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Prenylované flavonoidy patfi mezi slozky chmele s nejvyznamnéjsimi zdravotné prospésnymi ucinky a znalost jejich obsahl a dynami-
ky jejich ubytku béhem zpracovani chmele patfi k nezbytnym predpokladiim pro produkci piva se zvy$enym obsahem téchto latek. Tato
studie je zamérena na dlouhodobé sledovani obsahu prenylflavonoidu, alfa-horkych kyselin a jejich vzajemného poméru v celém spektru
tuzemskych chmelovych odrdd a také zmén téchto parametr( v priibéhu skladovani a zpracovani chmele.

Bylo potvrzeno, ze nové vyslechténé odridy Agnus a Vital patfi mezi odriidy s nejvy$8§im obsahem prenylflavonoidd. Zejména odrida
Vital je diky svému chemickému slozeni velmi vhodna pro nepivovarské vyuziti. Na zakladé sledovani ubytku zminénych latek béhem
zpracovani chmele bylo v$ak zji§téno, Ze pro toto vyuziti bude zcela zasadni vyvinuti novych, SetrnéjSich postupd, zejména pro suseni
chmele, které by minimalizovaly riziko termické a oxidativni degradace.

Krofta, K. — Vrabcova, S. — Mravcova, L. — Dostalek, P. — Karabin, M. — Jelinek, L. — Hudcova, T.: Classification of Czech hops
according to their contents of prenylflavonoids. Kvasny Prum. 61, 2015, No. 3, pp. 62—68

The prenylated flavonoids are hop components with the most beneficial health effects. Information about their content and the dynam-
ics of their decrease during hops processing is necessary for the production of beer with an increased content of these substances. This
study deals with the long-term monitoring of the prenylflavonoids and a-bitter acids contents and their ratios in the whole spectrum of
domestic hop varieties as well as with changes in these parameters during storage and hop processing.

It was confirmed that the newly cultivated Agnus and Vital varieties are the varieties with the highest contents of prenylated flavonoids.
As a result, the Vital variety is particularly useful in non-brewing applications. Based on the monitoring of the decrease in the levels of
these components during hop processing it was recognised that development of new gentler methods, particularly for the hop drying
would be necessary. These methods should minimize the risk of thermal and oxidative degradation.

Krofta, K. — Vrabcova, S. - Mravcova, L. — Dostalek, P. — Karabin, M. — Jelinek, L. — Hudcova, T.: Typization der tschechischen
Hopfen im Hinsicht auf Gehalt an Prenylflavonoiden. Kvasny Prum. 61, 2015, Nr. 3, S. 62-68

Die Prenylflavonoide gehdren zu den Hopfenkomponenten mit den bedeutendsten gesundheitlich nitzlichen Wirkungen und die Kent-
nisse ihres Gehalts an ihre Abnahme und ihrer Dynamik wéhrend der Hopfenverarbeitung gehéren zu den unerlasslichen Voraussetzun-
gen flrs mit erhdhtem Gehalt an diese Stoffen Bier herzustellen. Der Artikel befasst sich mit der langfristigen Beobachtung des Gehalts
an Prenylflavonoide, Alfa-Bittersduren und ihren gegenseitigen Verhaltnis im ganzen Spektrum von inldndischen Hopfensorten und auch
Parameteranderungen im Laufe der Lagerung und Hopfenverarbeitung. Es wurde bestétigt, das die neugeziichtete Hopfensorten Agnus
und Vital zu den Sorten mit dem héchsten Gehalt an Prenylflavonoide gehéren. Dank der chemischen Zusammensetzung ist die Sorte
Vital fur eine Anwendug auch ausser Brauindustrie geeignet. Auf Grund der Beobachtung der Abnahme von obig gennanten Stoffen
wahrend der Hopfenverarbeitung, wurde es jedoch festgestellt, dass eine Entwicklung der zur Minimierung des Risikos der termischen
und oxidativen Degradation insbesonders wéhrend Hopfentrocknung vom neuen schonenden Verfahren nétig wird.

Kli€ova slova: chmel, alfa-horké kyseliny, bioaktivni ucinky,
prenylflavonoidy, xanthohumol, desmethylxanthohumol, kapalinova
chromatografie, suseni chmele, starnuti chmele

Keywords: hops, a-bitter acids, bioactive effects, prenylflavonoids,
xanthohumol, desmethylxanthohumol, liquid chromatography, hop
drying, hop aging

1 UvVOoD

Chmelové prenylflavonoidy patfi ke specifické skupiné chmelo-
vych polyfenoll chalkonové fady, jejichz syntézy je schopno pouze
nékolik druhl vys$sich rostlin. Chmelova rostlina biosyntetizuje a se-
kretuje prenylflavonoidy lupulinovymi zlazkami spolu s chmelovymi
pryskyficemi a silicemi a diky strukturni podobnosti je 1ze pomérné
snadno analyticky stanovit simultanné s alfa- a beta-hofkymi ky-
selinami kapalinovou chromatografii. K nejdulezitéj$im prenylchal-
konm chmele patfi xanthohumol (XN) a desmethylxanthohumol
(DMX), které se v prabéhu vyroby piva pfi chmelovaru transformuji
na izomerni flavanony. Xanthohumol se méni na isoxanthohumol,
DMX na 6-prenylnaringenin a 8-prenylnaringenin (obr. 1), coz je lat-
ka, kterd je v sou€asné dobé povazovana za jeden z nejuc€innéjSich
fytoestrogent (Milligan, 1999). Fytoestrogeny jsou nesteroidni latky
rostlinného pulvodu, které vykazuji estrogenni aktivitu. Estrogeny
obecné patfi mezi dulezité regulatory mj. reprodukéniho systému
savcl. Z pohledu nejnovéjSich védeckych poznatkl je vyskyt fyto-
estrogend konzumovanych v potravindch povazovan za pozitivni,
protoze snizuji riziko vzniku rakoviny prsu, plic a prostaty, potlacuji
uvolfiovani vapniku z kostni hmoty, zmirfuji pribéh menstrualnich

1 INTRODUCTION

Prenylflavonoids in hops belong to a specific group of hop poly-
phenols, the chalconoids. Only some kinds of vascular plants are ca-
pable of the synthesis of chalconoids. The hop plant biosynthesizes
and secretes prenylflavonoids through the lupulin glands along with
resins and essential oils. Due to the structural similarity, they can be
relatively easily analytically determined alongside the a- and B-bitter
acids by means of liquid chromatography. Two of the most important
prenylchalcons from hops are xanthohumol (XN) and desmethylxan-
thohumol (DMX). They are transformed to isomers of flavanones in
the beer production during the wort boiling. Xanthohumol turns into
isoxanthohumol and DMX into 6-prenylnaringenin and 8-prenylnar-
ingenin (Fig.1). At present, 8-prenylnaringenin is considered to be
one of the most powerful phytoestrogens (Milligan, 1999). Phytoes-
trogens are non-steroidal compounds of plant origin, which exhibit
estrogenic activity. Generally, estrogens are important regulators in
the reproduction system of mammals. According to the latest scien-
tific findings, the presence of phytoestrogens in food is considered
to be very positive. They reduce the risk of breast, lung and prostate
cancers, suppress the excretion of calcium from bones and moder-
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Obr. 1 Nejdulezitéjsi prenylflavonoidy chmele / Fig. 1 The most important prenylflavonoids in hops

a menopauzalnich potizi aj. (Karabin et al., 2012). Aktivita 8-pre-
nylnaringeninu je podstatné vy3Si nez u genisteinu, daidzeinu a ku-
mestrolu, latek obsazenych v soji a jetelu.

Chmelové prenylflavonoidy jsou jiz fadu let pfedmétem intenzivni-
ho vyzkumu diky prokazanym bioaktivnim Gginklim v podminkach ,,in
vitro® i ,in vivo". Byly u nich objeveny vyznamné antioxida¢ni, protiza-
nétlivé, antivirové a antikarcinogenni u€inky. Xanthohumol, podobné
jako humulon, inhibuje proces resorpce vapniku z kosti a pusobi tak

ate menstrual and menopausal difficulties (Karabin et al., 2012). The
activity of 8-prenylnaringenin is considerably higher than that of gen-
istein, daidzein and coumestrol which are present in soya and clover.

Due to the proven bioactive effects “in vitro” and “in vivo” condi-
tions, the prenylflavonoids from hops have been subjects of inten-
sive scientific research for several years. A number of antioxida-
tive, anti-inflammatory, antiviral and anticancerogenic effects have
been discovered. Xanthohumol as well as humulone inhibit the

proti vzniku osteopordzy (Tobe
et al., 1997). Xanthohumol ma
také silné protirakovinné ucin-
ky, spoc€ivajici mimo jiné v silné

Tab. 1 Primérné obsahy alfa kyselin, xanthohumolu a DMX a jejich typické rozsahy pro ¢eské odridy
chmele / Table 1 Average contents of a-acids, xanthohumol and DMX in Czech hop varieties and their

inhibici specifickych P450 en-  typical intervals

zymU, které zpusobuji konverzi 5 - - -

prokarcinogenti na karcinogeny Odr_uda/ Parametr / oalfa kysel:ny Xanthoh:.lmol g %o D!\nX (A: hm.

a vstupuje i do biochemickych Variety Parameters (% hm. v _puv.l/ hm. v puav.)/ (% v pav.) / (% w/w)

reakci odbouravani fady kodli- alpha acids (% w/w)

vych latek a napomaha k jejich  |___ w/w)

odstrafiovani z organismu pres ZPC/ SAAZ primér /mean 3.87 0.32 0.09

netoxické metabolity (Hender- ‘s :

son et al, 2000). Jako priklad rned|an/l."ned/an 3.60 0.32 0.09

Ize uvést mechanismus odbou- interval / interval 2.9-5.2 0.26-0.39 0.06-0.12

ravani benzenu, znamé karci- |Saaz Late pramér /mean 4.47 0.36 0.09

nogenni latky (Miranda et al., — :

2000). Xanthohumol vykazuje median / median 4.35 0.35 0.09

rovnéz inhibi¢ni uéinky proti ini- interval / interval 3.5-55 0.28-0.46 0.06-0.13

ciaci vzniku karcinomu tlusté- | Saaz Special primér /mean 5.15 0.41 0.14

(Miranda et. al., 1999). Z dal- interval / interval 3.7-6.9 0.34-0.49 0.06-0.20

Sich pozitivnich aktivit xantho-  [gjadek pramér /mean 7.11 0.63 0.15

humolu je tfeba zminit protiza- — -

nétlivé ucinky, protoze inhibuje median / median 6.80 0.62 0.14

aktivitu cyklooxygenaz (COX-1, interval / interval 5.1-9.7 0.51-0.77 0.10-0.20

COX-2), enzyml produkujicich [z rmonje primér /mean 7.21 0.52 0.12

prostaglandiny, coz jsou latky — -

iniciujici zanétlivé zmény ve tka- median / median 7.33 0.52 0.12

nich (Gernhauser, 2002). Dalsi interval / interval 4.8-9.3 0.39-0.63 0.09-0.17

biologicka aktivita xanthohumo- Bohemie pramér /mean 5.40 0.60 0.16

lu se tyka inhibice aktivity diacyl- — - - : :

glycelrol transferdzy, jaterniho median / median 5.18 0.62 0.16

enzymu, ktery je odpovédny za interval / interval 4.2-6.6 0.50-0.69 0.09-0.22

syntézu triglyceridd mastnych —

kyselin (Tabata, 2002). Tato Kazbek pru_nlwer/mea'n 6.29 0.35 0.15

interakce je spojena s pozitivni- median / median 6.15 0.34 0.14

rr;i L’Jéi.r;ky proti vzniku ,hyper_tl:i- interval / interval 4.6-8.4 0.27-0.43 0.11-0.20

glyceridemie a snizenim rizika —

vzniku atherosklerézy a diabetu. Bor prumeér /mean 7.67 0.39 0.07
Bioaktivni  u¢inky  isoxan- median / median 7.64 0.39 0.07

thohutrEOLu JS<I>U r;od?bglg JTaI;O interval / interval 5.8-9.7 0.30-0.48 0.04-0.11

u xanthohumolu, ale slabsi. Tato - —

nevyhoda je do znaéné miry vy- Premiant primér /mean 8.29 0.36 0.09

vazena vyS$Simi koncentracemi median / median 8.27 0.36 0.09

a snadnou biodostupnosti v pivu. interval / interval 6.3-10.4 0.27-0.45 0.05-0.14

Bézna konzumni piva obsahu- - —

ji do 2 mg/l isoxanthohumolu Rubin pramér /mean 11.65 0.54 0.08

v gévislosti na oqrﬂdé cvhn)ele,), median / median 11.80 0.54 0.08

Zpusobu chmeleni a pouzité vy- interval / interval 10.1-13.3 0.44-0.66 0.05-0.12

robni technologii. Koncentrace —

xanthohumolu v pivech nepfesa- Agnus pramér /mean 11.50 0.87 0.14

huiji hranici 0,10 mg/l, koncentra- median / median 11.30 0.88 0.14

?ﬁrg't';'\‘zgfor)"’hyb““ do 50 g/ interval / interval 9.9-13.2 0.77-0.99 0.11-0.17
Prvn’|' podrobné informace Vital prﬂmér /mean 12.73 0.71 0.29

E,Oﬁsaglfdx?lr;:hoirurf:oltg \1 ces- median / median 12.97 0.71 0.29

ych odrlidach chmele byly pu- - -

blikovany na strankach tohoto interval / interval 11.0-14.1 0.59-0.82 0.22-0.37
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Tab. 2 Priimérné obsahy alfa kyselin, xanthohumolu a DMX v odridé Sladek (Zatecka oblast) v obdobi
2004-2014 / Table 2 Average contents of a-acids, xanthohumol and DMX in the Sladek variety harves-

ted in the Saaz hop region from 2004 to 2014

process of bone resorption and
thereby prevent osteoporoses
(Tobe et al.,, 1997). Addition-

Parametr / Parameter 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 [ 2012 [ 2013 | 2014 | ally xanthohumol has strong

— anticancerogenic effects based
alfankysellny (/o hm 5.9 6.7 6.3 5.7 6.7 7.5 7.5 7.8 6.8 6.5 6.2 on the inhibition of the specific
v puv.) / Alpha acids (% P450 enzymes, which cause
w/w) a transformation of procarcino-
Xanthohumol (% hm. 0.69 | 0.60 | 0.58 | 0.54 | 0.69 | 0.64 | 0.65 | 0.70 | 0.57 | 0.56 | 0.58 gens into carcinogens. It is also
v pav.) / (% w/w) involved in the biochemical
DMX(% hm.vpav)/(% |017| - | - |014]014]0.13]0.17|0.13|0.14 |0.16 | 0.16 | degradation of many damag-
w/w) ing substances and helps to

Tab. 3 Porovnani ronikovych obsahu alfa kyselin, xanthohumolu a DMX v odridé Premiant ve tfech
chmelarskych oblastech CR v letech 2010-2014 / Table 3 Comparison of the contents of a- acids, xan-
thohumol and DMX in the Premiant variety harvested from 2010 to 2014 in three Czech hop regions

remove them from the body
by transforming them into non-
toxic metabolites (Henderson
et al.,, 2000). An example of
this process is the degradation

Parametr / Parameter Rok / Year Chmelafska oblat / Hop Region of the seriously dangerous car-
- - — — cinogenic substance benzene

Zatecka ustécka trSicka (Miranda et al., 2000). Xantho-

Alfa kyseliny (% hm. v pav.) / 2010 9.3 9.5 7.6 humol in micro molar concen-
Alpha acids (% w/w) 2011 9.7 95 95 trations could also prevent the
initiation of colon, prostate and

2012 8.7 7.2 7.9 ovarian carcinogens (Miranda

2013 7.8 71 6.3 et. al., 1999). The anti-inflam-

2014 8.0 71 6.8 matory effects should also pe

mentioned. Xanthohumol in-

Xanthohun;lol 2010 0.40 0.39 0.32 hibits the activity of Cyc|ooxy_
(% hm. v pav.) / (% w/w) 2011 0.40 0.42 0.39 genases (COX-1 and COX-2).
These enzymes produce pros-

2012 0.40 0.33 0.36 taglandins, which initiate in-

2013 0.33 0.33 0.27 flammatory changes in tissues

2014 0.32 0.32 0.30 (Gernhauser, 2002). Another

positive effect is the inhibition of

I?,MX . o 2010 0.11 0.13 0.09 diacylglycerol tranferase activ-
(% hm. v pav.) / (% w/w) 2011 0.07 0.08 0.05 ity. This enzyme is responsible
2012 0.08 0.08 0.08 for the synthesis of triglycerides

of fatty acids in the liver. This

2013 0.13 0.13 0.09 interaction positively influences

2014 0.12 0.13 0.10 the development of hypertri-

Casopisu v roce 2003 (Krofta, 2003). Tykaly se v té dobé registro-
vanych &eskych odriid chmele (Zatecky &ervenak, Bor, Sladek, Pre-
miant, Agnus). Od té doby bylo registrovano dal$ich 7 odrid chmele
— Harmonie, Rubin, Bohemie, Kazbek, Saaz Late, Vital a Saaz Spe-
cial a okruh sledovanych prenylflavonoidt rozsifen o desmethylxan-
thohumol (DMX). Pfedlozeny ¢lanek shrnuje informace o obsahu
nejdulezitéjSich prenylflavonoidt chmele ve vSech ¢eskych odridach,
které byly shroméazdény v priibéhu nékolika let. Dale jsou prezentova-
na data tykajici se stability prenylflavonoidt v prlibéhu poskliziového
zpracovani chmele a dlouhodobého skladovani chmelovych vyrobkd.

2 MATERIAL A METODY

Obsahy alfa-horkych kyselin, beta-horkych kyselin a prenylflavo-
noidd Ceskych odriid chmele byly stanoveny ve vzorcich hlavkovych
chmelll ze sklizni roénikd 2004—-2014. Vzorky majoritnich odrad (Za-
tecky Cervenak, Premiant, Sladek, Agnus) pochazely z produkénich
chmelnic. Vzorky minoritnich odrlid (napf. Bor, Harmonie, Rubin,
Saz Late, Saaz Special aj.) byly odebrany pfi sklizni rajonizaénich
pokusl, Slechtitelskych ploch, poloprovoznich chmelnic a registrac-
nich pokusl Ustfedniho kontrolniho a zkusebniho ustavu zemédél-
ského (UKZUZ). Velka ¢ast vzorkl byla odebrana pfimo u péstitelll
ze skliziovych linek. Cast vzork(i byla zanalyzovéna bezprostfedné
po odbéru, jiné byly uchovany az do zpracovani v klimatizovaném
skladu pfi teplotach do +5 °C. Stabilitni studie chmelovych prenylfla-
vonoidl béhem sklizné a posklizhové Upravy chmele byla realizova-
na za pouziti odridy Vital v pribéhu 3 vegetacénich sezén (2010 az
2012). Odrada byla vybrana s ohledem na relativné vysoky obsah
obou prenylflavonoidt (0,70-0,90 % hm. XN; 0,20-0,40% hm. DMX)
v suSenych hlavkach bezprostfedné po sklizni.

Stejnd odrlda byla pouzita i pro zkoumani stability XN a DMX
v pribéhu dlouhodobého skladovani po dobu 12 mésict v obdobi
2011/2012. Pro tyto pokusy byl granulovany chmel zabalen do sa¢-
ki z vicevrstvé hlinikové félie a obsah evakuovan. Sacky s granule-

glyceridemia and decreases
the risk of atherosclerosis and
diabetes (Tabata, 2002).

The bioactive effects of isoxanthohumol are similar but weaker
than those of xanthohumol. This disadvantage is partially compen-
sated by higher concentrations and an easier bioavailability in the
beer. Ordinary beers contain up to 2 mg/l isoxanthohumol depend-
ing on the hop variety, hopping method and production technology
used. On the contrary, the concentrations of xanthohumol in beer are
generally less than 0.10 ug/l and the concentrations of 8-PN are up
to about 50 mg/l (Krofta, 2010).

The first detailed information about the contents of xanthohumol
in Czech hop varieties was published in this journal in 2003 (Krofta,
2003). It involved the Czech hop varieties registered at that time;
Saaz, Bor, Sladek, Premiant and Agnus. Since then seven other hop
varieties, namely Harmonie, Rubin, Bohemia, Kazbek, Saaz Late,
Vital and Saaz Special have been registered and the prenylflavonoid
DMX also became a subject of interest. The present study summa-
rizes information regarding the contents of the most significant pre-
nylflavonoids in all Czech hop varieties collected over several years.
Furthermore, data regarding the stability of the hop prenylflavonoids
during the course of post-harvest processing and long-term storage
of hop products are presented.

2 MATERIALS AND METHODS

The contents of a-bitter acids, B-bitter acids and prenylflavonoids
in Czech hop varieties were determined from samples of hop cones
harvested in the years 2004 to 2014. The samples of the most preva-
lent varieties namely Saaz, Premiant, Sladek and Agnus came from
normal hop gardens. The samples of the minor varieties such as Bor,
Harmonie, Rubin, Saaz Late or Saaz Special were harvested from
experimental hop gardens and selective cultivation areas, during pi-
lot cultivation trials or during registration trials for the Central Institute
for Supervising and Testing in Agriculture (CISTA). The major part of
the samples was collected directly by the growers during the harvest.
Some samples were analyzed immediately after collection, whereas
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mi byly skladovany bez pfistupu svétla v klimatizovaném (2-3 °C)
i neklimatizovaném (20 °C) prostoru. Céast granulovaného chmele
byla skladovana volné na vzduchu, pfi pokojové teploté bez pfistupu
svétla (simulace protrZzeni obalu a ponechani obsahu ptsobeni vnéj-
Sich vliv(). Vzorkovani chmell bylo provedeno po 2, 4, 6,8, 10a 12
mésicich skladovani. Vzorky byly pfipraveny v takovém poctu, aby
pfi kazdém vzorkovani byl pouzit k analyzdm novy, neporuseny sa-
¢ek. Dynamika procesu starnuti chmele byla sledovana na zakladé
analyzy prenylflavonoidd, alfa-horkych kyselin, beta-horkych kyselin
a stanovenim indexu skladovani chmele (HSI) metodou ASBC (Ana-
lytica ASBC, 1992). Index skladovani chmele HSI byl méfen na UV-
-VIS spektrofotometru Shimadzu 1601. Obsah a slozeni chmelovych
pryskyfic a prenylflavonoid(i byly stanoveny simultdnné modifikova-
nou metodou EBC 7.7 (Analytica EBC, 1998). Analyzy byly provede-
ny na kapalinovych chromatografech SHIMADZU LC 10A a LC 20A.
K separaci analytll byla pouzita kolona Nucleosil 250 x 4 mm, 5 mm,
RP C18 (Macherey Nagel, Germany). Mobilni faze se skladala ze
smési methanol-voda-kyselina fosfore¢na (850:150:5 % obj.). Pratok
mobilni faze ¢&inil 0,8 ml/min. Cilové latky byly detekovany detekto-
rem diodového pole pfi vinovych délkach A = 314 nm (alfa- a beta-
-horké kyseliny) a 370 nm (xanthohumol a DMX). Identifikace prenyl-
flavonoidll byla ovéfena porovnanim retenénich ¢asli referencénich
latek a shodou UV spekter. Kvantifikace xanthohumolu a DMX byla
provedena metodou externi kalibrace pomoci analytickych standar-
dd obou latek. Xanthohumol byl zakoupen u firmy Hopsteiner, DMX
byl ziskan darem z univerzity v Gentu (Belgie). Chromatograficky
zaznam simultanniho stanoveni xanthohumolu, DMX, alfa- a be-
ta-hotkych kyselin je na obr. 2. Statistické hodnoceni analytickych
dat bylo provedeno pomoci programu QC-Expert, v. 2.5 (TriloByte
Pardubice). Z kazdé odriidy bylo analyzovano 30 az 70 nezavislych
vzork(. Nejméné vzorkl (20) bylo k dispozici u odridy Saaz Special.
V jednotlivych souborech odridovych vzorkl byly stanoveny stfed-
ni hodnoty (aritmeticky prdmér, median). Typické intervaly obsahu
xanthohumolu, DMX a alfa-horkych kyselin pro kazdou odridu byly
stanoveny jako minimalni a maximalini hodnoty v podsouborech, ve

ného analytu vyfazeno jako marginalni hodnoty.

3 VYSLEDKY A DISKUSE

Primérné obsahy a typické intervaly obsahu prenyflavonoid( xan-
thohumolu a DMX v ¢eskych odriidach chmele jsou uvedeny v tab. 1.
Obsahy xanthohumolu se pohybuiji v intervalu 0,26 (ZPC)-0,99 (Ag-
nus) % hm. v plv. a obsahy desmethylxanthohumolu v rozmezi 0,04
(Bor) — 0,37 (Vital) % hm. Tyto intervaly jsou v dobré shodé s ldaji,
které uvadi Atlas ¢eskych odriid chmele (Chmelafsky institut Zatec,
2012). Mnozstvi xanthohumolu se nachazi v intervalu srovnatelném
s jinymi svétovymi odrddami chmele (Biendl, 2003; De Keukeleire,
2003): Nejvice xanthohumolu z éeskych chmelli obsahuji odridy Ag-
nus (0,77-0,99 % hm.) a Vital (0,59-0,82 % hm.). DMX se v ¢eskych
chmelech nachazi v mnohem mensim mnozstvi, vétSinou do 0,20 %
hm. v pav. Vyjimkou je odrida Vital, kterd ho obsahuje pfiblizné dvoj-
nasobek (0,22-0,37 % hm). Nadprimérné obsahy prenyflavonoidl
v odr(idé Vital ji pfeduréuji jako perspektivni surovinu pro vyuZiti i mimo
pivovarsky primysl (potravni doplfiky, farmacie). Uvedené obsahy se
vztahuji na suchy chmel, suSeny ve stavajicich provoznich susarnach
za podminek, pfi kterych dochazi ke znaénym ztratdm desmethylxan-
thohumolu (viz dale). Porovnatelné udaje o obsahu DMX se v litera-
turfe objevuiji sporadicky, zfejmé z divodu jeho nestability a obtiznou
dostupnosti analytického standardu. De Keukeleire (2003; 2007), kte-
ry zkoumal obsahy hotkych kyselin a prenylflavonoidl v péti anglic-
kych odridach péstovanych v Belgii, uvadi obsahy DMX ve zralych
hlavkach v rozmezi 0,09-0,39 % hm. Horni hranice byla naméfena
u odridy Wye Challenger, obsahy DMX v ostatnich nepfesahly hra-
nici 0,20 % hm. Podstatné je, Ze se jedna o obsahy v nativnim stavu,
nebot vzorky byly k analyze pfipraveny lyofilizaci.

V tab. 2 jsou shrnuty primérné obsahy alfa-horkych kyselin, xantho-
humolu a DMX v odridé Sladek v Zatecké oblasti v obdobi 2004-2014.
Tab. 3 uvadi obsahy stejnych latek v odridé Premiant v jednotlivych
chmelafskych oblastech CR v letech 2010 az 2014. Z dat je zfejmé,
Ze obsahy prenylflavonoidi meziro€né kolisaji a pfiblizné kopiruji vy-
kyvy v obsahu alfa-horkych kyselin. Pomérné znaéné rozdily v obsahu
sledovanych latek existuji v daném ro€niku i mezi jednotlivymi chme-
lafskymi oblastmi CR. Tyto meziroéni a regiondlni rozdily jsou zcela
bézné a jsou z velké €asti determinovany povétrnostnimi podminkami
v prubéhu vegetaéni sezény. Pozitivni korelace mezi obsahem alfa-
-hortkych kyselin a xanthohumolu byla prokazana pro konkrétni roénik

other samples were kept in an air-conditioned storage room at tem-
peratures up to 5°C.

The Vital variety from three growing periods from 2010 to 2012
was used for the study concerning the stability of the hop prenyl-
flavonoids during the harvest and following treatments. This variety
was chosen due to its relatively high content of both prenylflavo-
noids, namely 0.70 to 0.90% for XN and 0.20 to 0.40% for DMX,
measured in cones dried immediately after the harvest.

The same variety was used for the stability testing of XN and DMX
during the course of 12-month long storage time during the period
from 2011 to 2012. For these trials, the hop pellets were wrapped
in bags made from multiple layers of aluminium foil and the content
was then evacuated. The bags with the pellets were stored either in
a dark air-conditioned room at a temperature between 2 and 3 °C
or in an unconditioned room at 20 °C. A part of the hop pellets was
stored, open to air at room temperature in the dark. These conditions
are supposed to simulate the rupture of a bag and exposure of the
contents to external influences. Samples were taken after 2, 4, 6 8
10 and 12 months of storage. The samples for analysis were always
taken from a new intact bag. The analyses of the prenylflavonoids,
a-bitter acids, B-bitter acids and the determination of Hop Storage
Index (HSI) were all indicators of the aging process in hops. The
analyses were done by using methods from The American Society of
Brewing Chemists (ASBC) (Analytica ASBC, 1992). The HSI’s were
measured using a UV-VIS spectrophotometer Shimadzu 1601. The
content and the composition of hop resins and prenylflavonoids
were determined simultaneously using the modified method EBC 7.7
(Analytica EBC, 1998). The analyses were performed on a HPLC
SHIMADZU LC 10A and LC 20A. The separation of the analytes
was done using a column Nucleosil 250 x 4 mm, 5 mm, RP C18
(Macherey Nagel, D). The mobile phase was a mixture of methanol,
water and phosphoric acid with the ratio of 850 : 150 : 5 % vol. For
the following detection a diode array-detector (DAD) at a wavelength
of A = 314 nm for the a- and B-bitter acids and a wavelength of A =
370 nm for XN and DMX was used. The identification of the prenylfla-
vonoids was verified by comparison of the retention times with those
of standard compounds and by comparison of the UV spectra. The
quantification of XN and DMX was done using an external standard
calibration method. The XN standard was purchased from the com-
pany Hopsteiner (Mainburg, D) and the DMX standard was obtained
as a gift from the University Gent in Belgium. Figure 2 shows a chro-
matogram of XN, DMX and the a- and B-bitter acids. The statistical
evaluation of the analytical results was done using the program QC-
Expert, version 2.5 (TriloByte Pardubice, CZ). About 30—70 samples
from each variety were analysed but only 20 samples were available
from the Saaz Special variety. The results were expressed as arith-
metic means and medians for each variety. Typical intervals for the
XN, DMX, and a- and B-bitter acids contents for each variety were
determined as minimum and maximum values in subgroups in which
10 % of samples with highest and lowest contents were rejected as
marginal values.

3 RESULTS AND DISCUSSION

The average values and the typical intervals for the contents of the
prenylflavonoids, XN and DMX in the Czech hop varieties are shown
in Table 1. The XN contents ranged from 0.26% for the Saaz variety
to 0.99% for the Agnus variety. The contents of DMX varied from
0.04% for the Bor variety to 0.37% for the Vital variety. These values
agree very well with the data in The Atlas of Czech Hop Varieties
(Chmelafsky institut Zatec, 2012). The amount of XN is comparable
with other hop varieties used worldwide (Biendl, 2003; De Keuke-
leire, 2003). The Czech hop varieties with highest contents of XN are
the Agnus variety with 0.77 to 0.99% and the Vital variety with 0.59
to 0.82%. The amount of DMX in Czech hops, mostly up to 0.20%
is significantly lower when compared with other hops. The Vital va-
riety containing 0.22 to 0.37% DMX, which is about twice as much,
is an exception. The above standard contents of prenylflavonoids
predispose the Vital variety also for use as a promising raw material
outside the brewing industry, for example as food supplement or for
the pharmaceutical industry. The contents given apply to hops dried
under normal production conditions. The loss of DMX under these
conditions is substantial (see below). Comparable data concerning
DMX contents are very rare in the scientific papers, probably due to
its instability and difficulties in obtaining the standard. According to
De Keukeleire (2003, 2007), who studied the contents of bitter acids
and prenylflavonoids in five English varieties grown in Belgium, the
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Obr. 2 Chromatograficky zaznam simultanniho stanoveni xanthohumolu, DMX, alfa- a beta-horkych kyselin / Fig. 2 Chromatographic record
of simultaneous determination of xanthohumol, DMX, alpha- and beta- bitter acids

Tab. 4 Vysledky dlouhodobého testu starnuti odriidy Vital — granulovany chmel, sklizefi 2011 / Table 4 Results of long-term aging tests for
the Vital variety — hop pellets, harvested in 2011

Vicevrstva folie, vakuum, klimatizovany sklad (2 °C) / Multiple-layer foil — vacuum - air-conditioned stock —-2°C

Analyticky parametr / Terminy priibéznych analyz skladovaného chmele /
Analytical parameter Dates of the ongoing analysis of the stored hops

7.12.2011 10.2.2012 10. 4. 2012 14. 6. 2012 15.8.2012 | 15.10.2012 | 10.12.2012
HSI 0.413 0.453 0.444 0.422 0.424 0.426 0.476
a-horkeé kyseliny* / a-bitter 9.30 9.01 8.91 8.93 8.85 8.90 8.82
acids
B-hoiké kyseliny* / B-bitter 6.03 5.88 5.94 5.98 5.87 5.98 5.94
acids
xanthohumol* 0.66 0.65 0.63 0.64 0.63 0.62 0.63
DMX* 0.12 0.12 0.12 0.12 0.12 0.13 0.12
* % hm. v pav.
Vicevrstva folie, vakuum, laboratorni teplota (20 °C) / Multiple-layer foil — vacuum — room temperature 20°C
Analyticky parametr / Terminy priibéZznych analyz skladovaného chmele chmele /
Analytical parameter Dates of the ongoing analysis of the stored hops

7.12.2011 10.2.2012 10. 4. 2012 14. 6. 2012 15.8.2012 | 15.10.2012 | 10.12.2012
HSI 0.413 0.444 0.415 0.484 0.564 0.573 0.619
a-horkeé kyseliny* / a-bitter 9.30 8.69 8.57 8.03 6.96 7.01 6.57
acids
B-hoiké kyseliny* / B-bitter 6.03 5.87 5.64 6.16 5.86 6.13 5.86
acids
xanthohumol* 0.66 0.63 0.63 0.62 0.61 0.61 0.59
DMX* 0.12 0.10 0.08 0.07 0.05 0.05 0.04

* % hm. v pav.

Granule volné na vzduchu, bez pristupu svétla, laboratorni teplota (20 °C) / Pellets free on air, without access of light (20 °C)

Analyticky parametr /

Terminy prabéznych analyz skladovaného chmele /

Analytical parameter Dates of the ongoing analysis of the stored hops

7.12.2011 10.2.2012 10. 4. 2012 14. 6. 2012 15.8.2012 | 15.10.2012 | 10.12.2012
HSI 0.413 0.812 1.585 2.185 2.338 2.289 2.45
a-horké kyseliny* / a-bitter 9.30 5.72 1.87 0.51 0.24 0.24 0.14
acids
B-hoiké kyseliny* / B-bitter 6.03 3.69 1.13 0.42 0.25 0.30 0.22
acids
xanthohumol* 0.66 0.56 0.39 0.29 0.24 0.23 0.23
DMX* 0.12 0.09 0.06 0.05 0.04 - -

* % hm. v pav.
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a odrGdu (Krofta, 2003). Na zakladé udajli v tab. 3 je mozno obecné
prohlasit, ze pro uréitou odridu existuje pfima Uméra mezi obsahem
alfa-horkych kyselin a obsahem xanthohumolu, protoZe hodnota ko-
relaniho koeficientu zminénych parametr(i v odridé Premiant, pés-
tované ve tfech chmelarskych oblastech CR v obdobi 2010 az 2014,
je 0,93, coz postacuje pro potvrzeni korelace na hladiné vyznamnosti
99 %. Obsahy prenylflavonoidl a pomér xanthohumol/alfa-horké ky-
seliny Ize vyuzit pro typizaci ¢eskych odriid jako chemotaxonomic-
ké parametry, které spole¢né s dalSimi mohou pfispét k identifikaci
odridy. Odrada Vital se vyznac¢uje mimoradné vysokym obsahem
desmethylxanthohumolu a souéasné nadprimérnym obsahem xan-
thohumolu. Vysoky obsah xanthohumolu je typicky pro odridu Agnus
a je srovnatelny s odriidami Taurus (SRN), Admiral, Target (Anglie)
(Biendl, 2003). Vysoky pomér xanthohumolu a alfa-hofkych kyselin
v rozmezi (9-11).1072 je typicky pro odridy Bohemie a Sladek.

Zmény obsahu prenylflavonoidl v pribéhu dozravani, sklizné, su-
Seni, granulace a extrakce byly v letech 2010 az 2012 monitorovany
na vzorcich odrldy Vital. Na obr. 4 a 5 jsou ve sloupcovych diagra-
mech uvedeny obsahy XN a DMX v ¢erstvych, nesusenych hlavkach
pfi sklizni, dale v suchych hlavkach po usu$eni na stavajicich pro-
voznich su8arnach, ve chmelovych granulich T90 a ve zbytkovém
materidlu po extrakci chmele nadkritickym oxidem uhli¢itym. Z gra-
fl je patrné, Ze xanthohumol je latka velmi stabilni a jeho mnozstvi
se v pribéhu zpracovani na chmelové vyrobky vyznamné neméni.
Naproti tomu DMX je latka tepelné velmi labilni a jeho mnozstvi ve
chmelu ma v celém zpracovatelském fetézci klesajici tendenci. Moni-
toring obsahu DMX v erstvych hlavkach pfi sklizni ukazal, ze obsah
tohoto prenylflavonoidu je velmi vysoky, srovnatelny s obsahem XN,
a dosahuje urovné 0,50-0,70 % hm. v sus. K vyznamnému poklesu
obsahu DMX o pfiblizné 50 % rel. dochazi jiz pfi suSeni na stavajicich
pasovych i komorovych suSarnach, kde je chmel vystaven teplotam
v rozmezi 55-60 °C po dobu 6-8 hodin. K dal$imu poklesu obsahu
DMX dochazi pfi granulaci a extrakci oxidem uhli¢itym. S ohledem na
vyuziti chmelovych prenylflavonoidd je CO,-extrakce jednim z vhod-
nych zplsobl zpracovani, protoze pfi ni dochazi k separaci prys-
kyfic do extraktu a prenylfalvonoidy zlstavaji ve zbytkovém chmelu
po extrakci. Vedlej$i produkt po extrakci se tak stava potencionalné
cennou druhotnou surovinou. Celkové ztraty DMX v fetézci Cerstvé
hlavky-suSeni-granulace-extrakce dosahuji az 70 % rel. pivodniho
obsahu. | pfes velké ztraty se mnozstvi DMX po usus$eni odridy Vital
pohybuje v rozmezi 0,25-0,40 % hm. v su$., ve zbytkovém chme-
lu po extrakci pak v rozmezi 0,15-0,20 % hm. Ztraty xanthohumolu
jsou naproti tomu zanedbatelné. Jasné se ukazuje, ze pro zacho-
vani obsahu nékterych latek obsazenych ve chmelu jsou podminky
suseni na stavajicich technologickych zafizenich nepfiznivé. Kromé
DMX to bezpochyby plati i pro chmelové silice. Okamzitym opatfenim
umozhujicim zachovani tepelné labilnich latek chmele je uskladnéni
suseného chmele a chmelovych vyrobkl v klimatizovanych skladech
pfi teplotach do +5 °C. Koncepénim FeSenim je vhodna rekonstrukce
stavajicich susSicich kapacit a vypracovani nové technologie ,nizko-
teplotniho“ suseni chmele, ktera by se mohla vyuzit pfi suseni chmell
typu Vital nebo specidlnich aromatickych odrGd z kategorie ,flavour
hops*. Tepelna labilita desmethylxanthohumolu miize byt také vyuzita
jako indikator Setrnosti suSiciho procesu chmele.
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Obr. 3 Korelace mezi obsahem alfa-horkych kyselin a xanthohumolu

v odridé Premiant ve chmelafskych oblastech CR v obdobi 2010—

2014 / Fig. 3 Correlation between contents of alpha-bitter acids and

xanthohumol in Premiant variety grown in three Czech Republic re-
gions, from 2010 to 2014

contents of DMX in ripe hop cones ranged from 0.09 to 0.39%. The
highest content was measured in the Wye Challenger variety. The
contents in the other varieties did not exceed 0.20%. One significant
fact here is that the samples were prepared by lyophilization (freeze-
drying) and therefore the hop cones were almost in their native con-
dition.

The contents of the a-bitter acids, XN, and DMX in the Sladek
variety grown in the Saaz hop region from 2004 to 2014 are sum-
marized in the Table 2. Table 3 presents the contents of the same
substances in the Premiant variety grown in Czech hop regions
from 2010 to 2014. The contents of the prenylflavonoids varied each
year roughly to the same extent as the contents of the a-bitter acids.
The contents of the compounds analysed from hops harvested in
the same year but grown in different Czech hop regions also dif-
fered considerably. These year-to-year and regional differences are
entirely normal. They are determined by weather conditions during
the growing period. A positive correlation between the contents of
the a-bitter acids and XN was proven for a particular variety from
a particular year (Krofta, 2003). According to the data summarized in
Table 3, the value of the correlation coefficient for the Premiant va-
riety grown in three Czech hop regions during the period from 2010
to 2014 was 0.93. Therefore, it is possible to establish a general
hypothesis regarding a direct correlation between the contents of
the a-bitter acids and XN at a 99% confidence level. The content of
prenylflavonoids and the ratio of XN / a-bitter acids are applicable
as chemotaxonomic parameters for the classification of Czech hop
varieties. Together with other parameters, they can contribute to the
identification of a particular variety. The Vital variety is characterized
by a particularly high content of DMX together with an above normal
content of XH. High contents of XN are typical for the Agnus variety.
It is comparable with the German Tarus variety and English Admiral
and Target varieties (Biendl, 2003). A high ratio of XN / a-bitter acids
of 0.09 to 0.11 is typical for the Bohemia and Sladek varieties.

Changes in the contents of prenylflavonoids during ripening, har-
vest, granulation and extraction were followed using samples of the
Vital variety from the years 2010 to 2012. Figures 4 and 5 represent,
in the bar charts the contents of XN and DMX in freshly harvested
cones, in cones dried under normal production conditions, in T90
hop pellets and in spent hops after hop extraction by supercritical
carbon dioxide. According to the diagrams, XN is a rather stabile
compound and its content did not change significantly during the pro-
cessing. On the contrary, DMX is a very thermo labile compound and
its content in the hops decreases continually during the production
process. Monitoring of the DMX contents in the freshly harvested
cones showed that the amount of this prenylflavonoid was very high.
It reached up to 0.50 to 0.70% in dry matter, which was compara-
ble with the contents of XN. A significant drop of about 50 % rel. in
the DMX contents already happens during drying in commonly used
band ovens or in hop drying cabinets since the temperature varies
between 55 and 60 °C during the drying period of 6 to 8 hours. The
next reduction in the DMX content follows during pelletizing and car-
bon dioxide extraction.

The recommended method regarding an optimal utilization of hop
prenylflavonoids is extraction with CO,. During this process, the hop
resins separate into the extract and the prenylflavonoids remain in
the spent hops. Therefore, the spent hops as a by-product after the
extraction, turns out to be a potentially valuable raw product. The
total reduction in the DMX content during the processing chain —
fresh cones — drying — pelletizing — CO,-extraction — can reach up to
70% rel. Despite the substantial losses, DMX contents in dry cones
of the Vital variety range from 0.25 to 0.40% in dry matter and after
hop extraction, the contents of DMX in the spent hops varied from
0.15 to 0.20%. On the contrary, the losses of XN are negligible. The
conclusion is that the conditions for hop drying using current techno-
logical equipment are unfavourable for the preservation of sensitive
compounds such as DMX or hop oils. An immediate mearure for the
preservation of the thermo labile compounds in hops would be stor-
age in air-conditioned stores at a temperature of up to 5 °C. A con-
ceptual solution would be a suitable reconstruction of the current hop
kilns and the development of new technologies for low-temperature
hop drying. These could be used for drying the Vital hop variety or
for specific aromatic varieties from the category ‘flavour hops’. The
thermolability of DMX could be also utilized as a “gentleness” indica-
tor of the drying process.

The content of prenylflavonoids in hops is also negatively affected
by inappropriate conditions during long-term storage. An aging test
was carried out with pellets of the Vital hop variety from the years
2011 and 2012. The results summarized in Table 4 show that the ag-
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Obr. 4 Obsah DMX v odrGdé Vital v pribéhu posklizriové Upravy
v fetézci ,zelené hlavky-suseni-granulace-spent/CO, extrakce“ po
sklizni v letech 20102012 / Fig. 4 DMX content in Vital variety during
aftercrop modification in chain “green cone — drying — pelletization —
spend/CQO, extraction” after crops 2010 to 2012

Obsah prenylflavonoidd ve chmelu negativné ovliviiuji i nevhodné
podminky dlouhodobého skladovani. Vysledky testd starnuti vzork(
odrudy Vital v granulované formé z obdobi 2011/2012 jsou shrnuty
v tabulce 4. Data jasné ukazuji, Zze nejrychleji starne granulovany
chmel, skladovany volné na vzduchu pfi normalini teploté. Pfi¢inou
je naruSeni struktury lupulinovych zrn, ke kterému dochazi jiz pfi
suSeni, ale nejvétsi mechanickou zatéz predstavuji pro chmel mleti
a granulace. Chmelové pryskyfice, prenylflavonoidy i silice v defor-
movanych a potrhanych lupulinovych zrnech rychle podiéhaji degra-
daénimu plsobeni kysliku a zvy$ené teploty. Obsah DMX ve volné
skladovanych granulich poklesne po nékolika mésicich na neméfi-
telné hodnoty. Dynamika starnuti granulovanych chmelli skladova-
nych bez pfistupu vzduchu je podle o€ekavani podstatné pomalejsi.
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ing process is quickest in hop pellets stored under open air at room
temperature. The reason for this is damage to the lupulin glands,
which already happens during drying. Hop resins, prenylflavonoids
and hop oils from damaged lupulin glands quickly become subjects
of the degradation effects of oxygen and higher temperatures. Nev-
ertheless, the biggest mechanical stresses are from milling and pel-
letizing. The contents of DMX in pellets stored under open air drop
to undetectable values after few months. The aging of hop pellets
stored without the access to air is, as expected, much slower.
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