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Seni, filtrace a koloidni stabilizace na obsah fytoestrogent
v pivu. Kvasny Prum. 51, 2005, €. 7-8, s. 240-247.

Fytoestrogeny ze skupiny isoflavonoid(l jsou rostlinné fytohormony
s estrogenni aktivitou, které simuluji biologické Ucinky pfirozeného
17-B-estradiolu a maji i dalSi pfiznivé zdravotni u€inky. PFijem fyto-
estrogenll v pivu s nizkym obsahem alkoholu miZe predstavovat
ucinny prostredek ke zmirnéni klimakterickych symptomd, k prevenci
osteopordzy a kardiovaskularnich chorob u Zen. V modelovych var-
nich a kvasnych pokusech byl zkouman vliv technologie kvaseni, filt-
race a koloidni stabilizace na obsah fytoestrogen( v pivu. Fytoestro-
geny daidzein, genistein, formononethin a biochanin A byly stanoveny
vypracovanou metodou pomoci HPLC-MS.

Bylo zjisténo, Ze v praxi bézné pouzivané technologie kvaseni
a zrani piva (dvoufazové technologie spilka-sklep, CKT-sklep, jedno-
fazové kvaseni v CKT) jsou z hlediska ztrat fytoestrogend mezi mla-
dinou a pivem srovnatelné. Nezjistily se prakticky vyznamné rozdily
v Ucinku hlavnich filtraénich materialQ, kfemeliny a filtracnich desek
na bazi celulézy, na obsah fytoestrogent ve filtratu. Pasterace neo-
vliviluje obsah fytoestrogenli v pivu. Pro koloidni stabilizaci piva je
z hlediska zachovani obsahu fytoestrogenu pouzitelny stabilizaéni za-
sah sorbentem bilkovin. Stabilizace sorbentem polyfenold nebo kom-
binaci obou typl sorbentl je nevhodna z divodu vysokych ztrat fy-
toestrogend, které Cinily zhruba 25 aZ 35 % oproti nestabilizovanému
pivu. Ztraty fytoestrogen(i mezi mladinou a pivem jsou zna¢né. Uby-
tek sumy sledovanych markeru fytoestrogent Cinil pfiblizné 45-60 %.

MikySka, A. — Haskova, D. — Mikulikova R.: Effect of technology of
fermentation, filtration and colloidal stabilization on phytoestro-
gen content in beer. Kvasny Prum. 51, 2005, No. 7-8, p. 240-247.

Phytoestrogens from the group of isoflavonoids are plant phyto-
hormones with estrogenic activity that simulate biological effects of
natural 17-B-estradiol and have further favourable impacts on human
health. Intake of phytoestrogens in low-alcohol beer can be an effi-
cacious remedy for alleviation of climacteric symptoms, for preven-
tion of osteoporosis and cardiovascular diseases in women. Effect of
technology of fermentation, filtration and colloidal stabilization on phy-
toestrogen content in beer was examined in model brewing and fer-
mentation processes. Phytoestrogens daidzein, genistein, formono-
nethin and biochanin A were assessed by the developed method
using HPLC-MS.

It was found out that in practice commonly used technologies of
fermentation and beer maturation (two-phase technology fermenting
cellar — cellar, CCT — cellar, single-phase fermentation in CCT) were
comparable in terms of phytoestrogen losses between wort and beer.
No significant differences in effect of the principal filtration materials,
kieselgur and filtration plates on cellulose basis, on phytoestrogens
in filtrate were detected. Pasteurization does not affect phytoestro-
gen content in beer. For colloidal beer stabilization and for phytoest-
rogen content preservation, stabilization treatment with a sorbent of
proteins is applicable. Stabilization with polyphenols sorbent or com-
bination of both types of sorbents is not suitable due to high phyto-
estrogen losses, that amounted to ca 25 to 35 % compared to non-
stabilized beer. Phytoestrogens losses between wort and beer are
substantial. Decrease in the sum of the upper mentioned markers of
phytoestrogens was approximately 45 to 60 %.

Mikyska, A. — Haskova, D. — Mikulikova R.: Der technologische
Einfluss der Gérung, Filtration und kolloidal Stabilisation auf den
Phytoestrogengehalt im Bier. Kvasny Prum. 51, 2005, Nr. 7-8,
S. 240-247.

Die Phytoestrogens aus der Gruppe Isoflavonoids sind eine pflanz-
liche Phytohormons mit einer Estrogenaktivitat, die die biologische
Wirkungen des natlirgemaBigen 17-B-Estradiols simulieren und we-

isen auch andere gunstige gesundheitliche Effekte auf. Eine Phyto-
estrogensannahme durch Alkoholarmesbiertrinken kann als ein wir-
kungsvolles Mittel zur Milderung von Klimakterischensymptoms, als
Prevention der Osteoporose und kardiovaskularen Krankenheiten bei
den Frauen betrachtet werden. Wéhrend der Versuche am Pilot-
plantsudhaus, Pilotgér- und -lagerkeller wurde der Einflu3 der
Garungs- und Reifungstechnologie, der Filtration und kolloidal Sta-
billisation auf den Phytoestrogensgehalt im Bier getestet. Die Phyto-
estrogenverluste, Daidzein, Genistein, Formononetin und Biochanin
A wurden durch eine ausgearbeitete Methode mittels HPLC — MS
festgestellt.

Es wurde weiter festegestellt, dass die in der Praxis Ubliche ange-
wandte Gérungs- und Reifungstechnologie (d.h., zweiphasige Tech-
nologie Garkeller — Lagerkeller, ZKT — Lagerkeller oder als auch die
einphasige Gérung und Lagerung im einen ZKT) vergleichbar sind.
Keine wesentliche Unterschiede vom Einfluss der Anwendung von
Hauptfiltermaterials, Kieselguhr, Zellmassenfilterplatten auf den Phy-
toestrogengehalt im Filtrat konnten nachgewiesen werden. Die Pas-
teurisation wies keinen EinfluB auf den Phytoestrogensgehalt im Bier
auf. Um die Erhaltung des Phytoestrogensgehalt im Bier zu sichern,
sollten nur die Eiweisssorbente fur die kolloidal Stabilisation des Bi-
eres angewandt werden. Die Anwendung der Polyphenolssorbente
oder eine Kombination von Eiweiss- und Polyphenolssorbenten zur
Bierstabillisation kann zu den Phytoestrogensverlusten im Bier fih-
ren (die Phytoestrogensverluste kdnnen im Vergleich mit einem un-
stabillisierten Bier sogar den Wert von 25% bis zu 35% reichen). Die
Phytoestrogensverluste im Prozess Wirze — Bier sind bedeutend,
wahrend der Versuchsarbeit die verfolgte Abnahme von Phytoestro-
gensmarkers wurde im Bereich etwa 45-60 %.

Mukuwka, A., — lNawkosa, . — MukynukoBa, P.: BnusiHue
TexHonorum 6poXKeHusa, ¢unbTpoBaHMA W KONNOMZHOM
CTabuNbHOCTM Ha copfep)aHue (PUTOICTPOreHoOB B MNUBE.
Kvasny Prum. 51, 2005, Ho. 7-8, cTp. 240-247.

PUTO3CTPOreHbl rpynnbl n3ohnaBoHoOMA0B ABNAOTCSA
pacTuTenbHbiMM  (PUTOrOPMOHaMM C  3CTPOr€HHOM aKTUBHOCTbIO,
cumynupytowme 6UonorMyeckoe BrsiHWE HaTypanbHoro 17-6eta-
3CTpagvona, UMetoLme AanbHenle NonoXnUTeNbHbIE BNUSAHUS Ha
3480poBbe. [MNprem hUTo3CTPOreHOB B MUBE C HU3KMM COAEP>KaHNEM
ankorons MOXeT MPeAcTaBnATb [OEWCTBEHHOE CPeACTBO K
ocnabneHno NPU3HaKOB KNMMaKTepuu, K NPEeBEHLMMM OCTEONOPO3bl
1 KapAmococyancTbIxX 3a60neBaHuii y XeHWwmH. bbino uccnegosaHo
B/IMSIHUE TEXHOMOrMN OPOXKEHUSA, (PUNBLTPOBaAHMA U  KOMOWUAHON
cTabunusaumM Ha coaep)xaHue (PUTOICTPOreHoB B MUBE.
DUTOICTPOreHbl 4anA3enH, FreHNCTENH, (POPMOHOHETUH 1 BUOXaHWH A
6bI5M onpeeneHbl Npu nomoLm paspabotaHHoro HPLC-MS meToga.

Bbino onpegeneHo, 4To Ha NpakTUKe OObIKHOBEHHO WCMONb3y-
eMble TEXHONOrMM BPOXXEHNS U CO3peBaHUs nNuea (B ABYyX hasax:
6poxeHue-Bbiaepxka B noggane, LKT-nogsan, opHodgasHoe
6poxeHne B LIKT) cpaBHUMbI C TOYKU 3PEHWUS YMEHbLUEHUS
uTO3CTPOreHoB B cycne W nueBe. He 6binu  onpeneneHbl
3HaunTESbHblE Pa3HULbl YTO KacaeTCs BIUSIHWS FaBHbIX OUNbTPY-
IoWMX MaTepuanos, AvatomuTa M OUALTPYIOWMX MUT Ha 6ase
Lenniono3bl Ha cofep)aHne UTO3CTPOreHoB BO hunbTpare.
MacTepupoBaHve He BRUSIET Ha cofep>kaHue (OUTOICTPOreHoB B
nuBe. [Ana konmouvgHon crabunusaumm nvBa C TOYKU 3PEHUs
cobnogeHnss OUTOICTPOreHOB B MMBE SABMASETCA NPUMEHUMbIM
copbeHT 6enkoB. CTabunusaums copbeHTOM MNonneHoNoB unnm
KOMO6MHaUMA obeux HenpurogHasi U3-3a BbICOKOW MNoOTepu
(PMTOICTPOreHoB, MNpeAcTaBnsowWmMX npubnmanTenbHo 25-35
MPOLIEHTOB MO CPaBHEHUIO C HECTAOUNM3NPOBaHHBIM NBOM. [oTepbI
(OUTOSCTPOreHOB  MeXZy CycrioM W MNWBOM  3HAYUTESIbHbI.
[ToHMXeHne CymMMbl UMCCreayeMbiXx MapkKepoB (UTO3CTPOreHoB
npeacTaBnsano npuénmanTenbHo 45—60 NpoLeHTOoB.

—b—



Kp_240_247

1.8.2005 15:19 Stranka 241

KVASNY PRUMYSL
roé. 51 /2005 — &islo 7-8

—9—

241

Kli€ova slova: fytoestrogeny, pivo, technologie kvaseni, koloidni sta-
bilizace

1 UvoD

Mnoheé rostliny tvofi sekundarni metabolity, takzvané fytoestrogeny.
Tyto latky, jakkoli nemaji strukturu steroid(, simuluji biologické uginky
pfirozeného 17-B-estradiolu [2]. Nékteré z nejdulezitéjSich fytoestro-
genl jsou isoflavonoidy (daidzein, genistein a jejich prekurzory for-
mononetin a biochanin A), které se fadi do Sirsi skupiny polyfenol.
Kromé tohoto ucinku bylo prokazano in vitro, Ze genistein a daidzein
inhibuiji rast a proliferaci bunék rznych nadord, napfiklad nadord pro-
staty, plic, tlustého stfeva a krve [3]. Protektivni U¢inek isoflavonoidl
byl zjistén také in vivo [4, 5, 6]. Isoflavonoidy rovnéz maji rizné dalsi
zajimavé biochemické a farmakologické vlastnosti, zahrnujici antio-
xidacéni, antiviralni, antibakterialni, fungistatické a spasmolytické ak-
tivity [7]. Soja a dal$i lusténiny jsou obzvlasté bohatym zdrojem fyto-
estrogenut [7]. Pomoci citlivé a selektivni biologické metody stanoveni
bylo zjisténo, Ze chmel je bohatym zdrojem latek s estrogenni aktivi-
tou [8]. Fytoestrogeny daidzein a genistein byly nalezeny v je¢meni
[9] a pivu [9, 10]. Vysledky ukazaly velmi rozdilny obsah fytoestro-
genl v pivech, liSici se o jeden fad [9]. V poslednich zhruba péti le-
tech je zna¢nd pozornost vénovana prenylflavonoidim obsazenym
ve chmelu, u 8-prenylnaringeninu byla in vitro nalezena estrogenni
aktivita fadové vyssi nez u daidzeinu a genisteinu [11].

Nizky pfijem isoflavonoid(l v potravé, charakteristicky pro evrop-
skou a severoamerickou populaci, je spojovan s vy$Sim vyskytem
mnoha chorob oproti asijské populaci. Japonské Zeny maji v porov-
nani se zapadnimi spoleCenstvimi velmi nizky vyskyt menopauzal-
nich symptoma. To mGze byt vysvétleno konzumaci soji [12]. Stravo-
vaci navyky, obvyklé v Evropé a USA, jsou odliSné. Pivo je jako zdroj
mnoha latek dulezitych z hlediska vyZzivy souhlasné pfijimano zna¢-
nou ¢asti evropské populace.

V odborné literatufe byly publikovany vysledky o pozitivnim vlivu
estrogennich latek rostlinného plvodu na Zensky organismus [13].
Prokazan je i zdravotné protektivni vliv piva [14, 15, 16]. Je ovSem
nutno vzit v ivahu aspekty pravidelné konzumace relativné velkych
mnozstvi piva [17, 18, 19, 20, 21]. Je akceptovana stfidma konzu-
mace piva s nizkym obsahem alkoholu spojena s pozitivnim zdra-
votnim vlivem nékterych komponent, zvlasté sacharidli, minerald a vi-
tamind a pfijmu nizkého mnoZstvi alkoholu, které pfispiva k lepsi
cirkulaci krve a k prevenci kardiovaskularnich chorob. Pfijem fyto-
estrogenud v takovém pivu mlze predstavovat ucinny prostfedek ke
zmirnéni menopauzalnich a postmenopauzalnich symptomd, k pre-
venci osteopordzy a kardiovaskularnich chorob.

Cilem predkladaného vyzkumu bylo zjistit vliv kvasného procesu,
koloidni stabilizace, filtrace a pasterace na obsah fytoestrogenti v pivu
s dlrazem na pivo se snizenym obsahem alkoholu. Prace byla za-
méfena na Ctyfi ,klasické” fytoestrogeny daidzein, genistein, formo-
nonethin a biochanin A. Standardy prenylflavonoidd byly v dobé fe-
Seni obtizné dostupné.

2 MATERIAL A METODY
2.1 Analyzy

Analyzy mladin a piv byly provedeny podle Pivovarsko-sladaiské
analytiky [1]. Pro stanoveni fytoestrogenu byla ve VUPS vypracovana
nize popsana metoda.

2.1.1 Metoda stanoveni fytoestrogenti ve sladu, chmelu, sladiné
a mladiné
Princip:

Fytoestrogeny (daidzein, genistein, formononethin a biochanin A)
jsou po enzymovém rozstépeni glykosidickych vazeb izolovany tech-
nikou SPE. Izolat fytoestrogenu je rozdélen pomoci HPLC s detekci
hmotnostni spektrometrii.

Chemikalie a roztoky:

Methanol (Fluka-Sigma-Aldrich), 99,9%, aceton p.a. (ML Che-
mica), 99,5%, smés ethylacetat-acetonitril (1:1), destilovana voda,
acetatovy pufr, -glukoronidasa EC.3.2.1.31.

Laboratorni zafizeni a sklo:
Ultrazvukova lazen, chlazena centrifuga, analytické vahy, rotacni
vakuova odparka, vakuové SPE zafizeni, kolona DSC 18, stlaeny

Keywords: phytoestrogens, beer, technology of fermentation, collo-
idal stabilization

1 INTRODUCTION

A number of plants form secondary metabolites with estrogenic ac-
tivity, so-called phytoestrogens. These substances though not having
the structure of steroids simulate biological effects of natural
17-B-estradiol [2]. Some of the most important phytoestrogens are
isoflavonoids (daidzein, genistein and their precursors formononetin
and biochanin A) which belong to a wider group of polyphenoles. Be-
sides this effect, it was proved in vitro that genistein and daidzein in-
hibit growth and proliferation of cells of various tumours, for example
tumours of the prostate, lungs, large intestine and blood [3]. Protec-
tive effect of isoflavonoids was determined also in vivo [4, 5, 6].
Isoflavonoids also have various other interesting biochemical and
pharmacological properties including anti-oxidation, antiviral, anti-
bacterial, fungistatic and spasmolytic activity [7]. Soy bean and other
legumes are a very rich source of phytoestrogens [7]. By the means
of sensitive and selective biological methods hops were determined
to be a rich source of substances with estrogenic activity [8]. Phyto-
estrogens daidzein and genistein were detected in barley [9] and beer
[9, 10]. Results revealed a very different content of phytoestrogens
in beers, differing by one order [9]. In the last five years considerable
atention has been paid to hops prenylflavonoids, it was proved in vitro
that 8-prenylnaringenin showes more significant estrogenic activity
than daidzein and genistein [11].

Low intake of isoflavonoids in food, typical for the European and
North American population, is connected with higher incidence of
a number of diseases versus the Asian population. Japanese women
compared to the Western communities have very low incidence of
menopause symptoms. This can be explained by consumption of soy
bean [12]. Nutritional habits common in Europe and the USA are dif-
ferent. Beer as a source of many substances important from the di-
etary point of view is accepted by a considerable part of the Euro-
pean population.

The results of the positive effect of estrogenic substances of a plant
origin on the female organism have already been published [13]. Pro-
tective effect of beer on health has been proved too [14, 15, 16]. Ho-
wever, aspects of regular consumption of relatively high quantities of
beer have to be considered [17, 18, 19, 20, 21]. Moderate low-alco-
hol beer consumption is accepted, it is connected with positive effect
of some components, first of all saccharides, minerals and vitamins,
on health and intake of low quantity of alcohol that helps better blood
circulation and prevention of cardiovascular diseases. Intake of phy-
toestorgens in such beer can be an efficient remedy for alleviation of
menopause and post-menopause symptoms, prevention of osteopo-
rosis and cardiovascular diseases.

The aim of the submitted research was to determine the effect of
the fermentation process, colloidal stabilization, filtration and paste-
urization on phytoestrogen content in beer, with special attention to
beer with lower alcohol content. This work was focussed on four “clas-
sical” phytoestrogens, daidzein, genistein, formononethin a biocha-
nin A. Standards of prenylflavonoids were hard to obtain in a period
of solving this project.

2 MATERIALS AND METHODS
2.1 Analyses

Analyses of hopped worts and beers were carried out according
to the Brewing and Malting Analytica [1]. The below described met-
hod for determination of phytoestrogens was developed in the RIBM.

2.1.1 Method for determination of phytoestrogens in malt, hop,
hopped wort and wort
Principle:

Phytoestrogens (daidzein, genistein, formononethin, and biocha-
nin A) are isolated after enzymatic degradation of glycosidic linkages
with SPE technique. Isolate of phytoestrogens is split with HPLC with
mass spectrometry detection.

Chemicals and solutions:

Methanol (Fluka-Sigma-Aldrich), 99.9%, acetone p.a. (ML Che-
mica), 99.5%, mixture of ethylacetate-acetonitril (1:1), distilled water,
acetate buffer, B-glucoronidase EC.3.2.1.31
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dusik (Cistota 5.0), infuzni lahve, centrifuga¢ni zkumavky (50 ml), od-
mérné valce 100 ml, 20 ml, varné barky se zabrusem (150 ml), skle-
néné vialky (2 ml).

Priprava vzorku:

Kalici latky se odstrani odstfedénim 8000 min-', 15 min, 5 °C, pivo
se zbavi oxidu uhli¢itého v ultrazvukové lazni. K 1 ml vzorku se pfida
200 ul acetatového pufru a 5 mg B-glukoronidasy, smés se nechd in-
kubovat pfes noc pfi 37 °C.

Provede se precisténi vzorku na SPE koloné (DSC 18) nasleduji-
cim postupem: kolonka se aktivuje 1ml methanolu, promyje 1 ml 5%
methanolu, pfida se 1 ml vzorku, promyje 800 pl 5% methanolu a vzo-
rek se eluuje 500 ul smési ethylacetat-acetonitril (1:1). Eluovany vzo-
rek se jima do sklenéné vialky.

Ziskany precistény vzorek se odpafi do sucha v atmosfére N, . Takto
precisténé vzorky jsou pfipraveny k HPLC-MS analyze.

Stanoveni fytoestrogent HPLC/MS

Podminky stanoveni jsou nasledujici: Kolona XTerra C18, 150x2.1
mm, 5 um. PrGtok 0,250 ml/min. Gradientova eluce v systému ace-
tonitril, voda, 10% kyselina mravenc¢i. Standardy fytoestrogent ge-
nistein, daidzein, formononethin, biochanin A.

2.2 Technologické pokusy

2.2.1 Laboratorni stabilizacni pokusy

V laboratornim méfitku byly aplikovany v praxi pivovar( velmi fre-
kventované stabilizaéni prostfedky Polyclar 10 (sorbent polyfenolt)
a Stabifix W (sorbent bilkovin). Bylo pouzito komeréni, koloidné ne-
stabilizované 12% svétlé pivo. Stabilizatory byly aplikovany postupem
vypracovanym v minulych letech ve VUPS. Do 0,5 | piva se aplikuje
zvolena davka stabilizacniho prostfedku a za stalého michani na mag-
netické michaéce necha pusobit po dobu 30 minut. Po odstfedéni se
provede analyza piva a stanovi se Ubytek polyfenoll a bilkovin oproti
srovnavacimu pivu. Polyclar 10 byl aplikovan v davkach 15 a 30 g/hl,
Stabifix W v davkach 50 a 100 g/hl, dale byla provedena kombino-
vana stabilizace Polyclar+Stabifix W v davkach 15+50 g/hl.

2.2.2 Ctvrtprovozni varni a kvasné pokusy

Kvasné pokusy se dvéma nizkoprokvasujicimi kmeny ¢&. 25 a €. 45
a kmenem ¢&. 95 sbirky VUPS probéhly v objemu 30 I. Byla pouzita
jednotna mladina z 8% celosladové poloprovozni varky. Vzdy dva
kvasné valce byly zakvaseny jednim kmenem kvasinek. Hlavni kva-
Seni probéhlo pfi maximalni teploté 10 °C. Dokvasovani probéhlo v le-
zackych nadobéach pfi teploté 3 °C po dobu tfi tydn. Piva byla Zfilt-
rovana deskovym filtrem a stoena do lahvi pod ochranou oxidu
uhli¢itého. Cast piva byla pfi filtraci koloidné stabilizovana Polyclarem
10 (20 g/hl), Stabifixem W (75g/hl) a kombinaci obou prostfedkl (Po-
lyclar 10 + Stabifix W 15 + 50 g/hl) a vyuzita pro zjisténi vlivu kolo-
idni stabilizace na obsah fytoestrogent ve stabilizovaném pivu.

Dale byly ve ¢Etvrtprovoznim méfitku pfipraveny 8% celosladové
varky s rozdilnym obsahem fytoestrogenti v mladiné. Pivo bylo pfi-
praveno s pouzitim kmene €. 95 za vySe uvedenych podminek. Varky
se lisily chmelenim.

2.2.3 Poloprovozni kvasné pokusy

Poloprovozni kvasné pokusy byly zamérfeny na vliv technologie kva-
Seni a zrani piva, filtraéniho materialu a pasterace piva na obsah fy-
toestrogenu v pivu. Jednotna mladina z 8% celosladové varky byla
pro kvaseni rozdélena na tfi podily o objemu 2 hl. Testovany byly hlavni
v praxi pouzivané technologie kvaSeni a zrani — klasicka dvoufazova
technologie hlavniho kvaSeni v oteviené spilce a dokvaSovani v le-
zackém tanku, dvoufazova technologie hlavniho kvaseni v cylindro-
konickém tanku (CKT) a dokvasovani v lezackém sklepé a jednofa-
zova technologie kvaSeni a zrani v CKT. Doba a teplota leZeni byla
jednotna, tfi tydny pfi teploté 3 °C. Cast piva byla variantné filtrovana
deskovym nebo kiemelinovym filtrem a stogena do lahvi. Cast lahvi
byla pasterovana v ponorném pasteru na 25 pasteracnich jednotek.

3 VYSLEDKY A DISKUSE
3.1 Vliv kvaseni na obsah fytoestrogent v pivu
Je zndmo, Ze obsah polyfenolovych a fenolickych latek klesa v pru-

béhu kvasného procesu v dusledku snizeni rozpustnosti s poklesem
pH a reakci s dalSimi slozkami extraktu. Vyrazny pokles byl zjistén

Laboratory equipment and glass:

Ultrasonic bath, cooled centrifuge, analytical scales, rotary vacuum
evaporator, vacuum SPE equipment, column DSC 18, depressed Nit-
rogen (purity 5.0), infusion bottles, centrifugation tubes (50 ml), me-
asuring cylinders 100 ml, 20 ml, ground boiling flasks (150 ml), glass
vials (2 ml).

Sample preparation:

Samples were centrifuged 8000 min-', 15 min, 5 °C, beer is clea-
red of carbon dioxide in the ultrasonic bath. 200 pl of acetate buffer
and 5 mg of B-glucoronidase are added to 1 ml of the sample, mix-
ture incubates overnight at 37 °C.

The sample is purified on the SPE column (DSC 18) using the fol-
lowing method: column is activated with 1ml of methanol, washed
with 1ml of 5% methanol, 1ml of sample is added, washed with
800 ul of 5% methanol and sample is eluated with 500 ul of ethyla-
cetate-acetonitril mixture (1:1). The eluted sample is transferred into
the glass vial.

The acquired purified sample is evaporated to dryness in N, at-
mosphere. The purified samples are prepared for HPLC-MS analy-
sis.

Determination of phytoestrogens by HPLC/MS:

The conditions for determination are as follows: Column XTerra
C18, 150x2.1 mm, 5um. Flow 0.250 ml/ min. Gradient elution in the
system of acetonitril, water, 10% formic acid. Standards of phytoest-
rogens genistein, daidzein, formononethin, biochanin A.

2.2 Technological experiments

2.2.1 Laboratory stabilization experiments

Stabilization preparations Polyclar 10 (sorbent of polyphenols) and
Stabifix W (sorbent of proteins) frequently applied in breweries were
used on the laboratory scale. Commercial non stabilized 12% beer
was used. Stabilizers were applied using the method developed in
the previous years in the RIBM. The chosen dosage of the stabiliza-
tion agent is applied into 0.5 | of beer and while constantly blended
on the magnetic stirrer it is treated for 30 minutes. After centrifuga-
tion, beer analysis is carried out and decline in polyphenols and pro-
teins is assessed versus to comparing beer. Polyclar 10 was applied
in dosages of 15 and 30 g/hl, Stabifix W in dosages of 50 and 100
g/hl, in addition, combined stabilization with Polyclar+Stabifix W in
dosages 15+50 g/hl was carried out.

2.2.2 Semi-pilot plant brewing and fermentation trials

Fermentation trials with two poorly attenuating strains no. 25 and
no. 45 and strain no. 95 of the RIBM’s collection were performed in
the volume of 30 I. Uniform wort from 8% all-malt pilot plant brewes
was used. Always two fermentation barrels were pitched by one ye-
ast strain. Primary fermentation was conducted at maximal tempe-
rature of 10 °C. Secondary fermentation was conducted in storage
tanks at 3 °C for 3 weeks. Beers were filtered through plate filters and
bottled under the protection of carbon dioxide. During filtration, part
of beer was colloidally stabilized with Polyclar 10 (20 g/hl), Stabifix
W (75g/hl), and their combination (Polyclar 10+Stabifix W 15+50 g/hl)
and the effect of the colloidal stabilization on phytoestrogen content
in stabilized beer was determined.

In addition, 8% all-malt brewes with different phytoestrogen con-
tent in wort were prepared on semi-pilot plant brewing beer was pre-
pared using the strain No. 95 according to the above mentioned con-
ditions. Brews were different in hopping.

2.2.3 Pilot plant fermentation trials

Pilot plant fermentation trials were focused on the effect of tech-
nology of fermentation and beer maturation, filtration material and
beer pasteurization on phytoestrogen content in beer. For fermenta-
tion, uniform wort from 8% all-malt brewing was split into three por-
tions with the volume of 2 hl. The principal processes of fermentation
and beer maturation used in practice were tested — classical two-
phase technology of the primary fermentation in the open fermenta-
tion cellar and secondary fermentation in the storage tank, two-phase
technology of primary fermentation in cylinder-conic tank (CCT) and
secondary fermentation in storage tank and single-phase technology
of fermentation and maturation in CCT. Storage time and tempera-
ture were uniform, three weeks at temperature of 3 °C. Part of beer
was filtered through a plate or kieselguhr filter and bottled. Part of
bottles was pasteurized in a box pateurizer for 25 pasteurization units.
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Tab. 1 Vysledky rozboru piv kvasenych rliznymi kmeny kvasinek / Results of analyse of beers fermented by different yeast strains

Kmen €. / Strain No. jednotka / unit 25 45 95
Extrakt zdanlivy / Real extract % hm./ % w. 2,01 2,63 2,97
Extrakt skuteny / Apparent extract % hm./ % w. 3,12 3,69 3,93
Alkohol / Alcohol % hm./ % w. 2,34 2,21 2,01
% hm./ % w. 2,98 2,83 2,57
Plvodni koncentrace / Original gravity % hm./ % w. 7,75 8,06 7,90
Prokva$eni zdanlivé / Apparent attenuation % rel. 74,15 67,55 62,45
ProkvaSeni skute¢né / Real attenuation % rel. 60,8 55,45 51,35
Barva / Colour EBCU 5,80 6,40 5,00
pH 4,56 4,79 4,81
Horké latky / Bitter substances BU 15 15 19
Bilkovin. dusik CBB / Protein nitrogen CBB mg/100 ml 47,8 55,5 37,6
Pénivost NIBEM / Foam NIBEM s/30 mm 239 237 229
Celkové polyfenoly / Total polyphenols mg/I 129 111 85
Anthokyanogeny / Anthocyanogens mg/l 25,0 28,7 14,8
Flavonoidy / Flavonoids mg/l 8,70 9,10 7,20
Predpovéd koloidni trvanlivosti / Shelf life prediction mésice/months 3,0 1,5 6,0
Diacetyl (mladé pivo) / Diacetyl (young beer) mg/kg 0,36 0,46 0,39
Vy3si alkoholy / Higher alcohols mg/l 63,2 38,1 44,0
Estery / Esters mg/l 9,45 7,51 9,51
Pomér Alkoholy/Estery / Ratio Alcohols/Esters 6,7:1 5,1:1 4,6:1
Senzoricka kvalita / Sensorial quality* Body/Score
Cerstvé pivo / Fresh beer 5,59 5,47 5,28
Po 2 mésicich skladovani / After 2 months storage 6,25 5,82 5,23
Po 4 mésicich skladovani / After 4 months storage 7,56 7,50 7,06

* stupnice 1-9 bodU / scale 1-9 points

napfiklad i pro isoxanthohumol, isoflavonoid s protirakovinnym ugin-
kem [22, 23, 24]. Byly provedeny kvasné pokusy se dvéma niz-
koprokvasuijicimi kmeny sbirky VUPS a kmenem ¢&. 95, nejrozsite-
néj$im kmenem v provozu tuzemskych pivovart. Kmeny &. 25 a ¢. 45
byly vytipovany s ohledem na pozadované vlastnosti (nizké prokva-
Seni, dobra sedimentace, nizka tvorba diacetylu) na zékladé labora-
tornich pokusu s $ir§im spektrem sbirkovych kmen(.

Jak je patrné z vysledku v tab. 1, u testovanych kmenu se nepro-
jevila pfi zkvaSovani 8% celosladové mladiny niz&i mira prokvaseni
v porovnani s kmenem ¢&. 95. Senzoricka kvalita piv byla na primérné
urovni, nebyla vyrazné odlisn&, mirny trend k lepSi kvalité piva byl za-
znamenan u kmene €. 95. U kmene ¢&. 25 byla zaznamenana neza-
douci zvy$ena tvorba vyssich alkoholl. Senzoricka stabilita piv hod-
nocend po 2 a 4 mésicich skladovani klesala v pofadi kmen €. 25, €.
45 a ¢. 95. Rovnéz skute¢na koloidni trvanlivost byla nejlepsi u piv
kvaSenych kmenem &. 95. Vylougeni tfislobilkovinnych komplexu, do-
kumentované obsahem anthokyanogen( a celkovych polyfenold, bylo
pfi aplikaci kmen0 €. 45 a zejména ¢&. 25 podstatné horsi.

Ztraty sumy stanovovanych markeru fytoestrogenl (daidzein, ge-
nistein, formononethin a biochanin A) mezi mladinou a pivem byly

= 300 O Daidzein

° O Genistein

g @ Formononethin

Y 250 @ Biochanin A

& W suma/sum

D 20,0

Q )

ﬁ —

Q
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Obr. 1/ Figure 1 Vliv kmene kvasinek na obsah fytoestrogen( v pivu
/ Influence of yeast strain on phytoestrogens content in beer

3 RESULTS AND DISCUSSION
3.1 Effect of fermentation on phytoestrogen content in beer

It is known that content of polyphenolic and phenolic substances
declines during the fermentation process as a result of decline in so-
lubility with a fall in pH and reaction with other extract components.
Significant decline was found for example also for Xanthohumol, iso-
flavonoid with anticarcinogenic effect [22, 23, 24]. Fermentation tri-
als with two poorly attenuating strains of the RIBM’s collection and
strain No. 95, the most commonly used strain in inland breweries,
were performed. Strains No. 25, No. 45 were used with respect to the
required properties (low attenuation, good sedimentation, low diace-
tyl production) based on the laboratory trials with a wider spectrum
of collection strains.

As evident from Table 1, lower attenuation was not proved in the
tested strains at fermentation of 8% all-malt wort when compared to
the strain No. 95. Sensory quality of fermented beers was on the ave-
rage level, it was not significantly different, moderate tendency to-
wards better beer quality was recorded in the strain No. 95. In the
strain no. 25, undesirable increased generation of higher alcohols was
recorded. Sensory stability of beers evaluated after 2 and 4 months
of storage declined in the following order: strain No. 25, strain No. 45
and strain No. 95. Real colloidal shelf life was also the best in beers
fermented by the strain No.95. Separation of tannin-protein comple-
xes documented by the content of anthocyanogenes and total po-
lyphenols was substantially worse after application of strains No. 45
and mainly No. 25.

Losses of the sum of determined phytoestrogen markers (daidzein,
genistein, formononethin, and biochanin A) between wort and beer
were the lowest in the strain No. 95 (decline by 46 %); in strains No.
25 (51 %) and No. 45 (55 %) the losses were rather higher (Figure 1).
Approximately a half of the wort phytoestrogen content was lost from
wort to the final product, bottled beer.

In the pilot plant brewing trials, three in practice commonly used tech-
nologies of fermentation and maturation were compared, classical two-
phase technology fermentation cellar-cellar, two-phase CCT techno-
logy-cellar and single-phase fermentation and maturation in CCT.

The determined decline in the sum of the measured phytoestro-
gen markers between wort and the final product, filtered beer, was
in the experiments 60 to 61 % on the average. No significant diffe-
rences were found among the tested technologies of fermentation
and maturation, differences in summary content of phytoestrogens
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Obr. 2 / Figure 2 Vliv technologie kvaseni na obsah fytoestrogent
v pivu / Influence of fermentation technology on phytoestrogens con-
tent in beer

(55 %) byly ztraty ponékud vySSi (obr. 1). Zhruba polovina obsahu fy-
toestrogent mladiny byla ztracena od mladiny do finalniho vyrobku,
sto¢eného piva.

V poloprovoznich varnich pokusech byly porovnany tfi technologie
kvaSeni a zrani pouzivané v praxi, klasicka dvoufazova technologie
spilka-sklep, dvoufazova technologie CKT-sklep a jednofazové kva-
Seni a zrani v CKT.

Stanoveny Ubytek sumy méfenych marker(i fytoestrogeni mezi
mladinou a findlnim vyrobkem, filtrovanym pivem, byl v diskutovanych
pokusech v priméru 60 az 61 %. Mezi testovanymi technologiemi
kvaSeni a zrani nebyly zjistény markantni rozdily, diference v sumar-
nim obsahu fytoestrogenl v pivu se v priméru pohybovaly v rdmci
analytické chyby. Vyznamné rozdily mezi technologiemi nebyly zjis-
tény ani pro jednotlivé markery. NejvySSi ubytky (zhruba 80 %) byly
stanoveny u daidzeinu, Ubytky genisteinu (zhruba 50 %), formono-
nethinu (zhruba 40-50 %) a biochaninu A (zhruba 50-60%) byly nizsi
(obr. 2).

Vyznamné rozdily v senzorické a analytické kvalité piv pfiprave-
nych testovanymi technologiemi nebyly zjistény s vyjimkou znamych
mirné vysSich ztrat horkych latek u klasické technologie spilka-sklep.

Ve varnich pokusech provedenych pfi feSeni projektu v roce 2004
byla k dispozici $kala koncentraci fytoestrogent v mladiné. Bilance
Ubytku méfenych marker( fytoestrogent mezi mladinou a pivem
Etvrtprovoznich varek s riznym chmelenim ukéazala trend k nizsi mite
ztrat fytoestrogeni mezi mladinou a pivem u mladin s vy$8im obsa-
hem téchto latek. Koncentrace v mladiné byla v rozmezi zhruba 17-31
nmol/l, ztraty do finalniho vyrobku byly v rozmezi zhruba 44-60 %
(obr. 3). Zastoupeni jednotlivych sledovanych fytoestrogenl v raz-
nych mladinach se lisilo, mira Ubytku kolisala, nebyl zjistén prfednostni
ubytek ani jednoho z marker( (tab. 2).

Obr. 3/ Figure 3 Ztraty fytoestrogenli mezi mladinou a pivem / Dec-
rease of phytoestrogens content between wort and beer (suma mar-
kerQi / sum of markers — Daidzein, Genistein, Formononethin, Bio-
chanin A)

in beer varied on the average within analytical error. Significant dif-
ferences among technologies were not found for individual markers
either. The biggest falls (approximately 80 %) were determined in da-
idzein, falls in genistein (approximately 50 %), formononethin (app-
roximately 40 to 50 %) and biochanin A (approximately 50 to 60%)
were lower (Figure 2).

Significant differences in sensory and analytical quality of beers
prepared using the tested technologies were not found with the ex-
ception of known mildly higher losses of bitter substances in the clas-
sical technology fermentation cellar-cellar.

In the brewing trials carried out during solution of the project in
2004, range of concentrations of phytoestrogens in wort was avai-
lable. Balance of loss of the measured phytoestrogen markers bet-
ween wort and beer revealed the tendency towards lower phytoest-
rogen losses between wort and beer in worts with higher content of
these substances. Concentration in wort was approximately 17 to 31
nmol/l, losses into the final product were within approximately 44 %
to 60 % (Figure 3). Distribution of the individual followed phytoestro-
gens in various worts differed, rate of losses fluctuated, preference
loss was not determined in any of the markers (Table 2).

3.2 Effect of selection of filtration preparation and pasteuriza-
tion on phytoestrogen content in beer

It is known that filtration materials trap a certain fraction of polyp-
henol substances of beer. In pilot plant two filtration processes that
are dominantly used in the brewing industry today, were compared:
filtration with kiesulguhr and filter plates on the basis of cellulose. In
practice common conditions as kieselguhr dosage or specific area of
filter plates on the volume of filtered beer were used.

Tab. 2 Ztraty fytoestrogeni mezi mladinou a pivem / Decrease of phytoestrogen content between wort and beer

Fytoestrogeny Phytoestrogens (nmol/l) Daidzein Genistein Formononethin Biochanin A Suma / sum
Véarka / Brew 1 mladina / wort 4,0 20,7 1,0 5,6 31,3
pivo / beer 3,9 11,5 0,4 1,8 17,6
Ubytek / difference
(% rel.) -2,5 —44.4 —-60,0 -67,9 —43,8
Vérka / Brew 2 mladina / wort 3,8 18,4 1,0 2,9 26,1
pivo / beer 2,5 7,8 0,3 2,2 12,8
Ubytek / difference
(% rel.) -35,1 -57,4 —-70,0 -25,3 —51,1
Varka / Brew 3 mladina / wort 7,9 10,9 1,1 2,3 22,2
pivo / beer 1,7 55 0,6 1,0 8,7
Ubytek / difference
(% rel.) -79,0 —49,2 —47,3 -58,3 —60,6
Varka / Brew 4 mladina / wort 8,7 4,4 1,1 2,5 16,7
pivo / beer 1,8 2,2 0,8 1,9 6,7
ubytek / difference
(% rel.) -79,3 -50,0 -27,3 —24,0 -59,9
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Obr. 4 / Figure 4 Vliv filtraéniho prostfedku na obsah fytoestrogent
v pivu / Influence of filter aid on phytoestrogens content in beer

3.2 Vliv volby filtraéniho prostiedku a pasterace na obsah fyto-
estrogent v pivu

Je znamo, ze filtraéni materialy zachycuiji urcity podil polyfenolo-
vych latek piva. Na poloprovoznim zafrizeni byly porovnavany dva v pi-
vovarstvi v souc¢asné dobé& dominantni filtraéni postupy, filtrace kre-
melinou a filtraénimi deskami na bazi celulézy. Byly pouzity v praxi
bézné podminky z hlediska davky kifemeliny respektive mérné plo-
chy filtracnich desek na objem Zfiltrovaného piva.

Nebyly zjistény podstatné rozdily v primérném sumarnim obsahu
mérenych markeru fytoestrogent mezi pivy filtrovanymi kfemelinou
¢i filtracnimi deskami, diference byly v ramci chyby méfeni. Rovnéz
obsah jednotlivych markert nebyl odliSny, velmi mirny trend k vys-
8imu Ubytku daidzeinu byl zaznamenan pro filtraci deskami (obr. 4).

Ptipadny vliv pasterace na obsah fytoestrogent v pivu byl zkou-
man v ramci poloprovoznich varnich pokusu, kdy ¢ast sto¢enych piv
byla pasterovana na 25 pastera¢nich jednotek. Pasterace piva ne-
méla zadny méfitelny efekt na obsah stanovovanych markerd fyto-
estrogenu (obr. 5).

3.3 Vliv koloidni stabilizace na obsah fytoestrogenti v pivu

Pro koloidni stabilizaci jsou v sou€asnosti nejroz$ifenégjsi sorbenty
polyfenolovych latek na bazi PVPP (nejb&znéjsi je Polyclar), sorbenty
bilkovin na bazi kfemicitych gell (typicky zastupce Stabifix W) nebo
kombinace obou typl stabilizator(.

Vliv technologie koloidni stabilizace piva byl zjiStovan v laborator-
nich modelovych pokusech (bézna provozni davka a maximalni davka
doporucena vyrobcem) na komerénim pivu a nasledné ve Ctvrtpro-
voznich varnich pokusech na jednotné 8% miladiné za pouziti v pro-
vozu béznych davek stabilizator(.

Sorpéni (stabiliza¢ni) u¢inek sorbentll aplikovanych v laboratofi je

Obr. 5 / Figure 5 Vliv pasterace na obsah fytoestrogent v pivu / In-
fluence of pasteurisation on phytoestrogens content in beer

Significant differences in the average sum of content of measured
markers of phytoestrogens between beers filtered by kieselguhr or
filter plates were not found, differences were within the error of me-
asurement. Content of individual markers was not different, very mo-
derate tendency towards higher fall in daidzein was recorded for plate
filtration (Figure 4).

Possible effect of pasteurization on phytoestrogen content in beer
was examined within pilot plant brewing experiments when part of
bottled beers was pasteurized to 25 pasteurization units. Beer pas-
teurization did not have any measurable effect on content of deter-
mined phytoestrogen markers (Figure 5).

3.3 Effect of colloidal stabilization on phytoestrogen content in
beer

For colloidal stabilization sorbents of polyphenol substances on the
basis of PVPP (Polyclar is the most common), sorbents of proteins
on the basis of kieselguhr gels (typical representative Stabifix W) or
combination of both types of stabilizers have been widely used to-
day.

Effect of technology of colloidal stabilization of beer was determi-
ned in the laboratory model trials (common working dosage and ma-
ximum dosage recommended by a producer) on commercial beer
and subsequently during semi-pilot brewing trials on uniform 8% wort
using common dosages of stabilizers.

Sorption (stabilization) effect of sorbents applied in the laboratory
is evident from Table 3. Significant sorption of phytoestrogens was
determined for Polyclar 10, fall in sum of measured markers of phy-
toestrogens made approximately 27 or 37 % of content in non-stabi-
lized beer and it apparently depended on the sorbent dosage. During
application of protein sorbent Stabifix W, we recorded a certain fall
in sum content of the measured markers of phytoestrogens that in

Tab. 3 Laboratorni testovani vlivu stabilizaénich prostfedkd na obsah fytoestrogen( v pivu / Laboratory trials of an influence of stabilisation
aids on phytoestrogens content in beer (P10 — Polyclar 10, SW — Stabifix W)

Oznaceni vzorku / Sample code SR P10 P10 SwW Sw P10+SW
15 g/hl | 30 g/hl | 50 g/hl | 100 g/hl | 15+50 g/hl
Celkové polyfenoly / Total polyphenols (mg/l) 156 120 108 138 139 116
(% rel.) 23,1 30,8 11,5 10,9 25,6
Anthokyanogeny / Anthocyanogens (mg/l) 48,8 34 31 53,8 44,9 35,7
(% rel.) 30,3 36,5 -10,2 8 26,8
Flavonoidy / Flavonoids (mg/l) 19,1 14,4 12,2 18,2 18,2 185
(% rel.) 24,6 36,1 4,7 4,7 29,3
Siranovy test / Ammonium sulphate test (ml/10ml) 1,45 1,65 1,35 2,1 2,5 1,75
(% rel.) -13,8 6,9 —44.,8 —72,4 -20,7
Bilkovin. dusik CBB / Protein nitrogen CBB (mg/100ml) 30,6 27,4 29,5 95 10,2 10,0
(% rel.) 10,3 3,6 69,1 66,8 67,3
Fytoestrogeny (suma) / Phytoestrogens (sum) (nmol/l) 14,7 10,7 9,3 12,8 13,7 7,7
(% rel.) —27,2 -36,7 -12,9 —6,8 —47,6
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Obr. 6/ Figure 6 Vliv koloidni stabilizace na obsah fytoestrogend v pivu
— laboratorni pokusy / Influence of colloidal stabilisation on phyto-
estrogens content in beer — laboratory trials

P10 — Polyclar 10, davka / dose 15 g/hl, 30 g/hl

SW — Stabifix W, davka / dose 50 g/hl, 100 g/hl

patrny z tab. 3.Vyznamna sorpce fytoestrogent byla zjisténa pro Po-
lyclar 10, Ubytek sumy méfenych marker( fytoestrogenu €inil pfiblizné
27 resp. 37 % obsahu v nestabilizovaném pivu a byl zjevné zavisly
na davce sorbentu. Pfi aplikaci sorbentu bilkovin Stabifix W byl za-
znamenan urgity Ubytek sumarniho obsahu méfenych markert fyto-
estrogen, ktery v pfipadé nizsi pouzité davky presahl chybu méfeni,
ktera ¢ini £5 %. Nejvyssi ztraty fytoestrogenl (48 %) byly zjistény pro
kombinaci obou prostfedkl (fab. 3, obr. 6).

Varni pokusy potvrdily negativni vliv sorbentu polyfenol na obsah
fytoestrogenu ve finalnim vyrobku, i zde byly stanoveny ztraty ve vysi
zhruba 37 %. Vliv sorbentu bilkovin byl pod hranici analytické chyby.
V pfipadé kombinované stabilizace obéma sorbenty se negativné pro-
jevil vliv sorbentu polyfenolt Polyclar 10 (obr. 7).

V laboratornich pokusech byla zaznamenana nejvys$Si mira sorpce
u daidzeinu (Ubytek 33 % resp. 71 % v zavislosti na davce) a bio-
chaninu, které tvofily pfevaznou ¢ast fytoestrogend v pouzitém pivu.
Ve varnich pokusech byl nejvice sorbovan genistein (Ubytek 52,4 %),
majoritni komponenta téchto piv. Zastoupeni fytoestrogend v mladiné
zavisi na pouzitych surovinach. Fytoestrogeny v pivu jsou z&asti va-
zany na cukry, pro miru sorpce je pravdépodobné vyznamné za-
stoupeni glykosidd. Nami vypracovanou metodou jsou stanoveny
volné i vazane fytoestrogeny.

Ubytek obsahu sumy sledovanych markerd fytoestrogend mezi
mladinou a pivem byl u nestabilizovanych piv zhruba 45 % az 55 %,
pfi aplikaci Polyclaru tento Ubytek dosahl téméf 70 %. Pro koloidni
stabilizaci piva se zvySenym obsahem fytoestrogent je stabilizace
sorbentem polyfenold nebo kombinaci obou typd sorbentd nevhodna
z davodu vysokych ztrat fytoestrogend.

4 ZAVER

* Neprokézaly se vyznamné rozdily mezi testovanymi technologiemi
kvaSeni a zrani piva (dvoufazové technologie spilka-sklep, CKT-
sklep, jednofazové kvaseni v CKT) na obsah vybranych fytoestro-
genu v pivu. Tyto v praxi bézné pouzivané technologie jsou z hle-
diska ztrat fytoestrogent mezi mladinou a pivem srovnatelné.

e \/ provedenych testech nebyly nalezeny kmeny s vlastnostmi vyhod-
ngjsimi z hlediska ztrat fytoestrogent pfi kvaSeni a kvality piva s niz-
kym obsahem alkoholu oproti nejrozsifenéjSimu kmenu €. 95. Zadouci
nizSi prokvaseni piva je mozno podpofit jinymi operacemi, volbou méné
rozlusténého sladu a technologii rmutovani omezujici sacharolyzu.

* Pro vyrobu piva bohatého na fytoestrogeny je mozno alternativné
pouzit obé v sou¢asnosti dominantni technologie filtrace, filtraci kie-
melinou i filtraénimi deskami na bazi celulézy. Nezjistily se prakticky
vyznamné rozdily v Ucinku filtracnich material( na obsah fytoestro-
gen( ve filtratu. Pasterace neovliviiuje obsah fytoestrogen( v pivu.

* Pro koloidni stabilizaci piva je z hlediska zachovani obsahu fyto-

Obr. 7/ Figure 7Vliv koloidni stabilizace na obsah fytoestrogent v pivu
— poloprovozni pokusy / Influence of colloidal stabilisation on phyto-
estrogens content in beer — scale trials

(P10—20 — Polyclar 10, davka / dose 20 g/hl, SW-75 — Stabifix W,
davka / dose 75 g/hl, P+SW+15+50 — Polyclar 10 + Stabifix W, davky
/ doses 15 + 75 g/hl)

CP — celkové polyfenoly / total polyphenols, ANT — anthokyanogeny
/ anthocyanogens, CBB — bilkovinny dusik / protein nitrogen, FYT —
fytoestrogeny / phytoestrogens

case of a lower dosage exceeded measurement error (£5 %). The
highest phytoestrogen losses (48 %) were detected for combination
of both preparations (7ab. 3, Figure 6).

The brewing experiments confirmed negative effect of sorbent of
polyphenols on phytoestrogen content in the final product, here los-
ses in the amount of approximately 37 % were determined as well.
Effect of protein sorbent was under the limit of analytical error. In com-
bined stabilization using both sorbents, sorbent of polyphenols Po-
lyclar 10 exhibited negative effect (Figure 7).

In the laboratory experiments, the highest sorption rate was re-
corded in daidzein (fall of 33 % or 71 % in dependence on dosage)
and biochanin that formed the prevailing part of phytoestrogens. In
beer used in the brewing trials genistein, major component of these
beers, was the most sorbed (fall of 52.4 %). Phytoestrogen distribu-
tion in wort depends on the material used. Phytoestrogens in beer
bind partly to sugars, distribution of glycosides may be important for
sorption rate. The method developed by us free as well as bound phy-
toestrogens can be determined.

Fall in content of sum of the followed phytoestrogen markers bet-
ween wort and beer was in non-stabilized beers approximately 45 %
to 55 %, after Polyclar application this fall attained nearly 70 %. Sta-
bilization with sorbent of polyphenol or combination of both types of
sorbents is unsuitable for colloidal stabilization of beer with increa-
sed phytoestrogen content due to high losses of phytoestrogens.

4 CONCLUSIONS

» Significant differences between the tested technologies of fermen-
tation and beer maturation (two-phase technologies: fermentation
cellar-cellar, CCT-cellar, single-phase fermentation in CCT) affec-
ting phytoestrogen content in beer were not proved. These in prac-
tice commonly used technologies are comparable in terms of phy-
toestrogen losses between wort and beer.

¢ In the conducted tests, strains with properties more suitable in terms
of phytoestrogen losses during fermentation and quality of beer with
low alcohol content were not found versus the most widely spread
strain no. 95. The desirable lower attenuation of beer can be sup-
ported by other operations, i.e. choice of less modified malt and
technology of mashing reducing saccharolysis.

* For production of beer rich in phytoestrogens, both currently domi-
nant technologies of filtration, filtration with kieselguhr and filter pla-
tes on the basis of cellulose, can be alternatively used. No signifi-
cant differences in the effect of filtration materials on phytoestrogen
content in the filtrate were determined. Pasteurization does not af-
fect phytoestrogen content in beer.

» Stabilization treatment with protein sorbent can be used for colloi-
dal stabilization of beer for preserving phytoestrogen content. Sta-
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estrogent pouzitelny stabiliza¢ni zdsah sorbentem bilkovin. Stabi-
lizace sorbentem polyfenolt nebo kombinaci obou typu sorbentt je
nevhodnd z divodu vysokych ztrat fytoestrogend, které inily zhruba
25-35 % oproti nestabilizovanému pivu.

« Ztraty fytoestrogen(i mezi mladinou a pivem jsou znacné. Ubytek
sumy sledovanych markerud fytoestrogent €inil pfiblizné 45-55 %,
pfi koloidni stabilizaci sorbentem polyfenold dosahl az zhruba 70 %.

Vysledky byly ziskany v ramci reSeni vyzkumného projektu
NAZV QF 3229.
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bilization with polyphenol sorbent or combination of both types is
unsuitable due to high phytoestrogen losses that reached approxi-
mately 25 to 35 % compared to non-stabilized beer.

* Phytoestrogen losses between wort and beer are considerable. Fall
in sum of the followed phytoestrogen markers was approximately
45 to 55 %, at colloidal stabilization with sorbent of polyphenols it
reached ca 70 %.

The results were acquired within solution of the research pro-
ject NAZV QF 3229.
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Rozhoduijici roli pfi zadavani zakazky prirozené
hralo nase prani, mit dodavku na kli¢. Za to, jak ale
byla zvladnuta skutecna realizace a soulad vsech
jednotlivych krokud, musime firmé KRONES sloZit
kompliment. Pocinaje vyrobni technologii, pres
plnéni a baleni az po logistiku, vse ruku v ruce s
promyslenou procesni automatizaci a informac¢ni
technologii, vzdy zde byl pro nas jediny partner,
KRONES.
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