KVASNY PRUM.
60/2014 (7-8)

174

Pivo a zdravi

Pivo a zdravi

Jana OLSOVSKA, Dagmar MATOULKOVA, Pavel CEJKA, Marie JURKOVA
Vyzkumny ustav pivovarsky a sladarsky, a. s., Pivovarsky tstav Praha, Lipova 15, 120 44 Praha 2 / Research Institute of Brewing
and Malting, Plc., Prague Brewery Institute, Lipovad 15, 120 44 Prague 2

e-mail: olsovska@beerresearch.cz

Recenzovany ¢lanek / Reviewed paper

OlSovska, J. — Matoulkova, D. — Cejka, P. — Jurkova, M.: Pivo a zdravi. Kvasny Prum. 60, 2014, &. 7-8, s. 174—181

Pivo je nesporné zdravy napoj. Jeho konzumace pfinasi spotfebiteli mnoho benefitd, pfedevs§im osvézeni a relaxaci, pivo ma pozitivni
vliv na traveni, a je zdrojem zékladnich nutrientt a mikronutrient(i. Na zakladé monitoringu piva z eskeé trzni sité, zahrnuijici piva z velkych,
stfednich a restaura¢nich pivovar(, byla vytvofena nova studie o obsahu zdravotné pozitivnich latek v pivu. Bylo potvrzeno, Ze ¢eska piva
obsahuji mimo jiné vyznamné koncentrace vitamin( B a nékterych vyznamnych fytoestrogent. Studie dale pfinasi vysledky obsahu latek
opacéného charakteru, tedy latek toxickych, vznikajicich v pivu pfedevsim v disledku mikrobiologické kontaminace. ZvySené koncentrace
biogennich amin(i a N-nitrosamin(i byly zaznamenany v nékterych provozech minipivovard a poukazuiji na jejich snizeny hygienicky stav.

OlSovska, J. — Matoulkova, D. — Cejka, P. — Jurkova, M.: Beer and health. Kvasny Prum. 60, 2014, No. 7-8, pp. 174181

Beer is indisputably a healthy beverage. Its consumption brings to the consumer many benefits, especially refreshment and relaxation.
Beer has a positive effect on digestion, and is a source of essential nutrients and micronutrients. Based on monitoring the Czech beer
market network involving beer from large, medium and restaurant breweries, a new study was performed on the content of health-positive
substances in beer. It was confirmed that Czech beer contains, among others, a significant concentration of B vitamins and some impor-
tant phytoestrogens. The study also monitors the content of potentially adverse substances, i.e. substances which are toxic and get into
beer mainly due to microbiological contamination. Increased concentrations of biogenic amines and N-nitrosamines have been reported
in beers from some minibreweries; this points to their lower hygienic conditions.

OlSovska, J. — Matoulkova, D. — Cejka, P. — Jurkova, M.: Bier und Gesundheit. Kvasny Prum. 60, 2014, Nr. 7-8, S. 174-181

Bier ist ohne Zweifel ein gesundes Getrank, seine Konsumation bringt dem Verbraucher viele Benefits, vor allem Erfrischung und
Relaxation, Bier wirkt positiv auf das Verdauen und ist eine Quelle von Grundnahrstoffen und Mikronahrstoffen. Auf dem Grund einer
Monitoring des tschechischen Biermarkts mit Bieren aus groBen, mittelstidndigen und Gaststattenbrauereien wurde eine neue Studie
Uber einen Gehalt an gesundheitlich positiv wirkende Stoffe im Bier verfasst. Es wurde bestétigt, dass das tschechische Bier unter
anderem eine bedeutende Konzentration von B-Vitaminen und einige bedeutende Phytoestrogens enthalt. Weiterhin bringt die Studie
Ergebnisse Uber den Gehalt an Stoffe des entgegengesetzten Charakters, also uber toxische Stoffe, die im Bier vor allem infolge einer
mikrobiologischen Kontamination entstehen. Die erhdhte Konzentration von biogenen Aminen und N-Nitrosaminen wurden in einigen

Gaststattenbrauereien festgestellt, was eine niedrigere Hygiene im Betrieb aufweist.

Klicova slova: pivo, zdravi, fytoestrogeny, vitaminy B, biogenni
aminy, N-nitrosaminy, ATNC, mikrobiologicka kontaminace

1 UVOD

Pivo je dllezitym zdrojem hlavnich vyzivnych (nutri€nich) latek,
jako jsou sacharidy a bilkoviny, pravé sacharidy jsou hlavnim zdro-
jem celkové energie piva. V této souvislosti se pivo stalo zakladni
soucasti jidelni¢ku v mnoha kulturach (Bamforth, 2004). Vyvazené
nutriéni slozeni, minimalni obsah cizorodych latek a kone¢né maly
obsah alkoholu fadi pivo v pfipadé spinéni podminky umirnéné kon-
zumace tohoto napoje mezi zdravi prospésné napoje. V zahraniéni
literatufe je umirnéna neboli moderovana konzumace alkoholu obec-
né oznacovana jako ,moderate consumption“. Caorrao et al. (2000)
a novéji Poli et al. (2013) dokazuiji, ze pravidelna konzumace alkoho-
lu obecné v davkach 20-30 g/den pro muze a 10—15 g/den pro Zeny
preventivné plsobi proti fadé onemocnéni, pfedevsim kardiovas-
kularnim, chrani pfed rozvojem aterosklerézy, omezuje shlukovani
krevnich desti¢ek a pozitivné zasahuje do lipidového metabolismu,
a to tim, ze zvySuje hladinu tzv. ,hodného“ cholesterolu HDL a na-
opak snizuje hladinu LDL cholesterolu.

Na téma ,Pivo a zdravi“ byla sepsana fada védeckych ¢lanka,
existuje téz fada odbornych publikaci (Bamforth, 2004; Emmerova et
al., 2010; Preedy, 2009). Pivo obsahuje aZ dva tisice rlznych latek,
z nichz nejvice jsou zastoupeny sacharidy, bilkoviny, dale mineraly,
rozpustna vlaknina, vitaminy skupiny B, a také fada polyfenolickych
slou¢enin, kterym jsou pfisuzovany antioxida¢ni, antikarcinogenni
a antimikrobialni u€inky (Gordon, 1996).

Téma ,Pivo a zdravi, které je v tomto Clanku rozpracovano, je
zameéfeno predevsim na piva ¢eskd, nebot VUPS se touto problema-
tikou zabyva v dlouhodobém vyzkumu. Jak jiz bylo popsano v roce
2004 (Cejka, 2004), &eska piva obsahuji vyssi koncentrace zdravi
prospésnych polyfenolickych latek (prdmérné 160 mg/l) nezli piva

Keywords: beer, health, phytoestrogens, vitamins B, biogenic
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1 INTRODUCTION

Beer is an important source of main nutrient substances such
as carbohydrates and proteins; carbohydrates are the main
source of the total energy of beer. Consequently, beer has be-
come a fundamental part of the diet in many cultures (Bamforth,
2004). Balanced nutritional composition, the minimum content of
contaminants, and low alcohol content make beer, on condition
of moderate consumption, one of healthy drinks. In foreign litera-
ture, alcohol consumption, if not excessive, is generally referred
to as a “moderate consumption”. Caorrao et al. (2000) and more
recently Poli et al. (2013) demonstrated that regular consumption
of alcohol in doses of 20-30 g/day for men and 10-15 g/day for
women has a preventive effect against various diseases, especial-
ly cardiovascular ones, protects against the development of ath-
erosclerosis, reduces platelet aggregation, and positively affects
lipid metabolism, increasing the levels of “good” HDL cholesterol
and decreasing LDL cholesterol.

Numerous scientific articles and publications were written on
the topic of “Beer and Health”, (Bamforth, 2004; Emmerova et al.,
2010; Preed, 2009). Beer contains up to two thousand different sub-
stances, most of which are represented by carbohydrates, proteins,
minerals, soluble fiber, B vitamins, and a number of polyphenolic
compounds, which are known to exert antioxidant, anticarcinogenic
and antimicrobial effects (Gordon, 1996).

The theme of “Beer and Health”, which is elaborated in this arti-
cle, is primarily focused on Czech beer, as RIBM deals with this is-
sue in a long-term research. As already described in 2004 (Cejka,
2004), Czech beers contain a higher concentration of healthy poly-
phenols (on average 160 mg/l) than foreign beers. In recent years,
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Obr. 1 Chemicka struktura xanthohumolu a isoxanthohumolu / Fig. 1
Chemical structure of xanthohumol and isoxanthohumol

zahranicni. V poslednich letech se vyzkum zaméfil podrobnéji pravé
na tyto mikronutrienty, zejména na tzv. flavonoidy, zahrnujici nékteré
vyznamné fytohormony, a déle na vitaminy.

Flavonoidy jsou zdravotné vyznamné latky, z nichz nékteré patfi
mezi tzv. fytoestrogeny, které pfechdazeji do piva z chmele i sladu.
Jsou to pfirodni antioxidanty s protinadorovymi a antimikrobialnimi
ucinky. V poslednich letech je vyznam téchto latek stale vice dis-
kutovan. Xanthohumol (obr. 1) pusobi jako inhibitor rGznych typl
rakovinovych nadorti a méa antimikrobialni, protizanétlivé a antioxi-
daéni ucinky. Ackoli je xanthohumol dominantni prenylflavonoid ve
chmelu, jeho koncentrace v pivu je podstatné nizsi, coz je zplso-
beno termickou izomerizaci na isoxanthohumol (obr. 1) (Stevens et
al.,, 1999); tato latka pak vykazuje nizsi bioaktivni ucinky (Kondo,
2003). 8-prenylnaringenin (8-PN) (obr. 2) patfi v sou€asnosti mezi
fytoestrogeny s nejsilnéjsi bioaktivitou (Milligan et al., 1999). Isofla-
vonoidy daidzein, genistein (obr. 3) a jejich prekurzory formononetin
a biochanin A jsou dal$i a dlouho znamé fytoestrogeny pfitomné ve
chmelu a sladu (Miky$ka et al., 2007). Tyto latky inhibuji rlst a pro-
liferaci urcitych typG nador(i, dale maji antimikrobialni, antioxidaéni
uginky a vykazuji silny efekt proti osteopordze (Adlercreutz et al.,
1995; Foti et al., 2005; Medjakovic et al., 2000).

Vitaminy. PFi monitoringu vitamin{ v pivu jsme se zaméili pfede-
v8im na vitaminy, které maji stabilni chemickou strukturu a jsou roz-
pustné ve vodé, tedy na vitaminy skupiny B. Ty se v lidském organi-
smu Ucastni latkové pfemény sacharid(l, bilkovin, tukd, cholesterolu
a nukleovych kyselin, jsou nezastupitelné pfi procesu tvorby energie
(formou koenzymt), dale jsou nezbytné pfi tvorbé a vyvoji Cervenych
krvinek, ovlivriuji stav lidské pokozky, vlast a nehtd, jsou zasadni pro
spravnou ¢innost nervového a imunitniho systému, podporuji spanek,
ovliviuji pamét a koncentraci. Vitaminy skupiny B v pivu pochazeji ze
sladu a ¢aste¢né z kvasinek béhem fermentace — kvasného procesu.

Jestlize mluvime na téma ,Pivo a zdravi“, je nutné zminit také moz-
nost obsahu latek cizorodych. Legislativné je pivo povazovano za
sbezpeénou potravinu®, protoze technologie vyroby piva je vnimana
jako dekontaminaéni proces. Ve vétsiné pfipadll tak tomu skute¢né
je. Z nasi zkusenosti mizeme konstatovat, Ze velké a stfedni pivovary
si pravidelné (minimalné jednou roéné) kontroluji nezavadnost svych
vyrobk(. V ramci téchto rozsahlych analyz (podle pozadavki byvalého
potravinového zédkona a doporuéeni CSPS) zaméfenych na potenci-
alni rizikové kontaminanty jsou sledovany koncentrace mykotoxing,
N-nitrosamint, biogennich amind, tézkych kovd, alifatickych chlorova-
nych uhlovodik(, polychlorovanych bifenyl(, aromatickych uhlovodikd,
dusi¢nand a v neposledni fadé je posuzovana mikrobiologicka Cistota.

Z chemické povahy kontaminant( Ize vétSinou odvodit, jaky Cinitel
zpUsobil jeho pfitomnost; zda se jednd o selhani nékterého z kroki
technologie, nekvalitni suroviny nebo nedostate¢nou hygienu v pro-
vozu. V naSem dvouletém monitoringu jsme se zaméfili pfedevsim
na biogenni aminy a N-nitrosaminy, které svou pfitomnosti mohou
signalizovat probéhlou mikrobidlni kontaminaci. Pfi kontaminaci
surovin, meziproduktd a hotového piva pak nehrozi jen poskozeni
kvality hotového piva, ale i potencialni poSkozeni zdravi spotfebitele.

Biogenni aminy jsou pfirodni, biologicky aktivni latky, dilezité pro
fyziologické funkce. Jsou bézné obsazeny v nizkych koncentracich
v rliznych potravinach a napojich. Vznikaji dekarboxylaci aminoky-
selin. Jejich pfitomnost ve vysokych koncentracich je vSak toxicka.
Psychoaktivni aminy maji vliv na centralni nervovy systém, vasoak-
tivni aminy ovliviiuji vaskularni systém. Jejich toxicita je silné zavis-
la na ucginnosti detoxikace; napf. ethanol vyznamné snizuje aktivitu
monoaminoxidasy, coz vede k inhibici odbouravani biogennich ami-
nd z organizmu, a tim ke zvys$eni jejich toxicity. Konzumace napo-
jl a potravin obsahujicich zvy$enou koncentraci biogennich amind
mUze u citlivych osob vést k bolestem hlavy, zvraceni, hypertenzi,
téZzkym alergickym zachvatim provazenym dusnosti, vyrazkou,

Obr. 2 Chemické struktura 8-prenylnaringeninu (vlevo) a genisteinu
(vpravo) / Fig. 2 Chemical structure of 8- prenyinaringenin (left) and
genistein (right)

research has focused in more detail on these micronutrients, par-
ticularly the flavonoids including some important plant hormones
and vitamins.

Flavonoids are medically important substances, some of which
belong to the so-called phytoestrogens, which get into beer from
hops and malt. They are natural antioxidants with anticancer and
antimicrobial effects. In recent years, the importance of these
substances is increasingly debated. Xanthohumol (Fig. 1) acts
as an inhibitor of various types of malignant tumors and has an-
timicrobial, anti-inflammatory and antioxidant effects. Although
xanthohumol is the dominant prenylflavonoid in hops, its concen-
tration in beer is considerably lower due to thermal isomerisation
to isoxanthohumol (Fig. 1) (Stevens et al., 1999); the substance
then exhibits a lower bioactive effects (Kondo, 2003). 8-Prenyl-
naringenin (8-PN) (Fig. 2) is currently among the phytoestrogens
with the strongest bioactivity (Milligan et al., 1999). The isofla-
vones daidzein, genistein (Fig. 3) and their precursors formonon-
etin and biochanin A are long-known phytoestrogens present in
hops and malt (MikySka et al., 2007). These substances inhibit
the growth and proliferation of certain tumors and exhibit antimi-
crobial and antioxidant effects and exert strong effect against os-
teoporosis (Adlercreutz et al., 1995; Foti et al., 2005; Medjakovic
et al., 2000).

Vitamins. When monitoring vitamins in beer, we focused on vita-
mins that have a stable chemical structure and are water soluble,
i.e. vitamins of the B group. They participate in the metabolism of
carbohydrates, proteins, fats, cholesterol, and nucleic acids, and are
indispensable in the process of energy production (in the form of co-
enzymes). They are also essential in the formation and development
of red blood cells, influence the state of human skin, hair and nails
and are essential for the proper functioning of the nervous and im-
mune system, promote sleep, and affect memory and concentration.
B group vitamins in beer originate from malt and partly from yeast
during fermentation.

When talking about “Beer and Health”, we should also mention
the possibility of foreign matter content. Beer is legislatively con-
sidered as “safe food” because the beer production technology is
seen as a decontamination process. In most cases this is indeed the
case. From our experience we can say that large and medium-sized
breweries inspect the safety of their products on a regular basis (at
least annually). Within the frames of these extensive analyzes (in the
spirit of food laws and recommendations of the former Czech Un-
ion of Breweries and Malthouses) of potential risk contaminants are
monitored concentrations of mycotoxins, N-nitrosamines, biogenic
amines, heavy metals, chlorinated aliphatic hydrocarbons, polychlo-
rinated biphenyls, aromatic hydrocarbons, nitrates and, last but not
least, the microbiological purity is assessed.

The chemical nature of the contaminants can usually point to the
factor that caused their presence: the failure of one of the techno-
logical steps, poor materials or inadequate hygiene in operation. In
our two years of monitoring, we focused on biogenic amines and
N-nitrosamines whose presence may indicate microbial contamina-
tion. Contamination of raw materials, intermediates and finished beer
may cause not only damage to the quality of the finished beer, but
also potential harm to consumers.

Biogenic amines are natural biologically active substances, es-
sential for the physiological functions of the body. They are com-
monly found in low concentrations in various foods and beverages
and are formed by decarboxylation of amino acids. Their presence
in high concentrations is toxic. Psychoactive amines have an effect
on the central nervous system, vasoactive amines affect the vas-
cular system. Their toxicity is strongly dependent on the efficiency
of detoxification; e.g. ethanol significantly reduces the activity of
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Obr. 3 Chemické struktury analyzovanych biogennich amint / Fig. 3 Chemical structures of biogenic amines under study

a v extrémnim pfipadé i Soku a ztratd védomi. Uginky nékterych
biogennich amind mohou byt synergické, sou¢asné byla prokazana
jejich synergie s alkoholem (to znamend, ze mohou byt jednotlivé
v malych tolerovanych mnozstvich, ale vzajemné se jejich ucinky
spole¢né s reakci s alkoholem nasobi). Sou¢asna platna legislativa
(Zakon €. 110/ 1997 Sb) povoluje maximalni koncentraci histaminu
v pivu 20 mg/kg (specialné pro pivo) a tyraminu obecné v potravi-
nach 100 mg/kg (obecné pro potraviny). Literatura (Anli et al., 2004)
uvadi, Ze pfi konzumaci 8-40 mg histidinu dochazi ke slabé otrave,
pfi 40—100 mg k otravé stfedni a nad 100 mg k otravé silné. Pfi poziti
tyraminu v koncentraci vy$8i nez 100 mg mudze dojit k silné migréné.
Chemickeé struktury biogennich amin( jsou uvedeny na obr. 3.

Biogenni aminy vyskytujici se v pivu Ize rozdélit do dvou skupin.
Prvni skupina zahrnuje aminy, které primarné pochazeji ze sladu
a dalSich surovin a Ize je tak povazovat za béznou slozku piva (putre-
scin, agmatin, spermin a spermidin). Do druhé skupiny mdzeme za-
fadit histamin, tyramin a kadaverin, jejichz pfitomnost v hotovém pivu
zpravidla ukazuje na aktivitu kontaminujicich bakterii béhem vyroby
piva (Kala¢ a Kfizek, 2003). Vyznamnymi producenty biogennich ami-
nl jsou mlé¢né bakterie a bakterie ¢eledi Enterobacteriaceae. Mlé¢éné
bakterie (Lactobacillus, Pediococcus) jsou zodpovédné predevsim
za produkci tyraminu a histaminu, zatimco napf. Enterobacter nebo
E. coli produkuji pfedevsim kadaverin a putrescin (Izquierdo-Pulido et
al., 1996; Kala¢ a Kfizek, 2003; Lorencova et al., 2012).

N-nitrosaminy, které jsou nejvice sledovany, jsou tzv. tékavé ni-
trosaminy (nejCastéji N-nitrosodimethylamin; NDMA) nebo celkové
netékavé ATNC (apparent total nitrosamine content). N-nitrosaminy
pfitomné v pivu pochazeji pfedevsim ze sladu, kde vznikaji pfi reakci
sladovych aminli s oxidy dusiku ze suSiciho vzduchu. Ty se vS§ak
vétSinou béhem technologického procesu vyredi, navic je jejich kon-
centrace hlidana ve vstupnim sladu.

Netékavé N-nitrosaminy mohou vznikat b&hem pivovarského pro-
cesu, napft. pfi preruseni varniho procesu na dobu del$i nez 4 hodi-
ny. V takovém pfipadé maze dojit k jejich tvorbé rozvojem bakterii
s nitratreduktdzovou aktivitou (tzn. redukuji dusi¢nany na dusitany).

Vyznamnym producentem N-nitrosaminu je rod Bacillus (v priibéhu
rmutovani) a bakterie eledi Enterobacteriaceae (na zacatku hlavniho
kva$eni). N-nitrosaminy maji pfi dlouhodobé konzumaci hepatotoxic-
ké a karcinogenni ucinky (postupné hromadéni ve tkanich, vznik na-
dortl). Pozadavky CSPS udavaiji nejvy3si pFipustné mnozstvi NDMA
v pivu 0,5 pg/kg. Na ATNC (celkové nitrososlouceniny) Zadna norma
v EU neexistuje. VétSinou je pozadovan obsah ATNC menSi nez 40
pg N-NO/kg, nebo 20 pg N-NO/kg. Podil tékavych nitrosaminl na cel-
kovém obsahu ATNC ¢&ini jen cca 10 %. Kvalitni piva maji obsah zpra-
vidla ATNC menSi nebo roven 20 pg N-NO/I. ZvySeny obsah ATNC je
zpUsoben v pifevazné vétsiné pfipadd mikrobialni infekci.

Cilem tohoto €lanku je sumarizovat vysledky monitoringu zdravi
prospésnych latek v ¢eskych pivech, ale zaroven upozornit na po-
tencialni nebezpedi, kdy se v pivu mohou vyskytnout latky opaéného
charakteru (biogenni aminy, N-nitrosaminy), a navrhnout, jak je eli-
minovat na minimum.

2 MATERIAL A METODY

2.1 Schéma experimentu

Pro srovnani obsahu vybranych vitaminG B a flavonoid( v ko-
merénich pivech bylo zajisténo 22 vzorkl tuzemskych a 16 vzorku
zahrani¢nich piv (v roce 2012) a 22 vzorkd tuzemskych a 17 vzorku
zahraniénich piv typu svétly lezék (v roce 2013).

Pro monitoring obsahu biogennich amind a ATNC (apparent total
nitrosamine content) v letech 2011 a 2012 bylo zajisténo 67 vzork
z velkych a stfednich pivovar(i a 53 vzork( z minipivovar(.

2.2 Pouzita metoda

Metoda stanoveni vitaminu B v pivu byla pfevzata z literatury (Albala-
-Hurtado et al., 1997; Dong et al., 1998; CSN EN 14122) a optimalizova-
na pro danou matrici. Tato metoda je interni metodikou VUPS. Vzorek
piva byl analyzovan na kapalinovém chromatografu Ultimate 3000 (Dio-
nex), na chromatografické koloné Nucleosil C18 (250 x 4 mm ID, 5 pym,

monoamine oxidase, which leads to inhibition of the degradation
of biogenic amines from the body, thereby increasing their toxic-
ity. Consumption of beer, other drinks or food containing elevated
concentrations of biogenic amines may lead to headache, vomiting,
hypertension, severe allergic attacks accompanied by shortness of
breath, rash, and in extreme cases shock and loss of conscious-
ness. The effects of certain biogenic amines can be synergistic and
their synergy with alcohol was proven (i.e., in small amounts they
can be individually tolerated, but their effects, when combined with
the reaction to alcohol, are multiplied). Current legislation allows
a maximum concentration of histamine in the beer 20 mg/kg (espe-
cially beer) and tyramine in foods generally 100 mg/kg (generally
for food). The literature (Anli et al., 2004) states that the consump-
tion of 840 mg of histidine leads to weak poisoning, at 40—100 mg
a medium poisoning appears and strong poisoning appears on in-
gesting more than 100 mg. Ingestion of tyramine at a concentration
greater than 100 mg may cause severe migraine. Chemical struc-
tures of biogenic amines are shown in Fig. 3.

Biogenic amines occurring in beer can be divided into two groups.
The first group includes amines that come primarily from malt and
other raw materials and can thus be considered as normal compo-
nents of beer (putrescine, agmatine, spermine and spermidine). The
second group includes histamine, tyramine and cadaverine whose
presence in the finished beer usually points to the activity of con-
taminating bacteria in beer production (Kala¢ and Kfizek, 2003).
Major producers of biogenic amines are lactic acid bacteria and
Enterobacteriaceae. Lactic bacteria (Lactobacillus, Pediococcus)
are responsible mainly for the production of tyramine and histamine
whereas Enterobacter or E. coli primarily produce cadaverine and
putrescine (Izquierdo-Pulido et al., 1996; Kala¢ and Kfizek, 2003;
Lorencova et al., 2012).

N-nitrosamines, which are the most intensively monitored, include
the so-called volatile nitrosamines (mostly N-nitrosodimethylamine,
NDMA) or the total nonvolatile ATNC. N-nitrosamines present in the
beer come mainly from the malt and are formed by the reaction of
malt amines with nitrogen oxides from the drying air. They are, how-
ever, usually strongly diluted during subsequent processing and their
concentration in the monitored input malt is closely surveyed.

Non-volatile N-nitrosamines may be formed during the brewing
process, e.g. when the brewing is interrupted for more than four
hours. In this case, they may be formed due to the nitrate reductase
activity of proliferating bacteria, which reduce nitrate to nitrite.

An important producers of N-nitrosamines is the genera Bacil-
lus (during mashing) and Enterobacteriaceae (beginning of the
main fermentation). Long-term consumption of N-nitrosamines
has hepatotoxic and carcinogenic effects (progressive accumu-
lation in the tissues, formation of tumors). The requirements of
the Czech Union of Breweries and Malthouses (CSPS) state as
the maximum permissible amount of NDMA in beer 0.5 mg/kg.
No standard EU exists for the ATNC (total nitroso compounds).
The required content of ATNC is usually less than 40 micrograms
N-NO/kg, or 20 micrograms N-NO/kg. The proportion of volatile
nitrosamines in the total content ATNC is only about 10%. The
ATNC content in quality beers is usually less than or equal to 20
mg N-NO/I. Increased content ATNC is caused in most cases by
microbial infections.

The aim of this article is to summarize the results of the monitoring
of health-promoting substances in Czech beers, but also highlight
the potential dangers of health-deleterious substances (biogenic
amines, N-nitrosamines) that may occur in beer, and suggest ways
of minimizing them.

2 MATERIALS AND METHODS

2.1 Scheme of the experiment

The comparison of selected B vitamins and flavonoids in commer-
cial beers was performed on 22 samples of domestic and 16 sam-
ples of imported beers in 2012 and 22 samples of domestic and 17
samples of foreign lager-type beers in 2013.
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Obr. 4 Porovnani obsaht vitamint B, thiaminu, riboflavinu a pyridoxinu v ¢eskych a zahrani¢nich pivech (vlevo zahraniéni piva, vpravo ¢eska

piva) / Fig. 4 Comparison of the content of vitamins B — thiamine , riboflavin and pyridoxine — in Czech and foreign beers (left — foreign beers,

right — Czech beers)

Tab. 1 Primérny obsah vitaminti B v 0,5 | ¢eského lezaku / Table 1 Average content of

vitamins B in 0.5 liters Czech lager

The monitoring of the content of biogenic
amines and ATNC (apparent total nitrosa-

mine content) between 2011 and 2012 was

Vitamin ng/0,5 L % RDI performed on 67 samples from large and

Thiamin / Thiamine (B1) 35** 2.4 medium-sized breweries and 53 samples

Riboflavin (B2) 105+ 74 from microbreweries.

Niacin (B3) 2 500 12.5 2.2 The methodology

Panthotenova kys. / Panthotenate (B5) 600* 6.0 _ The method for determination of vitamin B
A - . in beer was taken from the literature (Albala-

Pyridoxin / Pyridoxine (B6) 250 125 Hurtado et al., 1997; Dong et al., 1998; DIN

Folova kyselina / Folic acid (B9) 100" 25.0 EN 14122) and optimized for a given matrix.

Kobalamin / Cobalamin (B12) 1* 16.0 This method is an internal methodology of

*Basarova et al., Pivovarstvi, teorie a praxe vyroby piva, VSCHT Praha, 2010 / Basarova

et al., Brewing, theory and practice of brewing, ICTF, 2010
**vysledky VUPS / RIBM results

RDI — Recommended Daily Intake = doporu¢ena denni davka / RDI — Recommended Daily

Intake = recommended daily dose

Macherey-Nagel) chranéné predkolonou C18. Mobilni faze byla tvofena
5 mM hexansulfonatem sodnym, 1% octovou kyselinou s pfidavkem
0,13% triethylamin-acetonitril (85:15 v/v). Analyza probihala v izokra-
tickém modu pfi pratoku 1 ml/min a teploté kolony 30 °C. K detekci
byl pouzit fluorimetricky detektor za podminek pro jednotlivé vitaminy:
B1 excitace 364, emise 434 nm; B2 excitace 440, emise 520 nm; B6
excitace 288, emise 418 nm. Thiamin byl pfed analyzou derivatizovan.
0,5 ml Zfiltrovaného extraktu nebo piva se smicha s 0,5 ml derivatiza¢ni-
ho &inidla (smés 10 ml 1% roztoku ferrikyanidu draselného a 30 ml 15%
NaOH) a po dukladném promichani se ihned analyzuje.

Flavonoidy byly stanoveny metodou HPLC s UV detekci podle
nové vyvinuté metody Jurkova et al. (2013).

Biogenni aminy byly stanoveny metodou HPLC s fluorescencni
detekci podle interni metodiky VUPS. Pivo se odpéni za pomoci
ultrazvukové lazné a zredi fosfatovym pufrem pro pfipravu vzor-
ku v poméru 1:1 a déale se extrahuje na SPE kolonkach Discove-
ry DSC-MCAX. Po kondicionaci kolonky a jeji ekvilibraci je vzorek
nanesen na kolonku, promyvan fosfatovym pufrem (pH = 3). Elu-
ce basickych amind se provede 1% NaOH v methanolu a pfida se
interni standard (1,7-diaminoheptan v methanolu). Poté je vzorek
derivatizovan orthoftalaldehydem rozpusténym ve smési methanolu
a boratového pufru. Takto pfipraveny vzorek je analyzovan na HPLC
s fluorescenénim detektorem na chromatografické koloné Luna C18
(250 x 4,6 mm, 5um, Phenomenex, USA).

Hodnoty ATNC byly stanoveny podle literatury (Walters et al.,
1983). Metodou je stanoven celkovy obsah skupiny N-NO ve vzor-
ku. Pomoci roztoku bromovodiku v octové kyseliné je odstépen oxid
dusnaty a nitrosylbromid. Tyto slou¢eniny jsou pomoci katalytického
Stépeni pfevedeny na nitrosylovy radikal. Nitrosylovy radikal nasled-
né reaguje s ozonem za vzniku excitovaného oxidu dusi¢itého a ten
je detekovan chemiluminiscenénim detektorem TEA.

3 VYSLEDKY A DISKUSE

3.1 Latky se zdravotnim uéinkem

Jak vyplyva ze ziskanych vysledku, ¢eska piva obsahuji primérné
0 30 % vice vitaminu B1 (thiaminu, 70 pg/l), 0 20 % vice vitaminu B2
(riboflavinu, 320 pg/l), o 45 % vice vitaminu B6 (pyridoxinu, 450 pg/l)
nez piva zahranicni. Tato data jsou pfehledné znazornéna formou kra-
bicovych grafdl na obr. 4.

the RIBM. Beer samples were analyzed
on Ultimate 3000 (Dionex) liquid chroma-
tograph, column chromatography was per-
formed on a Nucleosil C18 column (250 x
4 mm ID, 5 mm, Macherey-Nagel) protected
by a C18 precolumn. The mobile phase
consisted of 5 mM sodium hexanesulfonate
and 1% acetic acid with addition of 0.13%
triethylamine-acetonitrile (85:15 v/v). Analysis was carried out in the
isocratic mode at a flow rate of 1 ml/min and a column temperature
of 30 °C. Fluorometric detection was done under conditions suitable
for the individual vitamins: B1 — excitation 364 nm, emission 434 nm;
B2 — excitation 440 nm, emission 520 nm; B6 — excitation 288 nm,
emission 418 nm. Thiamine was derivatized before analysis. The
volume of 0.5 ml of the filtered extract or beer was mixed with 0.5 ml
of derivatization reagent (a mixture of 10 ml 1% solution of potas-
sium ferricyanide and 30 ml of 15% NaOH), thoroughly mixed and
immediately analyzed.

Flavonoids were determined by HPLC with UV detection by a new-
ly developed method of Jurkova et al. (2013).

Biogenic amines were determined by HPLC with fluorescence
detection according to internal RIBM methodology. Beer was de-
foamed using an ultrasound bath, diluted with phosphate buffer
to prepare a sample in a 1:1 ratio, and further extracted on Dis-
covery DSC- MCAX SPE columns. After column equilibration the
sample was applied to the column and washed with phosphate
buffer (pH = 3). Elution of basic amines was done by 1% NaOH in
methanol and an internal standard (1,7-diaminoheptane in metha-
nol) was added. The sample was then derivatized by ortho-phtha-
laldehyde dissolved in methanol and borate buffer. The sample
thus prepared was analyzed by HPLC with fluorescence detector
on a chromatographic column Luna C18 (250 x 4.6 mm, 5 um,
Phenomenex, USA).

ATNC were determined according to the literature (Walters
et al., 1983). The method determines the total content of N-NO
groups in a sample. Carbon monoxide and nitrosyl were cleaved
off with a solution of hydrogen bromide in acetic acid. These
compounds were then converted to the nitrosyl radical via cata-
lytic cleavage. Nitrosyl radical then reacted with ozone to form
excited nitrogen oxide and was detected by the TEA chemilumi-
nescent detector.

3 RESULTS AND DISCUSSION

3.1 Substances with health-beneficial effect
As follows from the results obtained in the study, Czech beer con-
tains on average 30 % more vitamin B1 (thiamine, 70 mg/l), 20%
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Ze ziskanych dat a tab. 1 vyplyva, ze pivo
je vyznamnym zdrojem vitamin( B. Pfi kon- :
zumaci 2 piv denné (coz splfiuje pozadavek ;
moderovaného piti, jak uvadi Caorrao et al.,
2000 a Poli et al., 2013) ziska konzument
50 % denni davky folath, 25 % davky niacinu
a pyridoxinu.

Dale bylo v ramci monitoringu zdravi pro-
spésnych latek zjisténo, ze Ceska piva obsa- :
huji asi 0 50 % vice prenyflavonoidll (xan- - . | =
thohumol 16 pg/l, isoxanthohumol 1000 pg/l) _L i
a 0 40-50 % vice fytohormon0, konkrétné
8-prenylnaringenin (35 pg/l) a genistein
(800 pg/l) nez piva zahrani¢ni. Tyto vysledky
jsou dokumentovany na obr. 5 a 6.
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Obr. 5 Porovnani obsaht prenylflavonoidd (xanthohumol a isoxanthohumol) v éeskych a za-

3.2 Cizorodé latky
Ziskané hodnoty biogennich aminl byly
v prvnim kroku srovnany s dalSimi publi-

hrani¢nich pivech (vlevo zahrani¢ni piva, vpravo ¢eska piva) / Fig. 5 Comparison of the con-
tents of prenylflavonoids (xanthohumol and isoxanthohumol) in Czech and foreign beers (left
— foreign beers, right — Czech beers)

kovanymi daty. Na obrdzku 7A, 7B a 7C je
uvedeno srovnani nasich dat se svétovou
statistikou (Kala¢ a Kfizek, 2003).

Z hlediska moznych negativnich dopadu na
zdravi Clovéka je nejvyznamnéjSim biogen-
nim aminem histamin (Shalaby, 1996). Kala¢
et al. (2003) uvadi max. nalezenou koncentra-
ci histaminu 21,6 mg/l ve vzorku evropského
piva (méfeno 195 piv), monitoring VUPS za-
hrnuje pouze piva ¢eska (67 vzorkll) s maxi-
malni nalezenou hodnotou 19,8 mg/. _L

Maximalni hodnoty tyraminu jsou podle vy-
sledk VUPS 80 mg/l (z 67 piv). Kala¢ a Kfizek
(2003) uvéadeji maximalni hodnotu 67,5 mg/l
(statistika z 195 vzork{l piv). Tyramin je, po- r
dobné jako histamin, biogennim aminem,

E-praryrunTgenn [ugf]

E-prenylnativagenin
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ktery vznika metabolickou ¢innosti kontaminu-
jicich mikroorganism, zejména bakterii mlé¢-
ného kvaSeni (Kala¢ a Kfizek, 2003).

Obé studie se v pfipadé kadaverinu sho-
duji v zavéru, ze Ceska piva obsahuji vyso-
ké koncentrace kadaverinu, VUPS studie udava maximalni hodnotu
59,7 mg/l (ze 67 vzorkl piv) a studie autor(l Kala¢ a Kfizek (2003)
uvadi hodnotu 49,1 mg/l (ze 78 vzorkd ¢eskych piv). Kadaverin ma
sice slabsi toxické ucinky nez histamin a tyrosin, ale zesiluje toxické
ucinky pravé téchto dvou amind.

Dals$i srovnani bylo provedeno s vysledky autord Burika et al.
(2012) provedenych na UTB Zlin. Na obrazcich 8A a 8B je uvede-
no relativni zastoupeni tyraminu (8A) a kadaverinu (8B) v €eskych
svétlych pivech vyrobenych ve velkych a stfednich pivovarech. Oba
monitoringy se shoduji v pfipadé tyraminu, v 75 % pfipadl byl tyr-
amin pfitomen v koncentraénim rozmezi 0—10 mg/l, asi 20 % pfipadu
obsahovalo pivo 10-50 mg/I tyraminu a pouze 5 % piv obsahovalo
tyramin v koncentraci 50—-100 mg/l. V pfipadé kadaverinu se vysled-
ky nepatrné lisi, vysledky UTB (Burika et al., 2012) vykazuji vySsi
Cetnost piv s vy8Simi koncentracemi kadaverinu.

Obr. 6 Porovnani obsahl vybranych fytohormon( (8-prenylnaringenin a genistein) v ¢eskych
a zahrani¢nich pivech (vlevo zahraniéni piva, vpravo ¢eska piva) / Fig. 6 Comparison of the
contents of selected phytohormones (8- prenylnaringenin and genistein) in Czech and fore-
ign beers (left — foreign beers, right — Czech beers)

more vitamin B2 (riboflavin, 320 mg/l), 45% more vitamin B6 (pyri-
doxine, 450 mg/l) than foreign beers. These data are clearly shown
in the form of box plots in Fig. 4.

The data at Table 1 show that beer is a significant source of vita-
min B. When consuming 2 beers a day (which meets the requirement
of moderated drinking as stated by Caorrao et al., 2000, and Poli et
al., 2013) the consumer receives 50% of the daily dose of folate,
25% of the dose of niacin and pyridoxine.

The monitoring of health-beneficial substances also revealed
that Czech beer contains about 50% more prenyflavonoids
(xanthohumol 16 mg/l, isoxanthohumol 1000 micrograms/I)
and 40-50% more plant hormones, namely 8-prenylnaringenin
(35 mg/l) and genistein (800 mg/l). These results are document-
ed in Fig. 5and 6.

Histamin (mg/T)

:EE!.'II:.'::E.L.L s

Tyramin (mai)

Kadaverin {mgi)

.

Obr.7A Srovnani koncentraci histaminu, vy-
sledky monitoringu VUPS a autorl (Kalag
a Kfizek, 2003) / Fig. 7A Compatrison of total
histamine concentrations obtained by RIBM
monitoring with those of Kala¢ and Krizek
(2003)

Obr. 7B Srovnani koncentraci tyraminu, vy-
sledky monitoringu VUPS a autor( (Kala¢
a Kfizek, 2003) / Fig. 7B Compatrison of total
concentrations of tyramine obtained in RIBM
monitoring with that reported by Kala¢ and
KFiZek (2003)

Obr. 7C Srovnani koncentraci kadaverinu,
vysledky monitoringu VUPS a autor( (Ka-
la¢ a Kfizek, 2003) / Fig. 7C Comparison of
total concentrations of cadaverine obtained
by RIBM monitoring with those reported by
Kalac¢ and Krizek (2003)
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3.2 Foreign substances

In the first step, the values of biogenic
amines were compared with other published
data. Fig. 7A, 7B and 7C show a comparison
of our data with global statistics (Kala¢ and
KF¥izek, 2003).

The most important biogenic amine in
terms of potential negative impacts on hu-
man health is histamine (Shalaby, 1996).
Kalag¢ and Kfizek (2003) reported the maxi-
W10 mg mum determined histamine concentration
' of 21.6 mg/l in a sample of European beers
(195 beers analyzed); the RIBM monitor-
ing includes only Czech beers (67 sam-
ples), with the maximum determined value
19.8 mg/l.

Maximum tyramine values found in RIBM

o

Obr. 8A (vlevo) a 8B (vpravo). Relativni zastoupeni tyraminu a kadaverinu v ¢eskych svét-
lych pivech vyrobenych ve velkych a stfednich pivovarech / Fig. 8A (left) and 8B (right). The
relative abundance of tyramine and cadaverine in Czech pale beers produced in large and

medium-sized breweries

Jelikoz bylo z vysledkl na prvni pohled patrné, Ze koncentrace

biogennich amint a déle uvedenych N-nitrosamin( jsou zvy$ené
pfedevsim ve vzorcich odebranych v ¢eskych minipivovarech, byly
vysledky v tomto duchu dale vyhodnoceny. Na obr. 9 je zndzornén
histogram obsahu tyraminu v pivu ve dvou skupinach piv, prvni
skupinu tvofi piva z velkych a stfednich pivovar(, druhou skupinu
piv tvofi piva z minipivovart. Jak z tohoto obrazku vyplyva, u prvni
skupiny vzork(ll je zvy$ena Cetnost piv s nizkym obsahem tyraminu
(0-10 mg/l). U druhé skupiny vidime vysokou ¢etnost vzork( v celém
rozmezi az do 100 mg/l.
_ TytéZ vysledky, znazornéné jinou formou, demonstruje obr. 10.
Ctverec vyjadfuje median zméfenych hodnot, timto bodem prochazi
rozptylova UsecCka, z které mizeme vycist minimalni a maximaini
hodnotu. Cervené usecky znazornuji vysledky z velkych a stfednich
pivovard, usec¢ky zelené znazorfiuji vysledky z minipivovar(. Z ob-
razku je zfejmé, Ze existuji minipivovary, které maji obsah biogen-
nich amind v pivu vy$8i nez 100 mg/l.

Tab. 2 podrobné ukazuje ziskané hodnoty biogennich amin(
a ATNC z 24 vzork( piva z minipivovar( (monitoring v roce 2011).

Podobné hodnoty byly ziskany v opakovaném monitoringu v roce
2012, data jsou zpracovana ve formé korelace obsahu biogennich
amind a ATNC. Korelaéni diagram je uveden na obr. 11. Ze ziska-
né korelace (korela¢ni koeficient je r = 0,74) vyplyva, ze pfitomnost
téchto dvou typl latek skute¢né koreluje a Ize tvrdit, Ze mira této
korelace ukazuje na stupen mikrobialni kontaminace testovaného
piva. Ziskané vysledky jsou ukazatelem snizené hygienické kvality
u nékterych minipivovari v Ceské republice. ZvySeny obsah hista-
minu a tyraminu v hotovém pivu je pomérné spolehlivym indikatorem
probéhlé kontaminace mléénymi bakteriemi, zejména pediokoky

Histogram obsahu tyraminu v plvu
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Obr. 9 Srovnani obsahu tyraminG v pivech z velkych a stfednich pi-
vovar(l a v pivech z minipivovarQ / Fig. 9 Comparison of tyramine
content in beers from large and medium-sized breweries and beers
from microbreweries

welké a stfedni plvovary

are 80 mg/l (from 67 beers). Kala¢ and
KF¥izek (2003) reported the maximum value
of 67.5 mg/l (a set of 195 beer samples).
Like histamine, tyramine is a biogenic amine
formed due to the metabolic activity of con-
taminating microorganisms, in particular lac-
tic acid bacteria (Kala¢ and KFizek, 2003).

In the case of cadaverine, both studies agree in the conclusion
that the Czech beers contain high concentrations of cadaverine;
RIBM study indicates a maximum value of 59.7 mg/l (67 samples
of beers) while the study of Kala¢ and KFizek (2003) reports on
49.1 mg/l (78 samples of Czech beers). Cadaverine has weaker
toxic effects than histamine and tyrosine, but potentiates the toxic
effects in these two amines.

Another comparison was made with the results of the study by
Bunka et al. (2012) conducted at Bata Technical University Zlin.
Fig. 8A and 8B give the relative representation of tyramine (8A)
and cadaverine (8B) in Czech pale beers produced in large and
medium-sized breweries. Both monitorings are identical in the
case of tyramine; in 75% of cases, tyramine was present in the
concentration range 0—10 mg/l, about 20% of the beers contained
10-50 mg/l tyramine and only 5% of beers contained tyramine at
a concentration of 50-100 mg/l. The results slightly differ in the
case of cadaverine; the BTU results (Bunka et al., 2012) show
higher frequencies of beers with higher concentrations of cada-
verine.

As was immediately apparent from the results, the listed concen-
trations of biogenic amines and N-nitrosamines are elevated above
all in samples collected in Czech microbreweries. The data were
therefore further analyzed in this sense. Fig. 9 shows a histogram
of tyramine content in beers in two groups; one group consists of
beers from large and medium-sized breweries, the other consists of
beers from microbreweries. As shown in the figure, the former group
of samples exhibits more beers with a low content of tyramine (0-10
mg/l) whereas the latter group shows a high frequency of samples
with tyramine concentrations ranging up to 100 mg/I.

The same results, presented in another form, are demonstrated
in Fig. 10. The square indicates the median of the measured val-
ues; through this point passes the scatter bar, which shows the
minimum and maximum value. The red lines show the results from
large and medium-sized breweries, green lines show the results
from microbreweries. The figure provides evidence that in some
breweries the content of biogenic amines in beer may reach above
100 mg/l.

Table 2 shows in detail the values of biogenic amines and ATNC
in 24 samples of beer from microbreweries (monitored in 2011).
The blue-highlighted data indicate microbial contamination of test
beers, red-tinged data indicate beers that can be described as un-
sanitary.

Similar values were obtained in a repeated monitoring in 2012.
The data were processed in the form of correlations of the con-
tents of biogenic amines and ATNC. The correlation diagram is
shown in Fig. 11. The correlation (correlation coefficient r = 0.74)
indicates that the presence of these two types of substances actu-
ally correlates, and it can be argued that the degree of correlation
indicates the degree of microbial contamination of the tested beer.
The results are an indicator of reduced hygienic quality in some
microbreweries in the Czech Republic. Increased content of hista-
mine and tyramine in the finished beer is a fairly reliable indicator
of contamination by lactic acid bacteria, particularly by pediococci
(Izquierdo-Pulido et al., 1997). Increased content of cadaverine can
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Obr. 10 Srovnani obsahu biogennich aminu v pivu z velkych a stfed-
nich pivovarQ (€ervené) a minipivovaru (zelené) / Fig. 10 Comparison
of biogenic amines in beers from large and medium-sized breweries
(red) and microbreweries (green)

(Izquierdo-Pulido et al., 1997). ZvySeny obsah kadaverinu Ize pova-
Zovat za nasledek kontaminace kvasnic nebo mladiny enterobakteri-
emi (Kala¢ a Kfizek, 2003).

Na zaveér je nutno podotknout, Zze schopnost mikroorganismui pro-
dukovat biogenni aminy je kmenové specificka a mize byt ovlivnéna
riznymi faktory. Znamena to, Ze ne kazdy kmen schopny mnozit se
v pivu nebo jeho meziproduktech je producentem biogennich amin(
(Greif et al., 1998; Kala¢ a Kfizek, 2003).

Obr. 11 Korelace sumy biogennich amin(i a ATNC v analyzovanych
pivech / Fig. 11 Correlation of the sum of biogenic amines and ATNC
in anlyzed beers

be seen to reflect the contamination of yeast or wort by enterobac-
teria (Kala¢ and Kfizek, 2003).

Finally, it should be noted that the ability of microorganisms to pro-
duce biogenic amines is strain specific and can be affected by vari-
ous factors. This means that not every strain able to multiply in beer
or its intermediates produces biogenic amines (Greif et al., 1998;
Kala¢ and KFizek, 2003).

Tab. 2 Obsah biogennich amind a ATNC v pivech z minipivovard (monitoring 2011). Modfe jsou oznaceny vysledky, které ukazuji na
mikrobidlni kontaminaci testovaného piva, vysledky podbarvené ¢ervené oznadluji piva, ktera Ize oznadit za zdravotné zavadna / Table 2
The values of biogenic amines and ATNC in beers from microbreweries (monitored in 2011). The blue-highlighted data indicate microbial
contamination of test beers, red-tinged data indicate beers that can be described as unsanitary

Extrakt
mladiny (% | Alkohol
hm.)/ Wort | (% obj.)/
Vzorek / extract Alcohol ATNC NDMA HIS TYR TRY PUT CAD
Sample (% wt.) (% vol.) | (ug/l N-NO) | (pg/kg) (mg/l) (mg/l) (mgfl) (mg/l) (mg/l)
1 12.58 4.25 <20 <0.2 0.00 85.83 0.25 1.96 0.47
2 11.94 4.94 <20 0.4 1.97 2.21 0.32 2.21 0.29
3 13.28 5.30 <20 0.3 0.04 82.77 0.55 3.95 3.53
4 12.51 4.15 <20 0.5 0.02 64.75 0.46 2.39 0.44
5 12.73 4.26 <20 0.3 0.03 57.70 0.16 2.60 0.22
6 12.48 2.76 37.8 <0.2 0.02 2.77 0.30 2.43 0.55
7 12.07 5.16 <20 <0.2 0.03 58.67 0.16 3.04 0.41
8 13.34 4.10 623 <0.2 2.94 67.76 0.23 4.41 44.46
9 9.97 3.05 380 <0.2 0.10 84.03 0.18 4.63 26.71
10 12.04 3.60 168.4 0.3 0.09 104.71 0.26 5.34 38.77
11 13.59 4.55 75.61 0.3 0.51 76.79 0.17 4.30 10.28
12 11.17 4.25 560 <0.2 1.95 54.09 0.16 4.25 23.68
13 10.83 417 222 <0.2 0.07 3.64 0.18 2.71 21.36
14 16.62 5.56 95.96 0.3 0.01 56.94 0.21 4.11 2.25
15 10.95 3.90 <20 0.3 0.02 52.57 0.22 2.04 0.76
16 11.97 4.25 381 0.2 0.01 67.40 0.27 4.43 9.11
17 12.63 4.55 319 0.2 0.01 38.94 0.15 1.73 6.15
18 11.32 3.71 433 <0.2 0.02 14.69 0.13 217 29.07
19 11.17 4.38 <20 <0.2 0.02 0.26 0.00 2.64 0.22
20 11.56 4.04 <20 0.4 0.00 0.18 0.00 2.39 0.06
21 13.97 5.26 <20 0.5 0.00 1.10 0.30 2.40 0.11
22 16.86 6.57 <20 0.2 0.00 1.99 0.26 2.22 0.22
23 14.16 5.44 <20 <0.2 0.00 1.15 0.09 1.88 0.41
24 14.00 5.27 <20 0.2 0.03 2.10 0.17 2.18 0.47




Pivo a zdravi

KVASNY PRUM.
60/2014 (7-8)

181

4 ZAVER

Piti piva pfinasi bezesporu fadu pozitiv. Pivo je vhodny népoj pro
tiSeni zizné, nebot obsahuje 92 % vody. Pivo ma diky obsahu CO,
obcerstvujici ucinek, diky obsahu horkych latek uklidiujici ucinek,
ma vysokou nutriéni hodnotu vzhledem k obsahu sacharid(i, amino-
kyselin, vitamind a polyfenoll. Pivo ma také dieteticky vyznam, ne-
bot stimuluje chut, traveni, ma diuretické G¢inky. Dllezitou vlastnosti
je také vyvazené slozeni mineralll — pivo tedy mlze byt soucasti
sodikové chudych diet. Jak dokazuje naSe studie, pivo je za podmi-
nek moderovaného piti zdrojem mikronutrientd s pfiznivym U¢inkem
na lidské zdravi.

Aby byla spinéna vy$e popsana tvrzeni, musi byt minimalizovana
moznost vzniku cizorodych latek. Sledovani vyskytu a zastoupeni
jednotlivych biogennich amint v pivu je vyznamné nejen z toxikolo-
gického, ale i z technologického hlediska. Studie vyskytu biogennich
amini napomahaji monitorovat bezpeénost a kvalitu piva jako vy-
znamné potraviny a jako indikatory mohou rovnéz zpétné poukazo-
vat na hygienu pivovarskych provoz(.
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4 CONCLUSIONS

Beer drinking certainly brings a number of positive effects. Beer
is a beverage suitable for relieving thirst because it contains 92%
water. Due to the CO, content beer has a refreshing effect, a calm-
ing effect due to the content of bitter substances, and has a high
nutritional value due to the content of carbohydrates, amino acids,
vitamins and polyphenols. Beer also has a dietary importance, as it
stimulates appetite, digestion, and is diuretic. An important feature
is a balanced mineral composition — beer can therefore be part of
a low-sodium diet. As demonstrated by our study, under conditions
of moderate drinking beer is a source of micronutrients with benefi-
cial effect on human health.

To meet all these contentions, the possibility of the presence of
contaminants must be minimized. Monitoring of the occurrence and
amounts of biogenic amines in beer is important not only from toxi-
cological but also from the technological point of view. Study of the
occurrence of biogenic amines helps to monitor the safety and qual-
ity of beer as an important food and may serve as an indicator of the
hygiene of brewing operations.
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