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Obsah isoxanthohumolu (IX) ve vétsiné rGznych znacek ¢eskych a zahraniénich piv nepfesahl hranici 2000 p.g.I'. Koncentrace xant-
hohumolu (XN) byla vétSinou do 100 pg.I". Nejvice prenylflavonoidl ze vSech zkoumanych piv bylo nalezeno v tmavém 12% lezaku -
2522 pg.I" IX a 505 pg.I'" XN. V priiméru méné prenylflavonoid obsahuji vyéepni a nealkoholicka piva vzhledem k slab$imu chmeleni
s vys8im podilem CO,-extraktl. Hladinu IX v pivech Ize ovlivnit vybérem odridy chmele s vysokym pomérem XN/alfa kyseliny. Nejvice
xanthohumolu se do varniho procesu vnasi chmelenim odridami Sladek a Zatecky cervenak. Sledovani obsahu IX v meziproduktech
vyroby piva ve dvou primyslovych pivovarech potvrdilo, Ze béhem vyroby piva dochazi k vyraznym ztratam. Nejvétsi ubytky byly zjistény
pfi chlazeni mladiny, kvaSeni a filtraci. Mira vyuziti XN pfi vyrobé piva v provoznim méfitku je zhruba 20 az 30 %. Sledovani stability ob-
sahu IX a XN v hotovych lahvovych pivech, provadéné po dobu 3 mésicu, ukazalo, ze Ubytek IX se pohybuje v rozmezi 10 az 15 % v za-
vislosti na skladovaci teploté. Ubytek XN byl vy$si a &inil pFiblizné tfetinu pivodniho mnozstvi.

Krofta, K.: The content of hop prenylflavonoids in czech and foreign beers. Kvasny Prum. 56, 2010, No.1, p.2-9.

The content of isoxanthohumol (IX) in most of Czech and foreign beer brands did not exceed the limit of 2000 w.g.I"'. The concentration
of xanthohumol (XN) was up to 100 pg.I"". The largest quantities of prenylflavonoids in all beers investigated were found in Czech dark
12 % lager (2522 pg.I"" IX and 505 pg.I'" XN). On average less prenylflavonoids were found in draught and alcohol-free beer brands due
to the lower hopping rate and the higher proportion of CO,-extracts. Choosing a hop variety with a higher XN/a-acids ratio can influence
the level of IX in the beer. The amount of prenylflavonoids in beers increases if Sladek and Saazer are used for hopping. The monitoring
of isoxanthohumol concentrations in intermediate products during the brewing process, in two industrial breweries confirmed that high
losses occur in the course of beer production. The critical points are cooling of wort, fermentation and filtration. The total amount of xan-
thohumol remaining after the beer production in full operating scale is approximately 20-30 %. Tracing of the stability of the IX and XN
contents in bottled beers, which was done over a period of 3 months, showed that the concentration of IX was reduced by 10-15 % de-
pending on the storage temperature. Losses of XN were higher and reached about one third of the original content.

Krofta, K.: Der Gehalt an prenylovanierte Hopfenflavonoiden in den tschechischen und auslédndischen Bieren. Kvasny Prum.
56, 2010, Nr. 1, S. 2-9.

In den meisten tschechischen und ausléandischen Bieren hat der Gehalt an Isoxanthohumol (IX) die Grenze von 2000 wg.I"" nicht
Uberschritten. Konzentration des Xanthohumols (XN) wurde zumeist bis zum 100 n.g.I". Die allergréBte Menge von prenylovanierten
Hopfenflavonoiden aus allen gepriften Bieren wurde im dunklen Lagerbier (12% Stammwirze) gefunden: 2522 pg.I"' IX und 505 pg.I"!
XN. Die Schankbiere und alkoholfreie Biere. enthalten im Durchschnitt wenig Flavonoide durch die reduzierte Hopfengabe mit einem
héheren CO, Extrakt. Der Gehalt an Isoxanthohumol (IX) im Bier kann durch die Auswahl einer Hopfensorten mit einem hohen Ver-
haltnis XN/Alfa Séuren beeinflusst werden. Im Brauprozess wird die gréte Menge Xanthohumol ins Bier durch die Zugabe von den
Hopfensorten Sladek und Zatecky éervenak hereingebracht. Durch die Verfolgung des Gehalts von Isoxanthohumol (IX) in Semipro-
dukten in den zwei groBen Industriebrauereien wurde es bestatigt, dass wahrend der Bierherstellung zu seinen bedeutenden Verlusten
vorkommt. Wahrend der Wiirzekihlung, Gérung und Filtration wurden die gréBten Riickgédnge von Isoxanthohumol (IX) festgestellt. Im
einen industriellen MaBstab wahrend der Bierherstellung wird der Isoxanthohumol (IX) etwa von 20% bis zu 30% ausgenutzt. Die in drei
Monaten durchgefiihrte Verfolgung der Stabilitdt des Gehalts an Isoxanthohumol (IX) und Xanthohumols (XN) im Flaschenbier hat es
gezeigt, dass in der Abhéngigkeit von Lagertemperatur der Gehaltsriickgang von Isoxanthohumol (IX) im Bereich von 10% bis zu 15%

lag. Der Gehaltsriickgang von Xanthohumol (XN) wurde gréBer, etwa eine Drittel der urspriinglichen Menge.

Kliéova slova: Chmel, pivo, xanthohumol, isoxanthohumol, kapali-
novd chromatografie, extrakce na tuhé fazi

1 UVOD

Chmel, jako zakladni surovina pro vyrobu piva, je jedinym zdrojem
prenylflavonoidd xanthohumolu, isoxanthohumolu a 8-prenylnarin-
geninu (8-PN) v tomto népoji. Vyznam uvedenych latek v poslednim
desetileti rapidné stoupl z divodu objeveni fady bioaktivnich uginka
[1].V pfipadé xanthohumolu se jedna predevsim o inhibiéni plisobeni

a antioxidac¢ni uc¢inky. Chemopreventivni u¢inek xanthohumolu pfikar-
cinogenezi vétSinou spociva v inhibici metabolické aktivace prokar-
cinogend, zvyseni aktivity karcinogen-detoxifika¢nich enzym( nebo
inhibici ristu nador v raném stadiu [2, 3, 4, 5]. Xanthohumol spo-
le¢né s nékterymi sloZzkami chmelovych pryskyfic také plsobi inhi-
biéné pfi vzniku osteopordzy [6]. Bioaktivni u€inky isoxanthohumolu
jsou obdobné jako u xanthohumolu, ale slab$i [7]. NizSi ucinnost je
do urcité miry kompenzovana vyssimi koncentracemi a snadnou do-
stupnosti v pivu. Xanthohumol byl dlouha léta povazovan za zdroj est-
rogennich U¢inkd chmele. Na zakladé rozsahlych biotestu frakciono-
vanych chmelovych extraktt v8ak Milligan et al. [8] identifikoval jako
puvodce estrogennich ucinkt chmele 8-prenylnaringenin. Porovna-
nim estrogennich G¢inkl 8-PN s dal$imi latkami z jetele ¢i séji se uka-

Keywords: Hop, beer, xanthohumol, isoxanthohumol, liquid chro-
matography, solid phase extraction

1 INTRODUCTION

The only source of the prenylflavonoids xanthohumol, isoxantho-
humol and 8-prenylnaringenin (8-NP) in beer is hops. In the last
decade the importance of these substances has been increasingly
highlighted due to the number of bioactive effects discovered [1].

For example xanthohumol presumably acts as an inhibitor in dif-
ferent kinds of cancer tumours and has anti-microbial, anti-inflam-
matory and anti-oxidative effects.

Chemopreventive protection by xanthohumol during the onset of
a cancer is mostly based on an inhibition of the metabolic activation
of pro-carcinogens, enhanced activity of the carcinogenic-detoxifica-
tion enzymes and on the inhibition of tumour growth in an initial stage
[2, 3, 4, 5]. Xanthohumol together with some others components of
hop resins acts as an inhibitor in the development of osteoporoses
[6]. Bioactive effects of isoxanthohumol are similar to those of xan-
thohumol but weaker [7]. The lower efficiency is partially compen-
sated by higher concentrations and by easier availability in beer. For
many years xanthohumol was considered as the source of the es-
trogenic effects of hops. But based on extensive biological tests on
fractionated hop extracts, Milligan et al. [8] identified 8-prenylnarin-
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zalo, Ze se jedna o nejuéin-
néjSi dosud znamy fytoestro-
gen. Fytoestrogeny jsou pfi-
rodni  latky, které se
strukturné i funkéné podo-
baji estrogeniim hormonal-
nim. Pouzivaji se napf. k sub-
stituéni  1é¢bé zen ke
zmirnéni zdravotnich potizi
v postmenopauzalnim ob-
dobi. Pfimym zdrojem 8-PN
Vv pivu je izomerace desmet-
hylxanthohumolu  (DMX),
ktery je obsazen ve chmelu
v mnozstvi 0,10 az 0,40 % |
hm. [10]. V béznych pivech
jsou koncentrace 8-PN velmi
nizké (< 50 pg/l), povazo-
vané za fyziologicky zane-
dbatelné [9]. Bylo vSak zjis-
téno, Ze bakterie stfevniho
traktu jsou schopny transfor-
movat isoxanthohumol pfi-
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genin as the source of the es-
trogenic effects of hops.

A comparison to other com-
ponents from clover and soya
showed that 8-PN is the most ef-
fective phytoestrogen currently
known. Phytoestrogens are nat-
ural substances with a similar
structure and function as the hor-
mone estrogen. They are often
used for example as hormone
substitutes for women with post-
menopausal problems. The 8-PN
in beer results from an isomeri-
sation of desmethylxanthohumol
(DMX). Hops contain between
0.10 and 0.40 % of DMX [10].
The concentrations of 8-PN in
common beers are very low
(< 50 ng/l) and are considered
as physiologically non-relevant
[9]. However, it was found that
microorganisms in the intestinal
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tomny v pivu na 8-PN. Denni
pfijem fytoestrogenu pravi-
delnou konzumaci piva tak
muze stoupnout az na fyzio-
logicky aktivni hladinu [11, 12].

Ackoli xanthohumol je nejvice obsazen ve chmelu, v pivu je jeho
mnozstvi minoritni diky termické izomeraci na isoxanthohumol. Iso-
xanthohumol je naopak dominantnim prenylflavonoidem v pivu [13].
V prubéhu pivovarského procesu dochazi k velkym ztratdm prenyl-
flavonoidu zplsobenym nedokonalou extrakci do mladiny, adsorpci
na sladové proteiny a kvasinky. Stevens uvadi, ze celkova vyuzitel-
nost xanthohumolu, pfevazné v izomerované formé, je 20 az 30 %
[14]. K dal§im ztratam prenylflavonoidd dochazi pfi stabilizaci a filt-
raci, ¢imz vyuzitelnost dale klesa na 10 az 20 % [15]. Obsah xant-
hohumolu v béznych svétlych pivech je tak mensi nez 0,1 mg.I",
obsah isoxanthohumolu nepfesahuje zpravidla hranici 2,0 mg.I"!
[16]. Struktura nejdllezitéjsich prenylflavonoidi nachéazejicich se
ve chmelu a pivu je uvedena na obr. 1. Analytické stanoveni chme-
lovych prenylflavonoidd v pivu se provadi témeér vyluéné kapalino-
vou chromatografii, nejlépe ve spojeni s hmotnostnimi detektory.
Stevens touto technikou identifikoval v pivu nejen XN a IX, ale i mi-
noritni prenylflavonoidy jako 6- a 8-prenylnaringenin, 6-geranylna-
ringenin [16]. Analyza prenylflavonoidd metodou HPLC ve spojeni
s UV detektorem je mozna pouze pro XN a IX po zakoncentrovani
analytll extrakci na pevné fazi [17]. Originalni postup stanoveni 8-
prenylnaringeninu po derivatizaci metodou plynové chromatografie
publikoval Tekel [18].

Diky pozitivnim G¢inkim na lidské zdravi se logicky objevily snahy
podstatné zvysit koncentrace xanthohumolu a isoxanthohumolu v pi-
vech. Toho Ize dosahnout pouze technologickymi Upravami a pouzi-
tim preparatli obohacenych xanthohumolem [19]. Prvni piva s vys-
§im obsahem xanthohumolu, tj. nad 1 mg.I", byla uvedena na trh
v Némecku. Pfi jejich vyrobé byla pouzita tzv. technologie ,XAN“ spo-
¢Civajici v aplikaci extraktll obohacenych xanthohumolem, pfidavanych
ke konci chmelovaru [20].

Tato prace shrnuje aktualni data o obsahu xanthohumolu a iso-
xanthohumolu v souboru ¢eskych a zahrani¢nich piv, ktery byl zis-
kan v ¢asovém obdobi 2004 az 2009. Ve spolupraci s primyslovymi
pivovary byly zjistovany obsahy isoxanthohumolu a mira jeho ztrat
v prabéhu varniho procesu v provoznich podminkach. V hotovych pi-
vech byla dale zkoumana stabilita prenylflavonoidd v ¢asovém inter-
valu tfi mésicu.

2 MATERIAL A METODY
2.1 Chemikalie

Standardy xanthohumolu a isoxanthohumolu o Ccistoté
>95 % byly zakoupeny u firmy Phytochem GmbH (Ichenhausen,
SRN). Standardni roztoky prenylflavonoidd o koncentraci 40 pg.I"!
byly pfipraveny v methanolu okyseleném kyselinou mravenci. Skla-
dované v chladnu a temnu byly stabilni minimalné po dobu 4 tydna.
Rozpoustédla pro separaéni postupy a HPLC analyzu dodala firma
Merck, kyselinu fosfore€nou p.a. (85 %) firma Lach-Ner s. r. 0. Obsah

Obr. 1 Struktura nejvyznamnéjsich prenylovanych flavonoidd chmele a piva
/ Fig.1 Structures of the most important prenylflavonoids in hops and beer.

tract are able to transform the
isoxanthohumol present in beer
to 8-PN. By regular consumption
of beer the daily intake of phy-
toestrogen can reach an active physiological level [11,12].

Although xanthohumol has the highest presence in hops, its con-
centration in beer is significantly diminished due to thermic isomeri-
sation to isoxanthohumol. The dominant prenylflavonoid in beer is
isoxanthohumol [13]. High losses of prenyflavonoids result during
beer production. These are caused by an insufficient extraction from
hopped wort and an adsorption on malt proteins and yeasts. Ac-
cording to Stevens the total availability of xanthohumol (mainly as
isomer) is 20 to 30 % [14]. Further losses of prenylflavonoids result
from the stabilization and filtration processes. These caused an ad-
ditional reduction with final availability between 10 and 20 % [15].
Consequently, the content of xanthohumol in common pale beers is
lower than 0.1mg/I and the content of isoxanthohumol generally does
not reach the limit of 2.0 mg/I [16]. The structures of the most impor-
tant prenylflavonoids in hops and beer are shown in Fig. 1.

The analytical determination of prenylflavonoids in beer is mostly
carried out using liquid chromatography-tandem mass spectrometry.
Stevens used this method for the identification of xanthohumol and
isoxanthohumol as well as for minority prenylflavonoids such as 6-
and 8-prenylnaringenin [16]. The determination of prenylflavonoids
by HPLC equipped with a UV-detector is possible only for xanthohu-
mol and isoxanthohumol namely after concentration of the analyte by
means of solid phase extraction [17]. An imaginative approach for the
determination of 8-prenylnaringenin by GC after a derivatisation was
published by Tekel [18].

Due to a positive impact on the state of health the desire for a sig-
nificant increase of xanthohumol and isoxanthohumol concentrations
in beers emerged. This target can only be reached through techno-
logical modifications and by using of additives rich in xanthohumol
[19]. The first beers enriched in xanthohumol (> 1 mg/l) were intro-
duced in Germany. During the production, so-called XAN-technology,
consisting of the addition of xanthohumol-rich extracts before the end
of wort boiling was used [20].

This study summarizes current data on the contents of xanthohu-
mol and isoxanthohumol in Czech and foreign beers collected from
2004 to 2009. In cooperation with the brewing industry the contents
of isoxanthohumol and the rate of decrease during the wort boiling
in full operating scale were determined. Further the stability of
prenylflavonoids in bottled beers over a time period of three months
was studied.

2 MATERIAL AND METHODS
2.1 Chemicals

Standards of xanthohumol and isoxanthohumol with purity > 95%
were obtained from Phytochem GmbH (Ichenhausen, D). For stan-
dard solutions of prenylflavonoids with a concentration 40 mg/l
methanol acidified by formic acid was used. The solutions remained
stable for at least 4 weeks if kept cool and dark.
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prenylflavonoidi byl zkouman v rliznych typech eskych a zahranic¢-
nich piv (lezaky, vyCepni a nealkoholickd, piva tmava a specialni).
Piva byla zakoupena v bézné obchodni siti.

2.2 Zpracovani vzorki piv

Piva byla nejprve zbavena oxidu uhli¢itého sonikaci po dobu 10 mi-
nut. Zakoncentrovani analytl bylo provadéno extrakci na pevné fazi
(SPE) modifikovanym postupem dle Stettnera [21]. Zpracovanivzork(
piv bylo provadéno na silikagelovych kolonkach Strata C-18 E 500
mg/6ml (Phenomenex) v prostfedi methanol-voda s pfidavkem kon-
centrované kyseliny fosfore¢né. Volba uvedeného typu byla vysled-
kem testovani SPE kolonek od nékolika vyrobcl. U kolonek Strata
bylo dosazeno nejlepSiho odstranéni balastnich latek s dobrou opa-
kovatelnosti. Kondicionace kolonek byla provedena 10 ml &istého met-
hanolu a 10 ml vody okyselené kyselinou fosfore€nou (100:0,2 obj.).
Dale bylo pres kolonky Zzfiltrovano 50 ml piva s pfidavkem 0,1 ml ky-
seliny fosfore¢né. Po vysuSeni proudem vzduchu po dobu 5 minut
byly necistoty eluovany 10 ml smési methanol-voda-kyselina fosfo-
re¢nd (50:50:0,2 obj.). Eluce prenylflavonoidud byla provedena 2,5 ml
okyseleného methanolu (100:0,2 kyselina fosfore€na obj.). Deset mik-
rolitr(i eluatu bylo po dikladném promichani aplikovano na kolonu ka-
palinového chromatografu. Vytéznost analytického postupu byla tes-
tovana na vodném roztoku glukézy o koncentraci 50 g.I"" s pfidavkem
5 % obj. ethanolu na koncentraéni hladiné 2 mg/l isoxanthohumolu
a 0,5 mg/lI xanthohumolu. Vytéznost koncentra¢niho kroku byla 91 +
5 % rel. pro oba prenylflavonoidy.

2.3 HPLC analyza

K vlastni analyze piv a identifikaci slozek byla pouzita kapalinova
chromatografie s detektorem diodového pole (DAD). Analytické sta-
noveni prenylflavonoidd bylo provedeno na chromatografech SHI-
MADZU LC 10A a LC 20A a kolonach Nucleosil EC, 250x4,0 mm,
5 wm, C18 Hop (Macherey-Nagel) a Gemini, 250x4,6 mm, 5 mm,
C18 (Phenomenex). Mobilni faze méla slozeni acetonitril:voda:kyse-
lina mravenéi (700:300:3 obj.). Eluce analytli byla na obou kolonach
provadéna izokraticky pfi pritoku mobilni faze 0,8 ml.min-'. Latky
byly detekovany detektorem diodového pole pfi vinové délce A = 290
nm (isoxanthohumol), A = 314 (« - a B-kyseliny) a A = 370 nm (xant-
hohumol a DMX). Eluéni profily chmelovych latek na pouzitych kolo-
nach, zobrazené na obr. 2 a 3, jsou velmi rozdilné. Na koloné Nuc-
leosil se chmelové latky postupné eluuji v pofadi IX, XN, klastr Sesti
izomer( iso-a-kyselin a nakonec rezidua zakladnich analogl a-ky-
selin (kohumulon, humulon, adhumulon). Separace prenylflavonoidu
ani Cistota chromatografickych past v8ak nejsou uspokojivé. Na ko-
loné Gemini se prenylflavonoidy separuji ve stejném poradi, ale v pod-
dlvodu byly dalsi experimentalni prace provadény na koloné Gemini.
Kvantifikace prenylflavonoid(l byla provedena pomoci vnéjsich stan-
dardud. Limit stanovitelnosti pro IX je 10 wg.l", pro XN 5 pg.I". Vari-
acéni koeficient 10 opakovanych stanoveni prenylflavonoidd v pivu byl
3,4 % rel. pro XN a 2,5 % rel pro IX, coz Ize povazovat za akcepto-
vatelny vysledek.

nAL
§E Rt Anen {1000

{Cha-250nm, dnm (1.00)

zbytkové a-kyseliny

o —r
iso-ar-kyseliny

2%

T ¥ T T T T
(1] 25 50 75 0.0 125 150 s min

Obr. 2 Separace analytd na koloné Nucleosil EC, 250 x 4,0 mm,
5 wm, C18 Hop (Macherey-Nagel), mobilni faze acetonitril : voda :
kyselina mravenéi (700 : 300 : 3 obj.), prdtok 0,8 ml.min-".

Solvents for the separation procedures and HPLC analyses were
obtained from Merck (Darmstadt, D) and phosphoric acid p.a. (85%)
from Lach-Ner s.r. 0. (Neratovice, CZ). The content of prenylflavonoids
was determined in different sorts of Czech and foreign beers such
as lager and draught beers, non-alcoholic beers, dark and special
beers. The beers were bought in the common sales network.

2.2 Treating of beer samples

Beers were degassed in an ultrasonic bath for 10 minutes. For the
concentration of the samples a modified method by Stettner using
solid phase extraction (SPE) was used [21]. The sample separation
was carried out on silica gel columns, Strata C-18 E 500 mg/6 ml
from Phenomenex Inc. (Torrance, CA, USA). This particular silica gel
column was chosen after testing several columns from different pro-
ducers. By using of the Strata columns the most efficient removal of
interfering substances and the best reproducibility were achieved.

The column was conditioned as follows: First it was washed with
10 ml of pure methanol followed by 10 ml water acidified with con-
centrated phosphoric acid (100 : 0.2 vol.). Immediately after the con-
ditioning 50 ml of beer sample acidified with 0.1 ml phosphoric acid
was filtered through the column. Afterwards the column was dried with
an air stream for 5 minutes. The interfering substances were washed
off with 10 ml of a solution of methanol-water-phosphoric acid (50 :
50 : 0.2 vol.). The elution of prenylflavonoids was accomplished with
2.5 ml methanol acidified with phosphoric acid (100 : 0.2. vol.) After
strong stirring 10 pl of eluate were transferred to a liquid chromatog-
raphy column. The efficiency of this analytical approach was verified
using a test solution of 2 mg/l isoxanthohumol and 0.5 mg/l xantho-
humol dissolved in 509/l glucose in water. The yield was 91 + 5 % for
both prenylflavonoids.

2.3 HPLC analysis

The identification and determination of the beer components of in-
terest was performed using a HPLC equipped with a diode-array de-
tector (DAD). For the analysis chromarographs SHIMADZU LC 10A
and LC 20A with columns Nucleosil EC, 240 x 4.0 mm 5 pm, C18
Hop (Macheray-Nagel GmbH & Co. KG, Diren, D) and Gemini, 250
x 4.6 mm, 5 um, C18 (Phenomenex Inc., Torrance, CA, USA) were
used. The mobile phase was composed of acetonitril-water-formic
acid (700 : 300 : 3 vol.). For both columns an isocratic mobile phase
flow rate of 0.8 ml/min was applied. The detection was carried out
with a diode-array detector at wavelengths A= 290 nm for isoxantho-
humol, A = 314 nm for «- and B- bitter acids and 370 nm for xan-
thohumol and DMX. Elution profiles of the hop components shown in
Fig. 2 and 3 were very different. Using the Nucleosil EC column the
hop components were eluted in the order IX, XN, bulk of 6 iso-a-acid
isomers and last the residues of «-bitter acids (cohumulone, hu-
milone and adhumulone). However, neither the separation of
prenylflavonoids nor the clarity of the peaks was satisfactory. On the
Gemini column the elution order was the same but the elution times
were considerably longer and the clarity of the peaks was better. Due
to the results of these preliminary tests only the Gemini column ex-

oo 25 50 s 100 1s 150 175 i
Obr. 3 Separace analytli na koloné Gemini, 250 x 4,6 mm, 5 um,

C18 (Phenomenex), mobilni faze acetonitril : voda : kyselina mra-
venéi (700 : 300 : 3 obj.), prutok 0,8 ml.min™.
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3 VYSLEDKY A DISKUSE

3.1 Obsah xanthohumolu a isoxanthohumolu v éeskych
a zahrani€nich pivech

V tab.1 jsou shrnuty vysledky stanoveni obsahd xanthohumolu
a isoxanthohumolu v ¢eskych svétlych lezackych pivech, které byly
opakované méreny v ¢asovém obdobi 2004 az 2009. Z udaju je pa-
trné, Zze obsahy IX se pohybuji v pomérné Sirokém rozmezi od
130 pg.I'" az po témér 2000 p.g.I". Koncentrace XN jsou podstatné
niz8i, vétsinou pod hranici 100 pn.g.I"". Nejvy8Si obsah xanthohumolu
byl nalezen v pivu B (174 n.g.I""). V jinych pivech byly obsahy XN opa-
kované pod mezi stanovitelnosti 5 pg.I"". Siroka koncentraéni varia-
bilita prenylflavonoidd v pivech je zplsobena meziodrlidovou a ro¢-
nikovou variabilitou obsahu XN a DMX ve chmelech. Dal8im faktorem
jsou zmeény obsahu prenylflavonoidd pfi zpracovani na chmelové vy-
robky. Napfiklad Siroce pouzivané CO,-extrakty neobsahuji prakticky
zadny xanthohumol, vzhledem k jeho nerozpustnosti v extrakénim
médiu. PFi vyrobé granuli typu 90 se obsah prenylflavonoidi v po-
rovnani se surovinou neméni, pfi vyrobé& granuli typu 45 se zvySuje
umérné s obsahem a-kyselin. Pfi realném chmeleni v pivovarech se
obsah prenylflavonoidd odviji od poméru extrakt-granule. Zajimavé je
sledovani stability obsahu prenylflavonoidll v lezackych pivech v ¢a-
sovém horizontu 5 let. Ve vétsiné piv jsou koncentrace prenylflavo-
noidu relativné stabilni, paklize rozdily v rozmezi 100 az 200 pg.I"'
budeme povazovat za pfirozeny vykyv. U piva C vSak Ize v daném
¢asovém obdobi zaznamenat trvaly pokles az na bezmala poloviéni
hodnoty (1900—1000 p.g.I'"). Tak vyrazné zmény mohou souviset se
zménou chmeleni ve prospéch CO,-extraktl, o nichz je znamo, ze —
na rozdil od alkoholovych — neobsahuji prakticky zadny xanthohumol.
Dalsi pfi¢inou mGze byt zména odrldy s niz§im pomérem xanthohu-
mol/a-kyseliny. Zména odridy s vy$Sim pomérem xanthohumol/a-ky-
seliny mohla pozitivné ovlivnit obsah IX v pivu E v roce 2009. Koli-
sani obsahu prenylflavonoidd mlze byt také zplsobeno pocétem
nasazeni pivovarskych kvasinek. Kvasinky maji tendenci prenylflavo-
noidy vazat na svém povrchu. Pfi opakovaném nasazeni se mira je-
jich ,nasycenosti“ zvySuje, a tudiz pokles koncentrace v pivu v pri-
béhu kvaseni je mensi [22]. V tab. 2 jsou uvedeny typické poméry
xanthohumol/a-kyseliny pro vSechny ¢eské odridy chmele. Z hodnot
je patrné, ze nejvice xanthohumolu se do varniho procesu vnasi
chmelenim odridami Sladek a Zatecky ¢ervenak.

Obsahy IX a XN v €eskych svétlych vy&epnich pivech, uvedené
v tab. 3, se pohybuiji v pfiblizné stejnych intervalech jako v pivech le-
zéackych. Pfevazuji piva s obsahem IX do 1000 pg.I'" a 100 pg.I"
XN. Vy€epni piva obsahuji v priméru méné prenylflavonoidll vzhle-
dem k niz§imu chmeleni' s vy$§im podilem CO,-extraktd. Existuji ale
vyCepni piva, ktera se obsahem prenylflavonoidd lezackym piviim
vyrovnaji (pivo €. 7, 9). Velmi malo prenylflavonoid(i obsahuji svétla
nealkoholicka piva (tab. 4). Mezi tmavymi pivy byl zdaleka nejlepsi
tmavy lezék ¢&. | s nejvétsimi koncentracemi prenylflavonoidli ze

clusively was used for further experiments. The quantification of
prenylflavonoids was made by means of external standards. The de-
tection limit for IX was 10 g/l and for XN 5 w.g/l. Satisfactory coeffi-
cients of variation (CV) of 3.4 % for XN and 2.5 % for IX (n = 10) were
obtained.

3 RESULTS AND DISCUSSION

3.1 Contents of xanthohumol and isoxanthohumol in Czech
and foreigner beers

Tab.1 shows the results of a determination of xanthohumol and
ixoxanthohumol in Czech pale and lager beers repeatedly measured
between 2004 and 2009. The content of IX varied in a wide range
from 130 pg/l to almost 2000 pg/l. The concentrations of XN are con-
siderably lower, mostly under 100 .g/l. The highest xanthohumol con-
tent was found in the beer B (174 n.g/l). In the other beers the con-
tent of XN was regularly under the determination limit of 5 ng/l. The
broad concentration variability of prenylflavonoids in beers is caused
by the different contents of XN and DMX in the hops used, which on
other hand depends on the harvest year and the hop variety. The
other factors are the losses of prenylflavonoids during the fabrication
of hop products. For example the frequently used CO,-extracts con-
tain nearly no xanthohumol due to its insolubility in the extract sol-
vent. The content of prenylflavonoids during the production of hop
pellets type 90 remains unchanged when compared with raw mate-
rial whereas during the production of pellets type 45 it is enhanced
proportionally with the content of «-acids. During the real hopping in
breweries the content of prenylflavonoids depends on the rate of ex-
tract-pellets. Also a monitoring of the stability of the prenylflavonoid
content in lager beers over a time period of 5 years brought inter-
esting results. In the majority of beers the concentration of
prenylflavonoids remains stable assuming that the differences rang-
ing from 100 to 200 g/l are considered as the natural fluctuation.
However, in the same time period the content of prenylflavonoids in
beer C dropped almost to half of the initial value (from 1900 to 1000
ng/l). Such a significant change can be related to an alteration of the
hopping. The use of COy-extracts with almost no xanthohumol in-
stead of alcohol extracts can cause such a reduction. Another rea-
son could be the use of a different hop variety with lower xanthohu-
mol/a-acids ratio. The use of a hop variety with a higher
xanthohumol/a-acids ratio possibly had a positive influence on the IX
content in beer E in the year 2009. The fluctuation of prenyflavonoid
contents could be also influenced by a number of pitching yeasts.
The yeasts had namely had the ability of binding prenylflavonoids to

Tab. 2 Obsah alfa kyselin, xanthohumolu a pomér XN/alfa v eskych
odridach chmele / Contents of a-acids, xanthohumol and the XN/ o
acids ratios in Czech hop varieties

Tab. 1 Koncentrace isoxanthohumolu (IX) a xanthohumolu (XN) Odruda Alfa kyseliny Xanthohumol Pomeér
v Ceskych svétlych leZzackych pivech v obdobi 2004 az 2009 (obsahy Variety (% hm.) (% hm.) XN/a-acids*100
jsou uvedeny v ng/l) / Concentrations (in ug/l) of isoxanthohumol (1X) Alpha-acids Xanthohumol XN/ a-acids
and xanthohumol (XN) in Czech pale lager beers collected over the (% w) (% w) ratio*100
til jiod from 2004 to 2009 =
ime period from o Zatecky 2.5-4.0 0.30-0.50 9-12
Pivovar| /N | 2004 | 2005 | 2006 | 2008 | 2009 Cerveriak
Brewery| Saazer
A IX 862 842 - 612 782 Sladek 4.5-7.0 0.50-0.75 10-14
XN - 15 - 17 16 Sladek
B IX 1731 1744 - 1473 1754 Harmonie 5.0-8.0 0.40-0.70 7-9
XN - 149 - 72 174 Harmonie
C IX 1874 1947 1346 - 1028 Bor 6.0-9.0 0.40-0.60 5-7
XN - 69 46 - 27 Bor
D IX 1074 1019 1174 1094 - Premiant 7.0-10.0 0.30-0.50 4-6
XN - 16 25 42 - Premiant
E IX 650 685 798 590 1106 Rubin 9.0-12.0 0.45-0.75 4-6
XN - 15 32 <5 16 Rubin
= IX - 625 - - 635 Agnus 9.0-12.0 0.70-1.10 7-9
XN - 125 - - 111 Agnus
G IX 226 - 271 - 416 Vital 12.0-16.0 0.70-1.00 6-8
XN - - <5 - 10 Vital
H IX 375 338 - 133 221 Kazbek 5.0-8.0 0.30-0.45 4-6
XN - <5 - <5 <5 Kazbek
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Tab. 3 Koncentrace isoxanthohumolu (IX) a xanthohumolu (XN)
v Ceskych svétlych vy€epnich pivech v obdobi 2004 az 2009 / Con-
centrations of isoxanthohumol (I1X) and xanthohumol (XN) in Czech
pale draft beers collected over the time period from 2004 to 2009

Tab. 5 Koncentrace isoxanthohumolu (IX) ve svétlych i tmavych
zahrani€nich pivech / Concentrations of isoxanthohumol (1X) in fo-
reign pale and dark beers

Oznaceni Specifikace piva Zemé puvodu | Obsah (ug/l)
Oznaéeni Obsah (ug/l)| Oznaéeni Obsah (ug/l) Code Beer type Origin Content (ug/l)
piva IXXN | Content piva IX’XN | Content | svétly lezak JAP 975
Beer code (ng/l) Beer code (ng/l) pale lager
1 IX 841 8 IX 723 I svétly lezak NED <10
XN 65 XN 17 pale lager
2 IX 321 9 IX 1091 1} svétly lezak AUT 250
XN - XN 55 pale lager
3 IX 248 10 IX 250 v svétly lezak BEL 470
XN <5 XN 11 pale lager
4 IX 359 11 IX 996 \Y pSenicny special BEL 250
XN - XN 24 wheat special
5 IX 731 12 IX 519 Vi svrchné kvaseny special BEL 350
XN - XN 34 top fermented special
6 IX 144 13 IX 389 VII tmavy lezak IRL <10
XN <5 XN 47 dark lager
7 IX 1650 14 IX 740 Vi tmavy lezak IRL 1420
XN 116 XN 21 dark lager
IX svétly lezak USA 370
le |
v8ech hodnocenych piv; 2522 pg.I"" IX a 505 wg.I" XN. V tab. 5 jsou paie lager

shrnuty vysledky stanoveniobsahu isoxanthohumolu v souboru svét-
lych i tmavych zahrani¢nich piv. Piva byla zakoupena v bézné ob-
chodni siti v CR i zahrani¢i. Vysledky ukazuji, ze zjisténé koncent-
race IX nijak nevyboCuji z rozmezi, ktera byla naméfena v ¢eskych
pivech. Nalezy IX pod hranici 10 pg.I"" v lezackych pivech Il a VII
svéd¢i o tom, ze piva byla chmelena vyhradné CO,-extraktem. Na
zakladé analytickych hodnot obsahu IX a XN v pivech Ceské i za-
hrani¢ni provenience lze konstatovat, ze koncentrace IX kolem
2,0 mg.I""a do 1,0 mg.I'" XN jsou pfiblizné maximem, které Ize v pi-
vech dosahnout béznou technologii. Chceme-li vyrobit piva s obsahy
nad uvedenou hranici, je nutné provést riizné technologické Upravy
a pouzit preparaty se zvySenym obsahem xanthohumolu. Na trhu
jsou jiz vyrobky, které obsahuji vice nez 80 % XN [23]. Dal$i moz-
nosti podstatného zvySeni koncentraci xanthohumolu v pivech je
pouziti specialnich tmavych slad(l. Tmava piva vétSinou obsahuji vice
XN a IX nez piva svétla. Bylo zji§téno, Ze xanthohumol se vaze na
latky proteinového charakteru obsazené v tmavych sladech, ¢imz se
inhibuje izomerace XN na IX. Tyto proteiny jsou rozpustné ve vodé
a maji molekulovou hmotnost kolem 3000 Da [24]. Pouzitim chme-
lovych produktd obohacenych xanthohumolem, Upravou jejich dav-
kovani, specialnich tmavych sladu a jejich vytazkd, je mozné zvysit
koncentrace xanthohumolu na 3,5 pg.l"" ve svétlych pivech a vice
nez 10 mg.I'" v tmavych pivech. Koncentrace IX mohou byt sou-
¢asné 8,0 az 9,0 mg.I"" [22].

Piva obohacena prenylflavonoidy tvofi trzni segment specialnich
piv s relativné malou spotfebou. Ani v budoucnu nelze oekavat vy-
razny narlst produkce, mj. i diky vy$si cené. S ohledem na stéle se
snizujici spotfebou a-kyselin na hektolitr piva, ktera se v sou¢asné
dobé blizi hranici 4 g.hl", Ize usuzovat, Ze primérny obsah prenyl-
flavonoidd v béZznych pivech bude mit analogicky trend.

Tab. 4 Koncentrace isoxanthohumolu (IX) a xanthohumolu (XN)
v Eeskych tmavych a nealkoholickych pivech v obdobi 2004 az 2009
/ Concentrations of isoxanthohumol (IX) and xanthohumol (XN) in
Czech dark and non-alcoholic beers collected over the time period
from 2004 to 2009

Nealkoholicka piva Tmava piva
Non-alcoholic beers Dark beers
Oznaceni Obsah (ug/l)| Oznaceni Obsah (ug/l)
piva IXXN | Content piva IX/XN Content
Beer code (7} Beer code (no/)
1 —svétlé IX 234 | — lezak IX 2522
1 —pale XN <5 | — lager XN 505
2 — svétlé IX 135 Il —lezak IX 536
2 —pale XN <5 Il —lager | XN 30
3 —tmavé IX 623 Il — vyCepni| IX 294
3 —dark XN 140 Il —draft | XN 51

their surface. By repeated utilisation the degree of the saturation was
increased. Consequently the reduction of prenylflavonoids in beer
during the fermentation was lower [22]. The Tab. 2 gives an overview
of the typical had xanthohumol/a-acids had for all varieties of Czech
hops. Hopping with the varieties Sladek and Saazer brings the largest
amount of xanthohumol in the brewing process.

The contents of IX and XN in Czech pale draft beers (Tab. 3) were
found to be in approximately the same range as in lager beers. Most
of the beers contain up to 1000 g/l IX and up to 100 g/l XN. Draft
beers contain on average lower amounts of prenylflavonoids because
of a less rich hopping combined with a higher portion of CO,-extracts.
However, some draft beers (Nos. 7 and 9) reached the same content
of prenylflavonoids as in lager beers. Very small amounts of
prenylflavonoids are found in pale non-alcoholic beers (Tab. 4).
Among the dark beers, the dark lager beer No. 1 was by far the best
with the highest prenylflavonoids content of all the beers — 2522 pg/l
IX and 100 ng/l XN. Tab. 5 shows the results overview for isoxan-
thohumol determinations in pale and dark foreign beers. The beers
were bought in the common sales network in Czech Republic or
abroad. The measured concentrations of IX were comparable with
the values found in Czech beers. The determined values for IX un-
der the limit of 10 g/l in lager beers Il and VIl is evidence that the
beer hopping was made exclusively with CO,-extract. Based on the
analytical values found for IX and XN in Czech and foreign beers it
can be noted that the concentrations of about 2.0 mg IX/I and up to
1.0 mg XN/I are just about the maximum which it is possible to reach
by using common beer technology. For the production of beers with
a higher content of prenyflavonoids it is necessary to bring about dif-
ferent technological changes and to utilize xanthohumol-enriched hop
extracts. Extracts containing more than 80% XN are already avail-
able on the market[23]. Another possibility for a considerable increase
in xanthohumol concentration in beers is the use of special dark malts.
Dark beers mostly contain more XN and IX than pale beers. It was
found that because of xanthohumol adhesion to protein material pre-
sent in dark malts the isomerisation of XN to I1X is inhibited. The pro-
teins concerned are water soluble with a molecular weight of 3000
Da [24]. Due to use of hop products enriched in xanthohumol, the ad-
justment of their dosage and to the utilization of special dark malts
and their extracts it is possible to enhance the xanthohumol con-
centration up to 3.5 mg/l in pale beers and more than 10 mg/l in dark
beers. At the same time the isoxanthohumol concentrations can reach
8.0 to 9.0 mg/I [22].

Prenylflavonoids enriched beers form a market segment with a rel-
atively low consumption and no significant production increase can
be expected in the future due, among other things to the higher prices.
With regard to the constantly lower need for a-acids in beer, which
is currently 4 g/hl, it can be noted that the average content of
prenylflavonoids in common beers will have an analogous trend.
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3.2 Koncentra¢ni zmény isoxanthohumolu v priibéhu vyroby
piva

Koncentraéni zmény isoxanthohumolu v pribéhu vyroby piva byly
zkoumany pfi vyrobé svétlych 12% lezakl ve dvou pramyslovych pi-
vovarech s odliSnou technologii kvaseni, CK tancich (pivovar A) a na
spilce/lezackych tancich (pivovar B).V pribéhu vyroby byly z techno-
logickych linek odebirany vzorky pivovarskych meziproduktl a piv, ve
kterych byl méfen obsah IX. Vzorky byly uchovany v lednici pfi tep-
loté +4 °C az do doby zpracovani, tj. do 5 dnl po odbéru. Vysledky
stanoveni obsahu IX ve vzorcich mladin, mladych piv, piv pfed a po
filtraci (kfemelina) a koneénych piv jsou uvedeny ve sloupcovych di-
agramech na obr. 4 a 5. Vysledky potvrzuji, ze v priibéhu vyroby piva
dochazi k vyraznym ztratam isoxanthohumolu, zejména pfi chlazeni
mladiny, kva$eni a filtraci. Jen pfi chlazeni horké mladiny v pivovaru
A ubyla tfetina pdvodni koncentrace IX. Celkové ztraty IX v pivovaru
A v fadé horka mladina-pivo Cinily témeér 50 % rel. Jesté vysSi ztraty
byly zjistény v pivovaru B, kde ztraty mezi studenou mladinou a ko-
nec¢nym pivem byly bezmadla 60 % rel. Naproti tomu bylo prokazano,
Ze pasterace piva nema na obsah isoxanthohumolu prikazny vliv.
DalSi ztraty, které provedené testy nezahrnuji, vznikaji nedokonalym
rozpusténim xanthohumolu v mladiné. V nezavislych varnich testech
ve Ctvrtprovoznim méfitku bylo zjisténo, ze po 90minutovém chme-
lovaru pfi 100% chmeleni na za¢atku chmelovaru bylo ve chmelo-
vém mlatu nalezeno 10 az 15 % puvodniho mnozstvi xanthohumolu.
To je v dobré relaci s udaji, které uvadi Magalhaes, ktery v podmin-
kach minipivovaru s postupnym chmelenim na 3 davky naméfil ztraty
XN z divodu nedokonalé extrakce ve vys$i 17 az 21 % [25]. Vzhle-
dem k tomu, Ze model chmeleni v fadé pivovaru je zaloZzen na po-
stupném davkovani riznych chmelovych vyrobki (extrakty-granule),
mohou byt ztraty dané nedokonalym rozpusténim XN v mlading jesté
vy$Si. Na zakladé zjisténych skutecnosti Ize celkovy stupen vyuziti
prenylflavonoidd (XN a IX) v pivech vyrobenych v primyslovych pi-
vovarech odhadovat na 20 az 30 %, coz je ve shodé s publikovanymi
udaiji [14].
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Obr 4 Obsah isoxanthohumolu v meziproduktech vyroby piva tech-
nologii CKT pfi vyrobé 12% svétlého lezaku / Fig. 4 Contents of xant-
hohumol in intermediate products during the production of pale 12%
lager beer using the CCK technology

3.3 Stabilita isoxanthohumolu a xanthohumolu béhem
skladovani piva

Stabilita prenylflavonoidd v pivech byla zkoumana ve svétlém
a tmavém lezaku po dobu tfi mésicu. Piva, zakoupend v bézné ob-
chodni siti, byla uchovana v temnu pfi teplotach +3 °C a +20 °C. Kon-
centrace XN a IX byly méfeny po 6 a 12 tydnech skladovani. Vysledky
sledovani jsou uvedeny na obr. 6 a 7. Ubytek isoxanthohumolu ve
svétlém lezaku byl po 6 tydnech skladovani, nezavisle na teploté, pfi-
blizné 8 % rel. Po dalSich 6 tydnech poklesl obsah IX celkové 0 10,9 %
pfi teploté skladovani 3 °C, o 12,1 % pfi 20 °C. V tmavém lezaku se
koncentrace IX po 6 tydnech prakticky nezménila. K poklesu doslo
az po 12 tydnech skladovani pfi 20 °C, a to zhruba o 10 % rel. Kon-
centrace xanthohumolu v tmavém lezaku klesaly linedarné s ¢asem
a nezavisle na teploté skladovani tak, ze po 12 tydnech skladovani

3.2 Changes of isoxanthohumol concentration during a beer
production

Changes in isoxanthohumol concentration during beer production
were examined for pale 12% lager beers in two industrial breweries
with a different fermentation technologies; in cylindro-conical fer-
menters (CCF) (brewery A) and in storage tanks in fermenting cel-
lars (brewery B). The sample of intermediates and beers were taken
during the production and the content of IX measured. The samples
were kept in a refrigerator at 4°C until the processing meaning up to
5 days after the sampling. Figures 4 and 5 show in bar charts the re-
sults of the determinations of IX contents in samples of hopped wort,
finished beers, beers before and after filtration through kiselguhr and
bottled beers. The results confirmed large losses of isoxanthohumol
during beer processing especially during cooling of hopped wort, fer-
mentation and filtration. For example, during the cooling of hot wort
in brewery A the IX concentration decreased by one-third. In brew-
ery A the total loss of IX during the production process from boiled
wort to bottled beer was about 50 % rel. Even higher losses were
found in the brewery B. During the production process from cold wort
to bottled beer the content of IX fell by almost 60 % rel. On the con-
trary it was proven that a pasteurisation process does not significantly
influence the content of isoxanthohumol. Further losses, which were
nevertheless not tested, come about due to insufficient dissolution of
xanthohumol in the wort. Independent brewing tests at a quarter of
the operating scale proved that after 90 minutes of hop brewing and
100% hopping at the beginning of the process only 10 to 15% of the
original xanthohumol was found in spent hops. These values corre-
spond to values by Magalhées. In terms of a mini-brewery and with
a hopping made at three rates the measured losses of XN caused
by insufficient extraction amounted to between 17 and 21 % [25]. As
the hopping in a number of breweries is based on a gradual dosing
of different hop products as extracts or pellets, it is possible that the
losses due to insufficient dissolution of xanthohumol in the wort are
even higher. Based on these facts the retention of prenylflavonoids
(XN and IX) in beers is approximately 20 to 30 %. Such values are
in a good agreement with the published values [14].

3000
2500 4
E)
2 2000
3
£
= P
£ 1500
<
z ,
IS #
3 1000+
@®
7
500 4
0
Ra N = e L G\
s W W N © e eo® et
v

Obr 5: Obsah isoxanthohumolu v meziproduktech vyroby piva kla-
sickou technologii kvaseni pfi vyrobé 12% svétlého lezaku / Fig. 5
Contents of xanthohumol in intermediate products during the pro-
duction of pale 12% lager beer using the clasical fermentation pro-
cess

3.3 Stability of isoxanthohumol and xanthohumol during the
beer storage

The stability of prenyflavonoids in beer was examined in pale and
dark lager beer for three months. The beers bought in the common
sales network were kept in a dark room at 3 °C and at 20°C. The con-
centrations of XN and IX were determined after 6 and 12 weeks stor-
age. The results are given in Fig. 6 and 7. The decrease in isoxan-
thohumol content in the pale lager beer after 6 weeks storage was
about 8% regardless of the storage temperature. After a further 6
weeks the isoxanthohumol content decreased by 10.9 % of total at
the storage temperature 3 °C and by 12.1 % of total at 20 °C. In the
dark lager beer the concentration of IX remained almost unchanged.
The concentration dropped only after 12 weeks storage at 20 °C,
namely by 10 %. The concentration of xanthohumol in the dark lager
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Obr. 6 Koncentrace IX ve svétlém lezaku po 6 a12 tydnech sklado-
vani / Fig. 6 Contents of IX in pale lager after 6 to 12 weeks of sto-
rage

ubyla zhruba tfetina plvodniho mnoZstvi xanthohumolu. Stabilita iso-
xanthohumolu v pivech, pfi sprdvném skladovani v chladu a temnu,
je velmi dobra. Rovnéz stabilitu xanthohumolu je mozno oznacit za
uspokojivou s ohledem na skute¢nost, ze béhem 3 mésicu od vyroby
je pfevazna ¢ast produkce pro tuzemsky trh zkonzumovana.

4 ZAVER

Obsah isoxanthohumolu ve vétSiné raznych znaéek ceskych a za-
hraniénich piv nepfesahl hranici 2000 p.g.I"". Mnozstvi xanthohumolu
bylo vétsinou do 100 pg.I'". Koncentrace prenylflavonoidli v pivech
jsou velmi proménlivé a zjevné souvisi se strategii chmeleni v jedno-
tlivych pivovarech. Obsahy isoxanthohumolu pod hranici 200 pg.l!
svedci o tom, ze pfi chmeleni byl z velké ¢asti pouzit CO,-extrakt. Hla-
dinu isoxanthohumolu Ize pozitivné ovlivnit vybérem odriidy chmele
s vysokym pomérem XN/ a-kyseliny. V tomto sméru jsou nejlepsi
Ceské odriidy Sladek a Zatecky Cervenak. K nejvétSim ztratdm xant-
hohumolu, které byly sledovany v provoznich podminkach dvou pru-
myslovych pivovar(, dochazi pfi chlazeni mladiny, kvaseni a filtraci.
Mira vyuziti XN pfi vyrobé piva v provoznim méfitku je zhruba 20 az
30 %, coz je ve velmi dobré shodé s udaji, které byly publikovany pro
poloprovozni pivovarské testy. Sledovani stability obsahu prenylflavo-
noidd v hotovych lahvovych pivech, provadéné po dobu 3 mésic, uka-
zalo, Ze Ubytek IX se pohybuje v rozmezi 10 az 15 % v zavislosti na
skladovaci teploté. Ubytek XN &inil pfiblizné tfetinu pvodniho mnoz-
stvi. Stabilitu prenylflavonoid v pivech, pfi spravném skladovani
v chladu a temnu, je mozno oznadit za uspokojivou s ohledem na sku-
tenost, ze béhem 3 mésicd od vyroby je pfevazna ¢ast produkce pro
tuzemsky trh zkonzumovana.

Podékovani
Tato studie byla vypracovédna jako soucast reseni vyzkumného z&-
méru MSM1486434701.
Recenzovany ¢&ldnek
Do reakce doslo 15. zari 2009
Prijato k publikovani: 29.10. 2009
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beer decreased linearly over the time period and was independent
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storage conditions. The stability of xanthohumol is also quite satis-
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beer for the domestic consumption has already been sold.

4 CONCLUSIONS
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These values are in a good agreement with values published for XN
retention for beer production in pilot tests. The stability monitoring of
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15 % depending on the storage temperature. The loss of XN was
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and assuming that the majority of a beer production for a domestic
market will be already consumed.

Acknowledgments
This study was accomplished in terms of The Research Project
MSM1486434701.
Translated by Eva Paterson

by CNDA-expressed human CYP1A2. Drug Metab. Disp. 28, 2000,
1297-1302.

5. Gerhéuser, C.: Beer constituents as potential cancer chemopre-
ventive agents. European J. Cancer 41, 2005, 1941-1954.

6. Tobe, H. et al.: Bone resorption inhibitors from hop extracts. Biosci.
Biotech. Biochem. 61, 1997, 158—159.

7. Kondo, K.: Preventive effects of dietary beer on lifestyle-related di-
seases. Proceedings of the 29th EBC Congress, Dublin, 2003; Con-
tribution 133.

8. Milligan, S. R. et al.: Identification of a potent phytoestrogen in hops
and beer. J. Clin. Endocrinol. Metab. 83, 1999, 2249-2252.

9. Rong, H., Zhao, VY., Lazou, K., De Keukeleire, D., Milligan, S. R.,
Sandra P.: Quantitation of 8-Prenylnaringenin, a Novel Phytoest-
rogen in Hops, Hop Products and Beers by Benchtop HPLC-MS
Using Electrospray lonization. Chromatographia 51, 2000,
545-552.



Obsah prenylovanych flavonoidi chmele v ceskych a zahranic¢nich pivech

KVASNY PRUM.
ro¢. 56 / 2010 — ¢islo 1

9

10. Krofta, K.: Hodnoceni kvality chmele. Metodika pro praxi. Chme-
lafsky institut Zatec, 2008, ISBN 978-80-86836-84-3.
11. Possemiers, S. et al.: Activation of Proestrogens from Hops by In-
testinal Microbiota; Conversion of Isoxanthohumol into 8-Prenyl-
naringenin. J. Agric. Food Chem. 53, 2005, 6281-6288.
Possemiers, S. et al.: The prenylflavonoid Isoxanthohumol from
Hops is Activated into the Potent Phytoestrogen 8-Prenylnarin-
genin In Vitro and in the Human Intestine. J. Nutrition 136, 2006,
1862-1867.
Forster, A., Gahr, A., Ketterer, M., Beck, B., Massinger, S.: Xant-
hohumol in Bier — Mdglichkeiten und Grenzen einer Anreichung.
Monatsschr. Brauwiss. 9/10, 2002, 184-194.
Stevens, J. F. et al.: Fate of Xanthohumol and Related Prenylfla-
vonoids from Hops to Beer. J. Agric. Food. Chem. 47, 1999, 2421-
2428.
Forster, A., Koberlein, A.: Der Verbleib von Xanthohumol aus Hop-
fen wéhrend der Bierbereitung. Brauwelt 37, 1998,1677-1679.
Stevens, J. F.,, Taylor, A. W., Deinzer, M. L.: Quantitative analysis
of xanthohumol and related prenylflavonoids in hops and beer by
liquid chromatography-tandem mass spektrometry. J. Chrom. A
832, 1999, 97-107.
Magalhaes, P. J., Guido, L. F., Cruz, J. M., Barros, A. A.: Analysis
of xanthohumol and isoxanthohumol in different hop products by
liquid chromatography-diode array detection-electrospray ioniza-
tion tandem mass spectrometry. J. Chrom. A, 1150, 2007,
295-301.

12.

13.

14.

15.

16.

17.

18. Tekel, J. et al.: Determination of the Hop-Derived Phytoestrogen,
8-Prenylnaringenin, in Beer by Gas Chromatography/Mass
Spektrometry. J. Agric. Food Chem. 47, 1999, 5059-5063.
Biendl, M., Mitter, W., Methner, F. J.: Use of xanthohumol-rich hop
products in beer production. Brauwelt Int. 2002/, 39-42.

Biendl, M., Methner F. J., Stettner, G.: Brauversuche mit einem
xanthohumolreichen  Hopfenprodukt. Brauwelt 43, 2004,
236-241.

21. Stettner, G. et al.: Use of a new xanthohumol-rich hop product in
the brewhouse — fate of xanthohumol during beer production and
influence of non specific hop compounds on the bitterness of beer.
Proceedings of the 29th EBC Congress, Dublin, 2003; Contribu-
tion 138.

Waunderlich, S., Zircher, A., Back, W.: Enrichment of xanthohu-
mol in the brewing process. Mol. Nutr. Food Res. 49, 2005,
874-881.

Biendl, M.: Development of new plant extracts rich in hop polyp-
henols. Proceedings of the 31th EBC Congress, Venezia, 2007;
Contribution 110.

Walker, C., Lence, C. F.: Investigation into the high levels of xant-
hohumol found in Stout and Porter style beers. Brauwelt Int.,
2004/11, 100-103.

Magalhées, P. J., Dostalek, P., Cruz, J. M., Guido, L. F., Barros,
A. A.: The impact of a Xanthohumol-Enriched hop Products on
the Behavior of Xanthohumol and Isoxanthohumol in Pale and
Dark Beers: A Pilot Scale Approach. J. Inst. Brew. 114, 2008,
246-256.

19.

20.

22.

23.

24.

25.

Stanislav Bernard: ,,Je mozné vypit
50 plaveckych bazént piva?“

Rodinny pivovar Bernard v roce 2009
dosahl rekordniho vystavu pfesahujiciho
204 tis. hektolitrd nepasterizovaného piva
Bernard.

»~Rekordni vystav pivovaru v roce 2009
presahl 204 tisic hektolitrd, coZ pfedsta-
vuje vice nez 40 miliond pdllitri piva. Na
kazdého Cecha tak ptipadaji CtyFi nepas-
terizovana piva BERNARD,“ pocita spo-
lumajitel pivovaru Stanislav Bernard a pro
zajimavost doplfiuje: ,Pokud bychom tato Cisla pfevedli na pocet pla-
veckych bazénu o velikosti 25 x 12 x 1,35m, naplnili bychom jich 50.“

,Odhaduji, Ze meziro¢né cely obor poklesl pFiblizné o 10 procent,
komentuje Stanislav Bernard a dodava: ,Nas nardst témér o 9 pro-
cent pricitam pfedevsim rostoucimu zajmu o chutové zajimavé tra-
dicné vyrabéné ceské pivo.“

K rekordnimu vystavu piva pfidal pivovar i dalSich 20 vyznamnych
ocenéni. Nejvétsi pocet (13) byl tradi¢né za kvalitu nepasterizova-
ného piva BERNARD. Trikrat byla znacka BERNARD ocenéna sdru-
zenim CZECH TOP 100, kdyz se poosmé v fadé stala nejobdivova-
ngjsi firmou kraje VysoCina. Ve stejné soutéZi je i Ctvrtou

TR g
BERNARD

mysl a magazin Vlastni cestou zvitézil v kategorii firemnich ¢asopis.
Dal&i ocenéni ziskal magazin v soutézi PR klubu CR LZlaty stfednik”,
kde obsadil 3. Misto v kategorii ,Nejlepsi B2C €asopis“a ziskal
i ,zvlastni ocenéni za nejlepSi obrazovou vybavu®. Znacka BERNARD
potvrdila svoji oblibenost 2. mistem v soutézi popularity znacek piv
v CR ,Nase pivo 2009“. Ocenéno bylo i grafické ztvarnéni etikety
,BERNARD s tézkou hlavou“ v soutézi o nejlepsi etiketu na Tabor-
skych slavnostech piva.

Podle TZ Bernard

Stock Plzen vytvoril loni dalSi rekord
a prodal témér 28 miliont litrd lihovin

Spoleénost Stock Plzen-Bozkov, nejvétsi vyrobee lihovin v Ceské
republice, v roce 2009 prodala 27,99 milionu litrG lihovin. Jedna se
0 absolutné nejvyssi objem, jaky kdy ¢esky vyrobce dokazal realizo-
vat v pribéhu dvanacti mésic. Mimoradna situace se projevila pre-
devsim v poslednim mésici roku, kdy Stock Plzen prodal 5,3 milionu
litrG lihovin oproti 3,7 milionu litrG v prosinci 2008.

Lorisky odbyt 27,99 milionu litrG je oproti roku 2008 vy$si 0 5 %.
Nebyt statem avizovaného zvySeni spotfebni dané, vzrostl by podle
Petra Pavlika zhruba o 2 %. ,Prvni tvrtleti letoSniho roku bude pro

v8echny vyrobce lihovin uréité znamenat do¢asny utlum poptavky
praveé kvili pfedzasobeni ze strany obchodnikd,” soudi Petr Pavlik.

Vyznamny podil na lofiském zvySeni odbytu mély vlajkové znacky
Stocku Plzen — Fernet Stock a Fernet Stock Citrus, které se na pred-
vanoénim trhu predstavily se zcela novym designem lahve a etikety.
K rozhodujicim tahoundm patfila rovnéz rada BozZkov, ktera celkové
posilila o 11 %.V ramci fady Bozkov si nejlépe ved| tuzemak Bozkov
Tuzemsky, vibec nejprodavanéjsi domaci lihovina. Nezaostala ani
popularni ,,zelena®“ Bozkov Peprmint, ktera si v prodejich pfipsala na-
vic 10 %. Pozici nejprodavanéjsi vodky na ¢eském trhu si upevnila
BoZzkov Vodka. Velmi pfiznivé se vyvijel i odbyt lihovin z distribuéniho
portfolia Stocku Plzefi zahrnujiciho napfiklad finskou Vodku Kosken-
korva, irskou whiskey Tullamore Dew, skotskou whisky Teacher’s,
Greenall’s Gin, Tequilu Sombrero Negro ¢i vermuty a aperitivy Gar-
rone. V loriském roce odbyt téchto znacek dosahl témér 1,7 milionu
litr(i, coz predstavuje meziro¢ni riist o 8 %. Vlibec nejvétsi uspéch za-
znamenala irska whiskey Tullamore Dew, ktera vzrostla 0 32 % a je
viibec nejprodavanéjsi znackou své kategorie v Cesku.

Stock Plzen je lidrem ¢eského trhu lihovin s celkovym trznim po-
dilem zhruba 40 %. Stock Plzef pfitom se svymi zna¢kami vévodi
v8em ¢étyfem rozhodujicim segmentim trhu: hofrkym a bylinnym liho-
vindm (Fernet Stock, Fernet Stock Citrus), tuzemakim (Bozkov Tu-
zemsky), vodkam (Vodka Amundsen, Bozkov Vodka) i likérim (Boz-
kov Peprmint, Bozkov Griotte).

Podle TZ Stock Plzefi — Bozkov

Lednové prirtistky do knihovny
pivovarské literatury

V lednu 2010 byly uvedeny na trh hned dvé nové knihy s pivovar-
skou tématikou, které jsou jiz dlouho ocekavany a nesporné obohati
knihovnu kazdého zajemce o nas obor.

Pro vysokoskolské studenty a pivovarské profesiondly je uréena
ucéebnice pivovarstvi, jejiz autorskou je profesorka Ing. Gabriela Ba-
safova, DrSc. Vzhledem k tomu, ze posledni publikace tohoto typu
(i kdyZ s trochu jinym urCenim i tematickym zabérem) pfisla na trh jiz
pfed deseti lety (Technologie vyroby sladu a piva, VUPS, a. s., 2000,
k dispozici jeSté omezené mnoZstvi reedice na CD-ROM), kniha se
v nabidce vydavatelstvi VSCHT v Praze nejspi§ dlouho neohfeje.

Druha novinka je uréena spiSe sbératelim a zadjemclm o pivovar-
skou historii. Nakladatelstvi Libri, spol. s r. 0., uvedlo v poloviné ledna
na trh Encyklopedii pivovari Cech, Moravy a Slezska, Il. dil, Jizni
Cechy. Ani autora této publikace neni tfeba pfedstavovat. Je jim Pavel
Jakl, jeden z nasich Spic¢kovych pivovarskych historik(. Véfme, ze do
realizace tretiho dilu uplyne méné ¢asu, nez mezi obéma prvnimi dily.
cenzich v nékterém z pfistich Cisel.

F2




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.32667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.32667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUS <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


