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Odrada Harmonie byla registrovana v roce 2004. Jedna se o vicenasobny hybrid, v jehoZ piivodu figuruji odrady Zatecky polorany éerve-
nak (55 %), Premiant (31 %), Northern Brewer (12 %) a Fuggle (2 %). Odrlida je charakteristick&a ¢ervenou barvou révy a valcovitym habi-
tem. Vynos se pohybuje v rozmezi 2,0 az 2,5 t/ha. Je stfedné odolna vici houbovym chorobam, peronospore chmelové a padli chmelovému
(Pseudoperonospora humuli, Sphaerotheca humuli). Skladbou chmelovych pryskyfic, zejména vyrovnanym obsahem a- a p-kyselin, se od-
rida Harmonie fadi mezi hybridni aromatické chmele. Obsah a-kyselin se pohybuje v intervalu 4 az 8 % hm., pfi zastoupeni kohumulonu
v intervalu 19-22 % rel. Obsah celkovych pryskyfic ¢ini 22—26 % hm. Hmotnost chmelovych silic v rozmezi 1,0 az 2,0 % je obdobna jako
u ostatnich ¢eskych hybridnich odriid chmele. Slozeni silic je typické absenci p-farnesenu a pfitomnosti vysokého mnozstvi a- a p-selinend
(10 az 19 % rel.). Obsah chmelovych polyfenoll v rozmezi 2,7 az 3,5 % hm. je prakticky na stejné drovni jako u odriid Sladek, Premiant a Ag-
nus. Obsah xanthohumolu je 0,4 az 0,7 % hm. Pivovarskeé testy odridy Harmonie provedené ve ¢tvrtprovoznim a poloprovoznim méfitku pro-
kéazaly, Ze odriida Harmonie je se znagnou pravdépodobnosti odriidou vhodnou pro vyrobu ,Ceského piva“. Doporuéeni bude uginéno po vy-
hodnoceni dalSich pivovarskych testl v roce 2009. Pivovarskym vyuzitim se Harmonie fadi mezi odridy Sladek a Premiant. Vysoky obsah
B-kyselin dodava pivim pfijemny charakter horkosti srovnatelny s odridou Sladek.
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The variety Harmonie was first registered in the year 2004. It is a multiple hybrid with its origin in the varieties Saaz aroma variety (55%),
Premiant (31%), Northern Brewer (12%) and Fuggle (2%). Red coloured hop bines and hop cones of cylindrical form are characteristic for
this variety. The crop ranges from 2.0 to 2.5 t/ha. It has medium resistance against fungoid diseases, peronospora and mildew (Pseudope-
ronospora humuli, Sphaerotheca humuli). Because of the composition of the hop resins, and especially because of the well-balanced con-
tent of a- and B-bitter acids, the variety Harmonie is ranked among the hybrid aromatic hops. The content of a-bitter acids varied in the range
of 4-8% w, with the content of cohumulone in the range of 19—-22% rel. The total content of resins ranged from 22 to 26% w. The content of
essential oils in the hops ranged from 1 to 2% and corresponded with the contents from other varieties of Czech hybrid hops. The composi-
tion is distinguished by the absence of f-farnesen and the presence of large amounts of a- and f-selinens (10 to 19% rel.). The content of
hop polyphenols ranging from 2.7 to 3.5% w was almost at the same level as in varieties Sladek, Premiant and Agnus. The content of xant-
hohumol ranged from 0.4 to 0.7% w.

Brewing tests for the variety Harmonie performed in both, bench and pilot trials proved that the variety Harmonie is very probably suitable
for the production of “Czech beer”. The recommendation will be provided after the evaluation of further brewing tests in the year 2009. Due
to the brewing utilisation the variety Harmonie lines up with the varieties Sladek and Premiant. The high content of B-acids, comparable to
the variety Sladek adds a pleasant bitter character to the beers.

Krofta, K. — Nesvadba, V. — Mikyska, A. — Haskova, D.: Harmonie — tschechische aromatische Hopfensorte. Kvasny Prum. 55, 2009,
Nr. 7-8, S. 170-176.

Die Hopfensorte Harmonie wurde im Jahre 2004 registriert. Es handelt sich um einen mehrmaligen Hybrid, in ihrer Herkunft findet man
folgende Hopfensorten: Zatecky polorany &erveriak (55 %), Premiant (31 %), Northern Brewer (12 %) und Fuggle (2 %). Diese Hopfensorte
wird durch die rote Farbe der Rebe und zylindrischen Habit charakterisiert, der Ertrag liegt im Bereich von 2,0 bis zum 2,5 t/ha. Diese Sorte
ist mittelstandig gegen folgenden Pilzenkrankheiten: Hopfenperonospora und Hopfenmehltau (Pseudoperonospora humuli, Sphaerotheca
humuli). Laut der Hopfenharzenzusammensetzung, insbesondere durch den ausgeglichen a- und - Saurengehalt gehdért die Hopfensorte
Harmonie zu den hybriden aromatischen Hopfensorten. Der a- S&urengehalt liegt im Bereich von 4 % bis zu 8 % (Gew.), bei der Kohumu-
lonvertretung 19-22 % rel. Der Gesamtharzengehalt liegt im Bereich 22 % — 26 % (Gew.). Das Gewicht der Hopfendéle im Bereich 1,0 % —
2,0 % ist analogisch wie bei den anderen tschechischen hybriden Hopfensorten. Die Zusammensetzung der Hopfenéle ist durch die Abwe-
senheit des p-Farnesens und die hohe Anwesenheit von a- und p-Selinen (10 % — 19 % rel.) typisch. Der Hopfenpolyphenolsgehalt im Be-
reich von 2,7 % bis 3,5 % (gew.) ist praktisch derselbe wie bei den Andersen Hopfensorten Sladek, Premiant und Agnus. Der Gehalt des
Xanthohumols ist 0,4 bis 0,7 % (gew.). Die in den Labor- und Pilotplant durchgefiihrte Brautesten der Hopfensorten Harmonie wiesen auf,
dass diese mit wesentlicher Wahrscheinlichkeit eine geeignete Hopfensorte zur Herstellung des , Tschechischen Bieres® ist. Die Empfehlung
wird erst nach Durchfiihrung weiteren Brautesten mit dieser Hopfensorte im Jahre 2009 gegeben. Durch die Anwendung in den Brauereien
gehdrt die Hopfensorte Harmonie zu den anderen Hopfensorten Premiant und Sladek. Ein hoher - S&durengehalt gibt ahnlich als auch die
andere Hopfensorte Sladek dem Bier ein eingenehmes bitteres Geschmack.

Kli¢ova slova: chmel, pivo, Slechténi chmele, chmelové pryskyrice,
a-kyseliny, chmelové silice

1 UvVOD

Odriidova prestavba ¢eského chmelarstvi byla zahdjena v polo-
viné 90. let uplynulého stoleti zavedenim prvnich hybridnich odrud
Bor, Sladek a Premiant do zemédélské praxe [1]. V roce 2001 byla
registrovana dal$i odrlida Agnus [2]. PGvodni deklarace vysokoob-
sazné odrldy se v praxi v plné mife nenaplnila. | pfesto se pfevazna

Keywords: hops, beer, selection of hops, hop resins, a-acids, es-
sential oils in hops

1 INTRODUCTION

The re-development of Czech hop production was launched in the
mid 90’s of the last century with the introduction of the first hybrid va-
rieties Bor, Sladek and Premiant to the agriculture [1]. A further va-
riety Agnus was registered in the year 2001 [2]. The original decla-
ration as a high content variety wasn’t however entirely met in practice.
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¢ast sklizné odrldy Agnus zpracovava na extrakty. Péstovani hybrid-
nich odrad se v Ceské republice stéle rozviji. V roce 2008 se ceské
hybridni odrady sklizely z plochy 571 hektar(, tj. zhruba 10 % plochy
obdélavanych chmelnic (Sladek 239 ha, Bor 13 ha, Premiant 267 ha,
Agnus 52 ha) [3]. Celkova sklizen byla 1 152 tun, coZ pfedstavovalo
17 % objemu ro¢nikové sklizné. Primérné hektarové vynosy hybrid-
nich odriid 2 t/ha jsou pfiblizné dvojnasobné v porovnani se Zatec-
kym Cervendkem, coz pfispiva k ekonomické efektivité jejich pésto-
vani. Zna¢na ¢ast roénikové sklizné se spotfebovava v Ceskych
pivovarech [4], ve kterych si v prabéhu let ziskaly zna¢nou oblibu.
Stale vice se prosazuji i v zahranici (Asie, Rusko). V Fijnu roku 2008
bylo rozhodnutim Evropské komise pfijato a do Rejstfiku chranénych
oznacCeni pldvodu a chranénych zemépisnych oznaceni zapsano
Chranéné zemépisné oznaceni (CHZO) ,Ceské pivo“ [5]. VUPS je
v tomto dokumentu uveden jako organizace, ktera rozhoduje o do-
poruéeni odriid jeémene a chmele pro vyrobu ,Ceského piva“. Do-
sud schvéalenymi odriidami chmele jsou kromé tradiéniho ZPC od-
ridy Sladek a Premiant.

2 METODIKA
2.1 Obsah a slozeni sekundarnich metabolitt

Za ucelem stanoveni charakteristického obsahu a slozeni a- a 3-ky-
selin, prenylflavonoidt a chmelovych silic byly v prabéhu nékolika
ro¢nik( analyzovany vzorky hlavek, pochazejici z rajonizacnich po-
kusU, Slechtitelskych ploch a poloprovozniho pokusu na Ucelovém
hospodarstvi (UH) ve Stekniku. V ramci dlouhodobého pokusu skla-
dovani byla hodnocena dynamika procest starnuti hlavek a granuli
za rQiznych experimentalnich podminek. Hlavkovy chmel pouzity pro
pokus byl skladovan az do zpracovani v klimatizovaném skladu na
UH ve Stekniku pfi teploté +4 °C. Provozni skladovaci pokus byl za-
loZen tim zplUsobem, Ze granulovany chmel odriidy Harmonie byl za-
balen do sacku z vicevrstvé hlinikové félie a obsah evakuovan. Z hla-
vek byly na laboratornim lisu pfipraveny malé hranoly lisovaného
chmele o rozmérech 10 x 10 x 5 cm, zabaleny do modrého baliciho
papiru. Sa¢ky s granulemi i hranoly lisovanych hlavek byly sklado-
vany bez pfistupu svétla v klimatizovanych (2 az 3 °C) i neklimatizo-
vanych (20 °C) mistech v takovém poctu, aby pfi kazdém terminu
vzorkovani byl pouzit k analyzam novy, neporuseny sacek &i hranol.
Vzorkovani chmeld bylo provedeno 3, 6, 10 a 13 mésicu po sklizni.
Dynamika procesu starnuti byla analyticky sledovana na zakladé ana-
lyzy obsahu a slozeni a- a p-kyselin metodou HPLC [6] a stanove-
nim indexu skladovani chmele (HSI) metodou ASBC [7].

Obsah a slozeni chmelovych pryskyfic byly stanoveny metodami
EBC 7.5 a EBC 7.7 [6]. Pomoci Wéllmerovy metody EBC 7.5 byl hod-
nocen obsah celkovych pryskyfic a p-frakce. HPLC metodou EBC
7.7 byly stanoveny obsah a slozeni a-kyselin, p-kyselin, xanthohu-
molu a desmethylxanthohumolu (DMX). Analyzy byly provedeny na
chromatografech SHIMADZU LC 10A a LC20A. Mobilni faze se skla-
dala ze smési metanol:voda:kyselina fosfore¢na (850:190:5 obj.).
Separace analytli byla provedena na koloné Nucleosil 250 x 4 mm,
5 um, RP C,g (Macherey Nagel, Germany) pfi pritoku mobilni faze
0,8 ml/min. Latky byly detekovany detektorem diodového pole pfi vi-
nové délce A = 314 (a- a B-kyseliny) a 370 nm (xanthohumol a DMX).
Izolace chmelovych silic se provadéla destilaéni metodou. Obsah si-
lic byl stanoven jako hmotnostni podil vytékany s vodni parou v pra-
béhu 90minutového varu ze 100 g chmele. Analyza sloZeni silic byla
provedena plynovou chromatografii na koloné DB 5, 30 m x 0,25 um
x 0,25 mm s teplotnim programem v rozsahu 60 °C az 250 °C. Pr{-
tok nosného plynu (hélium) byl 1 ml/min, nastfik vzork(l chmelovych
silic déleny v poméru 1:50. Vlastni analyza byla provedena na ply-
novém chromatografu VARIAN 3400 ve spojeni s hmotnostnim de-
tektorem FINNIGAN ITD 800 [1]. Index skladovani chmele HSI, defi-
novany jako pomér absorbanci toluenového extraktu chmele
v prostredi alkalického methanolu pfi 275 a 325 nm, byl méfen na
UV-VIS spektrofotometru SHIMADZU 1601.

2.2 Provedeni pivovarskych zkousek

Varni testy ve Ctvrtprovoznim méfitku byly realizovany v pokusném
pivovaru Chmelarského institutu v Zatci. V obdobi 2003 az 2006 bylo
pfipraveno nékolik sérii pokusnych piv, do kterych byly, spolu s od-
rdou Harmonie, pouzity dalsi ¢eské odridy Sladek a Premiant
v hlavkové formé. Davkovani chmele bylo diferencovano na tfi hmot-
nostné stejné davky. Prvni davka se pfidavala ihned po zavareni,
druha po 20 minutach varu a posledni 20 minut pfed koncem chme-

Nevertheless the majority of the crop of the Agnus variety is utilized
for hop extracts. The cultivation of further hybrid varieties in the Czech
Republic is continuously evolving. In 2008 the Czech hybrid varieties
were harvested from an area of 571 hectares, that means about 10%
of the area of cultivated hop yards (Sladek 239 ha, Bor 13 ha, Pre-
miant 267 ha, Agnus 52 ha) [3]. The total crop was 1152 tons, which
represented 17% of the volume from an annual harvest. The average
yield per hectare of hybrid varieties, 2 t/ha is about twofold when com-
pared to Saaz aroma variety, which brings economic benefits for their
cultivation. Due to an increasing popularity of Czech hybrid hops the
major part of the annual crop is used in Czech breweries [4]. Howe-
ver the popularity of Czech hybrid hops is rising in foreign countries
as well (Asia, Russia).

According to the decision of “The European Commission” in Octo-
ber 2008 the Protected Geographical Specification (PGS) “Czech
beer” was accepted and added in “The Register of Protected Geo-
graphical Indications and Designations of Origin” [5].

In this document the VUPS (Research Institute of Brewing and Mal-
ting) is introduced as an organisation, which decides about recom-
mendations of varieties of barley and hops for the production of
“Czech beer”. Up to now the recommended varieties of hops were,
apart from the traditional Saaz aroma variety, the varieties Sladek
and Premiant.

2 MATERIAL AND METHODS
2.1 Contents and compositions of the secondary metabolites

For the purpose of determining the characteristic content and the
composition of a- and p-bitter acids, pernylflavonoids and essential
oils samples of hop cones were analysed over several years. The co-
nes came from regionalisation tests, breding plots and from the pilot
hop gardens at experimental farm (UH) in Steknik. Regarding long
term storage trials the dynamics of the aging process of cones and
granulates under different experimental conditions were evaluated.
Hop cones used for the trial were kept until the treatment in an air-
conditioned storeroom in UH in Steknik at a temperature of 4 °C. Du-
ring the pilot storage trial the hop pellets of the variety Harmonie were
packed in bags made from several layers of aluminium foils. The bags
were evacuated. Hop cones were formed by means of a laboratory
press into small cubes of size 10 x 10 x 5 cm and packed in blue wrap-
ping paper. Both the bags of granules and the pressed hop cubes were
stored in dark rooms either air-conditioned at a temperature of 2-3 °C
or at a room temperature of 20 °C. For each analytical experiment
a new intact cube or bag was used. The sampling of the hop was car-
ried out 3, 6, 10 and 13 months after the harvest. The dynamics of the
aging processes were monitored by analysing the contents and the
compositions of the a- and B-bitter acids with HPLC [6] and by deter-
minations of the hop storage index (HSI) with the ASBC method [7].

The contents and the compositions of hop resins were determined
with HPLC methods according to Analytica EBC 7.5 and EBC 7.7 [6].
The total content of resins and the and p-fraction were determined
with Wélimer method EBC 7.5. The contents and the compositions
of a- acids, p-acids, xanthohumol and desmethylxanthohumol (DMX)
were determined by means of the HPLC method EBC 7.7. Analyses
were performed with chromatographs SHIMADZU LC 10A and LC
20A. The mobile phase was composed of methanol : water : phosp-
horic acid (850 : 190 : 5 vol.). The separation of analytes was done
using a column Nucleosil 250 x 4 mm, 5 Km, RP C,s (Macherey Na-
gel, Germany). The flow rate of the mobile phase was 0.8 ml/min. The
detection was made with a diode-array detector at wavelengths of
314 nm (o~ and B-bitter acids) and 370 nm (xanthohumol and DMX).

The separation of the hop essential oils was carried out by steam
distillation. The content of the essential oils volatilised with the water
vapour from boiling 100 g hop for 90 minutes was assessed and ex-
pressed as a mass fraction. The composition of the hop essential oils
was analysed by means of a gas chromatograph VARIAN 3400 equ-
ipped with a mass detector FINNIGAN ITD 800 [1]. The operating
conditions were: helium carrier gas at 1 ml/min, 1:50 split ratio and
temperature program from 60 °C to 250 °C. The separation was done
using a fused silica capillary column DB 5, 30 m x 0.25 mm i.d. and
0.25 um film thickness.

The hop storage index is defined as the ratio of the absorbance at
wavelength 275 nm to the absorbance at wavelength 325 nm in an
alkaline methanol solution of a toluene extract of the hops. The me-
asurements were done with a UV-VIS spectrophotometer SHIMADZU
1601.
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lovaru. V nerezové mladinové panvi bylo vyrazeno 60 litr(i horké mla-
diny po 90minutovém atmosférickém chmelovaru. Hlavni kvaseni pro-
bihalo pfi teplotach 6 az 8 °C po dobu 8 az 10 dni a dokvaSovani
v nerezovych lezackych tancich pfi teploté 2 az 3 °C po dobu 6 tydna.
U vSech pokusnych varek byl pouzit stejny kmen kvasinek €. 95 sbirky
VUPS. Hotova piva se filtrovala pfes celulosové desky a plnila do
lahvi pod atmosférou oxidu uhli¢itého.

Varni testy v poloprovoznim méfitku probéhly v pokusném pivovaru
Vyzkumného Ustavu pivovarského a sladarského v Praze v roce 2008.
Testovany byly chmele rdznych odrdd véetné granulovaného chmele
odridy Harmonie, jako porovnavaci byly pouzity granule ZPC. Pro
pfipravu 12% plnosladovych varek ze sladu odridy Malz byl pouzit
dvourmutovy zplsob. V nerezové mladinové panvi bylo vyrazeno 240
litrt horké mladiny po 90minutovém atmosférickém chmelovaru.
Chmeleni probéhlo ve tfech davkach. Prvni davka (30 %) se prida-
vala po zavareni, druha (50 %) po 30 minutach varu a posledni (20 %)
15 minut pfed koncem chmelovaru. Mladina byla po odkaleni do-
chlazena deskovym chladi¢em na zakvasnou teplotu 10 °C a pro-
vzdu$néna na obsah rozpusténého kysliku 8 = 0,5 mg/I.

Hlavni kvaseni probéhlo v cylindrokénickych tancich (CKT). Mladina
byla zakvasena davkou 220 g/hl lisovanych nasadnich kvasnic kmene
¢. 95 sbirky VUPS. Maximalni teplota hlavniho kvaseni byla nastavena
na 12 °C = 0,1 °C. Po dosazeni rozdilu mezi zdanlivym a dosazitel-
nym prokvasenim pfiblizné 10 % byl obsah CKT béhem 24 hodin zchla-
zen na teplotu 5-6 °C, pfi niz bylo mladé pivo sudovano do lezackych
tanku s pouzitim protitlaku oxidu uhli¢itého. Teplota v leZackém sklepé
se pohybovala v rozmezi 1-2 °C. Doba lezeni byla cca 40 dni. Hradici
tlak byl udrzovan na hodnoté 100 kPa. Piva byla filtrovana deskovym
filtrem. Pfi veSkerych manipulacich s pivem béhem filtrace a staceni
byl pouzivan oxid uhli¢ity. Piva byla std€ena do lahvi na strojovém pl-
ni¢i s dvojitou evakuaci a pfedplnénim lahvi oxidem uhli¢itym a pas-
terovana v ponorném pastéru na uroven cca 20 PU.

2.3 Hodnoceni piv

Stanoveni zéakladnich analytickych parametrd pokusnych piv, tj.
horkosti, pH, obsahu alkoholu a koncentrace plivodni mladiny, bylo
provedeno podle Analytiky EBC [6] a Pivovarsko-sladafské analytiky
[8]. Déle byla stanovena endogenni antiradikalova kapacita piv, hod-
nota lag-time [9] a antioxidac¢ni aktivita piv metodou ESR-DPPH [10].
Senzorické hodnoceni piv vyrobenych ve Ctvrtprovoznim méfitku bylo
provadéno kratce po stoceni ve Chmelafském institutu v Zatci. De-
gustacni schéma pouzivané ve Chmelafském institutu je zaloZzeno na
bodovacim systému tfi parametr(: chuté a viiné piva, pfijemnosti a in-
tenzity horkosti a celkového dojmu po napiti. Kazdy ze senzorickych
atributll je hodnocen bodovou stupnici. Vysledkem hodnoceni je &i-
selné vyjadrené poradi celkové obliby piv. Senzoricka analyza Cer-
stvych piv vyrobenych v poloprovoznim méfitku, piv po 3 a 6 mési-
cich skladovani byla provedena deviticlennou degustacni komisi
VUPS podle postupu vypracovaného na VUPS [11]. Piva byla skla-
dovana v laboratofi v pfepravkach pfi teploté 20 °C, tedy za podmi-
nek blizkych skladovani v obchodni siti. Rozdily v celkové oblibé byly
stanoveny pofadovym testem vyhodnocenym Friedmanovou meto-
dou [12]. U Cerstvych piv byla stanovena kfivka senzorického dozni-
vani horkosti.

3 VYSLEDKY A DISKUSE

Harmonie je dalim produktem $lechténi chmele v CR, které se jiz
vice nez 10 let soustfeduje na ziskani novych hybridnich odrid.
K tomu se vyuziva rozsahly genofond s vysokou genetickou variabi-
litou. Jeho soucasti jsou mj. plané chmele z Asie, Ameriky a Evropy
a sortiment vice nez 300 odrdd chmele z celého svéta. Odrida Har-
monie vznikla z kfizeni v roce 1985.V roce 1997 byla pfihlaSena do
registraénich pokusl a v roce 2004 byl podan navrh na jeji registraci
a pravni ochranu. Jedna se o vicenasobného kfizence, v jehoz pl-
vodu figuruji odridy Zatecky polorany &erveiak (55 %), Premiant
(31 %), Northern Brewer (12 %), Fuggle (2 %). Rostlina ma Cerve-
nou barvu révy, mohutného vzristu a pravidelného valcovitého tvaru.
Cervena barva révy charakterizuje v puvodu Zatecky polorany Cer-
venak. Hlavky jsou stfedné velké s jemnym vieténkem, stfedné az
husté nasazené (obr. 1). Délka pazochl je stfedni az dlouha. Nékteré
pazochy dosahuji délky az 1,5 m. Harmonie je stfedné odolné k pe-
ronospore chmelové (Pseudoperonospora humuli) a k padli chme-
lovému (Sphaerotheca humuli). Vegeta¢ni doba je stfedni, 130 az
135 dni [13]. Lze ji péstovat i ve vysSich polohach. Vynos suchého
chmele je na urovni 2,5 t/ha.

2.2 Execution of Brewing Tests

Brewing tests in pilot scale were made in Hop Research Institute
pilot brewery in Zatec. Over the time from 2003 to 2006 several bat-
ches of experimental beers were prepared. For these beers the hop
variety Harmonie as well as the varieties Sladek and Premiant were
used in the form of whole hops. The hop was divided into three even
portions The first portion was added immediately after the boiling, the
second one after 20 minutes and the last one 20 minutes before the
completion of wort boiling. After 90 minutes of atmospheric wort bo-
iling in a stainless steel copper 60 | of the hot hopped wort were fi-
nished. The main fermentation was done at a temperature of 6 to 8 °C
for 8 to 10 days. The secondary fermentation was performed in sta-
inless steel storage tanks at a temperature of 2 to 3 °C for 6 weeks.
By all experimental batches the same yeast strain No. 95 from the
collection of the Research Institute of Brewing and Malting (VUPS)
was used. Finished beers were filtered through cellulose plates and
bottled under a carbon dioxide blanket. )

Brewing tests in the pilot brewery were done at the VUPS in 2008.
Different hop varieties included hop pellets of the variety Harmonia
were tested and compared with hop pellets of the Saaz aroma vari-
ety. For the preparation of 12% full-malt batches from the malt vari-
ety Malz a two-mash method was used. After 90 minutes of atmosp-
heric hop boiling in the stainless steel copper 240 | of the hot wort
were finished. The hopping was made in three portions. The first por-
tion (30%) was added after the boiling, the second one (50%) after
30 minutes of boiling and the last one 15 minutes before the end of
wort boiling. After the removal of the sludge the hop wort was coo-
led down with a plate cooler to a pitching temperature of 10 °C and
aerated up to a content of 8 + 0.5 mg/l of dissolved oxygen.

The main fermentation was performed in cylindroconical tanks
(CCT). The hop wort was fermented with 220 g/hl of pressed seed
yeasts strain No. 95 from the collection of the VUPS. The maximum
temperature during the main fermentation was adjusted to 12 + 0.1°C.
After achieving a difference between the apparent attenuation and
the reachable fermentation of about 10% the content of the CCT was
cooled down to a temperature of 5-6 °C over 24 hours. The finished
beer was hosed into storage tanks with a counter pressure of carbon
dioxide. The temperature in the storage cellar was around 1-2 °C.
The storage time was about 40 days. Bunging pressure was kept at
the level of 100 kPa. The beer was filtered through a plate filter. Car-
bon dioxide was used for all beer transfers during the filtration and
the filing. The beer was bottled by means of a bottling machine equ-
ipped with double pre-evacuation filling. The bottle were pre-charged
with carbon dioxide and pasteurised in box pasteurizer at a level of
about 20 PU.

2.3 Evaluations of Beers

Determinations of the essential analytical parameters of the expe-
rimental beers such as bitterness, acidity, content of alcohol and pri-
mal concentration of hopped wort were carried out according to the
EBC analytics [6] and the Brewing and Malting analytics [8]. Furt-
hermore an endogen antiradical capacity of the beers, the lag-time
values [9] and an anti-oxidation activity of beers were determined by
the method ESR-DPPH [10]. The sensory evaluation of the beers pro-
duced in the bench trials was made shortly after the bottling in the
Institute of Hop Research and Brewing in Zatec. The tasting scheme
used there was based on a scoring system for the three parameters:
taste and aroma, pleasantness and intensity of bitterness and a ge-
neral impression after tasting. Each of these sensorial qualities is ra-
ted using a scatter chart. The result is a ranking of the overall beer
popularity expressed in numbers.

The sensory evaluation of beers produced in the pilot brewery was
made after 3 and 6 months of storage. The taste panel of nine mem-
bers from the VUPS followed a tasting protocol developed at the VUPS
[11]. Beers were stored in the laboratory in crates at 20 °C. This tem-
perature responds to the conditions at which the beer is stored in
shops. The differences in the overall popularity were assessed by me-
ans of a ranking test evaluated by Friedman’s method [12]. A curve
for a sensorial fading of the bitterness of the finished beers was also
assessed.

3 RESULTS AND DISCUSSION

The variety Harmonie is a further product of the hop cultivation in
the Czech Republic, which, for more than 10 years has been focu-
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Skladbou  chmelovych
pryskyfic, zejména vyrovna-
nym obsahem alfa a beta
horkych kyselin, se odrida
Harmonie fadi mezi hybridni
aromatické chmele. Uve-
dena vlastnost se odrazi
i v ndzvu odrldy. V pfizni-
vych ro€nicich dosahuje ob-
sah a-kyselin hranici 10 %
hm. Prevazné se vSak po-
hybuje v intervalu 4 az 8 %
hm., pfi zastoupeni kohu-
mulonu v intervalu 19-22 %
rel. Obsah celkovych prys-
kyfic ¢&ini 22-26 % hm.
Hmotnost chmelovych silic
vrozmezi1,0az2,0 % je ob-
dobna jako u ostatnich Ces-
kych  hybridnich  odrad
chmele. Slozeni silic je ty-
pické absenci p-farnesenu
a pritomnosti nezvykle vy-
sokého mnozstvi a- a p-se-
linend (10 az 19 % rel.).
Chromatogram chmelovych
silic odrid Harmonie a Za-
tecky Cervendk (pro porov-
nani) je uveden na obr. 2. Obsah chmelovych polyfenolli v rozmezi
2,7 az 3,5 % hm. je prakticky na stejné urovni jako u odriid Sladek,
Premiant a Agnus. Obsah xanthohumolu je 0,4 az 0,7 % hm. Po-
drobné sloZeni chmelovych pryskyfic, silic a polyfenolt odridy Har-
monie je uvedeno v tab.1.

Vysledky stanoveni obsahu a-kyselin, p-kyselin a HSI v hlavkovych
i granulovanych chmelech v prabéhu skladovani v odlisnych teplot-
nich podminkéach jsou uvedeny na obr. 3a v tab. 2. Vysledky analyz
obsahu a- a B-kyselin v hlavkach a granulich odridy Harmonie uka-
zuji, ze dlouhodobym skladovanim dochazi k pomérné zna¢nému
ubytku, pficemz pokles je mnohem rychlejSi v nezpracovanych hlav-
kach v porovnani s granulemi. Nejvétsi pokles obsahu horkych ky-
selin byl zaznamenan ve hlavkach skladovanych v teple (a-kyseliny
80 % rel., B-kyseliny 83 % rel.). V chladnu byl ubytek horkych kyse-
lin o poznani pomalejsi (a-kyseliny 38 % rel., f-kyseliny 28 % rel.).
V granulich skladovanych v klimatizovaném skladu ubylo b&éhem
12mési¢niho skladovani zhruba 14 % rel. a-kyselin a 15 % rel. f-ky-
selin. Skladovani granuli za normalini teploty vedlo k Ubytku 26 % rel.
a-kyselin a 18 % rel. B-kyselin. Jedna se o ztraty pomérné vyznamné,
srovnatelné s odriidou Agnus nebo Sladek, které starnou rovnéz
velmi rychle. Vysokym ztratdm obsahu a-kyselin odpovidaji i hodnoty
indexu skladovani chmele HSI. V prabéhu 12mési¢niho skladovani
se hodnoty zminéného indexu v granulich zvySily postupné az na uro-
ven 0,44-0,52. Ve hlavkach skladovanych v teple hodnota HSI vy-
razné prekrodila hranici 1,0. Pro praxi z toho vyplyva zavér, ze skli-
zeny chmel odrlidy Harmonie je nutné bezprostfedné po sklizni
umistit do klimatizovaného skladu a co nejdfive zpracovat do pelet.

Obr. 1 Chmelové hlavky odriidy Harmonie / Fig. 1 Hop cones of the variety
Harmonie

sed on the development of
new hybrid varieties. For this
purpose a wide gene pool
with a high genetic variability
was used. Its components
are, for example wild hops
from Asia, America and Eu-
rope and an assortment of
more than 300 varieties of
hops worldwide. The variety
Harmonie originates from
hybridisation, which happe-
ned in the year 1985. In 1997
it was entered for registration
experiments and in the year
2004 a motion for its registra-
tion and legal protection was
made. It is a multiple hybrid
with its origin in the varieties
Saaz aroma (55%), Premiant
(31%), Northern Brewer
(12%) and Fuggle (2%). The
plant has a large growth with
a red coloured hop bine of re-
gularly form. The red colour of
the hop bine reveals its origin
in the Saaz semi-early red bi-
nes hop.

Medium to large hop cones with fine rachis occur semi-densely to
densely (Fig. 7). The length of laterals is medium to long. Some of
the laterals can reach a length of up to 1.5 m. The Harmonie has
a medium resistance against pernospora (Pseudoperonospora hu-
muli) and mildew (Sphaerotheca humuli). The vegetation period is
medium, lasting from 130 to 135 days [13]. It could be cultivated even
at higher altitudes. The yield of dry hop amounts to a level of 2.5 t/ha.

Because of the composition of the hop resins, and especially be-
cause of the well-balanced content of a- and p-bitter acids the vari-
ety Harmonie is ranked among the hybrid aromatic hops. This attri-
bute is even reflected in the appellation of the variety.

The content of a- bitter acids varied mainly between 4-8 % w, with
the content of cohumulon between 19-22 % rel., but in favourable
years even reaching a level of 10% w. The content of hop oil, ranging
from 1.0 to 2.0 % was similar to other Czech hybrid varieties of hop.
The composition is distinguished by the absence of p-farnesene and
the presence of extraordinary large amounts of a- and -selinense
(10 to 19 % rel.) The chromatograph of hop oils from the variety Har-
monie compared with the variety ZPC is shown in Fig. 2. The content
of hop polyphenols varies between 2.7-3.5 % w and was almost at
the same level as for varieties the Sladek, Premiant and Agnus. The
content of xanthohumol ranged from 0.4 to 0.7% w. The detailed com-
positions of the hop resins, oils and polyphenols were summarized
in Tab. 1.

The results of the determination of a- and p-bitter acids and HSI
in whole hops and in hop pellets during storage at different tempe-
ratures are summarized in Fig. 3 and in Tab. 2. The results indicate

Bocan Mo: 381 Rotewtion Time: 5:03 RIC: 1851 Hams Bamgo: 36 - 249
Plotted: 381 to 4588 Range: 381 to 4588 16 = 1241116
e i u q [ r
™T
(1]
T T
1888 2888 ] 4888
1641 33:21 = H 6 24l

Boan Mo: 381 Rotewtion Times: 5183 RIC: 1362 Hams Range: 48 = 248
Flotted: 381 to 4500 Range: 381 to 4588 1Be: = Z1BRELZE
B . 25
I H c W I
Ot
" |J| ™ l e | hl M bl I l| A
i T
1888 2BBB 3008 4BBA
16141 33:21 5881 Bh:41

Obr. 2 Chromatografické zaznamy analyzy chmelovych silic odrid Zatecky polorany éerveiiak (vlevo) a Harmonie (vpravo) (M = myrcen, O
= ocimen, U = 2-undekanon, C = p-karyofylen, H = B-humulen, F = p-farnesen, S = selineny) / Fig. 2 Gas chromatograms of the hop es-
sential oils of the varieties Saaz aroma variety (ZPC) (left) and Harmonie (right) M = myrcene, O = ocimene, U = 2-undecanone, C = -ca-

ryophyllene, H = a-humulene, F = p-farnesene, S = selinenes.
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Tab. 1 Obsah a sloZeni nejdllezitéjSich sekundarnich metabolitd odriidy Harmonie / Contents and compositions of the most important se-

condary metabolites of the variety Harmonie

Slozka / Compounds Obsah / Content | Slozka / Compounds Obsah / Content
Pryskyfrice / Resins Chmelové silice / Hop oils

Celkové pryskyfice / Total resins 22-26 % hm./w Obsah silic / Total oils 1,0-2,0 % hm./w
a-kyseliny / a-acids 4-8 % hm./w B-pinen / B-pinene 1,3-1,5 % rel.
B-kyseliny / B-acids 4-8 % hm./w myrcen / myrcene 30-40 % rel.
p-frakce / p-fraction 8-14 % hm./w limonen / limonene 0,40-0,50 % rel.
pomér o/ kyseliny / o/B acids ratio 0,80-1, 20 linalool / linalool 0,9-1,4 % rel.
kohumulon / cohumulone 19-22 % rel. geraniol / geraniol 0,20-0,30 % rel.
kolupulon / colupulone 36—40 % rel. 2-undekanon / 2-undecanone 1,0-1,5 % rel.
Polyfenoly / Polyphenols methyl-4-decenoat / methyl-4-decenoate 1,0-1,8 % rel.
celkové polyfenoly / total polyphenols 2,7-3,5 % hm./w | B-karyofylen / B-caryophyllene 6—11 % rel.
xanthohumol (X) / xanthohumol (X) 0,4-0,7 % hm./w | a-humulen / a-humulene 10-20 % rel.
pomér X/a x 100 / X/o ratio x 100 9-11 B-farnesen / B-farnesene < 1,0 % rel.
desmethylxanthohumol / desmethylxanthohumol | 0,10-0,15 a + f selinen / o + § selinenes 10-19 % rel.

4 PIVOVARSKE ZKOUSKY

Vysledky senzorického hodnoceni piv pfipravenych ve Ctvrtpro-
voznim méfitku (viz tab. 3) ukazuji, ze piva pfipravena s odrlidami
Harmonie a Sladek byla dle obliby posuzovana velmi podobné.V se-
dmi sériich bylo pivo s Harmonii hodnoceno 3x na prvnim misté a 4x
na druhém. Pivo z odrlidy Sladek bylo zafazeno 4x na prvnim a 3x
na druhém misté. S urcitym odstupem byla hodnocena piva chme-
lena odriidou Premiant.

Pivo pfipravené s odridou Harmonie v poloprovoznim méfitku bylo
hloubéji prokvasené nezli pivo srovnavaci, coz se pfi senzorické ana-
lyze projevilo v hodnoceni plnosti (tab. 4, 5). Analyticka horkost pfi-
pravenych piv byla v dobré shodé. Pivo chmelené odridou Harmo-
nie obsahovalo niz&i mnozstvi polyfenolovych latek a mélo nizsi
antiradikalovou aktivitu, coz je ve shodé s charakterem pouzitych
chmelll, odriida ZPC je charakteristicka velmi vysokym obsahem po-
lyfenolickych antioxidantd [14]. Niz&i obsah polyfenoll u piva chme-
leného Harmonii se naopak pfiznivé projevil ve vySsi pfirozené kolo-
idni stabilité, pénivost piv byla srovnatelna (tab. 4). V intenzité
a charakteru senzoricky hodnocené horkosti nebyly mezi hodnoce-
nymi pivy nalezeny prikazné rozdily, a to ani v ¢erstvém pivu, ani
v pribéhu Sesti mésicl skladovani piv (tab. 4). Nartst a doznivani in-
tenzity horkosti piva chmeleného odrlidou Harmonie mély prabéh
charakteristicky pro aromatické chmele a byly prakticky shodné s pi-
vem chmelenym ZPC (obr. 4). Piva chmelena hotkymi chmely maji
pozvolnéjsi doznivani hofkého viemu, déle ulpivajici hofkost.

Cerstvé pivo chmelené Harmonii bylo celkové hodnoceno hie ne-
Zli pivo srovnavaci, po 3 mésicich skladovani se rozdil snizil, po 6 mé-
sicich bylo pivo chmelené Harmonii hodnoceno mirné lépe. Tento
trend koresponduje s vyvojem intenzity trpké a staré chuti piv. Trpka

Obsah alfa kyselin (% hm.) / Content of a-acids (% w)

0,0 t t t
0 3 6 9 13
Doba skladovani (mésice) / Time of storage (months)

‘—+—a/fa?0”c — @ alfa3C ---0 -~ HSI 20 °C —o— HSI 3°C ‘

Obr. 3 Pokles obsahu a-kyselin a narGst HSI v lisovaném hlavkovém
chmelu odridy Harmonie v prabéhu skladovani pfi dvou teplotach /
Fig. 3 Decrease in the content of a-acids and the increase of HSI in
pressed hop cones of the variety Harmonie during storage at two dif-
ferent temperatures.

a rather considerable decrease of a- and p-bitter acids in whole hops
and in hop pellets for the variety Harmonie during long-term storage.
Comparing hop pellets the decrease was more evident for non-pro-
cessed cones. The biggest reduction in the content of a- and f-bit-
ter acids was found in cones stored at room temperature (o- bitter
acids by 80% rel. and p-bitter acids by 83 % rel.). At a low tempera-
ture the decrease was considerably slower (o-bitter acids by 38 %
rel. and B-bitter acids by 28 % rel.). In hop pellets stored in an air-
conditioned storeroom for 12 months the reduction in a- bitter acids
was about 14 % rel. and in p-bitter acids 15 % rel. The storage of hop
pellets at room temperature caused a reduction of 26 % rel. for a-
bitter acids and of 18 % rel. for p-bitter acids. These losses are rat-
her significant and are comparable with losses for the varieties Sla-
dek or Agnus, which also age very quickly. These very high reducti-
ons in the contents of a- and B-bitter acids responded to the values
of hop storage index HSI. During a 12 month-storage the HIS values
for hop pellets gradually increased to a level of 0.44-0.52. For hop
cones stored at room temperature the HIS values significantly exce-
eded the limit of 1.0.

Consequently it is necessary to immediately place freshly cropped
hop of the variety Harmonie in an air-conditioned storage room and
to make it into pellets as soon as possible.

4 BREWING TESTS

The results of the sensory evaluation of the beers prepared in bench
trials (7ab. 3) indicate that beers made from the hop varieties Har-
monie and Sladek were similarly popular. From a total seven evalu-
ations the beer with the variety Harmonie was ranked three times first
and four times second whereas the beer with the variety Sladek was
assessed four times as first and thee times as second. The beer with
the hop variety Premiant was rated significantly worse.

The beer produced in a pilot brewery with the variety Harmonie
was compared to the reference beer hopped down with the Saaz
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Obr. 4 Vysledky stanoveni senzorického doznivani horkosti / Fig. 4
Sensory evaluation for fading of bitterness
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Tab. 2 Pokles obsahu a-kyselin a narist HSI v granulovaném chmelu odrdy Harmonie v priibéhu skladovani pfi dvou teplotach / Decrease
in the content of a-acids and the increase of HSI in hop pellets of the variety Harmonie during storage at two different temperatures.

?;2;;;'7%::;, Teplota (°C) / a-Kyseliny (% hm.)| p-Kyseliny (% hm.) | Pomér o/p / Kohumulon (% rel.) / HSI/ HSI
Temperature (°C) |/ a-Acids (% w) | p-Acids (% w) o/p Ratio Cohumulone (% rel.)

storage (months)

0 - 8,75 6,17 1,42 22,1 0,30

8 7,78 5,54 1,41 23,8 0,42

6 20 °C 7,31 5,37 1,36 24,4 0,43

10 6,43 5,22 1,23 23,2 0,52

3 8,02 5,90 1,36 23,1 0,38

6 3°C 7,69 5,54 1,39 22,3 0,42

10 7,55 5,46 1,38 23,2 0,44

Tab. 3 Vysledky senzorického hodnoceni &tvrtprovoznich piv (CHI Za-
tec) / Results of the sensory evaluation for beers made in the bench
trials (HI Saaz)

Roénik / Odrida / Variety

Year Harmonie Sladek Premiant
2003 1* 2 —

2003 2 1 2

2004 1 2 3

2004 2 ; 3

2005 2 1 —

2005 1 2 2

2006 2 1 -

Modus / Mode | 2 1 3

*Poradi obliby v sérii pokusnych piv / *Ranking of the overall popularity
for experimental beers

aroma variety. The beer with the variety Harmonie was more highly
fermented, which responded to values of palate fullness resulting
from the sensory evaluation (Tab. 4 and 5). The analytical bitterness
of both beers was in good agreement. The beer hopped down with
the variety Harmonie contained a lower amount of polyphenols and
had a lower antiradical activity, which matches with the character of
the hops used. On the contrary the Saaz aroma variety is characte-
rized by a very high content of polyphenolic antioxidants [14]. Furt-
hermore the lower content of polyphenols proved to be advantage-
ous for a higher natural colloidal stability. The foaming power was
simillar for both beers (Tab. 4). Regarding the intensity and the cha-
racter of sensory evaluated bitterness no significant differences were
found between the two beers, neither in the finished beer nor during
six months of storage (Tab. 4). An increase followed by a fading of
the bitterness intensity for the beer hopped down with the variety Har-
monie happened in a way typical for beers with aromatic hops and
were nearly the same as for beer hopped down with the hop Saaz
aroma variety (Fig. 4). Beers hopped down with bitter hops have
a more gradual fading of the bitterness perceptions and a longer las-
ting bitterness.

Tab. 4 Vysledky rozboru poloprovoznich piv / Results of the analysis of beers made in the pilot brewery

Parametr / Parameter Harmonie ZPC
Extrakt mladiny / Extract of hop wort (% hm.) /% w 11,92 12,03
Prokvaseni zdanlivé / Apparent attenuation (% rel.) 82,7 78,4
Prokvaseni skute¢né / Real attenuation (% rel.) 68,1 64,8
Barva / Color (EBCU) 10,2 9,9
pH / pH 4,81 4,78
Horkeé latky / Bitter substances (.h.) / (BU) 32 34
Celkové polyfenoly / Total polyphenpls (mg/l) 156 245
Anthokyanogeny / Anthocyanogenes (mg/l) 35,0 58,0
Flavanoidy / Flavonoides (mg/l) 15,0 27,0
Pénivost NIBEM / Foaming power NIBEM (s/30mm) 286 267
Oxid sifi¢ity / Sulfur dioxid (mg/l) 7,5 7,0
ESR — DPPH (%) 47 61
ESR - lag time (min) 67 75
Koloidni trvanlivost / Coloidal stability (dny) / days 135 105

chut a zvy$ovani jeji intenzity v pribéhu starnuti piva jsou mimo jiné
pfipisovany nékterym frakcim polyfenold [15]. Rozdily mezi odridami
v pofadovém testu celkové obliby nebyly statisticky vyznamné ani
u Cerstvych, ani u skladovanych piv.

5 ZAVER

Skladbou chmelovych pryskyfic, zejména vyrovnanym obsahem
a- a pB-kyselin, se odrlida Harmonie fadi mezi hybridni aromatické
chmele. Obsah a-kyselin se pohybuje v intervalu 4 az 8 % hm., pfi
zastoupeni kohumulonu v intervalu 19-22 % rel. Obsah celkovych
pryskyfic €ini 22—-26 % hm. Hmotnost chmelovych silic v rozmezi 1,0
az 2,0 % je obdobna jako u ostatnich ¢eskych hybridnich odrid
chmele. SloZeni silic je typické absenci p-farnesenu a pfitomnosti vy-
sokého mnozstvi a- a B-selinent (10 az 19 % rel.). Obsah xantho-
humolu je 0,4 az 0,7 % hm. Pivovarské testy odridy Harmonie pro-
vedené ve Ctvrtprovoznim a poloprovoznim méfitku ukazuji, ze

The finished beer hopped down with the variety Harmonie was eva-
luated overall worse than the reference beer at first. After three months
however the difference decreased and after six months was even eva-
luated a little bit better. This trend responds to the progression of
a harsh bitterness and a staling of beers. The progression of a harsh
bitterness during the aging process of beers is, among other things,
accredited to some polyphenol fractions [15]. The differences among
the varieties in a ranking test for the overall beer popularity weren’t
statistically significant neither for finished beers nor for lager beers.

5 CONCLUSION

Due to the composition of hop resins and especially due to the well-
balanced content of a- and f-bitter acids the variety Harmonia aligns
with the aromatic hybrid hops. The content of a-bitter acids ranged
from 4 to 8% w, with the content of cohumulon between 19-22% rel.
The total content of hop resins was 22—-26% w. The content of hop
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Tab. 5 Vysledky obsahu horkych latek a senzorického hodnoceni poloprovoznich piv (vybrané parametry) / Content of bitter substances and
sensory evaluation of beers made in the pilot brewery (selected parameters)

Cerstvé pivo / Po 3 mésicich / Po 6 mésicich /
Senzoricky profil / Sensory profile Finished beer After 3 months After 6 months

Harmonie |ZPC Harmonie |ZPC Harmonie |ZPC
Horké latky (j.h.) / Bitter substances (BU) 32 34 32 33 30 30
Horkost — intenzita / Bitterness — intensity 3,2 3,4 3,0 3,2 2,8 3,0
Horkost — charakter / Bitterness — character 3,3 3,2 3,3 3,2 3,2 3,1
Riz / Sharpness 3,0 2,9 2,4 2,9 2,7 2,6
Plnost / Palate-fullness 2,9 3,1 2,6 2,9 2,8 2,8
Trpkost / Harsh bitterness 1,4 1,5 2,2 2,3 2,0 2,5
Sladkost / Sweetness 0,6 1,1 1,1 1,1 0,9 1,0
Kyselost / Acidity 0,5 0,6 1,5 1,1 1,2 1,9
Chmelova (chut, viiné) / Hoppy flavour and aroma 0,0 0,8 0,0 0,0 0,0 0,0
Ovocna (chut, viné) / Fruity flavour and aroma 1,3 1,2 1,5 1,8 1,1 1,4
Stara (chut, viiné) / Stale flavour and aroma 0,0 0,0 1,8 1,4 1,4 1,9
Celkovy dojem / Overall impression 3,6 3,1 5,9 5,5 6,3 6,7

stupnice hodnoceni 0-5, celkovy dojem 1-9 / scale 0-5, overall impression 1-9

odriida Harmonie je se zna¢nou pravdépodobnosti odrlidou vhod-
nou pro vyrobu Ceského piva. Zkouseni pivovarské kvality odriidy
Harmonie bude pokragovat na VUPS v poloprovoznim méFitku a v né-
kolika velkych pivovarech. Rozhodnuti o doporu¢eni bude u¢inéno po
vyhodnoceni téchto testu v roce 2009.

Podékovani:

Tato prdce byla vypracovana v ramci reseni Vyzkumnych zamérd
MSM1486434701 a MSM6019369701 s financni podporou Minister-
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