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Odruda Vital byla registrovana v roce 2008. Geneticky je nejvice pfibuzna dalsi ¢eské odridé Agnus. Vynosovy potencial je 2 az 2,5 t/ha.
Obsahem alfa kyselin v intervalu 10 az 15% hm. se odrlda Vital fadi mezi horké chmele. Vysoky je i obsah beta kyselin v rozmezi 6 az 10%
hm. stejné jako obsah chmelovych silic, 1,5-2,5 g/100g. Slozeni silic je typické obsahem farnesenu a humulenu do 5% rel. a vysokym ob-
sahem selinent v intervalu 7-15% rel. NejvyznamnéjSim znakem odridy Vital je vysoky obsah desmethylxanthohumolu (DMX). DMX je
znam jako prekurzor 8-prenylnaringeninu, vysoce u¢inného fytoestrogenu. Diky vysokému obsahu této latky je odrida Vital perspektivni
i pro nepivovarské vyuziti napf. ve farmacii ¢i pro vyrobu doplrikl stravy. V zelenych hlavkach ¢ini obsah DMX az 0,50-0,70 % hm. Vzhledem
k omezené stabilité DMX dochazi jiz pfi suSeni k pomérné vyznamnym ztratam, pfi provoznich teplotach suseni 55-60 °C &ini ztrata DMX
vice nez 30 % rel. Pro vyuZiti k nepivovarskym ucellim bude nutno pouzit specifické rezimy zpracovani zeleného chmele jako je Setrné su-
Seni v komorovych susarnach a uskladnéni suseného chmele v klimatizovanych skladech az do finalniho zpracovani — granulace nebo
extrakce.
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The Vital hop variety was first registered in 2008. Vital is genetically most related to Agnus, another Czech variety. The yield poten-
tial is 2.0 to 2.5 t/ha. With respect to its content of a-bitter acids of 10 to 15 % it belongs to the bitter cultivars. Both, the contents of
B-bitter acids, in the range of 6 to 10 % and the total hop oils of 1.5 to 2.5 % are high. The contents of farnesene and humulene of up
to 5% rel. are characteristic for the hop oils compositions. The content of selinene was 7 to 15 % rel. The most significant characteris-
tic of the variety is the high content of desmethylxanthohumol (DMX). DMX is precursor of 8-prenylnaringenin, one of the most efficient
phytoestrogen currently known. Because of its high content of this compound the Vital hop variety could also be a prospective cultivar
for non-brewing applications in pharmacy or for the production of food supplements. In fresh green cones DMX contents of 0.50 to
0.70% were found. In the course of drying significant losses of DMX occur due to its chemical instability. Under the most common
drying temperatures of 55—60 °C the loss of DMX is more than 30 % rel. In the case of utilizing this hop variety for non-brewing pur-
poses, specific modes of green hops processing such as gentle drying and storage of dried hops in air conditioned warehouses until
final processing such as pelletizing or extraction would be necessary.
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ny Prum. 59, 2013, Nr. 1, S. 2-13.

Im Jahre 2008 wurde eine neue tschechische Hybridhopfensorte Vital registriert. Genetisch ist diese Hopfensorte am meisten ver-
wandten mit einer anderen tschechischen Hopfensorte Agnus. Die Ernteausbeute ist 2,0 bis zum 2,5 t/ha. Mit dem Gehalt an Alfa — S4u-
re im Bereich 10% bis zum 15 % (Gew.) gehért die Hopfensorte unter die bitteren Hopfensorten. Der Gehalt an Beta — S&uren liegt im
Bereich 6-10% (Gew.) und an Atheréle (1,5-2,5 g/100 ist auch hoch. Durch den Gehalt an Farnesen nd Humulen bis zu 5% (rel.) und
den hohen Gehalt an Selinen im Interval 7-15% rel.) ist die Atherélenszusammensetzung dieser Hopfensorte typisch. Der hohe Gehalt
an Desmethylxanthohumolu (DMX) gibt”s als das bedeutendste Merkmal dieser Sorte. DMX ist bekannt als Prekursor des hochwirken-
den Phytoestrogens 8-Prenylnaringenin. Dank dem hohen Gehalt an diesen Stoff findet die Hopfensorte Vital ihre Anwendung nicht nur in
der Brauindustrie aber auch in der Pharma-Industrie oder zur Herstellung von Lebensmitteladditiven. Der Gehalt an DMX in den griinen
Hopfenzapfen liegt im Bereich bis zu 0,50-0,70 % (Gew.). Schon wahrend des Trocknungsprozesses verfolgt infolge der beschrankten DMX
Stabilitdt zu den bedeutenden Verlusten, bei der Temperatur 55-60°C tut Verlust an DMX mehr als 30% (rel.). Fur die nicht-brau Anwendung
ist nétig eine spezifische Verfahrens der Griinhopfenverarbeitung anzuwenden, zum Beispiel eine schonende Trocknung in den Kammer-
trockenanlagen und Lagerung des Trockenhopfens in den klimatisierten Lagern bis zur Finalverarbeitung: Granulation oder Extraktion.

Kli¢ova slova: chmel, Humulus lupulus L., alfa-kyseliny, chmelové
silice, prenyflavonoidy, DMX, DNA, genom

1 UvoD

Odrldova restrukturalizace Ceského chmelafstvi byla zahajena
v poloviné 90. let minulého stoleti. V tomto obdobi, charakteristickém
odbytovou krizi Zateckého &erveriaku, se zadinaji volng péstovat
prvni Eeské hybridni odridy Bor, Slddek (registrace 1994) a Premi-
ant (registrace 1996), které jsou povazovany za prvni generaci ¢es-
kych hybridnich odrad, i kdyz bylo jejich Slechténi zahajeno jiz
na konci 60. let minulého stoleti. Diky svym vynikajicim péstitelskym
i pivovarskym vlastnostem se tyto odridy dokazaly prosadit i po vice
nez 25 letech od svého vzniku. Obsahem alfa kyselin do 12% hm.

Keywords: hop (Humulus lupulus L.), alpha acids, hop oils, prenyl-
flavonoids, DMX, DNA, genome

1 INTRODUCTION

The restructuring of hop production by the Czech hop growers
started in the first half of the nineties in the last century. At that time,
due to the decrease in sales of the Saaz variety (Saaz red bines
hop), the first hybrid varieties Bor, Sladek (registered in 1994) and
Premiant (registered in 1996) were cultivated. They are considered
as the first generation of Czech hybrid varieties though the selection
work already began at the end of sixties in the last century. Due to
their excellent cultivating and brewing characteristics these varieties
remained established even 25 years after their creation. With bitter
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a charakterem chmelového aroma patfi do kategorie aromatickych
a horkych odrid s vy$Sim obsahem pryskyfic. V nasledujicich letech
byly postupné registrovany dal$i odrtdy: Agnus (2001), Harmonie
(2004), Rubin (2007), Vital a Kazbek (2008), Saaz Late, Bohemie
(2010). V genetickém zakladu vétsiny Ceskych hybridnich odrid ma
vyznamné zastoupeni Zatecky polorany ¢ervenak. Vzhledem ke sta-
vajicimu rozsahu péstovani (1-2 hektary) Ize uvedenou skupinu od-
rtd, s vyjimkou Agnusu, zatim povazovat za minoritni. Ceské hybrid-
ni odriidy se v roce 2011 péstovaly na celkové plose 569 hektar(
(Bor 4 ha, Sladek 250 ha, Premiant 256 ha, Agnus 52 ha, Harmonie
1 ha, Rubin 1 ha, Vital 2 ha, Kazbek 1 ha, Saaz Late 2 ha), coz pred-
stavovalo 12,3 % z celkové sklizriové plochy.

Ve Slechténi chmele Ize v poslednich letech zaznamenat nové
trendy, které maji za cil najit pro chmel nové oblasti uplatnéni nejen
v pivovarském primyslu. Jednim z téchto cild jsou nové odridy
chmele s atraktivnim, senzoricky vyrazné odliSnym aroma, které
v prubéhu varniho procesu prechazi az do piva. Pfikladem takovych
odrld je napfiklad novozélandska odrtida Nelson Sauvin nebo ame-
rickd odriida Citra. Prvné jmenovand se v pivu projevuje vyraznou
vlni tropického ovoce (grapefruit). Jako pdvodce atypické viiné byly
identifikovany dva tékavé thioly, 3-sulfanyl-4-methylpentan-1-ol
a 3-sulfanyl-4-methylpentylacetat se synergickym ucinkem (Takoi,
2009). Odruda Citra je vysledkem S$lechténi firmy Hop Breeding
Company. V genetickém plvodu je vysoké zastoupeni aromatickych
odr(d Hallertauer Mittelfriih a Tettnanger US. V pivu se projevuje vy-
raznym aroma po citrusovém ovoci (Probasco, 2010). Oficialné je
deklarovana jako specidlni aromatickd odrida, prestoZe obsahuje
11-13% hm. alfa kyselin. Ukazuje se, Ze pojem ,aromatické odrady“
chmele méa v sou€asné dobé Sirsi vyznam. Tradiéni klasifikace odrd
na aromatické a horké neni pfesna a nékdy je az zavadgjici, protoze
puvodné byla minéna predevSim z pohledu obsahu alfa kyselin.
Mnoho horkych odriid se v8ak vyznacuje velmi intenzivnim aroma
diky tomu, Ze obsahuji mnohem vice chmelovych silic. Vhodnym
davkovanim ke konci chmelovaru v rezimu ,late hopping“ Ize chme-
lové aroma pivovarsky vyuzit, aniz by se podstatné zvySovala hof-
kost piva (Van Opstaele, 2010).

V Anglii a USA se $lechténi zaméfuje na odrddy s vysokym ob-
sahem beta kyselin. Beta kyseliny jsou znamé vysokou antibakteri-
alni aktivitou (Sakamoto et al., 2002; Siragusa et al., 2008). Extrak-
ty beta kyselin se jiz pouzivaji napf. v cukrovarnictvi, kde nahradily
k potlageni bakterialni kontaminace ve vyrobnim procesu dosud
pouzivany formaldehyd (Hein, 1997). DalSi perspektivni oblasti ne-
pivovarského vyuziti chmele je farmaceuticky a potravinarsky prd-
mysl, pro které jsou stfedem zajmu pfedevSim prenylflavonoidy,
xanthohumol, desmethylxanthohumol (DMX), ale také napfiklad
alfa kyseliny. O bioaktivnich u¢incich xanthohumolu a jeho transfor-
macnich produktl byly jiz publikovany desitky praci (Miranda et al.,
2000; Gernhauser et al., 2002; Zanoli, 2008; Lupinacci, 2009; Dorn,
2010). Vyznam DMX spociva pfedevSim v tom, Ze se jedna o pre-
kurzor 8-prenylnaringeninu (8-PN), ktery je v sou¢asné dobé pova-
zovan za nejucinnéjsi dosud znamy fytoestrogen (Milligan et al.,
2002). K transformaci DMX na 8-PN dochazi pfi chmelovaru. Kon-
centrace 8-PN v pivu jsou v8ak velmi nizké, fadove do 50 ug/l, a tu-
diz podle nékterych autorud biologicky prakticky neucinné (Stevens,
2004). 8-PN také vznika z isoxanthohumolu po vypiti piva plisobe-
nim stfevni mikrofléry (Possemiers, 2005). V. mnohem vétSich dav-
kach je 8-PN obsazen v nékterych fytofarmakach, ktera jsou jiz
komeréné dostupnd. Surovinou pro ziskavani prenylflavonoidl jsou
zpravidla zbytkové chmelové produkty po CO,-extrakci chmele. Vy-
tézek cilovych latek a tim i ekonomika celého izola¢niho procesu
z4avisi na obsahu téchto latek ve chmelu, a je proto snahou Slechti-
teld odrady s vysokym obsahem téchto latek vyvinout. Z novych
¢eskych odrid ma nejvétsi potencial nepivovarského vyuziti odra-
da Vital diky velmi vysokému obsahu DMX v intervalu 0,20-0,40 %
hm., coz je pfiblizné dvojndsobné mnozstvi nez u ostatnich odrid.
Nejvétsim uskalim vyuziti desmethylxanthohumolu je, na rozdil
od xanthohumolu, jeho relativné mala stabilita (De Keukeleire,
2003).

V ¢asti 1 ¢lanku je uvedena agronomicka, chemotaxonomicka
a geneticka charakteristika odrudy Vital a jsou prezentovany vysled-
ky testd starnuti a stability DMX pfi poskliziiové Upravé chmele — su-
Seni, granulaci a extrakci oxidem uhli¢itym. Velk& pozornost byla vé-
novana zpracovani chmele pro potfeby pivovarské technologie.
V ¢ésti 2 ¢lanku budou prezentovany vysledky varnich testl v pokus-
nych pivovarech Chmelafského institutu a Vyzkumného Ustavu pivo-
varského a sladarského a testli v provoznim méfitku.

acids content of 12% and because of the characteristic hop flavour
content they belong to the category of aromatic flavoured and bitter
varieties with a higher content of resins. In the following years other
varieties such as Agnus (2001), Harmonie (2004), Rubin (2007), Vi-
tal and Kazbek (2008) and Saaz Late and Bohemie (2010) were also
registered.

The genome of the majority of Czech hybrid varieties is based on
the Saaz variety. For the time being the new hybrid varieties (with the
exception of the Agnus variety) are cultivated on the area of only 1 to
2 ha each and therefore they are considered as minor products. In
2011 the Czech hybrid varieties were cultivated on a total area of 569
ha (Bor 4 ha, Sladek 250 ha, Premiant 256 ha, Agnus 52 ha Harmo-
nie 1 ha, Rubin 1 ha Vital 2 ha Kazbek 1 ha and Saaz Late 2 ha).
That represented 12.3 % of the total growing area.

In recent years hop cultivation trends to create hop varieties which
could be utilized not only for the production of beer. One of the goals
is the cultivation of hops with an attractive and significantly sensory
different flavour which permeates into the beer during brewing. Such
varieties are for example Nelson Sauvin from New Zealand or Citra
from the USA. The Nelson Sauvin variety gives the beer a distinct
grapefruit flavour which is based on two volatile thiols — 3-sulfanyl-4-
methylpentane-1-ol and 3-sulfanyl-4-methypentylacetate having
a synergistic effect (Takoi, 2009). The Citra variety is a result of culti-
vation in the Hop Breeding Company. In the genome the aromatic
varieties Hallertauer Mittelfriih and Tettnanger US are strongly
present. The hop imparts a distinct citrus flavour to the beer (Pro-
basco, 2010). Citra variety is officially declared as a special aromatic
variety despite the fact that it contains 11 to 13% of a-acids. This in-
dicates that in recent times the term “aromatic varieties” has had
a broader significance. The traditional classification into aromatic and
bitter varieties is not valid and sometimes even misleading since it
was originally decided from the perspective of the a-acids content.
However, due to the higher content of hop resins, many of the bitter
varieties have a very intense flavour. By using an appropriate addi-
tion of hops during the latter part of brewing (late hopping) it is pos-
sible to utilize the hop flavour without increasing the bitterness of the
beer (Van Opstaele, 2010).

In the UK and the USA hop cultivation is aimed at varieties with
high contents of 3-acids. The p-acids have a high level of antibacte-
rial activity (Sakamoto et al., 2002; Siragusa et al., 2008). Extracts of
-acids were already used in the sugar industry for suppressing bac-
terial contamination. It replaced the previously used formaldehyde
(Hein, 1997). Other prospective fields for utilizing hops in non brew-
ing industries are the pharmaceutical and food industries. Their inter-
est lies especially in prenylflavonoids, xanthohumol and DMX and
their transformation products but also in a-acids. The bioactive ef-
fects of xanthohumol and its transformation products were already
described in many publications (Miranda et al., 2000; Gernhauser et
al., 2002; Zanoli, 2008; Lupinacci, 2009; Dorn, 2010). The signifi-
cance of DMX lies mainly in the fact that it is a precursor of 8-prenyl-
naringenine (8-PN) — the most effective phytoestrogen known up to
now (Milligan et al., 2002). The transformation reaction takes place
during wort boiling. Concentrations of 8-PN in beer are however very
low — up to 50 pg/l and according to some authors therefore biologi-
cally ineffective (Stevens, 2004). 8-PN also originates from isoxan-
thohumol. After the beer is drunk the microorganisms in the colon
transform isoxanthohumol into 8-PN (Possemiers, 2005). A far higher
content of 8-PN was found in some commercial phytopharmaceuti-
cals. The raw materials for prenylflavonoid production are usually
spent hop after CO,-extraction. The material profit from the isolation
procedure depends directly on the content of the required substanc-
es. Therefore, varieties with high prenylflavonoid contents are highly
desirable.

From the Czech hybrid varieties Vital has the biggest potential for
utilization in non-brewing industries due to its high DMX content of
0.20 to 0.40%. This is approximately twice that of other varieties. In
contrast to xanthohumol the DMX has relatively low stability which is
the biggest problem for its utilization (De Keukeleire, 2003).

In Part | of this article agricultural, chemotaxonomic and genetic
characteristics of the Vital variety are presented. In addition the re-
sults of DMX stability tests during the post harvest treatment of hops,
mainly for brewery needs, such as drying, pelletizing and CO,-ex-
traction will be shown. The results from brewing tests in the pilot
breweries of the Hop Research Institute and the Research Institute
of Brewing and Malting, and tests in an operating scale will be pre-
sented in Part II.
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2 MATERIAL A METODY

2.1 Pavod odrady

Vital byl ziskan vybérem z hybridniho potomstva po kfizeni odridy
Agnus. Z otcovské strany se jedna o nékolikanasobny kfizenec od-
rad Northern Brewer, Zatecky erveidk a Sladek. Dalsi komponentu
tvofil rozpracovany Slechtitelsky material s podilem volného opyleni.
Odrlida byla registrovana v roce 2008.

2.2 Obsah a slozeni sekundarnich metabolitt,
chemotaxonomie odridy

Typické obsahy a slozeni alfa a beta kyselin, prenylflavonoidl
a chmelovych silic odridy Vital byly stanoveny ve vzorcich chmele
z nékolika roénikd pochazejicich z rajonizacnich pokust, Slechtitel-
skych ploch a poloprovozniho pokusu na pokusné farmé Chmelaf-
ského institutu ve Stekniku. Obsah a sloZeni chmelovych pryskyfic
byly stanoveny metodami EBC 7.5 a EBC 7.7 (Analytica EBC, 1998).
Pomoci Wéllimerovy metody EBC 7.5 byl hodnocen obsah celkovych
pryskyfic a beta frakce. HPLC metodou EBC 7.7 byly stanoveny ob-
sah a slozeni alfa kyselin, beta kyselin, xanthohumolu a desmethyl-
xanthohumolu. Analyzy byly provedeny na kapalinovém chromato-
grafu SHIMADZU LC20A a koloné Nucleosil 250 x 4mm, 5um, RP
C,; (Macherey Nagel, Germany) pfi pratoku mobilni faze 0,8 mi/min.
Latky byly detekovany detektorem diodového pole pfi vinové délce
= 314 (alfa a beta kyseliny) a 370 nm (xanthohumol a DMX). Izola-
ce chmelovych silic se provadéla destilaéni metodou. Obsah silic byl
stanoven jako hmotnostni podil vytékany s vodni parou v pribéhu 90
minutového varu ze 100g chmele. Separace slozek byla provedena
na plynovém chromatografu THERMO-FOCUS ve spojeni s hmot-
nostnim detektorem DSQ Il a kapilarni koloné DB 5, 30m x 0,25mm
x 0,25 um s teplotnim programem v rozsahu 60 °C az 250 °C. Prutok
nosného plynu (hélium) byl 1 mI/min, nastfik vzorkd déleny v poméru
1:50 (Krofta, 2002). Obsah celkovych polyfenold byl stanoven spekt-
rofotometrickou metodou EBC (Analytica EBC, 1998) ve vyluhu
chmele za varu (Krofta et al., 2008).

2.3 Analyza genomu

Zakladem molekularnich metod je izolace DNA. Jako standardni
byla v experimentech pouzita modifikovana metoda s vyuzitim cetyl-
trimetylamonium bromidu. DNA byla izolovana z €erstvych mladych
listi nebo zamrazenych vzorkl zelenych &asti rostlin chmele (Patzak,
2001). K analyze genomu se v sou¢asné dobé pouziva Siroka Skala
molekularné biologickych metod, z nichz jsou vyuzivany osvédcené
metody sekvenéné specifickych mist pro PCR (sequence tagged si-
tes — STS) a polymorfismu mikrosatelitnich sekvenénich repetic
(simple sequence repeat — SSR). Metodika STS a SSR postupl vy-
chazela z publikovanych primerovych kombinaci a podrobnych pro-
tokoll (Patzak et al., 2007; JakSe et al., 2002; Hadonou et al., 2004;
Stajner et al., 2005).

2.4 Testy starnuti a suseni

Testy suSeni odridy Vital byly provedeny bezprostfedné po me-
chanizované sklizni na U¢elovém hospodarstvi ve Stekniku v labora-
torni a poloprovozni komorové susarné. Jejich tcelem bylo testovani
stability prenylflavonoidd, alfa i beta kyselin za rliznych susicich pod-
minek. SuSeni v laboratorni suSarné se provadélo pfi teplotach 50,
58 a 65 °C v komorové susarné Memmert UFE 700 s nucenym obé-
hem vzduchu (sklizeri 2009, 2010). SuSeni v poloprovozni susarné
bylo, s ohledem na vysledky laboratornich test(l, vedeno pfi snizené
teploté 45 °C (sklizefi 2011). SuSici komora méla objem 2,77 m3.
Pritoku 5,5 m® sus$iciho vzduchu/s odpovidala linearni rychlost
proudéni 3,1 m/s. Chmel byl umistén do draténych lisek s vrstvou
chmele vysokou 10cm. Béhem suseni byly prlibézné po 2 hodinach
odebirany vzorky hlavek na analyzu alfa a beta kyselin, xanthohumo-
lu, DMX a stanoveni vlhkosti az do dosazeni koneéné vihkosti cca
10% hm.

Dynamika starnuti byla sledovana v hlavkach i granulich ze sklizni
2009 i 2010 po dobu 12 mésicl. Pro tyto pokusy byl granulovany
chmel zabalen do sac¢kl z vicevrstvé hlinikové félie a obsah evakuo-
van. Z hlavek byly na laboratornim lisu pfipraveny malé hranoly liso-
vaného chmele o hmotnosti 40-50g a rozmérech 10 x 10 x 5¢cm,
zabaleny do baliciho papiru. Sa¢ky s granulemi i hranoly lisovanych
hlavek byly skladovany bez pfistupu svétla v klimatizovaném (2-3 °C)
i neklimatizovaném prostoru (20 °C). Cast granulovaného chmele
byla skladovana volné na vzduchu, pfi pokojové teploté bez pfistupu
svétla (simulace protrzeni obalu) a ponechani obsahu plsobeni
vnéjsich vlivd. Vzorkovani chmell bylo provedeno po 2, 4, 6, 8, 10
a 12 mésicich skladovani. Vzorky byly pfipraveny v takovém poctu,

2 MATERIAL AND METHODS

2.1 Origin of the Variety

The Vital variety was created by selection from hybrid descend-
ants after crossbreeding the Agnus variety. From the paternal side it
is a multiple hybrid of the varieties Northern Brewer, Saaz and
Sladek. Another element was in-process cultivation material with
a part of open pollination. The variety was registered in 2008.

2.2 Content and Composition of secondary Metabolites
and Chemotaxonomy of the Variety

The specific contents and compositions of a- and B-bitter acids,
prenylflavonoids and hop resins of the Vital variety were determined
in hop samples from several years. The samples originated from
tests territories, cultivation areas and from a pilot test at the research
farm of the Hop Institute in Steknik. The contents and the composi-
tions of hop resins were determined by the methods of the Analytica
EBC (Analytica EBC, 1998). The content of total resins and the
pB-fraction were determined by means of the Wéllmer Method EBC
7.5. The contents and the compositions of a-acids, p-acids, xantho-
humol and DMX were determined by means of the HPLC method
EBC 7.7. The analyzes were carried out with a HPLC-Chromato-
graph SHIMADZU LC20A (Shimadzu Europa GmbH, D) equipped
with a Nucleosil column 250 x 4mm i.d. (Macherey Nagel, D) coated
with a 5 pm layer of RP C, . The flow rate of the mobile phase was
0.8 ml/min. Detection was carried out with a diode array detector at
wavelengths A = 314 nm for a- and B-acids and 370 nm for xantho-
humol and DMX. The hop oils were isolated by a steam distillation
method. The contents of hop oils were determined as a volatile frac-
tion from 1009 of hops during 90 minutes of boiling. For the separa-
tion of the volatile fraction a GC-MS unit Thermo-Focus with a DSQ
Il detector (both Thermo Fisher Scientific) equipped with a capillary
column DB 5 30m x 0.25mm i.d. and a 0.25 pm film thickness was
used. The operating conditions were: helium carrier gas 1 mli/min.,
temperature program from 60°C to 250 °C and a 1:50 split ratio
(Krofta, 2002). The content of total polyphenols was determined us-
ing the spectrophotometric method according to the EBC (Analytica
EBC, 1998) for hop extracts during boiling (Krofta et al., 2008).

2.3 The Analysis of Genome

The molecular methods are based on DNA isolation. The modified
method with cetyltrimethylammonium bromide was used as the
standard experimental method. The DNA was isolated from fresh
young leaves or from deep frozen samples of the green parts of the
hops (Patzak, 2001). For the DNA profiling a well established ap-
proach based on polymerase chain reaction (PCR) and microsatel-
lites, also known as simple sequence repeats (SSR) or short tandem
repeats (STR) was used. This method exploits highly polymorphic
regions that have short repeated sequences of DNA. The STRs can
be used to discriminate between unrelated species. These locations
on a chromosome, the sequence-tagged sites (STS) could be easily
detected and amplified using PCR. The STS and SSR techniques
are based on different publications (Patzak et al., 2007; Jakse et al.,
2002; Hadonou et al., 2004; Stajner et al., 2005).

2.4 Tests for aging and drying

Drying is the first treatment in the hop processing after harvesting.
Drying tests for the Vital variety were carried out immediately after
mechanical harvesting under laboratory conditions and in a pilot
chamber kiln at hop farm Steknik. The aim was stability testing of
prenylflavonoids and o- and f-acids under different conditions. Dry-
ing in the laboratory was carried out at temperatures of 50, 58 and
65 °C in a chamber oven Memmert UFE 700 with forced air circula-
tion. The hop samples tested were from the years 2009 and 2010.
Taking into consideration the results from the laboratory tests, the
drying temperature in the pilot kiln was lowered to 45 °C. The kiln
chamber had a volume of 2.77 m? The flow rate of drying air was 5.5
m?/s and the linear streaming velocity was 3.1 m/s. The hop samples
tested were from the 2011 harvest. The hop layers placed on the wire
kiln floor were 10 cm thick. Every two hours during the drying process
up until the final water content of about 10 % was reached samples
of hop cones were collected and the contents of a- and $3-acids, xan-
thohumol, DMX and moisture were determined.

The dynamics of hop aging was monitored in both the cones and
the pellets from the 2009 and 2010 harvests over a 12 month peri-
od. The pellets were vacuum packed in bags with multiple alumi-
num foils. The cones were pressed with a laboratory press into size
10 x 10 x 5cm and of 40 — 50g weight and packed in wrapping
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aby pfi kazdém vzorkovani byl pouzit k analyzam novy, neporuseny
sacek Ci hranol. Dynamika procesu starnuti byla analyticky sledova-
na na zakladé analyzy obsahu alfa a beta kyselin metodou HPLC
a stanovenim indexu skladovani chmele (HSI) metodou ASBC (Ana-
lytica ASBC, 1992). Index skladovani chmele HSI byl méfen na UV-
VIS spektrofotometru Shimadzu 1601.

3 VYSLEDKY A DISKUSE

3.1 Agronomické vlastnosti odrudy Vital

Rostlina ma stfedné mohutny vzrist pravidelného valcovitého tva-
ru, plodonosné pazochy jsou nasazeny od vysky 4 az 5 metrd. Barva
révy o prdméru 7—11 mm je zelend, podobné jako u odriid Premiant
a Sladek. Vynosovy potencidl se pohybuje v rozmezi 2 az 2,5 t/ha.
Chmelova hlavka je protahla, v apikalni ¢asti Spicatad s pevné sevie-
nymi listeny (obr. 2). Diky tomu nedochazi pfi mechanizované sklizni
k rozpadu nebo poskozeni hlavek. Hmotnost 100 suchych hlavek je
15 az 25 gramU. Vieténko je pravidelné a dlouhé 15-21 mm. Odrada
Vital je stfedné odolna k padli chmelovému (Sphaerotheca humuli).
V jarnim obdobi je citliva k peronospofe chmelové (Pseudoperono-
spora humuli), kdyz vytvari ¢etné klasovité vyhony. Vital je pozdni
odrida s délkou vegetaéni doby 135 aZz 142 dni podobné jako odri-
dy Sladek a Kazbek. Je charakteristicka dlouhou periodou technické
zralosti. Aroma odrudy je kofenité, chmelové.

3.2 Obsah a sloZeni sekundarnich metabolit(i, chemotaxono-
mie odrady

Pribéh biosyntézy alfa kyselin, beta kyselin a prenylflavonoidd
v predskliziiovém obdobi az do sklizné v letech 2010 a 2011, sledo-
vany na stejné chmelnici, je uveden v fab. 1.V tab. 2 jsou shrnuty
obsahy alfa kyselin, beta kyselin a prenylflavonoid(l v susenych hlav-
kach odrtdy Vital ve vybranych lokalitdch Zatecké chmelafské oblas-
ti v letech 2009 az 2011. Obsah alfa kyselin v odriidé Vital se pohy-
buje pfevazné v rozmezi 10-15% hm. Je nejvyssi ze vSech
stavajicich ¢eskych chmeld. Urovné zahrani¢nich vysokoobsaznych
odrld, jako jsou napf. Taurus, Herkules, Columbus, v§ak nedosahu-
je. Relativné vysoky je i obsah beta kyselin v intervalu 6 az 10 % hm.
Pomér alfa a beta kyselin je v rozmezi 1,1-1,7. U vétSiny srovnatel-
nych zahrani¢nich odriid je tento pomér vétsi nez 2,0. Zastoupeni
kohumulonu a kolupulonu je v intervalu 22-26 % rel., a 45 az 50%
rel. Obsah xanthohumolu v intervalu 0,70 az 1,00 % je nadprdmérny,
vezmeme-li v Uvahu, Ze vétSina odriid jej obsahuje v mnoZzstvi
do 0,70% hm. K odrtiidam s vysokym obsahem xanthohumolu kolem
1% hm. se fadi Agnus, ze zahrani¢nich Taurus (Némecko) a Admi-
ral, Target (Anglie). Obsah desmethylxanthohumolu je vysoky, nej-
Castéji v intervalu 0,20 az 0,40% hm. ve hlavkach bezprostfedné
po usu$eni. Toto mnozstvi je minimalné o 50 % vy$Si nez u ostatnich

chmelovar

.

OMe O
Isoxanthohumol

OMe O
Xanthohumol

\stfevm’ bakterie
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Desmethylxanthohumol 8-Prenylnaringenin

Obr. 1 Chemické struktury xanthohumolu, desmethylxanthohumolu,
isoxanthohumolu, 8-prenylnaringeninu / Fig. 1 Chemical structures
of xanthohumol, desmethylxanthohumol, isoxanthohumol, 8-prenyl-
naringenin

Obr. 2 Chmelova hlavka odriidy Vital / Fig. 2 Hop cone of the Vital
variety

paper. Both the bags with the pellets and the pressed scantlings
were stored in the dark either in an air-conditioned storage at
a temperature of 2 to 3 °C or at a room temperature of 20 °C. A part
of the hop pellets were stored unpacked in the open air at room
temperature in the dark. This test conditions simulated the case
where the wrapping has been ruptured and the pellets have been
exposed to external influences. The tests were conducted after 2, 4,
6, 8, 10 and 12 months of storage. For each test a new intact bag
or pellet was used. The dynamics of hop aging were monitored by
means of an analytical determination of the a- and f3-acids contents
using a HPLC method and by determination of the hop storage in-
dex (HSI) using a spectrophotometric technique according to the
American Society of Brewing Chemists (ASBC) (Analytica ASBC,
1992). The HSI was obtained from determinations of the o- and
B-acids on an UV-VIS spectrophotometer SHIMADZU 1601 (Shi-
madzu Europa GmbH, D).

3 RESULTS AND DISCUSSION

3.1 Agronomical proprieties of the Vital hop variety

The plant has a medium profuse size of regular cylindrical form
and the fruitive offshoots occur up to a height of 4 to 5m. The hop
bines have a diameter of 7 to 11 mm and their colour is green, simi-
larly to the Premiant and Sladek varieties. The yields range between
2 and 2.5 t/ha. The cones are drawn and pointed in the apical part.
The bracteoles are tightly closed which prevents disaggregation and
damage of the cones during mechanized harvesting (Fig. 2). The
weight of 100 dry cones ranges from 15 to 25g. The hop strig is 15
to 21 mm long and has a regular shape. The Vital variety has medium
resistance against mildew (Sphaerotheca humuli). In the spring, dur-
ing the growth of numerous bines it is sensitive to downy mildew
(Pseudoperonospora humuli). The Vital is a late variety with a vege-
tation period of 135 to 142 days similar to the Sladek and Kazbek
ones. This variety is characterized by a long phase of technical ma-
turity and a spicy hop flavour.

3.2 Content and Composition of Secondary Metabolites and
Chemotaxonomy of the Vital Variety

The course of the biosyntheses of a- and -acids and prenylflavo-
noids in the period from pre-harvest to harvest in the years 2010 and
2011 is shown in Tab. 1. The evaluation was carried out in the same
hop garden. Tab. 2 summarizes the contents of a- and f3-acids and
prenylflavonoids in dried cones of the Vital variety from selected lo-
calities in the Saaz area harvested in the years from 2009 to 2011.
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¢eskych i zahrani¢nich odrid chmele. V zelenych hlavkach je mnoz-
stvi DMX jeSté mnohem vyssi, a to 0,50 az 0,70 % hm. (viz tab. 1).

Obsah chmelovych silic v rozmezi 1,5 az 2,5% hm. je velmi vy-
soky, z Ceskych odr(id srovnatelny pouze s odriidou Agnus. Majorit-
ni slozkou chmelovych silic odrldy Vital, podobné jako u jinych
odrdd, je myrcen v mnozstvi 40 az 55% rel. Pro odrGdu Vital je
charakteristické zastoupeni seskviterpenickych uhlovodikli a-hu-
mulenu, p-farnesenu, a- a B-selinentl. Zatimco obsah p-karyofylenu
v intervalu 5 az 8 % rel. je bézné rozmezi, nizké zastoupeni a-hu-
mulenu (2-5% rel.) je velmi neobvyklé. Humulen byva u vétSiny
odrid jednou z majoritnich slozek silic. Jeho mnozstvi je vétSinou
v intervalu 20-30 % rel. Zajimava je dale pfitomnost p-farnesenu
(1-4% rel.), ktery je ve srovnatelném mnozstvi obsazen pouze
v odriidach Premiant a Bohemie. Nejvice p-farnesenu ze vSech kul-
turnich chmel, 14 az 20 % rel., obsahuji Zatecky ervenak a gene-
ticky pfibuzné odrady. Vysoky je rovnéz obsah a- a p-selinenu
v mnozstvi 7 az 15 % rel. V portfoliu ceskych odrid vSak neni ojedi-
nély. Ve srovnatelném mnozstvi jej obsahuji také odridy Harmonie,
Rubin a Bohemie, ze zahrani¢nich chmelt napfiklad némecka od-
rida Taurus. Chromatogram chmelovych silic odrady Vital je uve-
den na obr. 3.

Chemotaxonomii odriidy Vital Ize spolehlivé zalozit na typickém
slozeni chmelovych silic a vysokém obsahu xanthohumolu a DMX.
Jako pomocné kritérium Ize pouzit vysoky obsah beta kyselin
a z toho vyplyvajici nizkou hodnotou poméru alfa a beta kyselin.
Zastoupeni kohumulonu i kolupulonu se u mnoha odrld prekryva
(20-30 % kohumulon; 40-50 % kolupulon) a pro charakterizaci od-
rid chmele ma proto omezeny vyznam. Bé&hem zpracovani

The contents of -acids ranging from 10 to 15% are the highest of all
the Czech hops varieties. Nevertheless it does not reach the level of
foreign hop varieties such as Taurus, Hercules, or Columbus. The
content of the B-acids ranging from 6 to 10% are also relatively high.
The ratio of a-/p- acid was in the range from 1.1 to 1.7. It is low when
compared to the majority of foreign varieties which have a ratio high-
er than 2.0. The contents of cohumulone and colupulone ranged from
22 to 26% rel. and 45 to 50% rel. respectively. The xanthohumol
content of 0.70 to 1.00 % is above the average. Most others varieties
have xanthohumol contents only up to 0.70%. The Czech variety
with a high xanthohumol content is Agnus and from foreign varieties
Taurus (D), and Admiral and Target (UK). The content of DMX is high;
mostly between 0.20 and 0.40 % in the cones immediately after dry-
ing. This amount is a minimum of 50% higher than in any other
Czech or foreign hop varietis. In the green cones the content of DMX
is even higher amounting a level of 0.50 to 0.70 % (Tab. 1). The con-
tents of hop essential oils ranging from 1.5 to 2.5% are very high.
From the Czech varieties only the Agnus variety is comparable. As
with other varieties, the major component of the essential oils in the
Vital variety is myrcene occurring in amounts of 40 to 55% rel. The
contents of sesquiterpenes such as a-humulene, B-farnesene and
a- and p-selinene are characteristic. While the g-caryophyllene con-
tent of 5 to 8% rel. is common, the a-humulene content of 2 to 5%
rel. is unusually low. The humulene is normally one of the major com-
ponents of the essential oils in hops reaching an amount of 20 to
30% rel. Also very interesting is the p-farnesene content of 1 to 4%
rel. Comparable amounts were only found in the Premiant and Bohe-
mie varieties. The Saaz variety and its genetically related varieties

Tab. 1 Vyvoj obsahu chmelovych pryskyfic a prenylflavonoidd v odridé Vital v pridbéhu zrani v letech 2010 a 2011/ Development of hop
resins and prenylflavonoids content in Vital variety during ripening in 2010 and 2011

Datum alfa kyseliny | beta kyseliny kohumulon kolupulon X DMX Vihkost
vzorkovani | (% hm.v su$.) | (% hm. v su8.) (% rel.) (% rel.) (% hm. v sud.) | (% hm. v sus.) (% hm.)
Sampling alpha acids beta acids cohumulone colupulone X DMX moisture
date (% w/dm) (% w/dm) (% rel.) (% rel.) (% w/dm) (% w/dm) (% w)
20.8.2010 9.0 9.8 20.8 42.8 0.76 0.49 79.3
30.8.2010 15.8 11.2 21.4 445 0.74 0.60 77.8
6.9.2010 14.8 10.3 22.5 46.4 0.88 0.68 771
15.9.2010 16.4 10.9 23.8 47.8 0.91 0.71 75.9
20.9.2010 15.7 10.5 23.7 46.9 0.8 0.65 75.1
16.8.2011 10.0 9.1 25.9 46.6 0.81 0.43 80.0
29.8.2011 12.5 9.3 26.6 48.1 0.88 0.47 76.2
5.9.2011 12.9 9.4 28.5 49.9 0.89 0.48 75.9
12.9.2011 12.8 8.3 251 47.9 0.82 0.46 74.4

X — xanthohumol

DMX — desmethylxanthohumol
* primérné hodnoty ze dvou paralelnich stanoveni / mean values from duplicate analyses

Tab. 2 Obsah alfa kyselin, beta kyselin a prenylflavonoidd v susenych hlavkach odrldy Vital ve vybranych lokalitach Zatecké chmelafské ob-
lasti v letech 2009 aZz 2011 / The content of alpha acids, beta acids and prenylflavonoids in dried cones of a Vital variety at selected locations

in Saaz hop growing region in the years 2009 to 2011

Lokalita/ Rocnik/ alfa kys./ beta kyseliny/ | pomér/ratio kohumulon/ X (% hm.) DMX (% hm.)
Locality year alpha acids beta acids alfa/beta cohumulone X (% w) DMX (% w)
(%) (%) alpha/beta (% rel.)
Steknik 2009 13.8 9.0 1.53 23.4 0.70 0.35
2010 13.2 8.6 1.53 25.5 0.76 0.35
2011 11.0 71 1.55 26.0 0.74 0.23
Mradice 2009 13.2 8.7 1.52 23.2 0.65 0.32
2010 13.3 8.2 1.62 23.0 0.70 0.30
2011 11.0 6.7 1.64 24.7 0.63 0.27
Knézeves 2009 12.6 9.8 1.29 24.3 0.73 0.23
2010 10.8 8.7 1.24 23.2 0.73 0.24
2011 11.4 9.8 1.16 26.2 0.91 0.21
Mukodély 2010 14.3 10.0 1.43 23.4 0.74 0.24
2011 10.7 9.3 1.15 24.2 0.74 0.21
Nesuchyné 2011 13.5 8.4 1.61 24.8 0.80 0.43
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na chmelové vyrobky se obsahy nékterych slozek mohou ménit.
Tyka se to predevsim sloZzeni chmelovych silic a obsahu DMX. Ob-
sah a slozeni sekundarnich metabolitl je proto nezbytné posuzo-
vat jako celek a brat pfi tom v Uvahu stafi vzorku, podminky skla-
dovani po sklizni a zplsob zpracovani na chmelové vyrobky.
Souhrnna chemotaxonomicka charakteristika odridy Vital s inter-
valovym zastoupenim vybranych sekundarnich metabolitll je uve-
denav tab. 3.

3.3 Geneticka charakteristika

Vyuziti molekularné genetickych metod studia DNA pfineslo v po-
slednich letech jiny pohled na hodnoceni jednotlivych genotypl
chmele. Moderni molekularni metody umoznuji co nejlépe sledovat
zmény zpUsobené kombinovanim genetického materialu rodi¢d, chy-
bami v pfenosu, mutacemi a selekénim tlakem, a zhodnotit tak pfi-
buznost jednotlivych genotypl nebo variabilitu (diverzitu) v rdmci
populace. Molekularnimi metodami se podafrilo objektivné zhodnotit
genetickou informaci DNA odrudy Vital a jeji podobnost s dal§imi ge-
notypy, které vznikly Eeskym i celosvétovym kfizenim. Pomoci statis-
tickych metod shlukové analyzy byla molekularné-geneticka data
zpracovana do fylogenetickych dendrogramd, kde jsou do jednotli-
vych shlukll pfifazeny genotypy s nejvétsi genetickou pfibuznosti.
V experimentech bylo hodnoceno celkem 74 odrid chmele svétové-
ho sortimentu pomoci molekularnich metod STS a SSR, které jsou
nejhodnovérnéjsi. Ziskany dendrogram (obr. 4, 5) odpovida morfolo-
gickym, geobotanickym a analytickym charakteristikam jednotlivych
odrlid. Rozmisténi odriid v dendrogramu odrazi pfedevsim introduk-
ci planych americkych genotypl do zarode¢né plasmy evropskych

have the highest p-farnesene contents of all cultivated hops. The a-
and f-selinene contents of 7 to 15% rel. are also high but not unu-
sual among Czech hop varieties. The Czech varieties Harmonie,
Rubin, and Bohemie and also some foreign varieties such as the
German Taurus also have similarly high contents. The chromatogram
of the essential oils present in the Vital variety is shown in Fig. 3.

The chemotaxonomy of the Vital variety is reliably based on the
typical composition of the essential oils and the high contents of xan-
thohumol and DMX. An additional criterion is the high content of
B-acids and consequently a low a-/B-acids ratio. The contents of co-
humulone (20 to 30%) and colupulone (40 to 50%) are similar to
many varieties and are therefore meaningless. Occasionally, specifi-
cally the content of DMX and the composition of the essential oils
can change during the processing into hop products. Therefore, the
content and the composition of secondary metabolites must be con-
sidered as a whole. The age of the samples as well as the storage
conditions after harvesting and the kind of processing into hop prod-
ucts must be taken into account. The summary of the chemotaxo-
nomic characteristics of the Vital variety represented by selected
secondary metabolites is shown in Tab. 3.

3.3 Genetic characteristic

Recently, the use of molecular-genetic techniques for DNA profil-
ing brought a different perspective for the evaluation of individual hop
genomes. The present day methods enable the following of changes
due to the combination of the parents’ genomes, errors in DNA trans-
mission, mutations and selection pressure. In this way, the propin-
quity of individual genomes and the diversity among populations

Obr. 3 Chromatogram chmelovych silic odrady Vital / Fig. 3 Chromatogram of essential oils of the Vital variety
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chmelll. Nejvice se tu pak projevuje vliv dvou zéakladnich Slechtitel-
skych odrid minulosti, a to Brewers Goldu, s genotypem planého
amerického chmele, a jeji dcery, odrady Northern Brewer, s genoty-
pem evropského chmele. Vital patfi geneticky do skupiny chmell
s euroamerickym plavodem. Nejvice je pfibuzny s odrlidou Agnus,
kterda v genomu prevazuje. Genetické metody jsou velmi G¢innym na-
strojem i pfi zjiStovani autenticity odrdd a velmi vhodné doplriuji che-
motaxonomicky pfistup. Na obr. 6 je uveden vysledek porovnani ge-
netickych analyz odriidy Vital a dalSich ¢eskych odriid ve formé
nazorného ¢arového kddu.

3.4 Testy suseni

Vysledky pilotnich suSicich testl provedenych v laboratorni su-
§arné s nucenym obé&hem vzduchu v letech 2009 a 2010 potvrdily
omezenou stabilitu dexmethylxanthohumolu pfi vSech susicich
teplotach v rozmezi 50 az 65 °C. | pfi nejSetrné;jsi teploté 50 °C ¢i-
nila ztrata DMX témér 20 % rel. Pfi teploté 55—-60 °C, pfi které se
chmel susi v provoznich podminkach, byla ztrata DMX 30 %. Testy
naopak potvrdily stabilitu alfa kyselin, beta kyselin a xanthohumolu
pfi suSicich teplotach do 60 °C. Pfi teploté 65 °C byly, kromé
enormnich ztrdt DMX, jiz zaznamenany i Ubytky hotkych kyselin
a xanthohumolu. S ohledem na vysledky laboratornich testli byla
teplota suSiciho vzduchu v poloprovoznich testech snizena na 45
°C. K poloprovoznim testiim suseni byl pouZit Cerstvy zeleny chmel
bezprostfedné po strojové sklizni na UH ve Stekniku. Analyzy uka-
zaly, Zze hlavky obsahuji zhruba 13% hm. alfa kyselin, 8,2% beta
kyselin, 0,82 % xanthohumolu a 0,46 % DMX. Obsahy alfa kyselin,
beta kyselin i xanthohumolu se podle o¢ekavani v pribéhu suseni
podstatné neménily. Tepelné nejlabilngjsi latky, DMX, ubylo po 10
hodinach suseni 12—15 % rel. Finalni obsah DMX v rozmezi 0,38—
0,40 % hm. Ize povazovat za pfiznivy vysledek z pohledu budouci-
ho vyuziti. S timto Udajem kontrastuje 40% ubytek DMX pfi suseni
v provozni pasové susarné za jinych procesnich podminek (0,46 —
0,28 % hm, tab. 4). Cilové vlhkosti suSeného chmele 10% hm. se
v8ak po 10 hodinach su$eni nepodafilo dosahnout. Hlavky se
na omak jevily dostate¢né suché, analyzou v8ak byla zjisténa vih-
kost 16,7 % hm. Obsahy horkych kyselin, prenylflavonoidd a vih-
kosti chmele v priibéhu jednoho z testl jsou uvedeny v tabulce 4.
DalSi susici test byl proveden bez pouziti nuceného proudéni tep-
Iého vzduchu samovolnym suSenim Cerstvé o€esanych hlavek. Su-

Obr. 5 Detail dendrogramu genetickych analyz svétového sortimentu
chmele s odridou Vital / Fig. 5 Detail of genetic analysis dendrogram
of world hop assortment with variety Vital
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could be evaluated. By using these techniques the hereditary back-
ground of the Vital variety and its propinquity with other genomes
originating from the hybridisation of Czech and foreign hop varieties
were evaluated. By means of the statistic method of cluster analysis
the molecular genetic data were expressed as a phylogenetic den-
drogram, where the genomes with the highest propinquity were as-
signed to individual clusters. In total 74 hop varieties of global impor-
tance were evaluated by means of the well established molecular
techniques STS and SSR. The dendrogram obtained presents mor-
phological, geobotanical and analytical characteristics of the indi-
vidual varieties (Fig. 4, 5). The position of the varieties in the dendro-
gram mainly reflects the introduction of wild American genotypes into
the germplasm of European hops. Two basic breeding varieties from
the past namely Brewers Goldu with a genome of wild American hop
and its daughter, the Northern Brewer variety with a European ge-

nome have the biggest impact. Vital belongs to the group of

hops with Euro-American genetic origins. It is mostly associ-

ated with the Agnus variety which preponderates in the ge-
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nome. Genetic methods are also very effective means for
detecting the authenticity of varieties and they supplement
the chemotaxonomy. Fig. 6 shows the comparison of the ge-
netic analyses of the Vital variety with other Czech varieties
in the form of illustrative barcodes.

g - 3.4 Drying Tests
% fa""" The limited stability of DMX at all drying temperatures in
\Qﬁ. ot the range from 50 to 65°C was confirmed from the results of

pilot drying tests carried out in 2009 and 2010 under labora-
tory conditions in an oven with forced air circulation. The loss
of DMX even at the lowest temperature of 50°C was almost
20% rel. Under the normal operation conditions at the tem-
perature of 55 to 60 °C the DMX loss reached 30 %. Further-
more, the tests confirmed the stability of a- and p-acids and
xanthohumol at temperatures up to 60 °C. At a temperature
of 65 °C, apart from the enormous loss of DMX losses of a-
and p-acids and xanthohumol were also registered. As an
outcome of the results of the laboratory tests the tempera-
ture of the drying air in the pilot kiln was lowered to 45 °C.
For the pilot tests fresh green hops taken immediately after
mechanical harvesting at hop farm in Steknik.

The analyses indicated approximate contents of 13% a-a-
cids, 8.2% f-acids, 0.82% xanthohumol and 0.46 % DMX.
As expected, the contents of a-acids, -acids and xanthohu-
mol remained almost constant during the total drying period.
The content of the most labile substance the DMX de-
creased by 12 to 15% rel. after 10 hours of drying. The final
DMX content of 0.38 to 0.40 % can be considered as a pos-

Obr. 4 Dendrogram genetickych vzdalenosti odrlid svétového sortimentu
chmele na zakladé 26 STS a 80 SSR polymorfnich molekularnich marker(
(NTSYS-pc v.2.01, Exeter software,USA) / Fig. 4 Cluster analysis of genetic
diversity of world hop cultivars based on 26 STS and 80 SSR polymorphic

molecular markers (NTSYS-pc v. 2.01, Exeter Software, USA)

itive result with regards to future utilization. Then, by drying
on the full scale belt dryer under different process conditions
the DMX content dropped from 0.46 to 0.28 % which repre-
sents a loss of 40% rel. (Tab. 4). Unfortunately, after 10
hours of drying the targeted water content of 10 % in the dry
hops was not reached. From touch the cones appeared to
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Seni probihalo pfi pokojové teploté v temné mistnosti po dobu 10
dni na kone¢nou vihkost 9,5 % hm. Zjistény obsah DMX 0,30 % hm.
byl niz8i, nez se o¢ekavalo. Negativni roli v tomto pfipadé zifejmé
sehrala dlouha doba sus$eni. SuSeni pfedstavuje prvni operaci
v procesu posklizriového zpracovani chmele. Dalsim krokem je
granulace a u odrGdy Vital pfichdzi v Gvahu i extrakce, nejlépe oxi-
dem uhli¢itym. Pfi tomto zplsobu extrakce zUstavaji prenylflavono-
idy ve zbytkovém chmelu (spentu), ktery se tak stava potencialné
cennou surovinou. Bilance DMX, ktera mapuje stavajici stav zpra-
covani odridy Vital, je patrna z obr. 7. Lisovany chmel v péstitel-
skych hranolech byl az do zpracovani (listopad-prosinec) sklado-
van v neklimatizovanych skladech. Vychozi hladinu DMX
pfedstavuje obsah v Cerstvych hlavkach, ktery v roce 2010 &inil
0,65 % hm., v roce 2011 0,46 % hm. (tab. 1). Jiz pfi suSeni v provoz-
ni pasové susarné pfi teplotach 55-60 °C se obsah DMX snizil
0 40 az 45 %, k dalsim ztratam dochazelo pfi granulaci a extrakci.
Celkové ztraty DMX pfi bézném zpUsobu zpracovani tak ¢ini 2/,
az % puvodniho mnozstvi. Je zfejmé, Ze pokud ma byt vyuzit po-
tencial odrldy Vital pro nepivovarské aplikace (potravni doplnky,
farmacie), bude vyzadovat zcela jiny rezim poskliziového zpraco-
vani a skladovani. Susici rezim v provoznich susarnach Ize bezpo-
chyby nastavit v SetrnéjSim rezimu. Vyhodou je, ze odrida Vital se
sklizi jako posledni, a tudiz zde vznika ¢asovy prostor pro experi-
menty. DalSim nezbytnym opatfenim je umisténi lisovaného chme-
le bezprostfedné po usu$eni v klimatizovanych skladech pfi teplo-
tdch 2—-4 °C az do granulace. Casovy interval mezi suSenim
a granulaci by mél byt zkrdcen na minimum. Samozfejmosti je
umisténi granulovaného chmele v chlazenych skladech. Je nutno
se smifit se skuteénosti, ze v prlibéhu poskliziiové Upravy odridy
Vital dojde k ubytku DMX. Lze predpokladat, ze Upravou proces-
nich parametrl zpracovani a podminek skladovani budou ztraty
omezeny na pfijatelné minimum.

3.5 Testy starnuti

Vysledky testu starnuti vzorkd odrady Vital v hlavkové i granulo-
vané formé z obdobi 2009/2010 a 2010/2011 jsou shrnuty v fab. 5
a 6. Data jasné ukazuji, Ze nejrychleji starne granulovany chmel,
skladovany volné na vzduchu pfi normalni teploté. Pfi¢inou je naru-
Seni struktury lupulinovych zrn pfi mleti a granulaci, coz nadzorné
potvrzuji snimky lupulinovych zrn pofizenych elektronovym mikro-
skopem (Srecec, 2011). Ke smrstovani a praskani malého podilu
lupulinovych zrn dochazi jiz pfi suSeni. Nejvétsi mechanickou zatéz
predstavuji pro chmel mleti a granulace. Chmelové pryskyfice a dal-
Si latky v deformovanych a potrhanych lupulinovych zrnech rychle

be dry enough but a water content of 16.7% was measured. The
contents of bitter acids, prenyflavonoids and water during one of the
tests are shown in Tab. 4. A further drying test was made without the
forced circulation of warm air. The freshly harvested cones were just
dried directly for 10 days at room temperature in the dark to a final
water content of 9.5%. Apparently as a result of the long drying pe-
riod, the DMX content measured of 0.30 % was lower than expected.
The next step is pelletizing. With the Vital variety CO,-extraction
could also be considered. By this extraction, prenylflavonoids remain
in the spent hop, which then becomes a potentially valued raw mate-
rial. A summary showing the DMX content at various stages of
processing of the Vital hop variety is given in Fig. 7. The hops pressed
into prisms were kept in a non air-conditioned store until processing in
November and December. The initial level of DMX in the fresh cones
was 0.65% in 2010 and 0.46% in 2011 (Tab. 1). The DMX content
dropped by 40 to 45% in the course of drying on the full scale belt
dryer at temperatures of 55 to 60 °C and further losses occurred dur-
ing pelletizing and extraction. The total losses during common
processing were from /5 to 3% of the initial amount. It is evident that the
storage and the hop processing must be carried out in a different way
if the potential of the Vital variety were also to be fulfilled for non-
brewery applications such as food supplements or phytopharmaceu-
ticals. The drying can surely be done in less damaging ways. The ad-
vantage is that the Vital variety is harvested last and consequently
there remains more time for experiments. The next necessary step is
the storage of the pressed hops in air-conditioned rooms at tempera-
tures of 2 to 4 °C during the time immediately after drying and before
the pelletizing. The time between drying and pelletizing should be re-
duced to a minimum. The hop pellets should be stored in cooled war-
house. Nevertheless, the post harvest losses of DMX in the Vital vari-
ety are inevitable. The aim is to modify the storage and process
parameters in order to minimize the losses to an acceptable level.

3.5 Aging Tests

Tab. 5 and 6 summarize the aging test results for the Vital variety
in whole and pelletized hops from the seasons 2009/2010 and
2010/2011. The data shows that pelletized hops stored loosely at
room temperature ages the fastest. Pictures of lupulin glands made
by electron microscope indicate the reason (Srec¢ec, 2011). It is the
structure breaching of the lupulin grains during grinding and pelletiz-
ing. Shrinkage and cracking of a small part of the lupulin grains could
already be observed during drying but the biggest mechanical
stresses for the hops are the grinding and the pelletizing. The hop
resins and other substances in damaged grains are subjects of
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Obr. 6 DNA ¢arovy kéd odridy Vital v porovnani s dalsi-
mi ¢eskymi odridami chmele / Fig. 6 DNA barcode of the
Vital variety in comparison with other Czech hop varieties

Obr. 7 Bilance DMX od sklizné az do zpracovani na CO,-extrakt v letech
2010 a 2011/ Fig. 7 DMX balance from harvest to processing to CO,-extract
in 2010 and 2011
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podléhaji degradaénimu plsobeni kysliku a zvySené teploty. Rych-
lost znehodnoceni takto skladovanych granuli je az prekvapuijici.
ZhorSena pivovarska kvalita se odrazi v .enormnim nartstu indexu
skladovani chmele na hodnoty vy$si nez 2,00. Uvedené zjisténi je
potfeba brat v potaz zejména v malych a restauracnich pivovarech,
kde navazky chmele nejsou tak velké a zpracovavani nacatych ba-

a rapid degradation process caused by the oxidation and tempera-
ture increase. The speed of the degradation process is extraordinary.
A deteriorated brewing quality causes an enormous increase in the
hop storage index (HIS) up to values above 2.00. This fact could be
of importance especially in small pub breweries where the quantity of
weighed-out hop is small and therefore the consumption of an

Tab. 3 Chemotaxonomicka charakteristika odridy Vital / Chemotaxonomic characteristic of the variety Vital

Pryskyrice/hop resins

celkové pryskyfice/total resins (% hm., % w) 25-30 pomér alfa/beta alpha/beta ratio 1.1-1.7
alfa kyseliny/ alpha acids (% hm., % w) 10-15 kohumulon/cohumulone (% rel.) 21-26
beta kyseliny/beta acids (% hm., % w) 6-10 kolupulon/colupulone (% rel.) 45-50
Silice/hop oils

obsabh silic/total oil (% hm., % w) 1.5-2.5 limonene (% rel.) 0.15-0.21
myrcene (% rel.) 40-55 linalool (% rel.) 0.70-0.80
[-caryophyllene (% rel.) 5-8 geraniol (% rel.) 0.20-0.30
a-humulene (% rel.) 2-5 2-undecanone (% rel.) 1.60-2.00
B-farnesene (% rel.) 1-4 methyl-4-decenoate (% rel.) 2.00-2.50
a- + B-selinenes (% rel.) 7-15 methylgeranate (% rel.) 0.20-0.30
Polyfenoly/polyphenols

celkové polyfenoly/total polyphenols (% hm., % w) 4.0-5.0

xanthohumol (% hm., % w) 0.70-1.00

DMX (% hm., % w) 0.20-0.40

Tab. 4 SuSeni odriidy Vital v provozni pasové a poloprovozni komorové susarné / Drying of the Vital variety in full scale belt and pilot chamber

oven
Doba suseni alfa kyseliny beta kyseliny X DMX Vlhkost
(h) (% hm. v sus.) (% hm. v sus.) (% hm. v sus.) (% hm. v sus.) (% hm.)
Time of drying alpha acids beta acids X DMX moisture
(hours) (% w/dm) (% w/dm) (% w/dm) (% w/dm) (% w)
zeleny chmel po mechanizované sklizni / green hops after mechanized harvesting
Cerstvy chmel/ fresh hops | 12.8 | 8.2 | 0.82 | 0.46 | 74.8
suseni — poloprovozni komorova susarna / drying — pilot chamber dryer CHI Zatec
2 hodiny/hours* 13.5 8.5 0.85 0.43 52.5
4 hodiny/hours* 13.3 8.2 0.84 0.39 38.3
6 hodin/hours* 13.4 8.5 0.90 0.40 30.0
8 hodin/hours™ 13.0 8.5 0.82 0.38 214
10 hodin/hours* 13.2 8.5 0.87 0.39 16.7
Steknik — provozni pasova susarna / Steknik — full scale belt dryer
Suchy chmel / dry hops | 12.6 | 8.4 | 0.86 0.28 8.0

* primérné hodnoty ze dvou paralelnich stanoveni / mean values from duplicate analyses

Tab. 5 Starnuti hlavek odridy Vital (20 °C, aerobni podminky, bez pfistupu svétla) / Ageing of leaf hops of Vital variety (20 °C, aerobic condi-

tions, in a dark room)

Obdobi Parametr Zacdatek pokusu | Po 6 mésicich | Po 12 mésicich Pokles obsahu (% rel.)
Period Parameter Start of trial After 6 months | After 12 months Decrease (% rel.)
po 6 mésicich | po 12 mésicich
after 6 months | after 12 months
HSI 0.267 0.473 0.841 - -
alfa kys. (% hm.) 12.96 9.78 6.16 24.5 55.8
2009/2010 beta kys. (% hm.) 8.4 6.12 2.67 271 68.2
X (% hm.) 0.77 0.6 0.35 221 54.5
DMX (% hm.) 0.33 0.19 0.07 42.4 78.8
HSI 0.279 0.453 0.958 - -
alfa kys. (% hm.) 13.84 11.72 6.42 15.3 53.6
2010/2011 beta kys. (% hm.) 8.59 7.08 2.54 17.6 70.4
X (% hm.) 0.71 0.67 0.42 5.6 40.8
DMX (% hm.) 0.4 0.22 0.1 45 75.0
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leni s granulovanym chmelem muze trvat dal§i dobu. Dynamika
starnuti granulovanych chmeld skladovanych bez pfistupu vzduchu
je podle o¢ekavani podstatné pomalejsi. Pfi skladovani v klimatizo-
vanych prostorech se obsah alfa a beta kyselin po 12 mésicich sni-
zi max. 0 6% rel.. Nejvyssi ztraty, 12-33 % rel., i pfi tomto Setrném
skladovani, byly zjistény u DMX.

Volba parametrli pokusu umoznila kvantifikovat podil plsobeni
kysliku a zvySené teploty na celkovém zhorSeni kvality chmele.
Za predpokladu, ze pfi skladovani bez pfistupu vzduchu a nizkych
teplotach je rychlost degradaénich reakci zanedbatelnd, pak podil
oxidaénich reakci na zhor$eni kvality chmele ¢ini 60-70 %, zbyvajici
¢ast je zfejmé vysledkem plisobeni vyssich teplot. Hodnoty indexu
skladovani a obsahy alfa kyselin v hlavkovém i granulovaném chme-
lu v pribéhu testu 2010/2011 jsou uvedeny na obr. 8 a 9. Prubéh
kfivek ukazuje, ze analytické ukazatele se s asem neméni rovno-
meérné, ale vykazuji inhibi¢ni periodu trvajici zpravidla 4 az 6 mésica.
V druhé, akceleraéni periodé, se kvalita chmele zhorSuje podstatné
rychleji nez v prvni. Délka inhibiéni faze je dana plsobenim antioxi-
dantu, které po uréitou dobu jsou schopny pribéh degradacnich re-
akci potlacovat (Hoyweghen, 2010). Rychlost starnuti je odriidové
podminéna a je tfeba ji u kazdé nové odrldy experimentalné stanovit
(Likens, 1970). Stabilita odriid se uzanéné stanovuje jako mira po-
klesu obsahu alfa kyselin v hlavkovém chmelu po 6 mésicich sklado-
vani pfi pokojové teploté za pfistupu vzduchu (Hopunion, 2011).
Hodnoty pro odrtidu Vital uvedené v tabulce 5 ukazuiji, ze po 6 mési-

opened pack of pelletized hops takes a long time. The aging speed
of pelletized hops stored without air is, of course, considerably slow-
er. When stored in an air conditioned room, the contents of a- and
B-acids decrease after 12 months by a maximum of 6% rel. Under
these conditions the highest losses of 12 to 33% rel. were found for
DMX.

The schedule of the test parameters allows a quantification of the
contributions of oxygen and increased temperature to the total qual-
ity deterioration. Assuming that the speed of the degradation reac-
tions is negligible during storage under vacuum and at low tempera-
tures then the part caused by oxidation amounts to 60 to 70%. The
remaining part of the quality deterioration is obviously due to in-
creased temperatures. The values for the HSI and the content of a-a-
cids in whole and pelletized hops determined during the 2010/2011
test are shown in Fig. 8 and 9. The graphics show that the analytical
indicators do not change constantly. They point to an inhibition period
lasting generally 4 to 6 months. The hop quality deteriorates consid-
erably faster in the second (acceleration) period than in the first one.
The length of the inhibition period depends on the presence of anti-
oxidants, which are able to restrain the degradation process for
a certain time (Hoyweghen, 2010). The aging speed is individual and
it must be experimentally determined for each new hop variety (Lik-
ens, 1970). The hop stability is expressed as the percentage of
a-acids remaining in baled whole hops after six months of storage at
ambient temperature (Hopunion, 2011). The values determined for

Tab. 6 Starnuti granulovanych chmeld odrudy Vital v obdobich 2009/2010 a 2010/2011 / Aging of hop pellets of Vital variety in seasons

2009/2010 and 2010/2011

Obdobi Parametr Zacatek pokusu Po 12 mésicich Pokles (% rel.)
Period Parameter Start of trial After 12 months Decrease (% rel.)
+ 2 °C, anaerobni podminky, Alu-félie / anaerobic conditions, Alu foil
HSI 0.501 0.580 -
alfa kyseliny/ alpha acids (% hm., % w) 10.66 10.25 3.8
2009/2010 beta kyseliny/ beta acids (% hm., % w) 6.33 6.27 1.0
X (% hm., % w) 0.67 0.63 6.0
DMX (% hm., % w) 0.15 0.1 33.3
HSI 0.332 0.352 -
alfa kyseliny/ alpha acids (% hm., % w) 12.76 12.01 5.9
2010/2011 beta kyseliny/ beta acids (% hm., % w) 7.76 712 8.2
X (% hm., % w) 0.7 0.67 4.3
DMX (% hm., % w) 0.24 0.21 12.5
+ 20 °C, anaerobni podminky, Alu-folie / anaerobic conditions, Alu foil
HSI 0.501 0.615 —
alfa kyseliny/ alpha acids (% hm., % w) 10.66 8.27 22.4
2009/2010 beta kyseliny/ beta acids (% hm., % w) 6.33 6.13 3.2
X (% hm., % w) 0.67 0.57 14.9
DMX (% hm., % w) 0.15 0.04 73.3
HSI 0.332 0.545 -
alfa kyseliny/ alpha acids (% hm., % w) 12.76 8.35 34.6
2010/2011 beta kyseliny/ beta acids (% hm., % w) 7.76 6.39 17.6
X (% hm., % w) 0.7 0.62 11.4
DMX (% hm., % w) 0.24 0.08 66.6
20 °C, aerobni podminky, bez pfistupu svétla / aerobic conditions, in the dark
HSI 0.501 2.661 —
alfa kyseliny/ alpha acids (% hm., % w) 10.66 0.14 98.7
2009/2010 beta kyseliny/ beta acids (% hm., % w) 6.33 0.05 99.2
X (% hm., % w) 0.67 0.22 67.2
DMX (% hm., % w) 0.15 <0.02 100.0
HSI 0.332 2.081 —
alfa kyseliny/ alpha acids (% hm., % w) 12.76 0.54 95.8
2010/2011 beta kyseliny/ beta acids (% hm., % w) 7.76 0.53 93.2
X (% hm., % w) 0.7 0.28 60.0
DMX (% hm., % w) 0.24 0.06 75.0
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cich skladovani za normalni teploty doslo k poklesu obsahu alfa ky-
selin o0 15 az 25 %. Dle klasifikace Ize tuto odrudu zafadit mezi chme-
le s dobrou skladovaci stabilitou.

4 ZAVER

Odrlda Vital, geneticky odvozena z dal$i ¢eské odriidy chmele
Agnus, se obsahem 10 az 15% alfa kyselin radi do kategorie hof-
kych chmel(. Diky kompaktni struktufe chmelové hlavky nedochazi
pfi mechanizované sklizni k rozpadu a poSkozeni hlavek. Vzhledem
k vysokému obsahu xanthohumolu a DMX ma potencidl i nepivovar-
ského vyuZiti pfi vyrobé potravnich doplikd ¢i biofarmak. Vzhledem
k relativné nizké stabilité¢ DMX v8ak bude pfi posklizfiovém zpraco-
vani vyzadovat mimoradny rezim v podobé Setrného suseni a skla-
dovani v klimatizovanych prostorech. Vital ma dobrou skladovaci
schopnost. Skladovanim hlavek pfi pokojové teploté po dobu 6 mési-
cl poklesne obsah alfa kyselin max. o 25 %. Autenticitu odrudy Vital
Ize spolehlivé zalozit na typickém slozeni chmelovych silic, vysokém
obsahu xanthohumolu, DMX a genetickych analyzach.
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Tato studie byla podpofena projekty FR-TI11/012 Ministerstva pri-
myslu a obchodu a MSM6019369701 Ministerstva Skolstvi, mladeze
a télovychovy.

the Vital variety, given in Tab. 5 point to a decrease in a-acids content
from 15% to 25%. Based on these results the Vital variety is consid-
ered as a hop with good storage stability.

4 CONCLUSIONS

The Vital variety is genetically related with another Czech variety,
Agnus. Since its a-acids content is in the range of 10 to 15% it belongs
to the bitter hops types. Due to the compact structure of the hop cones
it is resistant to damage caused by mechanical harvesting. As a result
of its high contents of xanthohumol and DMX it could also be possibly
used in non-brewing industry for the production of food supplements or
phytopharmaceuticals. Nevertheless, due to the relatively low stability
of DMX special care must be taken during the post harvest treatments.
The hops must be dried at lower temperatures and stored in air condi-
tioned warehouses. The Vital variety has good storage stability. The
content of a-acids decreases by a maximum of 25 % after six months
storage at ambient temperature. The authenticity of the Vital variety
can be reliably recognized from its specific composition of hop oils,
high content of xanthohumol and DMX and genetic analyses.
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Obr. 8 Obsah alfa kyselin v hlavkach a granulich odriidy Vital za riznych pod-
minek skladovani v obdobi 2010/2011 / Fig. 8 Alpha acid contents in cones
and pellets of Vital hops under various storage conditions in period 2010/2011
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Zmifuji-li v tomto c&asopise publikaci
o UCelovych zndmkach, je jisté jasné, ze kni-
zeCka pojednava o znamkéach pivnich. Zna-
mek na pivo byvalo mezi naSimi ucelovymi
znamkami mnoho, i Kvasny primysl jich
uverejnil desitky — jen znamky sokolské
mezi nimi prakticky chybi.

Sokolska telocvicna organizace (Sokol)
byla v Cechach zaloZena v roce 1862 — ne-
davno jsme si pfipomnéli jeji stopadesatileté
trvani, a soucasné i 130 let od konani prveé-
ho vSesokolského sletu v roce 1883.V sou-
sednim Némecku ale vznikaly télocvicné
jednoty mnohem dfive, nez u nas — prvni
zfizeno v Hasenheidé u Berlina jiz roku
1811. Pfes zdanlivé stejné zaméreni byly
mezi naSimi télocviénymi jednotami a tur-
nerskym hnutim znaéné rozdily. Zpoc¢atku se
sice i nasim cvi¢encim fikalo turnysté, brzy
se vSak ujal nazev Sokol a jeho ¢lenové byli
vS8eobecné oznacovani Sokolové. Turnerské
hnuti bylo vice spole€enskou nez télocvic-
nou zalezitosti, témérf pfi kazdé turnerské
jednoté existovaly knajpy (tj. krémy, hostin-
ce), kde ¢lenové vysedavali u piva, hrali ku-

zelky, poradali spole¢né vylety, zajezdy
do dal$ich jednot a podobné. Sokolské jed-
noty zfizovaly télocviény — sokolovny, pravi-
delné cvicily vSude, kde to bylo jen trochu
mozné — ve Skolach, v zahradach, na lu-
kach... Neslo tedy o stolni spole¢nosti jako
u turner(l. To je také jednim z hlavnich ddvo-
du, pro¢ jsou jejich pivni znamky tak ojedi-
nélé, a ty, které se dochovaly, pro nas tak
zajimavé.

Uvedena publikace jich z Ceskych zemi
popisuje jen malo: kromé deviti z nezname-
ho mista jen deset z Cech (Praha — Tyr$v
ddm, Dolni Kalnd, Hostoun, Klatovy, Liben,
Nesuchyné, Nezvéstice, Nymburk, Plzen
a Zasmuky) a Ctyfi z Moravy (Oslavany,
Uherské Hradisté, TiSnov a Zlin). Jejich
vzacnost svéd¢i o tom, Ze hlavnim cilem So-
kola bylo povzneseni nejen télesnych, ale
mravnich sil naroda. A vsSichni vime, Zze So-
kol svou ulohu v dobach habsburské monar-
chie i za nacistické okupace splnil.

Dr. Zbynék Likovsky
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