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Pluhacékova, H. — Ehrenbergerova, J. — Kretek, P. — Kocourkova, B.: Chmelové silice ve vybranych odriidach z rtizné starych
chmelnic. Kvasny Prum. 57, 2011, ¢. 7-8, s. 266-271.

Cilem prace bylo zhodnotit vlastnosti chmelovych hlavek z rizné starych chmelnic u odrdd péstovanych v TrSické chmelarské oblasti.
Predmétem hodnoceni byly odriidy Zatecky polorany éervenak — tradiéni forma, Zatecky polorany éerveridk — ozdravena forma, déle od-
rady Premiant a Sladek. Hlavky chmele byly odebrany pfi sklizni v roce 2009 a v roce 2010. Vzorkovani hlavek pfi sklizni probéhlo podle
obecnych zasad pro odbér vzorku. Z primérného vzorku byl podle CSN 46 2520—4 a 5 stanoven obsah cizich a chmelovych pfimési.
Dale byl stanoven obsah silic v chmelovych hlavkach destilaci vodni parou, podle metodiky, kterou uvadi Krofta. Vzhledem k moznostem
stanoveni byla tato metoda pro nase potfeby modifikovana a vyuziva se destila¢ni aparatura podle Ceského Iékopisu 2009 na stanoveni
silic v rostlinnych drogach. Jednotlivé odridy byly hodnoceny kazda zvlast, vzhledem k rozdilnému stafi chmelnic. Dale byl hodnocen
vynos chmelovych hlavek.

Z vysledku jsou patrné rozdily ve vynosech, obsahu chmelovych pfimési i obsahu silic. U odrtidy Zatecky polorany éervenak — tradiéni
forma byl vynos u obou rizné starych chmelnic vyssi v roce 2010. Obsah pfimési byl v roce 2009 vyssi, ve srovnani s rokem 2010.
Obsah silice byl v obou sledovanych letech nizsi u starSich chmelnic. U odridy Zatecky polorany ¢ervenak — ozdravena forma byly

klesal v zavislosti na stari chmelnice, vyjimkou byla 7letd chmelnice. V roce 2010 naopak obsah pfimési stoupal v zavislosti na stafi,
pouze u vzorkl 8leté chmelnice byl nizsi. Obsah silice byl v obou letech nejvyssi u nejmladSich chmelnic a dale klesal v zavislosti na
stafi chmelnice.

Pluhackova, H. — Ehrenbergerova, J. — Kretek, P. — Kocourkova, B.: Hop essential oils in the selected varieties from differently
old hop yards. Kvasny Prum. 57, 2011, No. 7-8, p. 266-271.

The aim of this study was to evaluate properties of hop cones from differently old hop yards in the varieties grown in TrSice hop-growing
region. The following varieties were assessed: Saaz semi-early red bine hop — traditional form, Saaz semi-early red bine hop — recovered
form ozdravena, and the varieties Premiant and Sladek. Hop cones were collected during harvest in 2009 and 2010. Cones sampling
was performed according to the general sampling principles. Contents of foreign and hop admixtures were determined in an average
sample pursuant to the CSN 462520 — 4 and 5. In addition, essential oil content in hop cones was assessed using water steam distillation
after the method described by Krofta. This method was modified to our requirements and a distillation apparatus for the determination
of essential oils in plant drugs according to Cesky Iékopis 2009/List of medical products 2009 was used. The varieties were assessed
individually regarding a different age of hop yards. In addition, yield of hop cones was evaluated.

Results show differences in yields, contents of hop admixtures and essential oil. Yield of the variety Saaz semi-early red bine hop —
traditional form was higher in both differently old hop yards in 2010. Content of admixtures was higher in 2009 compared to 2010. Essential
oil content in both years was lower in older hop yards. In the variety Saaz semi-early red bine hop — recovered form, the highest yields
were in the 15-year-old hop yard and the lowest in the youngest (9-year-old) hop yard in 2009 and 2010. The lowest admixture contents
in 2009 were detected in samples from the youngest hop yards (9 and 10 year-old) and the highest values in samples from the older
hop yards (12 to 17 year-old). This trend was similar in 2010. Clear tendency to decline in essential oil content depending on the hop
yard age was recorded. The variety Sladek provided the lowest yield in the younger hop yards and higher in the older ones. Admixture
content in 2009 declined depending on the age of a hop yard, with the exception of a seven-year-old hop yard. On the contrary, in 2010
admixture content increased in dependence on age, it was lower only in an eight-year-old hop yard. In both years essential oil content
was the highest in the youngest hop yard and then it declined depending on the hop yard age.

Pluhacékova, H. — Ehrenbergerova, J. — Kretek, P. - Kocourkova, B.: Die Hopfen — Silizium in den ausgesuchten Sorten aus den
unterschiedlich alten Hopfengéarten. Kvasny Prum. 57, 2011, Nr. 7-8, S. 266-271.

Dieser Artikel befaB3t sich mit der Auswertung der Eigenschaften der Hopfen-Zapfen aus den im TrSice (Terschitz) Hopfenanbaugebiet
unterschiedlich alten Hopfengérten. Die Aufmerksamkeit wurde den Hopfensorten Zatecky polorany &ervenak (Saazer halbfriiher roter
Hopfen) urspriingliche Forme, Zatecky polorany &ervefiak (ZPC = Saazer halbfriiher roter Hopfen) — geheilte Forme, weiterhin die Sorten
Premiant und Sladek. In den Jahren 2009 und 2010 wahrend der Hopfenernte wurden die Hopfen-Zapfen gepfliickt. Nach der allgemeinen
Methodik wurden die Muster von Hopfen-Zapfen ausgesucht und aus dem durchschnittlichen Muster wurden der Gehalt an Fremden- und
Hopfenbeimischungen festgestellt. Durch eine Destillation mit Wasserdampf laut Krofta Methodik wurde der Gehalt an Silizium in Hopfen-
Zapfen analysiert. In Hinsicht auf unsere Méglichkeiten wurde diese Methode modifiziert und eine Destillationskolonne laut Cesky lékopis
2009 (Tschechische Arzneimittelsschrift) zur Siliziumanalyse in den Pflanzendrogen wird angewandt. Auf Grund des unterschiedlichen
Alters der Hopfengérten wurden die einzelnen Sorten individuell ausgewertet, weiterhin wurde der Hopfen—Zapfen Ertrag ermittelt. Aus
den Ergebnissen sind die Unterschiede im Ertrag, im Gehalt an Hopfen- und Fremdenbeimischungen und an Silizium ersichtlich. Im Jahre
2010 wurde der Ertrag bei der Hopfensorte Zatecky polorany &erveriak (ZPC = Saazer halbfriiher roter Hopfen) aus den unterschiedlich
alten Hopfengarten hoher als im Jahr 2009, jedoch der Gehalt an Beimischungen wurde im Jahre 2009 hoher als im Jahre 2010. In den
Jahren 2009 und 2010 wurde der Gehalt an Silizium in Hopfen-Zapfen aus den é&lteren Hopfengarten niedriger. In den Jahren 2009 und
2010 wurden bei der Sorte Zatecky polorany ¢erveniak (ZPC = Saazer halbfriiher roter Hopfen — geheilte Form) die Ertrage aus dem 15
Jahre alten Hopfengarten und die niedrigste aus dem neuesten, 9 Jahre alten Hopfengarten. Im Jahre 2009 wurde ein Gehalt an Beimi-
schungen im Hopfen-Zapfen aus den jingsten Hopfengarten (9 und 10 Jahre alt) der niedrigster, der héhste Gehalt an Beimischungen
im Hopfen-Zapfen ist in den Mustern aus den altesten Hopfengarten gefunden worden (12 und 17 Jahre alt). Im Jahre 2010 ist der Trend
ahnlich gewesen. Aus der Sicht des Gehalts an Hopfen Silizium wurde ein eindeutiger Trend festgestellt: der Gehalt an Silizium nimmt in
Abhangigkeit des Hopfengartensalter ab, bei der Sorte Sladek wurde der niedrigste Gehalt an Silizium aus den jungen Hopfengarten, ein
héherer Gehalt ist aus den alteren Hopfengéarten gewesen. Im Jahre 2009 nahm der Gehalt an Beimischungen in Abhangigkeit vom Hop-
fengartensalter ab, nur eine Ausnahme tut einer siebenjahrigen Hopfengarten. Im Jahre 2010 nahm der Gehalt an Beimischungen in Ab-
hangigkeit vom Hopfengartensalter zu, nur bei den Mustern aus dem achtjahrigem Hopfengarten wurde niedriger. In den beiden Jahren
wurde der Gehalt an Silizium der héchste bei den jiingsten Hopfengérten und in Abhéngigkeit vom dem Alten nahm ab.
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1 UVOD

V roce 2008 vyméra chmele doséahla celosvétové 58 479 ha, coz

zpusobilo pfebytek chmele na svétovych trzich. Z tohoto divodu se
od roku 2009 vyméra snizuje az na soucasnou plochu 50789 ha.
Podle udajl firmy Hopsteiner byla v roce 2010 celkova svétova pro-
dukce 97 486 t chmele pfi primérném vynosu 1,93 t/ha.
_ Vymeéra chmelnic v CR v roce 2010 tvofila 10,3 % svétové plochy.
CR tak zaujima se svou vymérou 5238 ha treti misto mezi svétovymi
péstiteli chmele po Némecku (36,2 % svétové plochy) a USA (24,9
% svétové plochy) [1]. 3

V CR se péstuje pfedevSim odrlida Zatecky polorany &ervenak,
kterd patfi do skupiny jemnych aromatickych chmell. V souéasné
dobé se péstuje v ozdravené i neozdravené formé.

Jednotlivé klony a formy se lisi ¢astecné v obsahu alfa-horkych ky-
selin, ale skladba chmelovych pryskyfic jako celek je stejna. To plati
nejen o chmelovych pryskyficich, ale i chmelovych silicich. Vynikajici
pivovarské vlastnosti byly vyuzity i pfi Slechténi novych ¢eskych odrad
chmele hybridniho plivodu. V genetickém zékladu odrid Bor, Sladek,
Premiant a Agnus je v rizném poméru zastoupena tato tradiéni ¢eska
odrdda. Pojem ¢esky chmel nabyl rozsifenim odrddové skladby $ir-
$iho vyznamu [2].

Ceskeé republice se u chmele jako prvni zemi EU podafilo zaregist-
rovat zemeépisnou ochrannou znamku Evropské unie — chranéné
oznaceni pavodu Zatecky chmel. Dne 8. kvétna 2007 bylo vydano
nafizeni Komise ¢. 503/2007 o zapisu urcitych nazvl do Rejstfiku
chranénych oznaceni plvodu a chranénych zemépisnych oznaceni
mimo jiné i Zatecky chmel [3,4].

Pivovarsky cenné latky jsou predevsim horké kyseliny, horké kyse-
liny jsou smési sedmi dosud znamych analogt humulonu, kde pfe-
vlada kohumulon, humulon a adhumulon. Obsah horkych kyselin se
u ¢eskych chmell pohybuje okolo 2,5-16 %. Horké kyseliny se také
vyskytuji ve smési analogu, z nichZ jsou nejvice zastoupeny kolupulon,
lupulon a adlupulon. Obsah horkych kyselin se v CR pohybuje okolo
3,0-10,0 %. Pomér mezi témito kyselinami by mél byt 1 : 1,2—1,5 [5].

Dalsi dllezitou skupinou latek ve chmelu jsou rostlinné silice, které
patfi mezi aromatické latky. Komplexni viem vznikly plisobenim von-
nych a chutovych latek obsazenych v chmelovych silicich se oznacuje
jako chmelové aroma. Chmelové silice jsou produktem sekundarniho
metabolismu rostliny, béhem kterého dochazi k degradaci latek me-
tabolismu primarniho, tedy cukrd, tukd a bilkovin [6]. Obsah silic
v chmelu se pohybuje okolo 0,4-2,5 % [7]. Slozky chmelovych silic
je mozno rozdeélit do tfi skupin. Nejvétsi podil pfipada na uhlovodiko-
vou frakci. Jedno procento tvofi sirna frakce, ktera je senzoricky velmi
aktivni a neni v silici chmele zanedbatelna. Nejdulezitéjsi jsou vSak
slozky uhlovodikové frakce, a to myrcen, karyofylen, humulon a far-
nesen. Otdzkami obsahu a slozenim chmelovych silic se zabyvala
fada autorl, v posledni dobé, pfedevSim Kroupa [8]. Tento autor
uvadi, Ze chemické slozeni chmele je zavislé na odriidé, podminkach
pocasi daného péstitelského roku, ale i na klimatickych podminkach
dané péstitelské oblasti. Co se ty¢e obsahu silic, rizni autofi uvadi
0d 0,1-2,0 % hmotnosti [9,10,11,12]. Velmi charakteristicke je slozeni
silic u odridy Zatecky polorany ¢ervenak, kterou Ize podle obsahu
a slozeni silic identifikovat. SloZeni silic ostatnich odrdd je velmi po-
dobné, ale existuji slozky silic, podle kterych je mozné jednotlivé od-
rady odlisit. Kroupa [8] prokazal zavislost biosyntézy silic na povétr-
nostnich podminkéch daného roku. Dale prokézal i rozdily ve slozeni
silic ¢eskych odrld podle zplsobu skladovani. Z jeho prace dale vy-
plynulo, ze seskviterpen farnesen — tento charakteristicky znak silic
Zateckého poloraného ¢ervenaku — je velmi nestabilni a b&hem star-
nuti chmele, pfipadné vlivem nespravného skladovani dochazi k jeho
rychlému ubytku.

2 MATERIAL A METODY

Pro tuto praci byly v zemédélské organizaci Moravska zemédélska
a. s., se sidlem v Prosenicich v TrSické chmelafské oblasti odebrany
vzorky ze sklizné roku 2009 a 2010. Skladba chmelovych odrid
v tomto podniku je Zatecky polorany éerveridk tradiéni (klon 72), Za-
tecky polorany Cerveridk z meristemového mnozeni, tzv. ozdravena
forma, dale hybridni typy odriid Premiant a Sladek. Vzorky byly ode-
brany z rizné starych chmelnic s ohledem na odridu, do papirovych
obalu pfi sklizni po o¢esani, vysuseni a nasledné klimatizaci na vih-
kost 11-12 %, kdy byly tyto vzorky podrobné popsany, oznaceny

Keywords: biological admixtures, yield, essential oil content, hop
yard age

1 INTRODUCTION

In 2008 the area under hops achieved 58.479 ha worldwide, which
led to hop excess on world markets. For this reason since 2009 the
hop area has been reduced to current 50789 ha. Based on the data
of the company Hopsteiner the total world production was 97486 t of
hop at an average yield of 1.93 t/ha in 2010.

The area under hops in the Czech Republic in 2010 formed 10.3 %
of the world area, the CR with its acreage of 5238 ha thus occupies
the third position among the world hop growers, after Germany and
the USA (36.2 % and 24.9 % of the world acreage) [1].

The variety Saaz semi-early red bine hop is the most commonly
grown variety in the CR, it belongs to a group of fine aromatic hops.
Today its recovered and non-recovered forms are grown.

The individual clones and forms differ partly in content of alpha —
bitter acids but composition of hop resins as a whole is the same. It
is not valid only for hop resins but also hop essential oils. Excellent
brewing characters were also used when breeding new Czech hop
varieties of a hybrid origin. A traditional Czech variety is represented
to a various extent in the genetic basis of the varieties Bor, Sladek,
Premiant, and Agnus. By widening the varietal composition, the term
Czech hop has acquired a wider importance [2].

The Czech Republic was the first EU country to register the pro-
tected geographical indication of the European Union — the protected
designation of origin Zatecky chmel/Saaz hop. On May 8 2007 the
PDO Zatecky chmel (Saaz hop) was successfully registered on the
European list of PDO and Protected Geographical Indications by the
Commission Regulation no. 503/2007 [3,4].

From the brewing point of view, and bitter acids are valuable sub-
stances, bitter acids are a mixture of seven so far known humulon
analogues with prevailing cohumulon, humulon and adhumulon. Con-
tents of bitter acids in Czech acids vary from 2.5-16 %. bitter acids
also occur in the mixture of analogues, the most represented of which
are colupulon, lupulon and adlupulon. Contents of bitter acids range
from 3.0-10.0 % in the CR. The ration between theses acids should
be 1:1.2-1.5[5].

Plant essential oils, another important group of hop components,
belong to aromatic substances. Complex perception caused by aro-
matic and flavor substances contained in hop essential oils is denoted
as hop aroma. Hop essential oils are a product of the plant secondary
metabolism during which substances of the plant primary metabolism
of sugars, fats and proteins are degraded [6]. Hop essential oil content
varies from 0.4-2.5 % [7]. Components of hop essential oils can be
split into three groups. The hydrocarbon fraction is the most repre-
sented, the suplhur fraction forms one per cent, it is sensorially very
active and is not negligible in hop essential oils. However, components
of the hydrocarbon fractions, myrcen, caryophylen, humulon and far-
nesen, are the most important. Hop essential oil content and compo-
sition have been studied by many authors, recently for example by [8].
He claims that chemical hop composition depends on the variety,
weather conditions of the given growing year but also on the climatic
conditions of the given growing area. Different authors give content in
the range from 0.1-2.0 % of weight [9,10,11,12]. Essential oil content
in the variety Saaz semi-early red bine hop is very characteristic; this
variety can be identified according to essential oil content and com-
position. Essential oil composition in other varieties is very similar but
the individual varieties can be distinguished based on some essential
oil components. Kroupa [8] proved the dependence of essential oil
biosynthesis on the weather conditions of the given year. Further, he
also proved differences in essential oil composition in Czech varieties
depending on the method of storage. His study also suggested that
sesquiterpen farnesen —this characteristic trait of essential oils in Saaz
hop —was very unstable and its level rapidly declined during hop aging
or as a result of wrong storage.

2 MATERIAL AND METHODS

Samples from harvests 2009 and 2010 were collected in the agri-
cultural company Moravska zemédélska a.s. with the seat in Pros-
enice in TrSice hop region. Composition of hop varieties is as follows:
Saaz semi-early red bine hop - traditional, (clone 72), Saaz semi-
early red bine hop — from the meristem replication, a so called recov-
ered form, in addition, hybrid types of varieties Premiant and Sladek.
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a ulozeny ve tmé ve skladu pfi konstantni teploté az do samotnych
rozbord.

Cizi a chmelové pfimési byly stanoveny podle metody, uvedené
v CSN 46 2520-4 a CSN 46 2520-5. Podstatou zkousky je, Zze hmot-
nost cizich (zbytky chmelového dratku, kameny, provazky apod.)
a chmelovych pfimési (tj. vSech &asti chmelové révy, listl, fapikd listd)
zjistime ve vzorku chmelovych hlavek ruénim vytfidénim. Vysledek
se vyjadfuje jako hmotnostni podil v plvodnim mnozZstvi zkoumaného
vzorku v procentech.

Obsah silice v odebranych vzorcich hlavkového chmele ze sklizni
roku 2009 a 2010 byl stanoven destilaci vodni parou dle metodiky,
kterou uvadi Krofta [13]. Vzhledem k mozZnostem stanoveni byla tato
metoda pro nase potfeby modifikovana a vyuZiva se destilatni apa-
ratura podle Ceského Iékopisu 2009 na stanoveni silic v rostlinnych
drogach. Obsabh silice byl stanoven po pllroénim skladovani vzorku.
Pro hodnoceni vysledku byl vyuZit statisticky program StatSoft, Inc.
(2009). STATISTICA (data analysis software system), version 9.0. Vy-
sledky byly vyhodnoceny jednofaktorovou analyzou variance s na-
slednym testovanim LSD testem.

3 VYSLEDKY A DISKUSE

Z tab. 1a 2vyplyva, ze u tradiCni formy Zateckého poloraného &er-
venidku (dale jen ZPC — tradi¢ni forma) byly rozdilné vynosy ve sle-
dovanych letech, vy$8i vynos byl ze star§i chmelnice (1,08
a 1,69 t.ha™). V roce 2009 i 2010 byly tyto vysledky prokazany jako
statisticky vysoce priikazné. Naproti tomu je vidét, Ze obsah silic byl
v obou sledovanych letech vys$si (409 a 429,5 mg.100g~") u mladsi
chmelnice (17leté). Tyto rozdily v8ak nejsou statisticky prikazné. Co
se tyCe obsahu pfimési, byl jejich obsah vyssi v roce 2009 u starsi
chmelnice (3,7 %), kdezto v roce 2010 byl obsah pfimési vyssi
u mladsi chmelnice (3,89 %), rozdil ¢inil 0,60 %. Obsah cizich pfimési

The samples were taken from differently old hop yards with respect
to a variety, to paper packages, at harvest after picking, drying and
following air conditioning to moisture of 11 — 12 %, the samples were
described in detail, labeled and stored in the dark at the constant
temperature till the analyses.

Foreign and hop admixtures were determined according to the
method given in the standards CSN 46 2520-4 and CSN 46 2520-5.
The principle of the test is that the weight of foreign (rests of hop wire,
stones, strings etc.) and hop admixtures (i.e. any parts of hop bine,
leaves, leaf stalks) is found in a sample of hop cones by manual
screening. The results are expressed as percentage by weight in the
original amount of the sample tested.

Essential oil content in samples of whole hops from harvests 2009
and 2010 was determined by steam distillation according to the meth-
ods given by [13]. With respect to possibilities of the determination,
this method was modified for our use and a distillation apparatus ac-
cording to Cesky lékopis 2009 for the determination of essential oils
in plant drugs was employed. Essential oil content was determined
after six-month storage of samples. Results were evaluated with the
statistical program StatSoft, Inc. (2009). STATISTICA (data analysis
software system), version 9.0. The results were evaluated with the
single-factor analysis of variance and the LSD test.

3 RESULTS AND DISCUSSION

Tab. 1 and 2 show that the traditional forms of Saaz semi-early red
bine hop (further only ZPC — traditional form) exhibited different yields
in the followed years; higher yield was in the older hop yard (1.08 and
1.69 t.ha™"). In 2009 and 2010 these results were confirmed as sta-
tistically highly significant. On the contrary, essential oil content in
both the followed years was higher (409 and 429.5 mg.100g™") in
a younger hop yard (17-year-old) but these results are not statistically

Tab. 1 Jednofaktorova analyza variance pro znaky odridy ZPC — tradiéni forma / Single-factor analysis of variance for the parameters of

the ZPC — traditional form

Rok sklizné / Harvest year
Znaky / Parameters Zdroj proménlivosti / Source of variance .- PC
2009 2010
Vynos/Yield (t.ha") Stafi chmele/Hop age 1 0.08*** 0.41
Chyba/Error 2 0.00 0.00
Obsah pfimési/Admixture content (%) Stafi chmele/Hop age 1 0.09 0.36
Chyba/Error 2 0.02 0.36
Obsabh silice/Resin content (mg . 100g~") Stafi chmele/Hop age 1 1681 10486
Chyba/Error 2 3362 2093

Pozn./note: * — p < 0.05; ** —p <0.01; *** — p < 0.001

Tab. 2 Primérné hodnoty znakd odriidy ZPC — tradiéni forma / Average values of parameters of the variety ZPC — traditional forma

Rok sklizné / Harvest year

2009 2010
Staff chmelnlce' (v letech)/ Charakteristika / Charakteristics Stari chmelnlcel (v letech)/ Charakteristika / Charakteristics
Hop-yard age (in years) Hop-yard age (in years)
Vynos / Obsah Obsah Vynos / Obsah Obsah
Yield (t.ha™')| pfimési/ silice / Yield (t.ha') | pfimési/ silice /
Admixture Resin Admixture Resin
content (%) content content (%) content
(mg.100g~") (mg.100g~")
17 0.8 3.42 4092 18 1.052 3.892 429.52
19 1.08 3.72 3682 20 1.692 3.292 327.12

Pozn.: Pram. hodnoty oznac¢ené odliSnymi pismeny ve sloupcich se od sebe statisticky vyznamné lisi pfi P=0,05
Note: Aver. values denoted with different letters in the columns differ statistically significantly at P=0.05

nebyl v zadném vzorku zaznamenan, proto neni uveden nasledné
neni ani hodnocen.

V tab.3 a 4 jsou vysledky z hodnoceni odrady ZPC — ozdravena
forma, kde byly v obou sledovanych letech rozborovany vzorky z osmi
rzné starych chmelnic (9—17 let). Ve vynosech byly rozdily mezi lety
2009 a 2010.V roce 2010 byly vynosy vyrovnané u chmelnic rizného
stafi. V roce 2009 byly ve vynosech znaéné rozdily. VyS$Si vynosy

significant. Content of admixtures was higher in 2009 in the older hop
yard (3.7 %) while in 2010 content of admixtures was higher in the
younger hop yard (3.89 %), the difference being 0.60 %. Content of
foreign admixtures was not recorded in any sample and therefore it
is not given nor assessed.

Tab. 3 and 4 give results from the evaluation of the variety ZPC —
recovered form in which in both the followed years samples from eight
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Tab. 3 Jednofaktorové analyza variance pro znaky odridy ZPC — ozdravena forma / Tab. 3 Single-factor analysis of variance for the pa-

rameters of the ZPC — recovered form

Rok sklizné / Harvest year
Znaky / Parameters Zdroj proménlivosti / Source of variance -1 PC
2009 2010

Vynos/Yield (t.ha") Stafi chmele/Hop age 7 0.09** 0.04

Chyba/Error 24 0.02 0.09
Obsah pfimeési/Admixture content (%) Stari chmele/Hop age 7 4.93 4.66***

Chyba/Error 24 2.66 0.72
Obsah silice/Resin content (mg . 100g™") Stafi chmele/Hop age 7 92451*** 88794***

Chyba/Error 24 8202 3239

Pozn./note: * — p < 0.05; ** —p <0.01; ** — p <0.001

Tab. 4 Priimérné hodnoty znak(i odriidy ZPC — ozdravena forma / Average values of parameters of the variety ZPC — recovered form

Rok sklizné / Harvest year
2009 2010
Stafl chmelnlce‘ (v letech)/ Charakteristika / Charakteristics Stari chmelnlcel (v letech)/ Charakteristika / Charakteristics
Hop-yard age (in years) Hop-yard age (in years)
Vynos / Obsah Obsah Vynos / Obsah Obsah
Yield (t.ha")| pfimési/ silice / Yield (t.ha™")| pfimési/ silice /
Admixture Resin Admixture Resin
content (%) content content (%) content
(mg.100g™") (mg.100g™")
9 1.052 2.85% 1083.50°¢ 10 1.312 2.413b 1001.50¢
10 1.420¢ 2.402 1042.50°¢ 11 1.542 1.832 960.50°
12 1.162 5.44b¢ 817.50° 13 1.452 4.31¢ 741.13°
13 1.273 5.87¢ 1063.00° 14 1.622 3.43%¢ 1022.00°¢
14 1.37%¢ 4.91b¢ 868.75° 15 1.472 3.70vc 965.63°
15 1.54¢ 5.85b¢ 1164.00° 16 1.552 3.093bc 1022.00°
16 1.46°° 4.103b 755.50%° 17 1.672 5.95¢ 592.50?
17 1.082 3.75%¢ 633.50? 18 1.652 1.642 736.00°

Pozn.: Prim. hodnoty oznaéené odliSnymi pismeny ve sloupcich se od sebe statisticky vyznamné lisi pfi P=0,05
Note: Aver. values denoted with different letters in the columns differ statistically significantly at P=0.05

(1,54 a 1,46 t.ha™") mély chmelnice vy$Siho stafi (15leté a 16leté),
kdezto u mladSich chmelnic (9leté a 12leté) byly vynosy nizsi (1,05
a 1,16 t.ha™). Co se tyée pfimési v roce 2009, byly nizsi pfimési
u mladSich chmelnic (9leté a 10leté), vySSi u starSich chmelnic, pfi-
¢emz nejvice pfimési bylo zjisténo u 13leté chmelnice. Tento trend je
viceméné zachovéan u obsahu biologickych pfimési také v roce 2010.
V tomto roce bylo nejméné pfimési u 10leté chmelnice a 17leté chmel-
nice, kdezto vice pfimési bylo u starSich chmelnic (12leté — 15leté).
V obsahu silic byly rozdily mezi vzorky v obou sledovanych letech
tych chmelnic (633,5 a 755,5 mg.100g~") oproti 9, 10, 13 a 15letym
chmelnicim, u kterych byl prikazné vysSi obsah silic
(1042,5-1164,0 mg.100g~"). Také v roce 2010 byl nizsi obsah silic
u chmelnic 17letych a 18letych, vysSi obsah silic byl u mladsich
chmelnic 10leté a 11leté. Ve srovnani s rokem 2009 byl i v tomto roce
obsah silic nejvy$si u chmelnice 16leté.

Nejvy$si vynos byl ve vzorcich odrlidy Premiant zaznamenan
u 12leté chmelnice (2,48 a 2,6 t.ha™") v obou letech sledovani, oproti
dva sledované roky (fab. 5 a 6). Obsah pfimési byl u sledovanych
chmelnic vyssi v roce 2009 oproti roku 2010. Nejvyssi obsah pfimési
byl v roce 2009 ve vzorcich odridy Premiant u 9leté chmelnice
(3,40 %). Obsah silic v zavislosti na stafi chmelové rostliny klesa jak
v roce 2009, tak i v roce 2010 se tento trend potvrdil.

Z hodnoceni odridy Sladek (tab. 7 a 8) z hlediska vynosu vyplyva,
3leté a 5leté byl také vynos nizsi, kdezto u chmelnic starSich, 7leté
a 9leté, vynos dosahoval vyssi hranice. Rok 2010 byl z hlediska vy-
nosového zna¢né nevyrovnany. Nejvyssiho vynosu v tomto roce do-
sahovala chmelnice 3letd, ktera je nejmladsi ze vSech sledovanych.
Chmelnice 5leta, 6leta a 7leta dosahovaly niz§iho vynosu z dvodu
velmi nepfiznivého klimatu v roce 2010, ktery se velmi odrazil na vy-
nosu této odriidy. Chmelnice 9letd dosahovala o néco vys$si vynos
nez vySe uvedené chmelnice. Obsah biologickych pfimési v roce

differently old wine yards were analyzed (9 — 17 years). Yields in 2009
and 2010 were different. Yields in 2010 were balanced in the wine
yards different ages. Year 2009 showed considerable differences in
yields. Higher yields (1.54 and 1.46 t.ha™') were determined in the
older hop yards (15 and 16 years old), while yields in the younger hop
yards (9 and 12 years old) were lower (1.05 and 1.16 t.ha™"). Admix-
tures in 2009 were lower in the younger hop yards (9 and 10 years
old), higher in the older hop yards and the most admixtures were found
in the 13-year-old hop yard. This trend was also maintained in the con-
tent of biological admixtures in 2010. In that year the lowest admixture
content was determined in the 10 and 17-year old hop yards while
more admixtures were found in the older hop yards (12 — 15-year old).
Differences in content between samples were highly significant in both
the studied years. In 2009 essential oil contents were the lowest in the
16 and 17-year old hop yards (633.5 and 755.5 mg.100g~") versus 9,
10, 13 and 15-year old hop yards in which essential oils contents were
significantly higher (1042.5-1164.0 mg.100g~"). In 2010 essential oil
content was also lower in the 17 and 18-year old hop yards, higher
essential oil content was in younger hop yards (10 and 11 years). Com-
pared to 2009, also in this year content of essential oils was the highest
in the 16-year old hop yard.

The highest yield was recorded in the samples of the variety Pre-
miant from the 12-year old hop yard (2.48 and 2.6 t.ha™") in both the
study years versus the 13-year old hop yard with the lowest yield
(1.79 and 1.48 t.ha™") in both the studied years (Tab. 5 and 6). Content
of admixtures in the studied hop yards was higher in 2009 than in
2010. The highest admixture content was in 2009 in the samples of
the variety Premiant in the 9-year old hop yard (5.35 %) versus the
lowest essential oil content in 2010 in the 14-year old hop yard (3.40
%). Essential oil content depending on the age of hop plant declined
both in 2009 and 2010.

The evaluation of the yield of the variety Sladek (7ab. 7 and 8)
showed that the lowest yield was in the 6-year old hop yard in 2009.
The 3 and 5-year old hop yards also had a lower yield whereas the
older hop yards, 7 and 9-year old, had higher levels of yield. Year 2010
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Tab. 5 Jednofaktorova analyza variance pro znaky odridy Premiant / Single-factor analysis of variance for the parameters of the variety

Premiant
Rok sklizné / Harvest year
Znaky / Parameters Zdroj proménlivosti / Source of variance n-1 PC
2009 2010
Vynos/Yield (t.ha™") Stafi chmele/Hop age 2 0.27 0.63
Chyba/Error 3 0.00 0.00
Obsah pfimési/Admixture content (%) Stafi chmele/Hop age 2 5.00** 1.97**
Chyba/Error 3 0.06 0.02
Obsah silice/Resin content (mg . 100g™") Stafi chmele/Hop age 2 143747 92886**
Chyba/Error 3 6642 1681
Pozn./note: * — p < 0.05; ** —p <0.01; *** — p <0.001
Tab. 6 Primérné hodnoty znakd odriidy Premiant / Average values of parameters of the variety Preminat
Rok sklizné / Harvest year
2009 2010

Stafi chmelnice (v letech)/
Hop-yard age (in years)

Charakteristika / Charakteristics

Stafi chmelnice (v letech)/
Hop-yard age (in years)

Charakteristika / Charakteristics

Vynos / Obsah Obsah Vynos / Obsah Obsah
Yield (t.ha™")| pfimési/ silice / Yield (t.ha™") | pfimési/ silice /
Admixture Resin Admixture Resin
content (%) content content (%) content
(mg.100g~") (mg.100g~")
9 2.35 5.35° 1104.00° 10 1.96 3.10° 1022.00°
12 2.48 2.302 899.50° 13 2.6 1.552 838.50°
13 1.79 4.55° 572.502 14 1.48 3.40° 592.502

Pozn.: Prdm. hodnoty oznacéené odlinymi pismeny ve sloupcich se od sebe statisticky vyznamné lisi pfi P=0,05
Note: Aver. values denoted with different letters in the columns differ statistically significantly at P=0.05

Tab. 7 Jednofaktorova analyza variance (faktor stafi chmelnice) u odridy Sladek / Single-factor analysis of variance (factor — hop yard

age) of the variety Sladek

Rok sklizné / Harvest year
Znaky / Parameters Zdroj proménlivosti / Source of variance - PC
2009 2010
Vynos/Yield (t.ha") Stafi chmele/Hop age 4 0.25 0.32
Chyba/Error 11 0.00 0.00
Obsah pfimési/Admixture content (%) Stafi chmele/Hop age 4 5.15* 3.82**
Chyba/Error 11 0.40 0.61
Obsabh silice/Resin content (mg . 100g~") Stafi chmele/Hop age 4 1496216*** 1589303***
Chyba/Error 11 10961 9083
Pozn./note: * — p < 0.05; ** — p < 0.01; *** — p < 0.001
Tab. 8 Primérné hodnoty znaku odrldy Sladek / Average values of parameters of the variety Sladek
Rok sklizné / Harvest year
2009 2010

Stafi chmelnice (v letech)/
Hop-yard age (in years)

Charakteristika / Charakteristics

Stafi chmelnice (v letech)/
Hop-yard age (in years)

Charakteristika / Charakteristics

Vynos / Obsah Obsah Vynos / Obsah Obsah

Yield (t.ha™")| pfimési/ silice / Yield (t.ha™")| pfimési/ silice /

Admixture Resin Admixture Resin
content (%) content content (%) content

(mg.100g~") (mg.100g~")

3 2.49 4.53° 2330.50¢ 4 2.96 1.782 2279.25¢
5 2.40 2.952 1196.00° 6 2.38 3.29° 1104.00°
6 2.05 2.302 981.00° 7 2.33 3.93° 940.00°
7 2.91 5.75° 674.50° 8 2.12 1.602 654.002
9 2.75 2.752 879.00° 10 2.43 3.93° 715.502

Pozn.: Pram. hodnoty oznac¢ené odliSnymi pismeny ve sloupcich se od sebe statisticky vyznamné lisi pfi P=0,05

Note: Aver. values denoted with different letters in the columns differ statistically significantly at P=0.05
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2009 byl nejvyssi u 7leté chmelnice, ovéem v roce 2010 byl zazna-
nich sledovanych chmelnic z roku 2010 vyplyva, Ze se obsah pfimési
pozvolna zvySuje v zavislosti na stafi chmele. Z hodnoceni obsahu
silice v obou sledovanych letech 2009 a 2010 nam vyplyva, Ze obsah
silic se v zavislosti na stafi chmele postupné snizuje. Statisticky vy-
znamné vysSi obsah silice byl zjitén ze vzorku z roku 2009 u 3leté
chmelnice (2330,2 mg.100g™"), statisticky vyznamné nizsi obsah si-
lice byl zjistén v roce 2010 z 8leté chmelnice (654,0 mg.100g~").

4 ZAVER

Cilem prace bylo zhodnotit vynos, pfimési a obsah silic ve vzorcich
chmelovych hlavek z rGzné starych chmelnic u odriid péstovanych
v Trdické chmelaFské oblasti. Pfedmétem hodnoceni byly odriidy ZPC
— tradiéni forma (chmelnice ve stafi 17 a 19 let), ZPC — ozdravena
forma (chmelnice ve stafi 9, 10, 12, 13, 14, 15, 16, 17 let), dale odrldy
Premiant (chmelnice ve stafi 9, 12, 13 let) a Sladek (chmelnice ve
stafi 3, 5, 6, 7, 9 let). Hlavky chmele byly odebrany pfi sklizni v roce
2009 a v roce 2010. Byly hodnoceny chmelové pfimési podle CSN
46 2520—4 a 5. Déle byl stanoven obsah silic v chmelovych hldvkach
destilaci vodni parou, podle metodiky, kterou uvadi Krofta 2008.
Vzhledem k moznostem stanoveni byla tato metoda pro nase potreby
modifikovana a vyuziva se destilaéni aparatura podle Ceského Iéko-
pisu 2009 na stanoveni silic v rostlinnych drogach. Vzhledem k roz-
dilnému stari chmelnic u jednotlivych odrid byla kazda odrida hod-
nocena zvlast.

Byly zjistény rozdily ve vynosech, obsahu biologickych pfimési, ale
také v obsahu silic, které mohly byt zplisobeny povétrnostnimi pod-
minkami rok 2009 a 2010. Obsah silic u vSech sledovanych odrid
v obou hodnocenych letech byl nizsi u starSich chmelnic. V obsahu
pfimési za dvouleté obdobi nelze urcit jednoznaéné tendence, pro-
toZe obsah pfimési mohl byt ovlivnén fadou dal$ich faktoru.
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largely unbalanced was in terms of yield. The highest yield in this
yield was achieved by the three-year old hop yard, i.e. the youngest
of all the studied hop yards. The 5, 6 and 7-year old hop yards achieved
the lowest yields due to a very unfavorable weather in 2010 which
greatly affected the yield of this variety. The 9-year old hop yard
achieved slightly higher yield than the above mentioned hop yards.
Content of biological admixtures in 2009 was the highest in the 7-
year hop yard unlike 2010 when in this hop yard the lowest admixture
content was recorded. Of the other hop yards followed in 2010 it is
suggested that content of admixtures slowly rises depending on the
hop age. The evaluation of essential oil content in both the studied
years, 2009 and 2010, shows that essential oil content depending on
the hop age gradually declined. Statistically significantly higher es-
sential oil content was detected in the sample from 2009 in the 3-
year old hop yard (2330.2 mg.100g™"), statistically significantly lower
essential oil content was found in 2010 in the 8-year old hop yard
(654.0 mg.100g7").

4 CONCLUSIONS

The aim of this study was to evaluate the yield, admixtures and es-
sential oil content in the samples of hop cones from differently old
hop yards in the varieties grown in the TrSice hop area. The varieties
ZPC - traditional form (age of the hop yards 17 and 19 years) ZPC
— recovered form (age of the hop yards 9, 10, 12, 13, 14, 15, 16, 17
years), further the varieties Premiant (age of the hop yards 9, 12, 13
years) and Sladek (age of the hop yards 3, 5, 6, 7, 9 years). Hop
cones were collected during harvest 2009 and 2010. Hop admixtures
were assessed according to the standards CSN 462520 — 4 and 5.
Essential oil content was determined in hop cones by water steam
distillation according to the method presented by KROFTA 2008. This
method was modified to our requirements and a distillation apparatus
for the determination of essential oils in plant drugs according to
Cesky Iékopis 2009/List of medical products 2009 was used. The in-
dividual varieties were assessed individually regarding the different
age of hop yards. In addition, yield of hop cones was evaluated.

The differences in yields, content of biological admixtures and also
essential oil content were found, they could be caused by the weather
conditions of years 2009 and 2010. Essential oil contents in all the
varieties under study in both the years of monitoring were lower in
the older hop yards. In the two-year period, clear tendencies in content
of admixtures could not be determined as admixture content may be
also affected by a number of other factors.
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