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Polyfenolové latky naleZejici do skupin prenylflavonoidd a isoflavonoidd maji uc¢inky podporujici zdravi a ochranu proti fadé civilizac-
bi proti osteoporéze. Byla vypracovana nova analytickd metoda HPLC-DAD pro simultanni stanoveni prenylflavonoidi (xanthohumol,
isoxanthohumol, 8-prenylnaringenin, 6-prenylnaringenin) a isoflavonoidd (daidzein, genistein, formononetin a Biochanin A) ve chmelu
a pivu a byla provedena studie dopadu chmeleni homogenatem zeleného chmele stabilizovaného vysokym tlakem na obsah téchto latek
v pivu. Vypracovana metoda muze najit uplatnéni pfi monitorovani obsahu bioaktivnich flavonoidli ve chmelovych surovinach a pivu.
Aplikace homogenatu zeleného chmele (20 % alfa kyselin na varku) v posledni davce chmeleni pfinesla zvyseni obsahu xanthohumolu
a 6-prenylnaringeninu v pivu o pfiblizné 50 % resp. 100 % v porovnani se susenym chmelem. Aplikace do vifivé kadé zvysila obsah
xanthohumolu a 8-prenylnaringeninu v pivu o pfiblizné 55 % resp. 115 %. S vyjimkou vyrazného zvySeni hodnoty genisteinu aplikaci
do vifivé kadé nebyl zjistén vliv nesuseného chmele na obsah isoflavonoidll v pivu. Chmeleni homogenatem zeleného chmele ukazuje
zajimavou moznost pfirozeného zvysSeni obsahu xanthohumolu v pivu. Vysledky Gvodni studie budou ovéfeny v dalSim vyzkumu.

Jurkova, M. — Cejka, P.— Houska, M. — Miky$ka, A.: Simultaneous determination of prenylflavonoids and isoflavonoids in hops and beer
by HPLC-DAD method: Study of green hops homogenate application in the brewing process. Kvasny Prum. 59, 2013, No. 2, p. 41-49.

Polyphenolic substances belonging to prenylflavonoids and isoflavonoids groups have health-promoting effects and protecting effects
against many civilization diseases. They act as antioxidants, have anti-cancer, anti-microbial, anti-inflammatory effects, some of them
are phytoestrogens and counteract osteoporosis. A novel analytical method HPLC-DAD for simultaneous determination prenylflavonoids
(xanthohumol, isoxanthohumol, 8-prenylnaringenin, 6-prenylnaringenin) and isoflavonoids (daidzein, genistein, formononetin and bio-
chanin A) in hops and beer was developed, and a study on the impact of hopping by green hops homogenate stabilized high pressure on
the content of these substances in beer was carried out. The elaborated method may find application in the monitoring of the bioactive
flavonoids content in hop raw materials and beer. Application of green hops homogenate (20% alpha acids in batch) at the last dose of
hopping results in increased contents of xanthohumol and 6-prenylnaringenin in beer by approx. 50% and 100% respectively compared
with dried hops. Application into a whirlpool increased xanthohumol and 8-prenylnaringenin content in beer by approx. 55% and 115%
respectively. With the exception of a significant increase in the value of genistein in whirlpool application, an influence of non-dried hops
on the isoflavonoids content in beer was not found. Hopping by green hops homogenate shows an interesting possibility of natural in-
crease in content of xanthohumol in beer. In further research the results of preliminary studies shall be verified.

Jurkova, M. - Cejka, P.— Houska, M.— Miky$ka, A.: Durch die Methode HPLC-DAD eine Simultanbestimmung von Prenylflavonoiden
und Isoflavonoiden, Studie der Griinhopfenhomogenatsaplikation im Brauprozess. Kvasny Prum. 59, 2013, Nr. 2, S.41-49.

Die zur Gruppe Prenylflavonoide und Isoflavonoide gehérenden Polyphenolstoffe haben eine Gesundheitférdende Wirkungen und
Schutz gegen die Zivilisationskrankenheiten. Die Polyphenolstoffe wirken als Antioxidante, wiesen eine Antikrebs-, Antimikrobielle- und
Entzindungshemmendeeigenschaften auf, einige davon sind Phytoestrogene und wirken gegen die Osteoporose. Eine neue analyti-
sche Methode HPLC — DAD fir die simultane Bestimmung von Prenylflavanoiden (Xantohumulon, Isoxanthohumol, 8-Prenylnaringenin,
6-Prenylnaringenin) und Isoflavonoide (Daidzein, Genistein, Formononetin und Biochanin A) im Hopfen und im Bier wurde erarbeitet und
eine Studie der Hopfenzugabewirkung mit dem durch Hohe Druck stabilisierten Griinhopfenhomogenat auf den Gehalt an diese Stoffen
im Bier. Die Zugabe des Griinhopfenhomogenats (20% Alpha — Saure im Sud) in der letzten Dosierung hat eine Gehaltserhdhung an
Xantohumulon und 6-Prenylnaringenin im Bier ungefahr um 50%, beziehungsweise um 100% im Vergleich mit dem getrockneten Hopfen
verursacht. Die Dosierung in den Whirlpool hat den Gehalt an Xanthohumol und 8-Prenylnaringenin im Bier etwa um 55 % respektive
um 115 % erhoht. Mit einer Ausnahme der wesentlichen Erhéhung des Genisteinswertes durch die Applikation in den Whirlpool wurde
kein Einfluss des getrockneten Hopfens auf den Gehalt an Isoflavonoide im Bier festgestellt. Die Hopfenzugabe durch Grinhopfenho-
mogenat zeigt eine interessante Mdoglichkeit der naturellen Xantohumolgehalterhéhung im Bier an. Die Ergebnisse der Einleitungsstudie
werden wéhrend der weiteren Forschung durchgefiihrt

Klicova slova: isoflavonoidy, prenylflavonoidy, xanthohumol, Keywords: isoflavonoids, prenylflavonoids, xanthohumol,
isoxanthohumol, 8-prenyinaringenin, HPLC-DAD, homogenat isoxanthohumol, 8-prenylnaringenin, HPLC-DAD, green hops
zeleného chmele, pivo homogenate, beer
1 UVOD 1 INTRODUCTION
Flavonoidy nalezZejici do skupin prenylflavonoidl a isoflavonoidd Polyphenolic substances belonging to prenylflavonoids and isoflavo-

prokazuji vlastnosti podporujici zdravi a ochranu proti fadé civilizaé-  noids groups have health-promoting effects and protecting effects against
nich chorob (Kondo, 2003; Stevens, Page, 2004). Jedinym zdrojem  many civilization diseases (Kondo, 2003; Stevens and Page, 2004).
prenylflavonoid(l v pivu je chmel. Isoflavonoidy v pivu pochazeji Xanthohumol is dominant prenylflavonoid in hops (Krofta et al.,
z chmele i sladu (Mikyska et al., 2007). 2005), it inhibits the proliferation of certain types of cancer, has
antimicrobial, anti-inflammatory and antioxidant effects (Miranda
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Obr. 1 Struktura nejvyznamnéjSich prenylflavonoidt chmele a piva /
Fig. 1 Structures of most important prenylflavonoids in hops and beer

Ve chmelu je dominantnim prenylflavonoidem xanthohumol (Krofta
etal., 2005), ktery plisobi inhibi¢né na nékteré typy rakovinného bujeni,
ma antimikrobidlni, protizanétlivé a antioxidaéni uc¢inky (Miranda et al.,
2000; Gerhauser, 2005). Xanthohumol spole¢né s nékterymi slozkami
chmelovych pryskyfic plsobi inhibi¢né pfi vzniku osteopordzy (Tobe et
al., 1997). Tepelnou izomerizaci xanthohumolu vznika v pivu vyrazné
prevazujici isoxanthohumol (Forster et al., 2002; Krofta, 2010), ktery je
vyznamnym prekursorem 8-prenylnaringeninu vznikajiciho pasobenim
bakterii ve stfevnim traktu (Possemiers et al., 2005). Spontanni trans-
formaci desmethylxanthohumolu z chmele vznika 6-prenylnaringenin
a 8-prenylnaringenin. Obé tyto latky, zejména 8-prenylnaringenin,
jsou silnymi fytoestrogeny (Milligan et al., 1999). Schéma transformaci
chmelovych prenylflavonoidu je na obr. 1.

Isoflavonoidy daidzein, genistein a jejich prekursory formononetin
a Biochanin A (obr. 2) jsou dlouho znamymi fytoestrogeny (Adler-
creutz, 1990), inhibuji rist a proliferaci nékterych typd nadord, maji
antioxida¢ni a antimikrobidlni Gc¢inky, plsobi proti osteoporéze
(Adlercreutz et al., 1995; Foti et al., 2005; Medjakovic et al., 2008).

Pro stanoveni xanthohumolu a péti dal$ich flavonoidt v komplexnf{
matrici piva a bylinnych ¢aji s obsahem chmele vyvinuli (Stevens
et al., 1999) metodu HPLC s MS-MS detekci. Dalsi vyvoj techniky
v oblasti HPLC-MS umoznil Ceslové et al. (2009) stanoveni xantho-
humolu a prenylovanych flavonoidl souc¢asné s ostatnimi polyfe-
nolickymi sloueninami a hofkymi kyselinami v pivu a chmelovych
extraktech. Identifikace byla zaloZena na kombinaci reten¢nich ¢asu,
UV a APCI-MS spekter. Obé detekéni techniky UV- a APCI-MS byly
pouzity pro kvantitativni stanoveni a poskytly srovnatelné vysledky.

Magalhaes et al. (2007) sledovali obsah xanthohumolu a isoxantho-
humolu ve chmelovych produktech — peletach, ethanolickém a CO,
extraktu metodou HPLC — DAD, kde pro potvrzeni identifikace xan-
thohumolu a isoxanthohumolu pouzili HPLC-ESI-MS/MS. V dalsi praci
(Magalhaes et al., 2008) byly zmapovéany jednotlivé faze technologic-
kého procesu vyroby piva a jejich vliv na izomerizaci xanthohumolu
a studovan dopad aplikace chmelovych preparatt obohacenych o xan-
thohumol. Obsah xanthohumolu a isoxanthohumolu v pivech a mezi-
produktech byl méfen metodou HPLC s UV detekci. Byl potvrzen inhi-
bi¢ni vliv barevnych sladd (karamelovych a prazenych) na isomerizaci
xanthohumolu. Tento jev vysvétlil jiz dfive Walker et al. (2003) tvorbou
komplext xanthohumolu se sloZzkami barevného sladu, chovajicimi se
odlisné od puvodniho xanthohumolu. Koncentrace v tmavych pivech,
namérené pomoci LC-MS bez prfedchoziho ¢&isténi SPE, proto mo-
hou dosahovat az 10 mg/l a pfesahuji rozpustnost xanthohumolu (3,5
mg/l) v ethanolickém vodném roztoku. Wunderlich et al. (2009) vysvét-
lili nalezené vy$&i koncentrace xanthohumolu v tmavych pivech bez
pfedchoziho SPE ¢isténi ustanovovanim rovnovaznych koncentraci
mezi volnym a v komplexu vazanym xanthohumulonem. Krofta (2010)
k monitoringu obsahu isoxanthohumolu a xanthohumolu v €eskych
svétlych pivech a zahraniénich pivech, sledovani ztrat pfi vyrobé piva
a sledovani stability béhem skladovani piva pouzil HPLC-DAD metodu
s Cisténim a zakoncentrovanim vzork( pomoci SPE.

Pro stanoveni isoflavonoidll daidzeinu, genisteinu, formononetinu
a Biochaninu A v pivu byly vypracovany metody zalozené na imu-
nochemické detekci (Lapcik et al., 1998), plynové chromatografii po
izolaci a derivatizaci sledovanych latek na tékavé slou¢eniny (Miku-
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Obr. 2 Struktura isoflavonoid(i —
fytoestrogent / Fig. 2 Structures
of isoflavonoids — phytoestro-

et al., 2000; Gerhauser, 2005).
Xanthohumol together with
some other components of hop
resins inhibits the onset of os-
teoporosis (Tobe et al., 1997).
Isoxanthohumol, a predominant
prenylflavonoid occurs in beer,
is formed by a thermal isomeri-
zation of xanthohumol (For-
ster et al., 2002; Krofta, 2010).
Isoxanthohumol is an important
precursor of 8-prenylnaringenin
which is generated by the intes-

gens tinal tract bacteria (Possemiers
et al., 2005). By spontaneous
transformation of hop desmethylxanthohumol 6-prenylnaringenin
and 8-prenylnaringenin are formed. Both of these substances, in
particular 8-prenylnaringenin, are potent phytoestrogens (Milligan
et al.,, 1999). Hop prenylflavonoids transformations scheme is in
the Fig. 1.

Isoflavonoids daidzein, genistein and their precursors formonon-
etin and biochanin A (Fig. 2) have been long known phytoestrogens
(Adlercreutz, 1990), inhibit the growth and proliferation of certain
types of cancer, have an antioxidant and antimicrobial properties
and are effective against osteoporosis (Adlercreutz et al., 1995, Foti
et al., 2005, Medjakovic et al., 2008).

HPLC method with MS-MS detection to determine xanthohumu-
lonu and five other flavonoids in a complex matrix of beer and herbal
teas containing hops was developed by Stevens et al. (1999). Fur-
ther technical development in the field of HPLC-MS enabled Ceslova
et al. (2009) xanthohumul and prenylated flavonoids together with
other polyphenolic compounds and bitter acids determination in beer
and hop extracts. Identification was based on a combination of reten-
tion times, UV spectra and APCI MS. Both detection techniques UV
and APCI-MS were used for quantitative determination and provide
comparable results.

Magalhaes et al. (2007) investigated the isoxanthohumol and xan-
thohumol content in hop products — pellets, CO, and ethanol extract
by HPLC — DAD method, for confirming the identification of xantho-
humol and isoxanthohumol HPLC-ESI-MS/MS was used. In another
work (Magalhaes et al., 2008) different stages of the technological
process of beer production were mapped, their influence on the xan-
thohumol isomerization was studied and the impact of applying hop
preparations enriched in xanthohumol. Isoxanthohumol and xantho-
humol content in beer and intermediates was measured by HPLC
with UV detection.

The inhibitory effect of colored malts (caramel and roasted) for
xanthohumol isomerization was confirmed. This phenomenon ex-
plained previously Walker et al. (2003) by a xanthohumol compl-
exation with components in colored malt, behaving differently from
the original xanthohumol. Concentration in dark beers measured
by LC-MS without prior purification of the SPE can therefore be up
to 10 mg/L, exceed xanthohumol solubility (3.5 mg/L) in ethanol
aqueous solution. Wunderlich et al. (2009) explained found higher
xanthohumol concentrations in dark beers without SPE purification
by an establishment of equilibrium concentrations between free
and in complex bound xanthohumol. For monitoring the isoxantho-
humol and xanthohumol content in Czech pale beers and foreign
beers, tracking losses in the beer production and stability in the
course of beer storage, Krofta (2010) used a SPE- HPLC-DAD
method.

Methods based on immunochemical detection (LapCik et al,
1998), gas chromatography after isolation and derivatization of con-
trolled substances into volatile compounds (Mikulikova et al., 2005)
and HPLC-CoulArray (Kellner et al., 2007) to determine of isofla-
vonoids daidzein, genistein, formononetin and Biochanin A in beer
have been developed. Each of these methods have specific disad-
vantages.

Method HPLC-DAD to monitoring of isoxanthohumol and xan-
thohumol content in raw materials and their changes during brew-
ing seems as sufficient. Simultaneous determination of other pre-
nylflavonoids and some of the isoflavonoids allows getting a more
comprehensive assessment of the content of biologically active
flavonoids. To determine prenylflavonoids and isoflavonoids occur-
ring in minority or lower concentrations, however, more efficient is
HPLC coupling with MS-MS detection, due to the higher sensitivity
and selectivity.
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Obr. 3a Linearni odezva UV detektoru / Fig. 3a Linearity of UV de-
tector response

likova et al., 2005) a HPLC-CoulArray (Kellner et al., 2007). Kazda
z téchto metod ma specifické nevyhody.

Pro monitorovani obsahu xanthohumolu a isoxanthohumolu
v surovinach a jejich zmén v prlibéhu vyroby piva se jevi metoda
HPLC-DAD jako postacujici. Sou¢asné stanoveni ostatnich prenyl-
flavonoid( a nékterych isoflavonoidd umoznuje ziskat komplexné&jsi
posouzeni obsahu biologicky aktivnich flavonoidl. Pro stanoveni
prenylflavonoid(l i isoflavonoidi vyskytujicich se v nizsich nebo mi-
noritnich koncentracich je ovéem u¢innéjsi spojeni HPLC s MS-MS
detekei, z dlvodu vysSi citlivosti a selektivity.

V pivovarstvi je v poslednim desetileti vénovana pozornost pre-
nylflavonoidiim. Jsou vypracovavany modifikované technologie pro
vyrobu piv s vy$§imi koncentracemi téchto biologicky aktivnich latek
aplikaci chmelovych preparatt obohacenych xanthohumolem. Hlav-
nimi sledovanymi slozkami jsou xanthohumol a isoxanthohumol. Su-
Senim chmele se ¢ast labilnich sekundarnich metaboliti chmele, ke
kterym nalezi i prenylflavonoidy a isoflavonoidy, ztraci. Pouziti ho-
mogenatu zeleného chmele stabilizovaného vysokym tlakem muze
predstavovat netradiéni postup pro zvySeni obsahu biologicky aktiv-
nich flavonoidu v pivu.

V tomto €lanku je popsana nové vypracovana analyticka metoda
HPLC-DAD pro simultanni stanoveni prenylflavonoidd a isoflavo-
noid ve chmelu a pivu a vysledky Gvodni studie dopadu chmeleni
homogenatem zeleného chmele na obsah téchto latek v pivu.

2 MATERIAL A METODY

2.1 Metoda simultanniho stanoveni prenylflavonoidt
a isoflavonoidi

Chemikaélie

Referencni standardy: xanthohumol, 6 — prenylnaringenin, 8 —
prenylnaringenin byly zakoupeny od firmy Phytochem (Némecko),
isoxanthohumol od firmy AAPIN Chemicals Limited (UK), formonone-
tin a Biochanin A od firmy Fluka, daidzein a genistein od firmy Sigma.

Kalibracni roztoky:navazenim 0,2 — 1 mg kazdé slou€eniny s pfes-
nosti 0,1 mg do 5 ml odmérky a doplnénim po zna¢ku methanolem
(Cistoty pro gradient, Merck) byl pfipraven zasobni kalibraéni roztok.
Jeho fedénim methanolem stejné Cistoty 10x, 50x, 100x, a 1000x do
10 ml odmérek byly pfipraveny kalibraéni roztoky.

Pomocné roztoky: byly pfipraveny pomoci deionizované vody
(Millipore, TOC < 5 ppb), methanolu p.a. (Merck), 85 % kyseliny fos-
fore¢né p.a. (Merck) a acetonu p.a. (Lachner).

Pro extrakci z piva:
1. deionizovana voda okyselend kyselinou fosfore¢nou (100 : 0,2, v/v)
2. methanol + voda + kyselina fosfore¢na (20 : 80 : 0,2, v/v/v)
3. methanol okyseleny kyselinou fosfore¢nou (100 : 0,2, v/v)

4. Pro extrakci chmelovych preparatu:
70% roztok acetonu ve vodé, extrakty byly filtrovany pres filtracni
papir MUNKTELL kvality 1288

Analyticky postup

Izolace flavonoidl z piva: vysoce hydrofobni isoflavonoidy a pre-
nylflavonoidy byly extrahovany z piva na pevnou fazi (SPE, Strata
C 18 — E, 500 mg/6ml, Phenomenex).
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Obr. 3b Linearni odezva UV detektoru / Fig. 3b Linearity of UV de-
tector response

In the brewing industry, attention is paid to prenylflavonoids in
the last decade; modified technologies for the production of beers
with higher concentrations of these biologically active substances
applications xanthohumol-enriched hop preparations are being
developed. Xanthohumol and isoxanthohumol are the main moni-
tored components. Drying hops a part of unstable secondary hop
metabolites including prenylflavonoids and isoflavonids is lost. The
high pressure stabilized green hops homogenate can be a non-tra-
ditional approach to an increase in a content of bioactive flavonoids
in beer.

This article describes the recently developed analytical method
HPLC-DAD for simultaneous determination of prenylflavonoids and
isoflavonoids in hops and beer, and the results of preliminary study
on an impact of hopping by green hops homogenate on a content of
these substances in beer.

2 MATERIALS AND METHODS

2.1 Method of simultaneous determination of isoflavonoids and
prenylflavonoids

Chemicals

Reference standards xanthohumol, 6-prenylnyringenin, 8-prenylnar-
ingenin were purchased from Phytochem (Germany), isoxanthohumol
from AAPIN Chemicals Limited (UK), formononetin and biochanin
A were obtained from Fluka, daidzein and genistein from Sigma.

Calibration solutions: stock standard solution was prepared by
weighting out 0.2-1.0 mg + 0.1 mg exactly of each compound into
5 ml volumetric flask and made the contents up to volume with gradi-
ent grade methanol (Merck) at 20 °C. Calibration solutions were pre-
pared by dilution of stock standard 10x, 50x, 100x and 1000 x into
the 10 ml beakers in methanol. Flasks were stoppered and mixed by
inversion at least four times.

Other solutions were prepared using deionized water (Millipore.
TOC < 5 ppb), methanol analytical-reagent grade (Merck) and 85 %
H3PO4 analytical-reagent grade (Merck) and acetone analytical —
reagent grade (Lachner).

For extraction of beers:
1. deionized water acidified H,PO, (100:0.2, v/v)
2. methanol + water +H,PO, (20:80:0.2, v/v/v)
3. acidified methanol H,PO, (100 : 0.2, v/v)

4. For extraction of hop and hop preparations:
70% solution of acetone in water, extracts were filtered using filter
discs 1288 Grade (MUNKTELL)

Analytical procedure

Isolation of beer flavonoids: the high hydrophobic analytes as
isoflavonoids and prenylflavonoids were extracted from beer using
solid phase extraction column, SPE, (Strata C18-E, 500 mg/6 ml,
Phenomenex).

The SPE column was equilibrated by 10 ml of methanol and sub-
sequently by 10 ml of acidified water (solution No. 1).

50 ml of beer sample was defoamed by sonification and acidified
by 0.1 ml of H,PO, and then the sample was applied on conditioned
SPE column.
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SPE kolonky byly ekvilibrovany 10 ml methanolu a nasledné 10 mi
okyselené vody (roztok 1). 50 ml vzorku piva bylo odpénéno v ultrazvu-
kové lazni a okyseleno 0,1 ml kyseliny fosfore¢né a aplikovano na kon-
dicionovanou SPE kolonku. Proplachem kolonky 10 ml roztoku 2 byly
odstranény necistoty a kolonka vysuSena prosatim vzduchu asi po dobu
5 minut. Analyty byly potom vyeluovany roztokem 3 do objemu 2,5 ml.

Vytéznost extrakéniho postupu byla testovana pomoci plzeriského
piva. Na kolonkach byl extrahovan jednak vzorek piva plivodniho,
jednak vzorek piva spikovaného. Podil rozdilu koncentraci téchto
vzorkd a zndmého koncentracniho navyseni o sledované analyty vy-
jadreny v procentech predstavuje vytéznost extrakéniho postupu na
modelovém vzorku plzeniského piva. Ziskané vysledky pro jednotlivé
analyty podava tab. 1.

Extrakce flavonoidl z chmelovych preparatl: 0,8 g suseného chme-
le nebo 8 g homogenatu bylo extrahovano na horizontalni-podélné tre-
pacce, 140 min~" (BUhler KS15A/B, Némecko) ve 250 ml roztoku 4 po
dobu 40 minut a extrakt prefiltrovan. 10 ml extraktu suSeného chmele
resp. 5 ml extraktu chmelového homogenatu bylo odpafeno do sucha
na rotacéni vakuové odparce pfi 60 °C do sucha. Odparek byl rozpustén
v 5 ml methanolu Cistoty pro gradient (Merck).

Chromatografické podminky:

Analyty byly separovany na reverzni fazi Purospher STAR, RP-18e
se zrnénim ¢astic 5pm, rozméry kolony byly 250 x 4 mm (Merck).

K separaci byly pouzity mobilni faze: A ultradista voda (TOC < 5 ppb)
okyselena kyselinou mravenéi pro MS na pH v rozmezi 3—4, B acetonitril
pro gradient. Pro separaci byl pouzit gradient: 0—10 min. 40-52,5 % B,
10-20 min. 52,5-57,5 % B, 2021 min. 57,5-40 % B, 21-26 min. 40% B.

Chromatograficka aparatura se skladala z kvarterni pumpy P4000,
davkovace AS3000 a DAD detektoru UV6000LP, vSe od Thermo Se-
paration Products (TSP, USA). Chromatograficka data byla snimana
a zpracovana chromatografickym softwarem ChromQuest 2.1 (TSP,
USA).

Pro hodnoceni &istoty pikl bylo pouzito skenovani od 250 do
400 nm a softwarova funkce pro vypocet indext vypovidajicich o ho-
mogenité eluéni zény. V retencnich ¢asech sledovanych flavonoid(
byla prokazana vysoka Cistota eluénich zén a tim i dostate¢na selek-
tivita chromatografického systému pro jejich méfeni a vyhodnoceni.

Using of 10 ml of solution No. 2 more polar impurities were discard.

Analytes were eluted by solution No. 3 into final volume 2.5 ml
after 5 minutes of air drying up.

Pilsner beer was used for the recovery test in beer matrix. 50 ml of de-
foamed beer was spiked by 0.5 mL stock solution. Spiked beer and un-
spiked beer, both 50 ml, were extracted on SPE columns. Both extracts
were immediately analyzed by the HPLC method described above. Re-
coveries (R) of all analytes were calculated as R = (csp — cp)/c , where
csp and cp are the concentrations of analytes in spiked and unspiked
beer respectively, c is the spiked concentrations of analytes (7ab. 7).

Isolation of hops flavonoids: 0.8 g of dried hop samples or 8 g of wet
hop samples were extracted using horizontal-orbital shaker, 140 RPM.
(Buhler KS15A/B, Germany) in 250 ml of acetone solution for 40 min.
The extract was filtered using porous filter (MUNKTELL 1288) and
10 ml of filtrate were dried on rotating vacuum evaporator at 60 °C
to dryness and dissolved in 5 ml of gradient grade methanol (Merck).

Chromatography conditions

Analytes were separated on reverse phase Purospher STAR, RP-
18e column, 250 x 4.6 mm, 5 pm particle size (Merck). Two mo-
bile phase: A ultra-clean water (TOC < 5 ppb) acidified by formic
acid grade for mass spectroscopy at pH 3—4, B acetonitrile gradient
grade. The gradient used for separation: 0 — 10 min. 40-52.5% B,
10-20 min. 52.5-57.5% B, 20-21 min. 57.5-40% B.

Chromatographic experiments were performed using a modular
chromatography system including the UV6000LP detector, the qua-
ternary pump P4000 and the auto-sampler AS3000, all from Thermo
Separation Products (TSP, U.S.A). Chromatographic data were
collected and recorded on the chromatography data system Ther-
moQuest version number 2.1 (TSP, U.S.A).

The UV spectra were scanned from 250 to 400 nm to assessment
peak purities using of software function to calculation of peak index
homogenity. High purity of analysed peaks was validate therefore
also good system selectivity.

10 pl of a sample was injected onto the column that was kept on
35 °C and flow rate was 0.8 mL/min. Xanthohumol was detected at
370 nm and other analytes were detected at 290 nm.

Tab. 1 Vytéznost extrakéniho postupu pro vzorek plzeriského piva / Recovery of extraction procedure for Pilsner beer sample

Slouéenina / Compound Koncentraéni I. Nespikované | Il. Spikované pivo Rozdil Il.-I. Vytéznost % /
narust spikovanim pivo(mg/l) / (mg/l) / Il.Spiked | (mg/l) / Difference Recovery %
(mgll) / 1. Unspiked beer[mg/L] Il.-I. [mg/L]
Concentration beer[mg/L]
increse by spiking
[mg/L]
daidzein 0.44 0.03 0.49 0.46 105.0
genistein 0.82 0.03 0.75 0.72 87.9
isoxanthohumol 0.48 0.74 1.15 0.41 84.7
formononetin 0.9 0.01 0.80 0.80 88.5
8-prenylnaringenin 0.78 0.02 0.74 0.71 91.6
Biochanin A 2.34 0.00 2.10 2.10 89.8
6-prenylnaringenin 0.42 0.00 0.43 0.43 102.3
xanthohumol 1.56 0.05 1.37 1.33 85.0

Tab. 2 Meze stanoveni analyzovanych flavonoid(i v matrici piva a chmele / Limits of quantitation of analyzed flavonoids in beer and hop matrix

Flavonoid smérnice / slope Mez stanoveni / Limit of quantification

pivo (ug/l) / chmelovy suseny chmel /

beer (ug/L) homogenat / dried hops (mg/kg)

hops homogenate
(mg/kg)

Daidzein 7.19E-06 1.7 1.06 5.31
Genistein 6.40E-06 3.67 2.29 11.5
Isoxanthohumol 3.16E-06 9.14 5.71 28.6
Formononetin 6.18E-06 3.73 2.33 11.7
8-Prenylnaringenin 5.40E-06 0.78 0.49 2.45
Biochanin A 7.24E-06 4.41 2.75 13.8
6-Prenylnaringenin 3.97E-06 2.02 1.26 6.32
Xanthohumol 3.36E-06 0.91 0.57 2.84
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Na kolonu bylo davkovano 10 pl vzorku, kolona byla udrzovana na
teploté 35 °C, pratok mobilni faze byl 0,8 ml/min. Xanthohumol byl
detekovan a vyhodnocen pfi vinové délce 370 nm, ostatni flavonoidy
pfi 290 nm.

2.2 Pivovarské pokusy

Chmel

Homogenat nesuseného chmele byl pfipraven patentovanym po-
stupem (Houska et al., 2009). Zelené chmelové hlavky odriid Zatecky
polorany Cervenak a Agnus byly odebrany na za€atku susici linky na
zpracovani chmele a homogenizovany v mixeru v inertni atmosfére
bez pfistupu vzduchu. Homogenat byl pinén do bariérovych obald
a sterilizovan vysokym tlakem. Soucasné byly na vystupu susici linky
odebrany vzorky suSeného chmele. Vzorky byly uchovavany v evaku-
ovanych obalech a pred aplikaci jemné rozemlety. V homogenatech
a susenych chmelech byl stanoven obsah vody, a-kyselin, B-kyselin
(Analytica EBC, 1998) a obsah prenylflavonoidu a isoflavonoid(.

Varky

Byly pfipraveny dvé série varek 11% svétliého piva. Pro hlavni
chmeleni byl pouzit chmelovy extrakt superkritickym oxidem uhli-
¢itym, ktery méa velmi nizky obsah prenylflavonoidi (Magalhaes et
al., 2007). Celkova davka chmelovych preparatl byla vypocitana na
vyslednou horkost 25 B.U.

V prvni sérii pokusl bylo testovano pouziti chmelového homoge-
natu jako posledni davky chmeleni. Mladina chmelena CO, extrak-
tem (80 % celkové davky a kyselin) byla pfipravena ve 200 | pokus-
ném pivovaru a byla rozdélena na podily o objemu 40 | pro nasledny
15minutovy chmelovar v mensim pokusném pivovaru. Byly pouzity
chmelové homogenaty (ZPC HT, Agnus HT) a referencni susené
chmele (ZPC SO, Agnus SO).

Druha série pokust byla zaméfena na ,nizkoteplotni“ extrakci
chmelovych flavonoidd. Mladina chmelenéa CO, extraktem na 100 %
celkové davky alfa-kyselin byla opét pfipravena v objemu 200 I.
Chmele ZPC HT a ZPC SO byly v davce shodné s prvou sérii pokusl
(20 % — a kyselin na varku) a byly aplikovany do sedimentaéni né-
doby (doba kontaktu 1,5 hodiny) nebo pfi sudovani (doba kontaktu
30 dnu pfi teploté 0—2 °C). Piva byla filtrovana celulézovymi deskami
a sto¢ena do lahvi pod oxidem uhli¢itym.

Chemicky rozbor piv byl proveden metodami dle Analytiky EBC
(Analytica EBC, 1998). Piva byla senzoricky hodnocena deskriptivni
metodou VUPS (Cejka et al., 2002)

3 VYSLEDKY A DISKUSE
3.1 Metoda stanoveni prenylflavonoidl a isoflavonoidt

Linearita odezvy detektoru

V rozsahu koncentraci 0,04 — 8,2 mg/l, v némz byly méfeny dai-
dzein, genistein, formononetin, isoxanthohumol, 8 — prenylnaringe-
nin a 6 — prenylnaringenin (obr. 3a), a v rozsahu koncentraci 0,15—
23,4 mg/l, v némz byly méfeny Biochanin A a xanthohumol (obr. 3b),

2.2 Brewing trials

Hops

Non-dried hop homogenate was prepared by a patented process
(Houska et al., 2009). Green cones of Saaz and Agnus varieties
were taken on the imput of hops processing drying line. Hops were
homogenized in a mixer in an inert atmosphere without air. The ho-
mogenate was placed in barrier packaging and sterilized with high
pressure action. Dried hops samples were taken at the output of dry-
ing line at the same time. Samples were kept in the evacuated con-
tainer and finely milled before usage. Water content, a-acids, 3-acids
(Analytica EBC, 1998) and prenylflavonoids and isoflavonoids con-
tent in homogenates and dried hops was determined.

Brews

Two series of 11% pale lager brews were prepared. For main hopping
hop extract with supercritical carbon dioxide containing very low amount
of prenylflavonoids (Magalhaes et al., 2007) was used. The total dose of
hop preparations for the resulting bitterness B.U. = 25 was calculated.

In the first series of experiments hop homogenate usage in last hop
dose was tested. Hopped wort (CO, extract, 80% of total a acids dose)
was prepared in 200 L experimental brewery. It was divided into shares
with a volume of 40 L for the subsequent 15-minute wortboiling in a small-
er of experimental breweries. Hop homogenates (Saaz hops HT, Agnus
HT) and reference dried hops (Saaz hops SO, Agnus SO) were applied.

The second series of experiments was focused on ,Jow-tempera-
ture” extraction of hop flavonoids. Hopped wort (CO, extract at 100%
of the total dose of a acids) was prepared in a volume of 200 L again.
Saaz hops HT and Saaz hops SO in a dose identical with the first
series of experiments (20% a acids per batch) and were applied to
the wirpool (contact time 1.5 hours), or at the beginning of matura-
tion (contact time 30 days at 0—2 °C). Beer was filtered by cellulose
plates and bottled under carbon dioxide.

Chemical analysis was carried out by methods of beers according
to EBC methods (Analytica EBC, 1998). Beers were sensory evalu-
ated using descriptive VUPS (Cejka et al., 2002)

3 RESSULTS AND DISCUSSION

3.1 Method for the determination of isoflavonoids and
prenylflavonoids

Linear response of UV diod array detector: The UV detector shown ex-
cellent linearity response in the range of concentrations 0.04-8.2 mg/L for
daidzein, genistein, formononetin, isoxanthohumol, 8-prenylnaringenin and
6-prenylnaringenin (Fig. 3a) and in range concentrations 0.15-23.4 mg/L
for biochanin A and xanthohumol (Fig. 3b). The areas of peaks were plotted
against concentration of each compound in calibration standard.

Limits of detection and quantification

The detection limit of each compound was calculated from the
amount required to give signal/noise = 3 and the quantification limit
from the amount required to give signal/noise = 10 and were estab-
lished from calibration curves extrapolated to zero. Slopes of calibra-

Tab. 3 Obsah hotkych latek (%) a flavonoidd ve chmelech (mg/kg susiny) / Bitter acids (%) and flavonoids content in hops (mg/kg D.M.)

ZPC / Saaz ZPC / Saaz Agnus Agnus

SO HT SO HT
o-kyseliny / a-acids 3.4 3.3 10.5 12.0
B-kyseliny / B-acids 5.8 8.0 7.3 9.2
XN : Alfa/ XN vs Alpha 0.87 0.79 0.58 0.61
Daidzein 2.7* 5.6 19.4 6.2
Genistein 21.2 10.9 10.8* 11.1
Formononetin 14.4 15.4 53.4 21.3
Biochanin A 16.8 ND 51 24.3
Xanthohumol 2974 2620 6045 7356
Iso-xanthohumol 19.7* 17.6* 75.3 51.1
8-Prenylnaringenin 14.0 19.6 10.5 22.3
6-Prenylnaringenin 64.7 48.6 161.6 97.3

SO - suseny chmel/ dried hops
HT — homogenat zeleného chmele/ green hops homogenate

*) hodnoty pod mezi stanoveni metody/ values below the limit of quantification
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vykazoval detektor linearni zavislost odezvy na koncentraci. Odezva
byla vyjadfena plochou piku.

Meze stanoveni a meze detekce

Meze stanoveni a meze detekce byly uréeny pro kazdy analyt
z pfisludné kalibraéni zavislosti. Pomér signal/Sum odpovidal hod-
noté 3 pro mez detekce a hodnoté 10 pro mez stanoveni. Smérnice
jednotlivych kalibragnich pfimek prochazejicich po¢atkem a vypo-
Citané meze stanoveni pro pivo v navaznosti na extrakéni postup
podava tab. 2. V této tabulce jsou dale uvedeny meze stanoveni od-
povidajici metodickému postupu pro extrakce z matrice chmelového
homogenatu a matrice suchého chmele.

Vypracovana HPLC metoda s UV detekci a ovéfenou Cistotou
pikd odpovidajici sledovanym analytim poskytuje velmi dobry na-
stroj k posouzeni obsahu prenylflavonoidll a isoflavonoidd v matrici
pouzitych susenych chmell a chmelovych preparatd. Stejna metoda
vykazuje v pfipadé analyzy piva uspokojivé vysledky pro kvantifika-
ci daidzeinu, xanthohumolu, isoxanthohumolu, 8-prenylnaringeninu
a 6- prenylnaringeninu. Hodnoty koncentraci pro genistein, formono-
netin a Biochanin A se vSak u analyzovanych piv nachazeji pod mezi
stanoveni pouzité metody. V matrici sledovanych chmell byly zjis-
téné vysledky pod mezi stanoveni ojedinéle (fab. 3). Vzorovy chro-
matogram pofizeny pro matrici chmele podava obr. 4, chromatogram
pro matrici piva je na obr. 5.

V pfipadé chmelové matrice, kde je extrakéni prostfedi tvofeno
70 % acetonu, ktery vykazuje stfedni polaritu, nelze zaradit dalsi
Cistici kroky na reverzni fazi a vzorek je proto odparen a rozpustén
v methanolu pro dalsi HPLC stanoveni. Docileni snizeni mezi sta-
noveni je mozné fesit zvySenim navazky analyzovaného vzorku pfi
zachovani ostatnich analytickych podminek.

V pfipadé matrice piva, kde jsou latky extrahovany z vodné alko-
holického prostfedi (4 % alkoholu) na pevné fazi C18, by bylo mozné
aplikovat vétsi mnozstvi vzorku za predpokladu, ze nebude prekro-
¢ena kapacita sorbentu a pfipadnym naslednym zahusténim eluatu.

V obou pfipadech aplikace vétsiho objemu nebo navazky vzorku
je v8ak nutné uvazovat i zvySeni koncentraci ostatnich neanalyzo-
vanych latek v obou matricich. Je tedy nutné, aby pro separaci byla
zajisténa dostatecna ucinnost kolony a nedochazelo k nezadoucim
koelucim s doprovodnymi slozkami matrice. Spinéni této podminky
je tfeba ovéfit zjisténim Gistoty eluénich zén.

3.2 Pivovarské pokusy

Chmel

Susenim se ztraci ¢ast chmelovych pryskyfic a silic. Homogena-
ty zeleného chmele ZPC a Agnus obsahovaly v porovnani se su-
Senymi chmely o 38 %, respektive 26 % vysSi mnozstvi B-kyselin
v porovnani se suSsenym chmelem. Je znamo, ze (-kyseliny jsou
citlivéjsi na oxidaci nezli a-kyseliny (Verzele a De Keukeleire, 1991).
Obsah a-kyselin v homogenatu byl vyssi (0 14 %) pouze u chmele
Agnus. U tohoto homogenatu byl v porovnani se susenym chmelem

Tab. 4 Vysledky rozboru piv / Results of beer analyses

tion curves and calculated limits give Tab. 2. There are in the table
also limits of quantification corresponding with extraction methods
for beer, hops homogenate and dry hops.

Developed HPLC method with UV detection and certified purity of
the peaks corresponding to the monitored analytes provides a very
good tool to assess the isoflavonoids and prenylflavonoids content
in the matrix of used dried hops and hop preparations. The same
method applied on the analysis of beer shows satisfactory results for
the daidzein, xanthohumol, isoxanthohumol, 8-prenylnaringenin and
6-prenylnaringenin quantification. However, concentration values for
genistein, formononetin and biochanin A in the analyzed beers are
below the determination limit of used method. In the matrix of tested
hops, results below the limit of determination was rarely established
(Tab. 3). A specimen of chromatogram obtained for hop matrix re-
ports Fig. 4, a chromatogram obtained for beer matrix is on Fig. 5.

Regard to hop matrix, where the extractive environment consists
of the 70% acetone, which exhibits intermediate polarity, other purifi-
cation steps on reversed-phase are impossible, therefore the sample
is evaporated and dissolved in methanol for following HPLC assay.
Achieving a reduction in the limits of determination can be solved by
increasing the sample weight of the sample analyzed, while main-
taining other analytical conditions.

For beer matrix, where the compounds are extracted from the aque-
ous alcoholic environment (4% alcohol) larger sample amount on the
solid-phase C18 could be applied, provided that it will not exceed sorb-
ent capacity, and perhaps by following concentrating the eluate.

In both cases the application of a certain size or a portion of the
sample, it is necessary to consider an increase in concentrations of
other non-analyzed substances in both matrices. Therefore it is nec-
essary that the separation was by sufficient column efficiency secured
and avoid undesirable co-elutions with associated matrix constituents.
By noting the purity elution zones this condition should be checked.

3.2 Brewing trials

Hops

Some hop resins and oils are dissipating by drying. Green hops
homogenates of Saaz and Agnus contained by 38% and 26% higher
amounts of B-acids in comparison with dried hops. It is known that
-acids are more susceptible to oxidation than a-acids (Verzele and
De Keukeleire, 1991). The content of a-acids in the homogenate was
higher (by 14%) only in Agnus hops. In this homogenate was by 22%
higher content of xanthohumol compared with dried hops (Tab. 3).
A content of isoxanthohumol and 6-prenylnaringeninu in thermally
untreated hop homogenates was lower. For 8-prenylnaringenin an
opposite trend was observed. The content of isoflavonoids did not
show a clear trend in relation to postharvest hop processing.

Beers
Brewing experiments have been focused mainly on research of
influence of non-dried hops application on the content of biologi-

I. Série varek / Brewing series Il. Série varek / Brewing series
Chmelovar / Vifiva kad / Dokvasovani /
Wort Boiling Whirpool Secondary
fermentation
ZPC/ ZPC/ | Agnus | Agnus | ZPC/ ZPC/ ZPC/ ZPC/
Saaz Saaz Saaz Saaz Saaz Saaz
SO HT SO HT SO HT SO HT
Zdanlivy extrakt / Apparent extract % 3.04 3.74 3.10 4.16 2.94 3.54 3.46 3.25
Skutecny extrakt / Real extract % 4.63 5.20 4.67 5.53 4.47 4.88 4.81 4.63
Alkohol / Alcohol % vah./w.| 3.42 3.12 3.37 2.93 3.28 2.86 2.89 2.93
Pavodni extrakt / Original extract % 11.29 11.28 11.22 11.22 10.86 10.47 10.46 10.35
Prokvaseni zdanlivé / Apparent % 73.1 66.9 72.4 63.0 72.9 66.3 66.9 68.6
attenuation
Prokvaseni skute¢né / Real attenuation % 60.4 55.4 59.9 52.2 60.2 54.8 55.3 56.7
pH 4.44 4.50 4.44 4.55 4.38 4.43 4.55 4.52
Barva / Colour EBC 8.32 8.41 8.42 8.69 7.39 6.49 6.52 6.51
Hofkost / Bitterness B.U. 16 23 19 24 24 24 24 29
a-kyseliny / acids mg/I 0.9 1.5 0.6 2.6 2.0 3.7 3.1 2.6
iso-a-kyseliny/ acids mgl/l 18.2 27.9 22.6 30.2 28.2 26.4 27.3 27.0
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cally active iso and prenyl flavonoids in beer. In the
first series, where hops were boiled for 15 minutes
in a wort hopped by CO, extract on 80% of the tar-
get bitterness 25 BU is shown higher a-acids yield by
homogenates application. Analytical bitterness and
the content of iso-a-acids in beer hopped by green
hops homogenates were surprisingly significantly
higher compared with dried hops (Tab. 4). Whether
it is a general characteristic of hopping green hops
will be verified in future experiments. Hypothetical ex-
planation is the more rapid dissolution of a-acids and
reduced iso-a acids losses by adsorption to break in
the application of green hops.

The color and pH of the beers hopped by green
hops homogenate were slightly higher than in the
comparative experiment. Boiling with green hops and
its applications in a whirlpool tub in the second series

0 2 4 6 8 10 12 14 16 18 20
Minutes

22 24

resulted in lower attenuation degree of beers. This
may be the inhibitory effect of increased amounts of

Obr. 4 Chromatogram flavonoid( a prenylflavonoidli ve vzorku homogenatu nesu-
Seného chmele Zatecky ¢ervendk, UV detekce UV pfi 290 nm / Fig. 4 The chroma-
togram of flavonoids and prenylflavonoids in the non dried Saaz hops homogenate,

UV detection at 290 nm

0 22 % vySSi obsah xanthohumolu (tab. 3). Obsah isoxanthohumo-
lu a 6-prenylnaringeninu byl niz§i v termicky neupravenych chme-
lovych homogenatech. Opacény trend byl zji§tén pro 8-prenylnarin-
genin. Obsah isoflavonoidu neukazal jednoznaény trend ve vztahu
k poskliziiovému zpracovani chmele.

Pivo

Varni pokusy byly zaméfeny pfedevsim na vyzkum dopadu apli-
kace nesuseného chmele na obsah biologicky aktivnich iso- a pre-
nylflavonoidd v pivu. V prvni sérii, kdy byly chmele vafeny 15 mi-
nut v mladiné chmelené CO, extraktem na 80 % cilové horkosti piv
25 j.h., je patrna vy$si mira vyuziti a-kyselin u homogenatl. Analy-
ticka horkost i obsah iso-a-kyselin v pivech chmelenych homoge-
naty zeleného chmele byly prekvapivé vyrazné vyssi v porovnani
se suSenym chmelem (tab. 4). Zda se jedna o obecnou vlastnost
chmeleni zelenym chmelem, bude nutno ovéfit v dalSich pokusech.
Hypotetickym vysvétlenim je rychlejSi rozpousténi a-kyselin a nizsi

beta-acids in the wort or effect of substances, which
are transformed during hops drying. For the first vari-
ant is the fact that for prolonged hops maceration dur-
ing the maturation lower attenuation of beers hopped
both dried and non-dried hops was determined.

With the exception of daidzein the content of isoflavonoids in
beers was near or below the quantification limit. Thus the effect of
hops form or method of hopping on isoflavonoids content in beer was
not obvious.

The content of xanthohumol in beer ranged from 28 to 61 pg/L
and was close to the average content in 30 Czech lager beers from
eight breweries (33.4) provided by Krofta (2005). The content of
xanthohumol in beer increased during the subsequent application of
hops. There was little difference between hopping into the whirlpool
tub and hopping at the beginning of maturation period (Tab. 5). In
contrast, isoxanthohumol contents in beers markedly declined from
wort boiling to hopping in the beginning of beer maturation. With the
exception of the hopping in maturation period green hops homogen-
ate applications brought increase in the xanthohumol content in beer
by approximately 50% compared with dried hops (7ab. 6). Only for
the wort boiling application higher values of isoxanthohumol in beers
with hops homogenates were assessed (30 and 16%).

Tab. 5 Obsah isoflavonoidl a prenylaflavonoidud v pivech (ug/l) / Isoflavonoids and prenylflavonoids content in beers (Lig/L)

I. Série varek / Brewing series Il. Série varek / Brewing series
Chmelovar / Vifiva kad / Dokvasovani /
Wort Boiling Whirpool Secondary
fermentation
ZPC/ Saaz|ZPC /| Saaz| Agnus Agnus |ZPC/ Saaz|ZPC | Saaz|ZPC | Saaz|ZPC | Saaz

SO HT SO HT SO HT SO HT

Daidzein 5.9 5.7 6.4 6.5 7.4 7.2 71 5.7
Genistein 2.7 5.8 3.7 3.0* 8.7 14.0 8.0 0.9*
Formononetin 4.3 1.1 1.8* 1.3% 1.9* 2.27 3.7 17.9
Biochanin A 0.9* ND* 1.9* 1.0* 4.6 1.4* 0.9* 1.7*
Xanthohumol 27.6 39.5 34.2 55.3 39.8 61.1 57.3 48.5
Isoxanthohumol 111.2 144.2 128.0 148.0 106.1 95.8 70.0 66.5
8-Prenylnaringenin 10.8 11.8 10.6 12.7 3.7 8.0 8.7 4.5
6-Prenylnaringenin 6.6 14.5 7.1 12.5 14.3 18.0 12.0 7.4

*) hodnoty pod mezi stanoveni metody / values below the limit of quantification

Tab. 6 Rozdil obsahu prenylaflavonoid( v pivech chmelenych susenym a zelenym chmelem (% rel.) / Difference in prenylflavonoids content
in beers hopped by dried and green hops (% rel.)

Chmelovar / Chmelovar / Vifiva kad / DokvasSovani /
Wort boiling Wort boiling Whirpool Secondary
fermentation

ZPC | Saaz Agnus ZPC / Saaz ZPC / Saaz
Xanthohumol 43 62 54 -15
Isoxanthohumol 30 16 -10 -5
8-Prenylnaringenin 9 20 115 -49
6-Prenylnaringenin 118 77 25 -38
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ztraty iso- a-kyselin sorpci na kaly pfi aplikaci zele- 600
ného chmele.

Barva a pH piv chmelenych homogenatem zelené-
ho chmele byly mirné vyssi v porovnani se srovnava-
cim pokusem. Chmelovar se zelenym chmelem i jeho
aplikace ve vifivé kadi ve druhé sérii varek méla za 200
nasledek nizsi prokvaseni piv. Mize se jednat o in-
hibiéni pusobeni zvySeného mnoZstvi beta-kyselin
v mladiné nebo plsobeni latek, které se transformuji
pfi suSeni chmele. Pro prvou variantu hovofi skutec¢-
nost, Ze pfi dlouhodobé maceraci chmele aplikované-
ho pfi sudovani bylo stanoveno nizsi prokvaseni u piv
se suSenym i nesuSenym chmelem.

Obsah studovanych isoflavonoidd v pivech byl 100
s vyjimkou daidzeinu blizky mezi kvantifikace nebo
nizsi. Vliv formy chmele nebo zplsobu chmeleni na
obsabh isoflavonoidl v pivu neni zjevny.

500

300

mAU

200

/== daidzein

\> genistein
formononetin

Biochanin A

P 8-prenylnaringenin

¥ xanthohumol

Obsah xanthohumolu v pivech byl v rozmezi 56
28-61 pg/l a byl blizky primérnému obsahu ve 30 ¢es-

7 8 9 10 1" 12 13 14 15 16 17 18 19 20 21 22
Minutes

kych lezackych pivech z osmi pivovard (33,4) stano-  Obr. 5 Chromatogram flavonoidud a prenylflavonoidd ve vzorku piva, UV detekce pfi

venému Kroftou (2005). Obsah xanthohumolu v pivu 290 nm/ Fig. 5

The chromatogram of flavonoids and prenylflavonoids in the sample

stoupal pfi pozdéjsi aplikaci chmele. Maly rozdil byl  of beer, UV detection at 290 nm

mezi chmelenim do vifivé kadé a chmelenim na za-
¢atku dokvasovani (tab. 5). Obsah isoxanthohumolu naopak vyrazné
klesal od chmelovaru po chmeleni pfi sudovani piva. Kromé chmeleni
pfi sudovani pfinesla aplikace homogenatu zeleného chmele zvySeni
obsahu xanthohumolu v pivu o pfiblizné 50 % v porovnani se susenym
chmelem (fab. 6). Vy35i hodnoty isoxanthohumolu u piv s chmelovym
homogenatem (o 30 a 16 %) byly stanoveny pouze pro chmelovar.
Obsah 8-prenylnaringeninu v pivu (3,7-12,5 pg/l) byl pfi aplikaci
chmelového homogenatu za varu jen mirné vy8Si oproti suSenému
chmelu. Pro 6-penylnaringenin byly pfes jeho niz§i obsah stanoveny
ve chmelovém homogenatu zjitény vyrazné vy8Si hodnoty v pivu
po aplikaci pfi chmelovaru, o 118 a 77 % v porovnani se susenym
chmelem (tab. 6). Rovnéz pfi chmeleni do vifivé kadé byly pro chme-
lovy homogenat naméfeny vySSi koncentrace 8-PN a 6-PN v pivu.
Chmeleni homogenatem zeleného chmele ve vysi 20 % z celkové
davky chmele nemélo vyrazny negativni &i pozitivni vliv na organo-
leptické vlastnosti piva. Senzoricky profil pokusnych piv byl pfi apli-
kaci chmelového homogenatu do vifivé kadé a pfi sudovani shodny
se srovnavacimi varkami. Piva chmelend homogenatem za varu byla
hodnocena mirné 1épe nezli piva chmelena susenym chmelem. D0-
vodem mohla ovSem byt i niz§i horkost srovnavacich piv (tab. 7).

4 ZAVER A VYHLED

Vypracovana nova analytickd metoda HPLC-DAD pro simultanni
stanoveni prenylflavonoidd (xanthohumol, isoxanthohumol, 8-pre-
nylnaringenin, 6-prenylnaringenin) a isoflavonoidt (daidzein, genis-
tein, formononetin a Biochanin A) ve chmelu a pivu bude vyuzita
pfi dalsim vyzkumu a mlze najit uplatnéni pfi monitorovani obsahu

The content of 8-prenylnaringenin in beer (3.7 to 12.5 pg/L) was
only in the wort boiling application of hops homogenate slightly high-
er than those in dried hops. For 6-penylnaringenin were, through
his lower level detected in hop homogenate, found out significantly
higher levels in beer when applied in wort boiling (about 118 and
77%) in comparison with dried hops (Tab. 6). Also by hopping in the
whirlpool tub higher concentrations of 8-PN and 6-PN in beer to hop
homogenate were determined.

Hopping by green hop homogenate in a dose of 20% of the to-
tal dose of hops had no significant negative or positive impact on
the organoleptic properties of beer. Sensory profile of experimental
beers was both the application of hops homogenate in the whirlpool
tub and by maturation consistent with comparative batches. Beers
hopped with the homogenate by boiling was rated slightly better than
beers hopped with dried hops. The reason, however, could be even
lower bitterness of comparative beers (Tab. 7).

4 CONCLUSIONS AND OUTLOOK

A new developed analytical method SPE-HPLC-DAD for simul-
taneous determination prenylflavonoids (xanthohumol, isoxantho-
humol, 8-prenylnaringenin, 6-prenylnaringenin) and isoflavonoids
(daidzein, genistein, formononetin and biochanin A) in hops and
beer will be used for further research and can find application in the
monitoring of the content of bioactive flavonoids in hop raw materi-
als and beer. Method parameters allow satisfactorily evaluate the
composition of isoflavonoids and prenylflavonoids in the hop matrix.
In the case of beer, the concentration of prenylflavonoids is above

Tab. 7 Vysledky senzorické analyzy piv / Results of the sensory analysis of beers

I. Série varek / Brewing series Il. Série varek / Brewing series
Chmelovar / Vifiva kad / Dokvasovani /
Wort Boiling Whirpool Secondary
fermentation
ZPC/ ZPC/ Agnus Agnus ZPC/ ZPC/ ZPC/ ZPC/
Saaz Saaz Saaz Saaz Saaz Saaz
SO HT SO HT SO HT SO HT
¥iz / sharp 2.8 2.9 2.7 2.5 2.8 2.6 2.8 2.7
plnost / fullness 2.9 2.9 2.6 2.7 2.8 2.5 2.8 2.9
horkost / bitterness 25 2.6 2.6 27 25 25 2.8 27
doznivani / decay 30s 2.6 2.9 2.7 3.0 2.7 2.7 3.2 3.2
trpkost / astringent 0.8 1.0 0.6 1.4 0.8 0.9 0.9 0.8
sladkost /sweet 0.9 0.9 1.2 0.8 1.0 1.1 0.8 1.2
kyselost / harsh 0.9 1.2 1.3 0.9 0.7 0.9 0.6 0.5
chmelova / hoppy <05 <0.5 <05 <05 <05 <0.5 1.7 1.8
ovocna-esterova / fruity-esters 1.3 1.8 1.7 1.3 1.4 1.5 1.4 1.4
celkovy dojem / overall 4.1 3.7 4.5 4.2 3.7 3.8 3.6 3.5
impression
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bioaktivnich flavonoidl ve chmelovych surovinach a pivu. Parametry
metody umoznuji uspokojivé zhodnotit sloZeni isoflavonoidl a pre-
nylflavonoid( v chmelové matrici. V pfipadé piva se koncentrace
prenylflavonoid nachazeji nad mezi stanoveni, zatimco koncentra-
ce isoflavonoidll vétSinou lezi pod mezi stanoveni. ZvySeni mnozstvi
zpracovavaného vzorku pfi zachovani ostatnich parametr(i metody
teoreticky mlze vést ke snizeni mezi stanoveni jednotlivych analytt
ve studovanych matricich. Vypracovana metoda je vSak limitovana
ucinnosti kolony ur€ujici dostate¢né oddéleni jednotlivych elu¢nich
z6n nutné k zachovani Cistoty (homogenity) analyzovanych slozek.
Nesmi tedy dochazet ke koelucim s ostatnimi slozkami matrice.

Provedena uvodni studie dopadu chmeleni homogenatem zeleného
chmele stabilizovaného vysokym tlakem na obsah bioaktivnich flavo-
noidu v pivu ukazala nékteré vyhody homogenatu zeleného chmele
oproti chmelu suSenému. Aplikace homogenatu zeleného chmele
(20 % alfa kyselin na varku) v posledni davce chmeleni pfinesla zvyse-
ni obsahu xanthohumolu a 6-prenylnaringeninu v pivu o pfiblizné 50 %
resp. 100 % v porovnani se susenym chmelem. Aplikace do vifivé kadé
zvySila obsah xanthohumolu a 8-prenylnaringeninu v pivu o pfiblizné
55 % resp. 115 %. S vyjimkou vyrazného zvySeni hodnoty genisteinu
aplikaci do vifivé kade nebyl zjistén vliv nesuSeného chmele na obsah
isoflavonoidd v pivu. Chmeleni homogenatem zeleného chmele uka-
zuje zajimavou moznost pfirozeného zvySeni obsahu xanthohumolu
v pivu. Vysledky uvodni studie budou ovéreny v dalSich pokusech.
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determination limit, whereas the concentration of isoflavonoids is
usually below the limit of determination. Increasing the amount of
sample number while keeping the other parameters the method may
theoretically lead to lower limits of determination of analytes in the
studied matrices. The elaborated method is limited by the efficiency
of the column indicating adequate separation elution zones required
to preserve the purity (homogeneity) of analyzed components. It may
not occur to co-elution with other matrix constituents.

Carried out preliminary study of the impact of hopping by green
hops homogenate stabilized high pressure on the content of bioac-
tive flavonoids in beer showed some advantages of the green hops
homogenate compared to dried hops. Green hops homogenate ap-
plication (20% of a acids dose) at the last dose of hopping results in
increased contents of xanthohumol and 6-prenylnaringenin in beer
by approximately 50% and 100% respectively, compared with dried
hops. Application into the whirlpool tubs increased content of xantho-
humol and 8-prenylnaringeninu in beer by approximately 55% and
115% respectively. With the exception of a significant increase in the
value of genistein in whirlpool application, an influence of non-dried
hops on the isoflavonoids content in beer was not found. Hopping by
green hops homogenate shows an interesting possibility of natural
increase in content of xanthohumol in beer. In further research the
results of preliminary studies shall be verified.
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