427.17
Bea 22 (100)° 18.2 5.13-4791 O
Enn B, 22 (100) 142.8 5.56—-476.2 126.35
Enn A 22 (100)¢ 456 5.85-1743 25.56
Enn A 22 (100)° 9.7 5.96-1236 0
HT-2 10 (45.5) 14.6 5.9-57.15 0
T-2 8(36.4) 240 14.85-305 0
Second NIV 1(16,7) Trace (<80) 0
(control) DON 1(16,7) Trace (<50) 0
set (n=6) FB, 1(16,7) Trace (<20) 0
Enn B 6 (100) 143.4 14.5-3384 133.72
Bea 6 (100) Trace (<5) 0
Enn B¢ 6 (100) 52.5 6.5—-171.6 35.99
Enn A4 6 (100)® 28.8 3.6—84.7 7.57
Enn A 6(100)"  6.72 6.72 0
HT-2 4(66.7) 9.1 6.9-11.54 345
T-2 2(33.3) Trace (<5) 0

2 5 samples were positive above LOQ, 3 below LOQ (<80 pg/kg).
b 16 samples were positive above LOQ, 3 below LOQ (<50 pg/kg).
€ 6 samples were positive above LOQ, 16 below LOQ (<5 pg/kg).
419 samples were positive above LOQ, 3 below LOQ (<5 pg/kg).
€ 3 samples were positive above LOQ, 19 below LOQ (<5 ug/kg).
f 5 samples were positive above LOQ, 3 below LOQ (<5 pg/kg).

& 4 samples were positive above LOQ, 2 below LOQ (<5 pg/kg).
1 sample was positive above LOQ, 5 below LOQ (<5 pug/kg).

Hu et al., 2013 malted the spring barley variety Quench in three
replicates, one of which was infected during flowering in a field
with spores of E culmorum, the second with F. avenaceum and the
third was left to natural infection. Their results were partially
contrary to the findings of Viclavikova et al.,, 2013. Content of
enniatins and beauvericin in naturally contaminated (non-infected)
variants increased in green malt versus barley on average by ca 50%.
Compared to the initial barley, the resulting dry kilned malt con-
tained 76% of Enn A, 83% of Enn Ay, 100% of Enn B, 103% of Enn B4,
and 84% of Bea. The mycotoxin contents of the initial barley and
final kilned malt did not change substantially. In these studies only
one or two samples of one naturally contaminated variety were
malted, each had a different initial content of mycotoxins.

In the scope of this research, only barley and malt prepared from
it were analyzed. Malt prior to the analysis was stored at the lab-
oratory temperature in an air-conditioned room.

Based on the experiments published previously, it could be
presumed that enniatin and beauvericin levels in malt would keep
the same values as the initial barley or would rather decline. This
assumption was confirmed only in some cases. We can summarize
that barley used for malting belonged to those less contaminated
(Rubert et al., 2012).

Fig. 1 shows the average contents (from four varieties) of
enniatins and beauvericin in the barley and malt samples.

The detected Enn A levels were below the LOQ with the
exception of the barley variety Bojos from Jaroméfice nad Rokytnou
(9.4 pg/kg) and two malts from Uhersky Ostroh (9.6 and 25.3 pg/kg)
(not included in the figure).

It has been proven that the range of the mycotoxins present
depends on the locality, weather, variety and first of all year of
growing. In this study, significant differences among the individual
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Mycotoxin content pg/kg

Variety/Locality

Enn B barley
™ Enn B malt
W Beabarley
M Beamalt

Enn B1 barley
= Enn B1 malt

Enn Al barley
H Enn A1 malt

Jaroméfice nad

Rokytnou

Fig. 1. Enniatin and beauvericin contents in barley and malt from different localities.

localities were found. The relatively highest concentration of these
mycotoxins was detected in malts from the locality Uhersky Ostroh.

The least contaminated barley and malts were from the locality
Caslav. Enn A; occurred at concentrations to 34.1 pg/kg, Enn B to
111.9 ug/kg, Enn By to 68.4 ug/kg and their levels both in barley and
malt were comparable. Beauvericin was detected in two malts at
low concentration (7.8 pg/kg), and it was always under the LOQ in
barley. Of the other mycotoxins, only DON occurred in the barley
variety Sebastian at concentration of 62.12 pg/kg.

The mycotoxin levels in the samples from Jaroméfice nad
Rokytnou were also quite low. The highest concentrations were
detected in the variety Bojos: Enn B 420.7 pg/kg, Enn B; 307.6 pg/kg,
and Enn A 154.4 ng/kg; concentrations of Enn B; and A; were the
highest of all the examined samples. Compared to barley, Enn B, B,
and A; contents decreased in all malts with the exception of the
variety Xanadu. Beauvericin was detected at low concentrations (to
30.1 pg/kg) in all barley samples with even lower concentration in
malt. All barley samples also contained nivalenol and two samples
contained DON, these values, however, were below the LOQ. Two
barley samples and one malt sample contained low amounts of T-2
and HT-2 toxins.

Barleys from the locality Uhersky Ostroh were the least
mycotoxin-contaminated. In two barley samples, nivalenol
(<80 ug/kg), Bea, T-2 and HT-2 toxin were below the LOQ (5 pg/kg),
Enns did not exceed 33.5 ug/kg (Enn By in the barley variety Bojos).
After malting, concentration of some mycotoxins increased in or-
ders of hundreds to thousands of percents in all four samples. In all
malts, Bea occurred at concentrations to 41.7 pg/kg, Enn A; to
281 pg/kg, Enn B to 1110 pg/kg, and Enn By to 504 pg/kg. Nivalenol
(220 pg/kg), DON (65 pg/kg) were found in the variety Sebastian;
HT-2 toxin in the varieties Bojos and Xanadu (20 and 12 pg/kg,
respectively).

Although the micromycetes of the Fusarium species are “field
molds”, under favorable conditions they can also grow during
storage (Fakhrunnisa, Hasmhi, & Ghaffar, 2006; Vaughan, Sullivan,
& Sinderen, 2005). Microspores of fungi can be present every-
where, for example, contact of harvested crops with soil during
harvest can be risky. The previous crop is also an important factor.
During malting, mycotoxin levels decline, however, their produc-
tion may increase during germination as the warm, humid

environment of a malthouse is a suitable environment for mold
growth. Further mycotoxin production can occur during kilning.
High temperatures reduce fungal growth, but in some fungal spe-
cies the increase in temperature in the initial stages of kilning can
stimulate an increased mycotoxin production (Wolf-Hall, 2007). In
compliance with previous results, Oliveira, Mauch, Jacob, Waters,
and Arend (2012) refered that the increased temperature during
kilning created unfavorable conditions for the growth of molds, on
the other hand, the stress response led to the increased DON pro-
duction. Concentration of DON can also increase as a result of the
activity of amylolytic enzymes involved in the release of DON and
D3G from their bound forms (Malachova et al., 2010).

4. Conclusion

The ultra-performance liquid chromatography method with
mass spectrometry for the detection of 17 mycotoxins in barley and
malt was developed and validated. This method was applied in a set
of 52 samples of spring barley and barley malt from crop 2012. The
detected mycotoxin concentrations did not differ from the values
given in the literature in previous years. It was confirmed that the
range of the mycotoxins present depended on the locality, weather,
variety, and namely on the growing year. The mycotoxin values
detected in barley in this study were lower compared to the data
given in the literature. Twelve barley samples from three localities
were malted. Mycotoxin contents in produced malts were lower or
did not change significantly compared to the initial raw material.
Only in one locality, concentration of some mycotoxins (enniatins)
significantly increased after malting barley from all four studied
varieties. This may be due to contamination of barley with mold
microspores already in a field and enhanced mycotoxin production
during malting. However, no general conclusions can be made and
further research is necessary.
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Abstract

WINTEROVA R., MIKULIKOVA R., MAZAC J., HAVELEC P. (2008): Assessment of the authenticity of fruit
spirits by gas chromatography and stable isotope ratio analyses. Czech J. Food Sci., 26: 368-375.

The gas chromatographic (GC) determination of volatile constituents and the determination of 1*C/!2C isotope ratios
by isotope ratio mass spectrometry — IRMS analysis as well as SNIF-NMR analysis of (D/H)I and (D/H)II ratios in
ethanol are prospective analytical methods which can be used for checking the authenticity of fruit spirits and for
detecting their adulteration. Different concentrations of volatile compounds such as acetaldehyde, ethyl acetate, diethyl
acetal, methanol, 1-butanol, 2-butanol, 1-propanol, 2-methyl-1-propanol, 2- and 3-methyl-1-butanol, volatile fatty
acids and isotopic data were demonstrated using discriminant analysis. The results show that the determination of
isotope ratios can be used especially for distinguishing between fruit spirits and others spirits, i.e. those made from
beet sugar, maize, cane sugar, grain, potato, or synthetic alcohol. Gas chromatography also makes it possible to dis-
criminate between respective spirits derived from one kind of fruit such as sweet cherry brandy, sour cherry brandy,

pear brandy, apple brandy, apricot brandy, or plum brandy.

Keywords: authenticity; fruit spirits; gas chromatography; stable isotope ratio analysis; IRMS; SNIF-NMR; linear dis-

criminant analysis

The requirements for quality food products have
been increasing in recent years and the interest in

identification of respective kinds of fruit spirits was
therefore started. This study includes the creation

the quality and purity of fruit spirits has grown
in this connection as well. The everyday practice
of market supervision reveals that high-quality
distillates are often blended with cheaper raw
materials of lower quality. Sugar is sometimes
added during fermentation of fruits to obtain
a higher yield of spirit, at other times ethanol
made from cheaper raw materials (beet sugar,
maize, cane sugar, grain, potato) or synthetic
alcohol is added.

One of the possibilities of preventing the adul-
teration of fruit spirits is an advanced analytical
control. A study of proving the authenticity and
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of a statistical file of analytical data.

Methods based on the determination of fruit
spirit components were developed for these pur-
poses. These methods include gas chromatography
— GC (BAUER-CHRISTOPH et al. 1997; KELLY et
al. 1999; Council Regulation EEC No. 2870/2000),
the determination of stable isotope ratio using nu-
clear magnetic resonance — 2H-NMR, and *C/!*C
isotope ratio using mass spectrometry — IRMS
(Council Regulation EEC No. 2676/90; BAUER-
CHRISTOPH et al. 1997, 2003).

The assessment of the *C/!2C carbon isotope
ratio reliably reveals the adulteration of fruit spirits
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with sugar. The determination of deuterium/hy-
drogen (D/H)I and (D/H)II ratios in the ethanol
molecule by *H- NMR serves to detect the source
of non-fruit ethanol.

Gas chromatography is a suitable method for the
identification and specification of respective kinds
of fruit spirits. The use of gas chromatography can
determine major as well as minor components of
fruit spirits (KELLY et al. 1999; BAUER-CHRISTOPH
et al. 1997). The contents of volatile compounds,
especially aroma components, in the finalised
spirits can verify the use of single fruit materials
for their production.

The requirements for determining the authen-
ticity of fruit spirits are described in the Council
Regulation EEC No. 2870/2000. The authentic
fruit spirits cannot contain ethanol other than
that of fruit origin.

MATERIALS AND METHODS

Materials. A total of 153 samples of fruit spirits
(from years 2003—2006) made from different kinds
of fruit (plum brandy, pear brandy, apple brandy,
apricot brandy, sweet-cherry brandy, sour-cherry
brandy) were analysed and the results were proc-
essed statistically.

The samples were provided by three producers
located in the Czech Republic, who had guaranteed
the authenticity of spirits.

Gas chromatography

Methods. Volatile components such as acetalde-
hyde, ethyl acetate, methanol, and higher alcohols
(1-propanol, 1-butanol, 2-butanol, 2-methyl-1-pro-
panol, 2-methyl-1-butanol, 3-methyl-1-butanol)
were analysed by gas chromatography (Council
Regulation EEC No. 2870/2000), using a FID detec-
tor and a Hewlett Packard gas chromatograph with
split injection (20:1). The injector temperature was
150°C; the detector temperature was 250°C. The
capillary column CP-WAX 57CB (length 50 m, I.D.
0.32 mm, film thickness 0.2 um) was used.

The oven temperatures were programmed as fol-
lows: starting at 40°C with 17 min isothermal peri-
od, then increasing to 70°C at the rate of 12°C/min,
with the final 5 min thermal persistence. The car-
rier gas was helium at the flow of 2.7 ml/minute.
The standards from Fluka and Aldrich compa-
nies were used for qualitative and quantitative
calibrations. All determinations were executed

by the internal standard method. Pentane-3-ol
was used as the internal standard substance. The
components contents were expressed in mg/1 of
pure ethanol (p.e.).

Volatile components such as ethyl esters of fatty
acids, benzaldehyde, and flavour compounds were
analysed by gas chromatography using mass selec-
tive detection (MSD) (WARDENCKI 2003; PINO
2002; NG 2002; GoMEzZ 2005; PAwLiszyN 2000;
SOUFLEROS 2004). The apparatus used was a Finni-
gan gas chromatograph. The SPME (Solid Phase
Micro Extraction) method was chosen for extracting
these substances. This technique is suitable for the
organic components concerned. It is based on the
adsorption of substances from the sample to the
surface of a siliceous fibre covered with the appro-
priate stationary phase. The substances adsorbed
to the fibre were desorbed in the injector of the gas
chromatograph. A 75 um CAR™/PDMS fibre was
used for SPME extraction.

SPME extraction conditions: sample temperature
—25°C; time of extraction 15 min; desorption in injec-
tor 3 min; injector temperature 280°C (splitless).

A GC/MSD capillary column DB-WAX (length
30 m, [.D. 0.25 mm, film thickness 0.25 pm) was
used for the analysis by gas chromatography. The
oven temperatures were programmed in two steps.
In the first step, the temperature increased from
55°C (isothermal 3 min) to 150°C (isothermal
5 min) at 10°C/min, in the second step it ramped
from 150°C to 200°C (isothermal 1 min) at 10°C
per minute. The carrier gas used was helium at the
flow of 2.0 ml per minute. The internal standard
method (heptanoic acid) was used for the deter-
minations.

H-NMR analysis

The D/H ratios of ethanol in the samples were
determined according to the official analytical
method for wine analysis by quantitative deuterium
NMR spectroscopy, as described in the Council
Regulation EEC 2676/90, method No. 8. A 70 ml
subsample was distilled using the Cadiot spinning
band column. To prevent the isotopic fractionation,
the minimal distillation yield of 95% was acquired.
To determine the water content in the distillate, a
Mettler DL18 Karl Fischer titrator was used.

The Bruker AVANCE DPX 400 spectrometer
equipped with a 10 mm dual deuterium probehead
(fluorine lock) and a BACS-60 automatic sample
changer was used for H-NMR measurement. The
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NMR tubes were prepared as follows: 2.3 ml of
distillate were placed into a pre-weighed bottle and
weighed nearest to 0.1 mg; 1.3 ml of the internal
standard (tetramethylurea with known value of D/H)
was then added and weighed nearest to 0.1 mg;
finally, 150 pl of the lock substance (10:1 mixture
of CF, and trifluoroacetic acid) was added and
weighed nearest to 0.1 mg; the blend obtained was
then filtered into the NMR tube. For each tube,
10 NMR spectra were recorded at a frequency of
61.4 MHz with the acquisition time 6.2 s, 90° pulse,
and 200 scans at 30°C. The processing of the FIDs
and the calculation of D/H of ethanol were per-
formed using the EUROSPEC software.

Carbon isotope analysis by IRMS

The determination of 8'3C ratio of ethanol con-
tained in the samples was carried out according
to the official analytical method for wine analysis
by EA-IRMS spectroscopy, as described in the
Council Regulation EEC 2676/90, method No. 45.
Approximately 1 pl of the distillate was injected
into the EA 1110 CHN (Fisons Instruments) us-
ing a liquid autosampler CTC-AS200S. The CO,
obtained by the combustion of the distillate was
introduced into the Thermo Finnigan DELTA Plus
Advantage IRMS spectrometer using the ConFlo
interface. CO, calibrated by certified reference
materials was used as the reference gas.

RESULTS AND DISCUSSION

Volatile components, esters and aroma
components suitable for the specification of
fruit spirits, analysed by GC/FID and GC/MSD

Tables 1 and 2 summarise the minima and maxima
of the volatile compound contents in the authentic
samples of individual sorts of fruit spirits. These
volatile compounds are important for characteris-
ing alcoholic distillates and fruit spirits.

The amounts of methanol in the samples varied
from 932 to 12 053 mg/l p.e. Methanol is a constitu-
ent arising from the enzymatic degradation of pectin
contained in fruits. Generally, its quantity is related
to the amount of pectin present in fruits used for
fermentation. The methanol concentration is suitable
for proving the authenticity of fruit spirits.

Limits are posed by the Council Regulation EEC
No. 1576/89 on the methanol content in many
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spirits. Its determination is part of the quality
control of spirit drinks.

Following this regulation, the authentic fruit
spirits should meet the maximum limit approved
for the methanol concentration, i.e. 10 000 mg/1
p.e. This limit was exceeded in 9 samples (4 apricot
brandies, 1 pear brandy, 2 sweet cherry brandies,
2 plum brandies).

Fruit spirits typically had high contenst of metha-
nol and 1-propanol, whereas spirits made from
grain contained significantly less of these. This
compares well with the data by BAUER-CHRISTOPH
et al. (1997), who found that the grain spirits mostly
contained only 100 mg/] p.e. of methanol and
1-propanol. In the fruit spirits, the concentrations
of higher alcohols were significantly lower than
those of methanol. The contents of higher alcohols
fluctuated over a wide range of values.

Higher alcohols are characteristic components
which are metabolised from amino acids by yeasts
during alcoholic fermentation of fruits and other
raw materials. The amounts of these compounds
depend on the quantity of amino acids in fruits.

The higher alcohols most frequently found in
low concentrations were 1-butanol and 2-butanol.
The lowest values measured (5-31 mg/l p.e.) were
those of 1-butanol in sweet cherry and sour cherry
brandies. WENCKER ef al. (1981) showed that
1-butanol is a strongly discriminating parameter
for the fruit spirits.

Table 2 show the values of the aroma components
that were present in concentrations significantly
lower than those of higher alcohols (Table 1).

The concentrations of esters and aroma compo-
nents were mostly lower than 1 mg/l p.e., in some
cases 1-50 mg/l p.e., and only sporadically higher
than 50 mg/l p.e.

The lowest concentrations were found of B-cit-
ronellol (below 0.3 mg/l p.e.) in all sorts of fruit
spirits. Low contents of -linalool, a-terpineol,
and eugenol (0-15.3 mg/l p.e.) were also observed.
Although the aroma compounds were only found
in smaller amounts, they should also contribute to
the verification of fruit spirit authenticity.

In all fruit spirits, the contents of volatile compo-
nents were probably correlated with technological
parameters, such as the activity of yeasts during
fermentation or the conditions of fermentation,
and with the distillation process, i. e. the separa-
tion of particular fractions. The contents of the
respective components may also depend on fruit
ripeness and storage.
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Table 1. Concentrations (minimum-maximum) of volatile components of fruit spirits, determined by GC/FID (mg/1
of pure ethanol; # = number of samples)

Pear brandy Apple brandy Sweet cherry  pjym, brandy Sour cherry Apricot brandy
(n = 44) (n=12) brandy (n = 29) brandy (n = 16)
(n=31) (n=21)
Acetaldehyde 13-562 30-260 16-355 26-385 13-597 25-320
Ethyl acetate 76-2937 125-2334 270-6921 563-2359 199-6565 279-3394
Diethyl acetal 20-375 63-778 17-254 18-321 19-361 42-203
Methanol 932-10809  1794-9168 4520-10695 2877-11414 4376-8784 6723-12 053
2-Butanol 6-733 8-323 15-1531 13-195 5-176 7-1715
1-Propanol 141-7068 121-2290 244-3758 356-3084 129-1562 292-2869
2-Methyl-1-propanol 341-1116 392-968 178-1366 222-1361 113-1955 511-1776
1-Butanol 16-228 80-205 5-31 21-126 7-31 27-516
2-Methyl-1-butanol 201-753 333-705 110-618 149-735 128-726 254-818
3-Methyl-1-butanol 900-3998 1705-4225 589-3017 591-2649 674-3120 799-2878

Analysis of stable isotope ratios for

determining the authenticity of fruit spirits

The amount of stable isotopes in raw materi-
als is influenced by the growing location and the
growth conditions of the plant from which ethanol

has been made.

The *H-NMR analysis is based on the measure-

ment of the deuterium to hydrogen (D/H) ratio of

the methyl (D/H)I and methylene (D/H)II groups

in the ethanol molecule.
Isotopic parameters (D/H)I, (D/H)II, and §!3C
of ethanol from the fruit spirits are summarised

in Table 5. It should be noted that the parameters

Table 2. Concentrations (minimum-maximum) of esters, aroma components of fruit spirits, determined by GC/MSD

(mg/1 of pure ethanol; # = number of samples)

Pear brandy ~ Apple brandy ~Sweet cherry  Sour cherry  pjyy brandy Apricot brandy
(n = 44) (n=12) brandy brandy (n = 29) (n = 16)
(n =31) (n=21)

Ethyl caprylate 0.3-39.1 14.2-106.7 1.1-46.6 1.4-52.7 2.9-107.6 0.6-49.1
Benzaldehyde <0.1-5.9 0.8-73.8 1.3-47.0 0.7-195.0 0.3-31.2 0.3-46.7
B-Linalool <0.9 <0.9 <0.9-2.8 <0.9-1.7 <0.9-1.8 <0.9-85.5
Methyl caprinate <0.3-1.6 <0.3-5.1 <0.3-24 <0.3-1.8 <0.3-3.3 <0.3-1.3
Ethyl caprinate 0.8-167.1 13.4-360.0 1.3-136.2 3.1-176.8 6.0-306.0 2.1-144.2
a-Terpineol <0.5-0.8 <0.5-2.3 <0.5-1.4 <0.5-3.1 <0.5-1.2 0.7-63.2
p-Citronellol <03 <0.3 <0.3 <0.3-3.2 <0.3 <0.3-35
Ethyl laurinate <0.1-134.9 <0.1-254.2 1.4-157.5 1.1-186.6 3.6-226.1 2.4-206.0
Ethyl myristate 0.9-43.1 4.2-72.7 0.4-55.8 < 0.4-69.5 <0.4-47.1 2.2-54.6
Eugenol <0.7-2.7 <0.7-1.9 <0.7-2.3 <0.7-15.3 <0.7-9.4 <0.7-13.2
Methyl palmitate <0.2-8.0 <0.2-4.1 <0.2-4.0 <0.2-10.8 <0.2-9.8 0.4-13.2
Ethyl palmitate 1.0-192.8 22.1-156.4 1.0-179.3 0.4-229.1 <0.2-490.7 13.2-289.7
El}(‘f;nyézttgyl <04-933  <04-147.0 <0.4-51 0.6-269.2  <04-118  <0.4-10.4
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Table 3. Stable isotope concentrations (minimum and maximum) in ethanol from fruit spirits (# = number of sam-

ples)

Fruit spirit (D/H)I (ppm)

(D/H)II (ppm) S13C (%o)

Pear brandy (n = 44)
Apple brandy (n = 12)

94.46 to 98.95
94.40 to 96.09
94.17 to 100.46
95.50 to 98.68
95.67 to 99.51
95.08 to 99.80

Sweet cherry brandy (n = 31)
Sour cherry brandy (n = 21)
Plum brandy (n = 29)
Apricot brandy (n = 16)

118.92 to 127.41
119.88 to 124.73

—28.17 to —-25.27
—28.80 to —26.52
120.68 to 140.13
121.06 to 131.40
120.60 to 126.27
121.78 to 127.20

—28.44 to -25.42
—27.21 to -25.74
—27.50 to —24.30
—27.27 to -23.30

(D/H)I, (D/H)II, and §3C of all kinds of the fruit
spirits tested had similar values.

The typical values for ethanol of non-fruit origin
are shown in Table 6 (BAUER-CHRISTOPH et al.
1997). Tables 6 and 5 present the values of isotope
parameters found in the samples of commercial
spirits originating from various raw materials.

The values displayed show that isotopic pa-
rameters (D/H)I of the spirits from cane sugar or
maize and especially of those made from synthetic
alcohol are significantly higher than isotopic pa-
rameters (D/H)I of the fruit spirits. On the other
hand, the spirits from beet sugar have isotopic
parameters (D/H)I lower than the fruit spirits.
The spirits from cane sugar and maize have the
isotopic parameters §'C markedly lower than
the fruit spirits.

It is not possible to distinguish between the fruit
spirits of different origins using solely their isotopic
parameters because the variation ranges of these
parameters overlap too much. On the other hand,
the isotopic parameters enable the recognition of
the fruit spirits containing ethanol of non-fruit
(such as beet sugar, cane sugar or maize) origin.
The only exception is ethanol from grain, which
fits to the isotopic parameters otherwise typical for

the fruit spirits. There is also slight overlap of the
ranges of isotopic parameters of ethanol from the
fruit spirits and ethanol from potatoes (Figure 1).
The graph demonstrates the differences in the po-
sition of stable parameters of the fruit spirits and
of other materials (alcohol from beet sugar, cane
sugar, maize, potato, and synthetic alcohol).

Statistical evaluation

MISSELHORN and GRAFAHREND (1990) were the
first to use linear discriminant analysis (LDA) in
conjunction with the isotope parameters of ethanol
in order to differentiate between highly rectified
ethyl alcohols made from diverse raw materials.

If the separation potential of LDA is efficient,
the resulting discriminant variables can be used
as a means of assigning an unknown sample to
one of the groups considered.

A total of 153 samples of fruit spirits were sta-
tistically evaluated using discriminant analysis
(MELOUN & MILITSKY 2002). The purpose of the
discriminant analysis was to find new variables.
These variables should sufficiently distinguish
between the samples of particular spirit types
made from fruits such as plumes, sweet cherries,

Table 4. Stable isotope concentrations (minimum and maximum) in ethanol derived from various raw materials

(BAUER-CHRISTOPH et al. 1997)

Raw material (D/H)I (ppm)

(D/H)II (ppm) 813C (%o)

Beet sugar 91 to 93
Cane sugar, maize 108 to 110
Grain 96 to 99
Potato 93 to 95
Synthetic alcohol 123 to 124

116 to 120 —28 to -26
127 to 130 -13 to -11
121 to 124 —26 to —24
124 to 126 -28 to -25
138 to 139 -32to -25
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Figure 1. Correlation between the means of (D/H)I and §'3C isotope ratios in ethanol from fruit spirits, beet sugar,

cane sugar, potato, maize, grain, and synthetic alcohol

sour cherries, pears, apples and apricots. In ad-
dition, the discriminant analysis with different
ranges of parameters was carried out in order to
recognise the sole influence of particular groups
of parameters including:

— all 26 parameters (data from GC-FID and GC-MSD
with isotopic parameters used);

— 10 parameters (only data from GC-FID used);

— 3 parameters (only data from isotopic analysis
used);
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Figure 2. Plot of data from all samples set along first and second new canonical axes
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— 13 parameters (only data from GC-MSD used);
— 23 parameters (data from GC- FID and GC-MSD
without isotopic parameters used).

The results of the discriminant analysis of the
respective data sets with different data sizes showed
that the discriminant success rate between the
individual types of spirits reached 93% and was
influenced by the production date. Figure 2 displays
the distribution of the data for all samples, set
along the first and second new canonical axes. The
similarity of spirit pairs such as apple—pear brandy,
sour cherry—sweet cherry brandy is shown. Con-
trariwise, the conspicuous dissimilarity between
the apricot spirits and other spirits is obvious. By
employing a test against an independent data set,
the discrimination success rate was found to be
from 73 to 93% (if covered by the discrimination
model) or 45% (not covered by the discrimina-
tion model).

Furthermore, it was possible to identify the im-
portant parameters for discrimination, also with
respect to the sufficient distinction between the
ranges of the values of individual analytical pa-
rameters. However, the evaluation of the data sets
as well as the practical point of view revealed the
suitability of using all parameters from GC-FID
and GC-MS analyses. The results of the isotopic
analyses showed to be very appropriate for the
identification of outliers (suspected of contain-
ing components of different botanical origin),
but not for distinguishing between the individual
types of spirits.

CONCLUSIONS

The results of this work and the statistical
processing of the data showed the possibilities
of authenticity detection of fruit spirits based
on stable isotope determination by using nuclear
magnetic resonance — *H-NMR and mass spec-
trometry — IRMS (Figure 1). This paper also de-
scribes the way of identification of the individual
kinds of fruit spirits based on the determination
of higher alcohols and aroma components using
gas chromatography.

Figure 2 shows the similarity of spirit pairs such as
apple — pear brandy, sour cherry — sweet cherry, and
the dissimilarity of apricot brandy to other spirits.

The data obtained show that the combined use
of the volatile compounds and isotope parameters
in LDA provide an efficient tool for detecting the
adulteration of fruit spirits.
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Abstract Trans-2-nonenal is an aldehyde contributing to
an unpleasant off-flavor and odor of rancid butter in stored
beer. The automated solid-phase microextraction technique
(SPME) coupled with gas chromatography (GC) and solid-
phase dynamic extraction (SPDE) coupled with gas chro-
matography were optimized and introduced to determine
trans-2-nonenal in barley, malt and beer. Five types of
SPME fibers coated with different stationary phases
(100 um PDMS, 65 pm PDMS/DVB, 85 um CAR/PDMS,
50/30 pm DVB/CAR/PDMS, 85 um PA) and two needles
(PDMS, PDMS/AC) were compared and tested for their
efficiencies in the headspace (HS) SPME and SPDE
determination of frans-2-nonenal in barley, malt and beer.
The highest extraction efficiency of HS-SPME was
achieved with the PDMS/DVB fiber, and addition of 1.5 g
of NaCl, extraction time was 20 min at 60 °C. The highest
extraction efficiency of HS-SPDE was obtained with the
PDMS needle, 15 extraction strokes at 60 °C and addition
of 1.5 g of NaCl. Trans-2-nonenal was identified with the
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method of HS-SPME coupled gas chromatography-mass
spectrometry (GC-MS); the samples were analyzed using
the HS-SPME-GC-coupled gas chromatography-flame
ionization detector (GC-FID) technique.
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Introduction

Spring barley has been a main raw material for production
of malt and subsequently beer in the territory of the Czech
Republic since the late 19th century. Requirements for the
quality of malting barley have gradually been increased
and specified.

The current state of knowledge on enzymatic processes
in barley caryopses including changes during technological
processing is not sufficient. Lipoxygenase enzyme cata-
lyzes the oxidation of unsaturated fatty acids with more
double bonds containing cis-1,4-pentadien group, with a
molecular oxygen. Thus in a chain reaction transient per-
oxides of unsaturated fatty acids are formed, these are
further degraded to carbonyl compounds (aldehydes,
ketones) or short-chain fatty acids. In this way compounds
with characteristic flavors and odors are formed. Nutri-
tiously important essential fatty acids, linoleic, linolenic,
and arachidonic, belong to lipoxygenase substrates. Acyl
glycerols and other esters of the fatty acids mentioned
above can also be oxidized [1, 2].

An aldehyde trans-2-nonenal is a basic component
contributing to the rancid taste in stored beers [3]. The
mechanism of formation of frans-2-nonenal in beer is
enzymatic or nonenzymatic oxidation of fats and oxidation
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of free fatty acids, enzyme lipoxygenase plays a role here
[4].

Due to low trans-2-nonenal contents in barley, malt and
beer, an extraction technique suitable both for isolation and
increase in concentration of this substance must be used.
Distillation with water vapor, headspace methods (gas
extraction) and solid-phase microextraction (SPME) are
usually used for concentration of volatile substances [5, 6].

The SPME is a solvent-free sample preparation tech-
nique. This method does not require a complicated
instrumentation and is based on sorption of the analytes on
the surface of a silica fiber. The amount of the extracted
analyte depends on the value of the analyte/fiber partition
coefficient, polarity and fiber thickness, extraction time and
analyte concentration in a sample. The extraction yield can
be increased by stirring, addition of salt into the sample, or
change of pH or temperature [7—11].

Solid-phase dynamic extraction (SPDE) is a newer and
more modern setting of SPME for dynamic extraction of
liquid or gaseous samples. Unlike the SPME method,
sorbent in the SPDE technique is coated on the internal
layer of a needle connected to a gas-tight syringe. Repeated
sampling of the gaseous (HS-SPME) or liquid phase
(DI-SPME) of the sample results in concentrating the
determined analytes in the needle. This extraction tech-
nique is more robust than SPME and it allows assessing
even very low concentrations. The disadvantage of this
system is that it must be connected to a robotic system.
This extraction technique cannot be conducted manually as
required repeatability would not be reached.

For the determination of frans-2-nonenal in barley, malt
and beer the automated SPME-GC and SPDE-GC methods
were optimized and compared.

Experimental
Chemicals and Standards

Trans-2-nonenal, ethanol and NaCl were purchased from
Sigma-Aldrich (Sigma-Aldrich, Praha, Czech Republic).
The standard working solution was prepared in ethanol
with concentration of 50.0 ug L™'. Calibration solutions
with concentrations in the range from 0.03 to 3.4 pg L'
were prepared daily with deionized water obtained from
the purification system Millipore (Millipore, Billerica, MA,
USA).

Instrumentation
The gas chromatograph Trace Ultra with a flame ionization

detector (FID) (Thermo Electron Corporation, Milano,
Italy) was used for the assessment of trans-2-nonenal in
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samples. SPME and SPDE extractions were carried out in
the automatic injection autosampler CombiPal (CTC
Analytics, Zwingen, Switzerland). The column Supelco-
wax (30 m x 0.25 mm LD, 0.25 pm) (Supelco, Belle-
fonte, PA, USA) was held at 50 °C for 2 min, then
programmed at 8 °C min~' to 200 °C (5 min). The tem-
perature of the split/splitless PTV injector (metal liner
275 mm x 1 mm x 120 mm) was 250 °C, 2 min split-
less time. The flow rate of helium carrier gas (99.999%)
was 1.5 mL min~".

The gas chromatograph Trace GC Ultra Finnigen
(Thermo Electron Corporation, Milano, Italy) with a mass
detector Trace DSQ Thermo Finnigen (Thermo Electron
Corporation, Austin, TX, USA) was used for the identifi-
cation of trans-2-nonenal in samples. The column, thermal
regime and flow rate of helium carrier gas were the same as
those used for GC/FID method. The transfer line temper-
ature was 200 °C. The mass selective detector operated in
full scan mode with positive electron impact (EI) ioniza-
tion. The manual HS-SPME method was used for the
identification of frans-2-nonenal.

Sample Preparation
Barley, Malt

A ground sample of barley or malt (+5 g) was weighed
into an Erlenmeyer flask, 50 mL of deionized water was
added and the flask was closed. The sample was then
extracted in a laboratory shaker for 15 min. After the
extraction, the sample was transferred into a centrifuge
tube and centrifuged at high-speed rotation at low tem-
perature for 15 min. 5 mL of supernatant was used for the
SPME procedure described below.

Beer

1.5 g of NaCl was placed into a 20 mL head space vial and
a magnetic stirrer was inserted. 5 mL of cooled beer was
then added with a pipette into the vial and the sample was
analyzed using the automated HS-SPME-GC-FID method.

SPME Procedure

Five types of fibers were compared for the HS-SPME
(100 pm PDMS, 65 um PDMS/DVB, 85 um CAR/PDMS,
50/30 pum DVB/CAR/PDMS, 85 um PA).

Preparation of Individual SPME Fibers

The PDMS-SPME fibers were conditioned in the GC
injector before use as follows: PDMS 250 °C, 0.5 h;
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PDMS/DVB 250 °C, 0.5 h; CAR/PDMS 300 °C, 2 h;
DVB/CAR/PDMS 270 °C, 1 h; PA 300 °C, 2 h.

Manual SPME

To perform the SPME extraction, 1.5 g of NaCl was placed
in a 20 mL head space vial. 5 mL of supernatant was then
pipetted into the vial. The vial was closed with a metal cap
with septum and the sample was analyzed using a manual
HS-SPME-GC-MS.

A SPME holder for manual sampling was used for fixing
the fiber. The depth of needle insertion into a container was
always 0.5 cm. Selected sorption conditions were 60 °C for
20 min. Desorption of the analyte from the fiber was per-
formed in the PTV injector at 250 °C for 2 min. The depth
of fiber insertion into the PTV injector was 4.5 cm.

Automated SPME

To perform the SPME extraction, 1.5 g of NaCl was placed
in a 20 mL head space vial and a magnetic stirrer was
inserted. 5 mL of supernatant was then pipetted into the
vial. The vial was closed with a metal cap with septum and
the sample was analyzed using the automated HS-SPME-
GC-FID.

For trans-2-nonenal extraction from the analyzed sam-
ples, the PDMS/DVB fiber was used. Sample incubation
time was 10 min at 60 °C. Time of sorption (extraction) of
the analyte to the SPME fiber was 20 min at 60 °C.
Desorption of the analyte from the fiber was conducted in
the PTV injector at 250 °C for 2 min. The depth of fiber
insertion into the PTV injector was 4.5 cm.

SPDE Procedure

Two needles (50 um PDMS, 50 um PDMS/AC) were
tested for their efficiencies in the HS-SPDE extraction.

Preparation of the Individual SPDE Needles

The SPDE needles were conditioned in the automatic
injection autosampler CombiPal before use as follows:
PDMS 250 °C, 0.5 h; PDMS/AC 300 °C, 2 h.

Automated SPDE

To perform the SPDE extraction, 1.5 g of NaCl was placed
in a 20 mL head space vial and a magnetic stirrer was
inserted. 5 mL of supernatant was then pipetted into the
vial. The vial was closed with a metal cap with septum and
the sample was analyzed using the automated HS-SPDE-
GC-FID.

For trans-2-nonenal extraction from the analyzed sam-
ples, the PDMS needle was used. Sample incubation time
was 10 min at 60 °C. Needle temperature was 35 °C. For
extraction, 15 extraction cycles were used. Desorption of
the analyte from the needle was performed in the PTV
injector at 250 °C for 2 min. Volume of He (99.999%) in
the syringe after desorption was 500 pL. Desorption gas
rate was 50 pL s~'. The depth of needle insertion into the
PTV injector was 4.5 cm.

Result and Discussion
Optimization of HS-SPME Extraction

For HS-SPME extraction of trans-2-nonenal, the type of a
SPME fiber, extraction temperature, extraction time and
the amount of added NaCl on extraction yield were tested
and optimized.

Selection of the SPME Fiber

Following five types of SPME fibers were tested: 100 um
PDMS, 65 um PDMS/DVB, 85 um CAR/PDMS, 50/30 pm
DVB/CAR/PDMS, 85 pum PA. The PDMS/DVB fiber had the
highest affinity for trans-2-nonenal extraction.

Optimization of Extraction Temperature and Time

For optimization of the extraction, the dependence of
efficiency of trans-2-nonenal extraction on the sample
temperature and extraction time was studied. The highest
extraction efficiency was achieved at the sample tempera-
ture of 60 °C and at the extraction for 20 min.

Salt Addition

The effect of NaCl concentration in the analyzed sample on
the extraction efficiency was studied at the optimized
extraction temperature and time. The highest extraction
efficiency of frans-2-nonenal was achieved with the addi-
tion of 1.5 g of NaCl.

Optimization of SPDE Extraction

For the SPDE extraction of trans-2-nonenal the type of the
SPDE needle and number of extraction cycles were opti-
mized. Two SPDE needles (50 pum PDMS, 50 um PDMS/
AC) were tested. For SPDE a needle with the PDMS phase
was more suitable.

Figure 1 shows the dependence of the extraction effi-
ciency on the number of extraction strokes. It is evident
that the highest extraction efficiency was achieved with 15
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Fig. 1 Optimization of the number of extraction strokes for the
SPDE needle with the PDMS phase

Table 1 Validation parameters for HS-SPME determination of fans-
2-nonenal in barley, malt and beer

Sample LOQ LOD RSD (%)
Barley 15x 102 ugkg™' 5x 102 pgkg™' 83

and malt
Beer 15%x 102 ug L™ 5x 102 pg L™ 9.5

extraction cycles. With a higher number of extraction
strokes reversed desorption from a needle to the sample
occurred.

The comparison of relative extraction efficiency of the
optimized automated HS-SPME and HS-SPDE techniques
suggests that SPME extraction with the PDMS/DVB fiber
is more suitable for the extraction of frans-2-nonenal than
the extraction with the tested SPDE needles.

Fig. 2 A chromatogram of 250
trans-2-nonenal determination
in beer using the automated
HS-SPME-GC-FID method
with the PDMS/DVB fiber
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Validation Parameters

Quantification of frans-2-nonenal in samples was per-
formed using a calibration curve. The calibration curve was
linear in the range from 0.03 to 3.4 pg L™" with the cor-
relation coefficient of 0.9998.

Validation parameters of the HS-SPME-GC-FID
method for the determination of trans-2-nonenal content in
the analyzed samples are given in Table 1.

Analysis of the Samples with the Automated HS-
SPME-GC-FID Method

A type of the SPME fiber, extraction temperature and time
and the effect of NaCl addition on extraction yield were
optimized for SPME extraction of trans-2-nonenal. The
PDMS/DVB fiber had the highest affinity for trans-2-nonenal
extraction.

The comparison of relative extraction yields of the
optimized automated HS-SPME and HS-SPDE techniques
suggested that SPME extraction with the PDMS/DVB fiber
was more suitable for the extraction of frans-2-nonenal
than the extraction with the SPDE needles tested.

Based on the experimental results, the automated HS-
SPME-GC-FID method with the PDMS/DVB fiber, time of
extraction 20 min at 60 °C and with the addition of 1.5 g
NaCl was chosen for the determination of trans-2-nonenal
content in barley caryopses, malts and beers. The
HS-SPME-GC-FID method with the PDMS/DVB fiber for
the determination of trams-2-nonenal content in a barley
caryopsis, malt and beer was validated.

A total set of 54 samples (21 barley varieties and 21
malts produced from them and 12 beers) was analyzed and
contents of frans-2-nonenal in barley caryopses, malts and
beers were determined with the optimized HS-SPME-GC-FID

10.877 trans-nonenal
-

AT N
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Table 2 Trans-2-nonenal content in barley and malt samples

Barley variety Trans-2-nonenal (pug kgfl)

Barley Malt
Wikingett 1.14 17.26
Troon 0.98 23.93
Cruiser 1.24 10.29
Bellevue 0.97 29.43
Biatlon 1.39 18.16
Mauritia 0.81 27.59
Ebson 0.83 38.54
NFC Tipple 0.89 10.31
Westminster 1.42 15.66
Publican 0.30 8.90
Marthe 1.74 26.86
Maltasia 3.06 12.07
Lissane 0.96 10.96
Musikant 0.28 15.82
Xanadu 1.18 2.77
Jersey 0.59 22.38
Malvaz 0.16 23.96
Binder 0.24 61.70
Tepelsky 421 0.65 13.96
Ratborsky 0.38 9.07
Timori 0.96 1.89

method with the PDMS/DVB fiber. Figure 2 shows a
chromatogram of the determination of trans-2-nonenal in a
beer sample with the automated HS-SPME-GC-FID
method with the PDMS/DVB fiber.

Table 2 summarizes the results of trams-2-nonenal in
barley and malt samples. Trans-2-nonenal content in bar-
leys ranged from 0.28 to 3.06 pg kg™, in malts it varied
from 8.90 to 38.54 ug kg™~'. Multiple higher frans-2-non-
enal content in malt versus the barley grain was caused by
an increased enzymatic activity at malting.

Trans-2-nonenal was determined in the set of 12 beer
samples (4 pale dispensed beers, 4 lagers and 4 non-

alcoholic beers). Trans-2-nonenal in pale dispensed beers
varied from 1.01 to 3.44 pg L™', in lager beers from 1.06
to 4.02 ug L™ and non-alcoholic beers it moved from 3.39
to 20.28 ug L.

Conclusion

Trans-2-nonenal content was determined with the opti-
mized automated HS-SPME-GC-FID method with the
PDMS/DVB fiber. Trans-2-nonenal contents in barleys
ranged from 0.28 to 3.06 pug kg™', in malt it moved from
8.90 to 38.54 pg kg~ '. The highest trans-2-nonenal con-
tent was determined in non-alcoholic beers and the lowest
in dispensed beers.
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