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Pivovarskeé testy s chmelovymi vyrobky odrtdy Vital probéhly v uplynulych letech na nékolika Urovnich ve ¢tvrtprovoznim az provoznim
meéfitku s pouzitim granulovaného chmele T90 a CO,-extraktu. U pokusnych piv nebyly zaznamenany zadné negativni aspekty aplikace
testované odriidy pokud se tyée charakteru hofkosti, viivu na barvu a pénivost piva, pfitomnosti cizich chuti a vini. Nejlepsich vysledkd bylo
dosahovano pfi kombinovaném chmeleni s ¢eskymi aromatickymi odrtidami Zatecky polorany ¢ervernidk, Sladek, Harmonie. Nejperspektiv-
né&jSim chmelovym vyrobkem se do budoucna jevi CO,-extrakt, protoze zbytkovy chmel po extrakci se vyuziva v nepivovarskych aplikacich.
U Vitalu Ize predpokladat, ze jako vysokoobsazna odrida se bude pouzivat pro prvni chmeleni k ziskani zakladni horkosti piva. Pfi zaméné
granuli nebo extraktu horkych odriid chmele surovinou z odrlidy Vital je mozno v provozu o¢ekavat stejnou, pfipadné lepsi senzorickou
kvalitu vyrabénych piv. Otazkou zUstava cena a dlouhodobé kontrakty, které maji pivovary uzavieny se zahrani¢nimi dodavateli.

Krofta, K. — Miky$ka, A. — Patzak, J. — Slaby, M. — Nesvadba, V. — Cejka, P.: VITAL — The Czech hop hybrid variety — Part Il. Kvasny
Prum. 59, 2013, No. 7-8, p. 190-197

In the last few years brewing tests with hop products of the Vital variety (hop pellets T90 and a CO,-extract) were carried out at differ-
ent levels: from a pilot scale trial to a full scale trial. From the experimental beers produced no negative effects such as changes in the
character of bitterness, colour, foaming power, off-flavour or foreign odours were found. The best results were achieved when combined
hopping with Czech aromatic varieties Saaz, Sladek and Harmonie were used. The most promising hop product is the CO,-extract be-
cause it is possible to utilize spent hops after the extraction for non-brewing applications. The Vital variety with its high content of a-bitter
acids could be used for the first hopping in order to obtain the basic beer bitterness. When replacing pellets or extracts of bitter hop
varieties with the Vital variety the same or even better sensory quality of the beer produced can be expected. The issues are the price
and the long-term contracts of the breweries with foreign suppliers.

Krofta, K. — Mikyska, A. — Patzak, J. — Slaby, M. — Nesvadba, V. — Ce]ka, P.: VITAL - Eine tschechische Hybridhopfensorte —Teil Il.
Kvasny Prum. 59, 2013, Nr. 7-8, S. 190-197

Im Verlauf der letzten Jahre auf verschiedenen Produktionsebenen (von Pilot- bis zum BetriebsmaBstab) unter Anwendung des granu-
lierten Hopfens T90 und des CO, Extrakts wurden die Brauteste mit den Hopfenerzeugnissen der Hopfensorte Vital durchgefiihrt. Keine
negativen Aspekte der Applikation wurden bei den Mustern des Versuchsbieres im Hinblick auf seinen Bitternischarakter, EinfluB auf
die Farbe und Schaumstabilitat des Bieres, fremden Geschmack und Gerlichen gefunden. Die besten Ergebnisse wurden erzielt unter
Anwendung der kombinierten Hopfendosierung mit den tschechischen Hopfensorten Zatecky polorany &erveiak (Saazer halbfriiher
Rothopfen), Sladek und Harmonie. Das erfolgversprechendsten Hopfenerzeugnis flr die Zukunft scheint sich zu sein ein CO, Extrakt,
weil der extrahierte Hopfen kann auch auBer Lebensmittelindustrie verwendet werden. Bei der Hopfensorte Vital kann es vorausgesetzt
werden, daf3 als eine hochgehaltige wird zur ersten Hopfendosierung eingewandt, eine Grundbitternis des Bieres zu gestalten. Bei der
Granulen- oder Extrakterwechlung von anderen bitteren Hopfensorten durch Material aus der Hopfensorte Vital kann man die gleiche
oder sogar eine bessere sensorische Qualitat des Bieres erwartet werden. Als Frage bleiben der Preis und langfristige Kontakte, die die
Brauereien mit den auslandischen Lieferanten abgeschlossen haben.

Klicova slova: chmel, chmelové granule, CO,-extrakt, Vital, alfa
kyseliny, kohumulon, pivovarské testy, senzoricka stabilita

1 UvVoD

V prvé Casti série (Krofta et al., 2013) byla prezentovana agrono-
mickd, chemotaxonomickd a geneticka charakteristika odridy Vital.
Byly prezentovany vysledky testl starnuti a testl stability desmethyl-
xanthohumolu (DMX) pfi poskliziiové upravé chmele. Z hlediska po-
souzeni vyuziti nové chmelové suroviny pro vyrobu piva je dllezity
zejména jeji vliv na senzoricky charakter piva. Ten je mozno do jisté
miry predikovat na zakladé obsahu a sloZeni sekundarnich metabolit(i
chmelové hlavky, zejména pryskyfic a silic. Synergické efekty pdso-
beni senzoricky aktivnich transformacénich produktt pavodnich latek
nebo maskovani senzorického viemu dalSimi latkami v pivu se mo-
hou necekanym zplsobem promitnout do organoleptického viemu,
a proto je nutno novou surovinu testovat ve varnich pokusech. Pivo-
varskeé testy s chmelovymi vyrobky odridy Vital probéhly na nékolika
Urovnich. V prvé fazi byla odrlida je$té pod Slechtitelskym oznacenim
HSKM 4715 nékolik let samostatné i v kombinaci s Geskymi aroma-
tickymi odridami chmele testovana ve ¢tvrtprovoznim méfitku v po-
kusném minipivovaru Chmelafského institutu. Pokusné varky s hlav-
kovym chmelem byly v letech 2001 az 2003 provedeny i ve VUPS.
Po vysazeni poloprovozniho polniho pokusu na chmelnici CHI v loka-
lité¢ Steknik v roce 2008 bylo v nasledujicich letech mozno zpracovat

Keywords: hops, hop pellets, CO,-extract, Vital, alpha acids,
cohumolone, brewing tests, sensory stability

1 INTRODUCTION

In the first part of this study (Krofta et al., 2013) the agricultural,
chemotaxonomic and genetic characteristics of the Vital variety were
presented. Furthermore the results of aging tests and of tests of the des-
methylxanthohumol (DMX) stability after post harvest processing were
shown. The most important aspect for the appraisal of a new hop raw
material in beer production is its influence on the sensory character. The
sensory character of a beer could be predicted to some extent based
on its content and composition of secondary metabolites in the hop
cones particularly of the resins and oils. The synergic effects of sensory
active transformation products of primal substances or the masking of
the sensory perception by other substances present in beer could have
an unexpected impact on the organoleptic properties. Therefore, the
new raw material must undergo brewing tests. The brewing tests with
hop products of the Vital variety were carried out at different levels. In
the first phase of the test the new variety (still under the breeding code
HSKM 4715) was, for several years tested separately as well as in the
combination with Czech aromatic hop varieties in pilot scale trials in the
experimental mini-brewery at the Hop Research Institute (HRI). During
the years 2001 to 2003 experimental batches with hop cones were also
made at the Research Institute of Brewing and Malting (RIBM). In 2008
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chmel na granule T90 i CO,-extrakt, a nasledné provést pivovarské
testy ve vetSim méfitku. V pokusném pivovaru Vyzkumného ustavu
pivovarského a sladarského byly v letech 2009 a 2010 uskute¢nény
poloprovozni pokusy s granulemi odriidy Vital v kombinaci s dal$imi
¢eskymi aromatickymi odridami chmele. V testech byl kromé senzo-
rickych vlastnosti hodnocen i vliv na pénivost, obsah polyfenol(l a an-
tioxida¢ni vlastnosti piv. Od roku 2009 byly granule T90 i CO,-extrakt
Vital nabizeny primyslovym pivovarim k odzkou$eni v provoznich
podminkach. Testy probéhly ve tfech prlimyslovych pivovarech rlz-
né velikosti. V roce 2011 byla v pokusném pivovaru Chmelafského
institutu uvarfena série piv chmelenych CO,-extrakty odrad Vital, Ag-
nus a vyznamnych zahraniénich odriid chmele. Piva byla senzoricky
hodnocena Sirokou odbornou degustaéni komisi na pivovarsko-chme-
lafském seminéfi, ktery se konal v CHI Zatec dne 16. éervna 2011.
V ¢€lanku jsou prezentovany vysledky stézejnich varnich pokusu.

2 MATERIAL A METODY

2.1 Ctvrtprovozni varky

Varni testy ve ¢tvrtprovoznim meéfitku byly realizovany v pokus-
ném minipivovaru Chmelafského institutu v Zatci. Davkovani chmele
pro odridové pokusy bylo rozdéleno na tfi hmotnostné stejné davky.
Prvni davka se pfidava ihned po zavareni, druha po 20 minutach
varu a posledni 20 minut pfed koncem chmelovaru. V nerezové
mladinové panvi je vyrazeno 60 litrd horké mladiny po 90minutovém
atmosférickém chmelovaru. Hlavni kvaseni v oteviené spilce probi-
halo pfi teplotach 6 az 8 °C po dobu 8 az 10 dni a dokvadovani v ne-
rezovych lezackych tancich pfi teploté 2 az 3 °C po dobu 6 tydn(.
U v8ech diskutovanych véarek byl pouzit stejny kmen kvasinek ¢. 95
sbirky VUPS. Hotova piva se filtrovala pfes celulosové desky a pinila
do lahvi pod atmosférou oxidu uhli¢itého.

Byly uvareny dvé ucelené série véarek, prva s aplikaci granulova-
nych chmeld, druha s aplikaci chmelovych extrakt(l. V prvé sérii se
testovalo 100% chmeleni a kombinace s ¢eskymi aromatickymi od-
rddami. Jedno z piv bylo chmeleno vyhradné odridou Vital, dal$i tfi
v kombinaci s ¢eskymi aromatickymi odrGdami (Zatecky Cervenak,
Sladek, Harmonie) ve formé granuli T90. Pomér smésnych chme-
leni byl 1:1 ve tfech davkach. Vital byl pfidan v prvni a druhé davce
chmeleni. Druha série varek byla zaméfena na testovani pryskyfi¢-
nych CO,-extraktl z ¢eskych a zahraniénich odrid. Piva byla pfi-
pravena 100% chmelenim CO,-extrakty vyrobenymi ze &tyf vysoko-
obsaznych odriid chmele — Magnum, Herkules (SRN), Agnus, Vital
(CR). Extrakty vyrobeny ze sklizni 2009 (Agnus, Herkules) a 2010
(Magnum, Vital).

Pfi hodnoceni pokusli s novymi odridami je ddraz kladen na sen-
zorické vlastnosti piv. Senzorické hodnoceni piv se provadi podle de-
gustacniho schématu CHI, pfi kterém hodnotitel posuzuje nékolik, bo-
dové ohodnocenych, senzorickych atributll piva (chut a viiné, intenzita
a charakter horkosti, celkovy dojem po napiti). Vysledkem degustace
je poradi piv dle celkové obliby dané souétem bodovych hodnoceni
v8ech hodnotitell. Piva z prvé i druhé série varek byla senzoricky hod-
nocena 73, respektive 64 hodnotiteli na odbornych seminafich pora-
danych CHI Zatec, jejichz soucasti je i degustace piv.

2.2 Poloprovozni varky

Chmel odridy Vital (sklizert 2009 a 2010) byl ve varnich pokusech
porovnan s chmelem Agnus z pfislusné sklizné. Dale byl na suroviné
ze sklizné 2010 testovan vliv kombinaci odrady Vital s aromatickymi
odriidami (ZPC, Sladek a Harmonie). Davka chmel(i aromatickych
odrld byla 30 % alfa kyselin z chmeleni, coz odpovida minimalnimu
podilu dle Chranéného zemeépisného oznaceni (CHZO) Ceské pivo
(Ufedni véstnik EU, 2008). VSechny chmele byly aplikovany ve for-
mé pelet T90.

Pokusné varky o objemu 2 hl se uskutecnily v pokusném pivovaru
VUPS, v roce 2010 jiz na nové varné fy Kaspar Schulz (Némecko).
Pro pokusy byl zvolen bézny atmosféricky chmelovar. PInosladové
12% varky byly pfipraveny dekok¢énim dvourmutovym postupem ze
sladu s parametry dle CHZO Ceské pivo. Chmelovar trval 90 minut.
Chmelové suroviny, granule T90 byly rozdéleny na tfi davky, 30 %
na zacatku, 50 % po 30 minutach varu a 20 % chmele 15 minut
pfed koncem devadesatiminutového chmelovaru. Aromatické chme-
le byly aplikovany ve 2. a 3. davce. Mladina byla odkalena ve vifivé
kadi, zchlazena na zakvasnou teplotu 10,0 °C a provzdusSnéna na
obsah rozpusténého kysliku 8,0+0,5 mg/l. Hlavni kvaseni probéhlo
v cylindrokoénickych tancich (CKT). Mladina byla zakva$ena jednot-
nou davkou lisovanych kvasnic kmene &. 95 sbirky VUPS. Maximalni
teplota hlavniho kvaseni byla 12 °C + 0,1 °C. Mladé pivo bylo po

the tested hop variety was cultivated in a pilot field trial in the hop gar-
den of the HRI in Steknik. In the following years the hops were used for
the production of pellets and CO,-extract and therefore, it was possible
to do the tests on a full scale. In 2009 and 2010 pilot plant trials were
carried out in the experimental brewery at the RIMB using hop pellets
from the Vital variety combined with other aromatic hop varieties. In the
tests the impact on the foaming power, the content of polyphenols and
the antioxidant activity as well as the sensory quality of the beers were
examined. Since 2009 both the T90 pellets and the CO,-extract were
offered to industrial breweries for testing under full scale conditions. The
tests were carried out in three industrial breweries of different sizes. In
2011 several batches of beer hopped with CO,-extracts from the Vi-
tal and Agnus varieties as well as with different foreign varieties were
brewed at the HRI. The sensory evaluations of the beers were done by
the professional tasting panel during the Hops and Brewing seminar
which was held in HRI in Saaz on June 16, 2011. The results from the
most important brewing tests are presented in this study.

2 MATERIALS AND METHODS

2.1 Pilot scale trials |

The pilot scale brewing tests were carried out in the experimental
mini-brewery of the HRI in Zatec. Hops for the variety trials were divid-
ed into three portions of the same weight. The first portion was added
immediately after the start of wort boiling, the second one after 20 min-
utes of boiling and the last one 20 minutes before the end of wort boil-
ing. After 90 minutes of boiling at atmospheric pressure in a stainless
steel copper 60 litres of hot wort was produced. The primary fermenta-
tion in the open fermenting cellar was carried out at a temperature of 6
to 8 °C for 8 to 10 days. The secondary fermentation was done in the
stainless storage tanks at a temperature of 2 to 3 °C for 6 weeks. The
same yeast strain No. 95 from the Yeast collection of the RIMB was
used for all batches. The final beers were filtered through a cellulose
filter sheet and filled into bottles under a CO,—atmosphere.

Totally, two series of batches were brewed. The hop pellets were
used in the first series and the CO,-extracts in the second one. In the
first series the 100% hopping with the variety Vital and the hopping
with Vital combined with other Czech aromatic hop varieties were
tested. One beer was hopped with the Vital variety alone and three
with a combination with the Czech aromatic varieties Saaz, Sladek
and Harmonie. For the hopping three doses of T90 pellets were
used. The hops ratio in the mixtures was 1 : 1. The Vital variety was
added in the first and the second hop doses. In the second series
of batches the CO,-resin extracts from Czech and from foreign hop
varieties were targeted. The beers were prepared by 100% hopping
with CO,-extract made from four high-alpha hop varieties— Magnum,
Herkules (both from Germany) and Agnus and Vital (both from the
Czech Republic). The extracts were produced from 2009 (Agnus,
Herkules) and 2010 crop harvests (Magnum, Vital).

The evaluation of the tests with the new varieties emphasised the
sensory characteristics of the beers. The sensory evaluations of the
beers were done according to the testing protocol of the HRI. The
judges evaluated several sensory properties of beer such as taste, fla-
vour, intensity and character of bitterness and the total impression after
drinking and scored them with points. The result of the tasting was
a ranking of the beers according to the total popularity given by the sum
of the points from all judges. In framework of the professional work-
shops organized by the HRI in Saaz beers from the first series were
rated by 73 judges and beers from the second series by 64 judges.

2.2 Pilot Scale Trials I

In the brewing tests the Vital hops variety from the 2009 and 2010
harvests was compared with the Agnus hops variety from the same
years. Furthermore with the hops from the 2010 harvest the influ-
ence of combining the Vital and Saaz varieties and the Sladek and
Harmonie varieties was investigated.

The dosage of the aromatic hop varieties corresponded to a 30%
a-acids content from the hopping which is the minimum amount ac-
cording to the Protected Geographical Indication (PGl) for Czech
Beer (Official Journal of the EU, 2008). All hops were used in the
form of pellets T90.

The first brewing tests with batches of 2 hl in volume were done in
an experimental brewery in the RIMB and since 2010 in a new bre-
whouse Kaspar Schulz in Germany. The wort boiling was carried out
under atmospheric pressure. Full malt 12% batches were prepared
by a two-mash decoction method from the malt with parameters ac-
cording to the PGl for Czech Beer. The boiling took 90 minutes. The
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Obr. 1 Vysledky senzorické analyzy c&erstvych piv chmelenych
chmely Vital a Agnus / Fig. 1 Results of the sensory analysis of fresh
s beers hopped by the Vital and Agnus varieties

Tab. 1 Vysledky senzorickych zkou$ek 1. série pokusnych piv vyrobenych ve Chmelafském
institutu Zatec (pofadovy test celkové obliby) / Sensorial tests results, 1st serie of pilot

brews in HRI Zatec (ranking test)

Obr. 2 Vysledky senzorické analyzy piv chmelenych chmely Vital a Ag-
nus po 3 mésicich skladovani / Fig. 2 Results of the sensory analysis of
beers hopped by the Vital and Agnus varieties after 3 months storage

hop pellets were divided into three doses.
The first dose of 30% was added at the be-
ginning of the boiling, further 50% of the pel-
lets were added after 30 minutes and the last

20% of hop pellets were added 15 minutes

before the end of wort boiling. The aromatic
hop varieties were added in the second and

the third doses. The sludge was removed

from the wort in a whirlpool tank. The wort

Chmeleni / Hopping Pocet bodtl / Score Poradi / Ranking
Vital + Zatecky éervenak (Saaz) 185 2
Vital + Sladek 159 4
Vital + Harmonie 186 1
Vital 165 3

was cooled down to a pitching temperature of
10 °C and was aerated to a dissolved oxygen

zchlazeni na teplotu 5-6 °C sudovano do lezackych tankl. Doba
lezeni byla 30 dni pfi teploté 1-2 °C. Piva byla Zfiltrovana, sto¢ena
do l&hvi a pasterovana na Uroven cca 20 PU.

Analyzy chmele, sladin, mladin a piv byly provedeny podle Analytiky
EBC (Methods of Analyses EBC 1998) a Pivovarsko-sladafské analyti-
ky (Basarfova et al., 1994). Antioxidacni (antiradikalové) aktivity mladin
a piv byly stanoveny dvéma metodami — antiradikélova aktivita ESR-
-DPPH (Mikyska et al., 2006) a endogenni antiradikélova kapacita piv,
to jest hodnota lag-time piva a hodnota T 150 sladin a mladin (Ushida
a Ono, 1996; Ushida et al., 1996). Senzoricka analyza Cerstvého a ffi
mésice skladovaného piva a hodnoceni doznivani horkosti bylo pro-
vedeno deviti€lennou degustaéni komisi VUPS podle postupl pouzi-
vanych ve VUPS (Cejka et al.,2002; Cepicka et al., 1992). Deskriptivni
metodou byla hodnocena intenzita daného parametru ve Skale 0-5
(zadnéa — velmi silna) a celkovy dojem ve Skale 1-9 (vynikajici, bez vad
— velmi zavazné vady), vysledkem je primérna hodnota parametru.
Doznivéani horkosti bylo hodnoceno zaznamenanim intenzity hofkého
vijemu v prabéhu 120 sekund od napiti ve $kale 0-7.

2.3 Provozni varky

Provozni testy realizoval Chmelarsky institut v pivovarech, jejichz ve-
likost byla od malych podniki s vystavem nékolik desitek tisic hektolit-
r(l az po velky pivovar s vystavem vice nez 1 milion hl roéné. Kvaseni
probihalo jak v klasickych otevienych nadobach ve spilce, tak ve vel-
koobjemovych CKT. V kazdém pivovaru byla ¢ast chmeleni nahrazena
odrlidou Vital, pficemz se jednotlivé varky lisily v podilu i v ¢ase pfidav-
ku. Senzorické hodnoceni piv bylo provadéno prakticky vyhradné troj-
Uhelnikovym testem, kdy srovnavacim pivem bylo pivo z bézné vyroby.
V tomto ¢lanku jsou uvedeny vysledky ze tfi pivovard. Testy ve velkém
pivovaru A probéhly v letech 2009 a 2010 pfi vyrobé 10% vy&epnich
piv. Chmeleni granulemi T90 odridou Vital, jako nahrada za jiné ¢es-
ké odrlidy Agnus a Premiant, bylo rozloZzeno do 2 davek. Senzorické

volume of 8.0 + 0.5 mg/l. The secondary fer-
mentation was carried out in a cylindro-conical tank (CCT). The wort
was fermented with the same dosage of compressed yeast strain No.
95 from the Yeast collection of the RIBM. The maximum fermentation
temperature was 12 + 0.1°C. The green beer was cooled down to
a temperature of 5-6 °C and filled into lager tanks. The storage time
was 30 days at a temperature of 1-2 °C. The beer was filtered, bot-
tled and pasteurized to a level of about 20 PU.

The analyses of hops, unhopped wort, wort, and beers were done
according to the Methods of Analyses EBC (1998) and the Pivovarsko-
sladarska analytika (Basarova et al., 1994). The antioxidative and anti-
radical activity of the wort and the beer were determined by two meth-
ods: the antiradical activity by ESR-DPPH (Electron-spin-resonance
spectrum of diphenylpicrylhydrazyl radicals) (Mikyska et al., 2006) and
the endogenous antiradical capacity of beer which responds to values
of the lag-time of beer and the value T150 of unhopped wort and wort
(Ushida and Ono, 1996; Ushida et al., 1996). The sensory analyses of
fresh beer and beer after three months storage and the evaluation of
the lingering hop bitterness were conducted by a nine member panel
at the RIBM according to the method used in the RIBM (Cejka et al.,
2002; Cepicka et al., 1992). The intensity of a given parameter was
evaluated by a descriptive method with the scale of 0-5 (none — very
strong) and the overall impression with the range of 0-9 (excellent,
without faults — very serious faults). The results were average values
for the given parameter. The lingering of bitterness was evaluated by
a notification of the bitterness intensity in the range of 0—7 over 120
seconds after drinking.

2.3 Full Scale Trials

Full scale brewing trials were done by the HRI in breweries of differ-
ent sizes: from small breweries with a capacity of a few tens of thou-
sands hl of beer to a large brewery with an annual output of more than
a million hl of beer. The fermentations were carried out in open fer-

Tab. 2 Slozeni chmelovych pryskyfic v CO,-extraktech vybranych odriid ze sklizné 2009/2010 / Alpha and beta acids composition in

CO,-extracts, crop harvest 2009/2010

Odrida / Variety alfa kyseliny beta kyseliny pomeér alfa/beta kohumulon/ kolupulon / Navazka
| alpha acids | beta acids | alpha/beta ratio cohumulone colupulone chmelovar (g)
(% hm/w.) (% hm/w.) (% rel.) (% rel.) | charge wort
baizing
Herkules 55.8 18.3 3.05 35.0 54.4 3x4.76
Magnum 47.4 22.6 2.10 26.6 48.4 3x5.60
Vital 47.0 27.9 1.68 24.6 48.6 3x5.60
Agnus 43.3 20.6 2.10 33.8 56.7 3x6.10
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Obr. 3 Intenzita a doznivani senzorické hofkosti erstvych piv — Vital
a Agnus / Fig. 3 The intensity and lingering of sensory bitterness of
fresh beer — Vital and Agnus

hodnoceni piv bylo provedeno spole¢nou komisi pracovnikl pivovaru
z Chmelarského institutu. V pivovarech B a C byl testovan CO,-extrakt
odrady Vital ze sklizné 2010. V obou pivovarech je pouziti CO,-extraktll
soucasti chmeleni véech znacek vyrabénych piv. V pivovaru B pouzi-
vaji extrakt z némecké odridy Magnum, v pivovaru C extrakt z americ-
ké odrlidy Columbus. Extrakty se davkuji vzdy na za¢atku chmelovaru
a tvofi 30 az 50 % z celkové davky alfa kyselin. Napfiklad v pivovaru B
se chmeli 12% leZak celkovou davkou 8,2 g alfa kyselin/hl. V pokusnych
varkach byl komeréni produkt nahrazen extraktem z odrady Vital. Dalsi
chmeleni i ostatni technologické parametry byly ponechany beze zmén.
Senzorické hodnoceni piv bylo provedeno trojuhelnikovym testem komi-
si pfisluSného pivovaru a v druhém kole degustaéni komisi CHI Zatec.

3 VYSLEDKY A DISKUSE

3.1 Ctvrtprovozni varky

V tab. 1 jsou uvedeny vysledky senzorického hodnoceni prvni série
12% lezackych piv vyrobenych v pokusném pivovaru Chmelarského in-
stitutu. Panelem 73 degustujicich byla nejlépe ohodnocena piva s kom-
binovanym chmelenim Vital-Zatecky ¢ervenak a Vital-Harmonie. S uréi-
tym odstupem nasledovalo pivo chmelené pouze chmelem Vital a pivo
chmelené kombinaci Vital-Sladek. To naznaduje, ze optimalni pivovar-
ské vyuziti odrddy Vital bude zalozeno na kombinaci s jinymi odriidami.
U Vitalu Ize prfedpokladat, ze jako vysokoobsazna odrida se bude pou-
zivat pro prvni chmeleni k ziskani hlavniho podilu horkosti piva.

Vysledky analytického hodnoceni chmelovych extraktd a navazky
pro chmelovar ve druhé sérii varek jsou shrnuty v tab. 2. Horkost piv
a vysledky senzorického hodnoceni jsou uvedeny v tab. 3. Je patrné,
ze analytické horkosti pokusnych piv jsou pomérné vyrovnané, coz
je nezbytny predpoklad pro objektivni senzorické hodnoceni. Cel-
kem 64 degustujicich vyhodnotilo jako nejlepsi piva chmelena ex-
trakty odr(d Vital a Herkules, ktera shodné ziskala 162 bodU. S od-
stupem byla na dalSich mistech hodnocena piva chmelena extrakty
z odrid Agnus a Magnum.

Vybér odrdd nebyl nahodny. Zamérné byly do testu zafazeny od-
rGdy s niz§im (25 % rel.; Magnum, Vital) i vy$8im (35 % rel.; Herku-
les, Agnus) podilem kohumulonu v alfa kyselinach. Vysledky senzo-
rického hodnoceni pokusnych piv prokazaly, ze charakter horkosti
piv s podilem kohumulonu v alfa kyselinach nesouvisi.

Vliv kohumulonu na horkost piva byl v minulosti nékolikrat zkou-
man a nazory na tuto problematiku stéle nejsou jednotné. Je znamo,
ze kohumulon, ktery ma nizsi hodnotu disociacni konstanty, je v mla-
diné i pivu ve srovnani s dalSimi analogy, vice rozpustny a reaktivni.
Z toho duvodu jeho konverze na iso—kohumulon pfi chmelovaru je

Tab. 3 Vysledky stanoveni hotkosti a senzorického hodnoceni piv z 2. série / Beers bitterness and

sensorial assessement results of 2. series of experimental beers

Obr. 4 Intenzita a doznivani senzorické horkosti piv po 3 mésicich —
Vital a Agnus / Fig. 4 The intensity and lingering of sensory bitterness
of 3 months stored beer — Vital and Agnus

mentation vessels as well as in large CCTs. In each brewery one dose
of hops was replaced by the Vital variety. The individual batches dif-
fered in the size of doses and time of addition. The sensory analyses
were done solely using triangle tests. The reference beer was a beer
from the current production. The test results from three breweries are
shown in this study. The tests in the large brewery A were carried out
in the years 2009 and 2010 by the production of 10% draught beers.
The T90 pellets made from the Vital variety were used as a replace-
ment for other Czech varieties (Agnus and Premiant). The hopping
was divided into two portions. The sensory evaluation was done by
a joint panel of employees from the brewery and from the HRI. The
CO,-extract from the Vital variety harvested in 2010 was tested in the
breweries B and C. In both breweries CO,-extracts are commonly
used for the hopping of all beer brands produced. Brewery B used the
CO,-extract of the German Magnum variety and brewery C the CO,-
extract of the American Columbus variety. The extracts are always
added at the beginning of the wort boiling and they represented 30 to
50% of the total a-bitter acids consumption. In brewery B, for instance,
the 12% lager beers are hopped with a total dosage of 8.2 g of a-bitter
acids per hl beer. In the test batches the commercial product was re-
placed by the extract of the Vital variety. The following hopping as well
as all other parameters remained unchanged. The sensory evaluation
was done using a triangle test by the panel of employees from the cor-
responding brewery and in the second round by the evaluation panel
from the HRI in Zatec.

3 RESULTS AND DISCUSSION

3.1 Pilot scale trials |

Tab. 1 shows the results of the sensory evaluation from the first se-
ries of 12% lager beers produced in the experimental brewery of the
HRI. The evaluation panel of 73 members preferred beers hopped
with combinations of Vital and Saaz varieties and of Vital and Har-
monie varieties. At a certain distance followed a beer hopped only
with hops of the Vital variety and a beer hopped with a combina-
tion of the Vital and Sladek varieties. That indicates that the optimal
brewery usage of the Vital variety will be based on its combination
with other varieties. The Vital variety with its high content of a-acids
will presumably be used for the first hopping in order to obtain the
basic beer bitterness.

The results of the analytical assessement of hop extracts used
for second beer series are summarized in Tab. 2. The beer bitter-
ness and the results of the sensory evaluation are given in Tab. 3.
The values of bitterness obtained by the analytical determinations
of the beers tested are relatively
flat. This is a presupposition for
an objective sensory evaluation.

5 = = = = - e The beers hopped with the Vi-
Odruda / Variety | Horkost — mladé Horkost — pivo Body celkem / Poradi obliby / tal and the Herkules varieties
pivo (IBU) / (IBU) / Bitterness Total points Final score were assessed as the best by

Bitterness — — beer (1BU) a total of 64 evaluators. Both ob-

Green beer (IBU) tained exactly 162 points. Beers

Herkules 38.7 33.9 162 1.-2. hopped with extracts made from
Magnum 33.8 31.9 147 4. the Magnum and the Agnus va-
- rieties were rated at a distance.
Vital 33.6 30.1 162 1-2. The selection of the varieties
Agnus 35.8 32.6 149 3. was not accidental. The varieties
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Obr. 5 Vysledky senzorické analyzy Eerstvych piv chmelenych kom-
binaci Vital+aromaticky chmel / Fig. 5 Results of the sensory analy-
sis of fresh beers hopped by a combination Vital + aroma hops

Obr. 6 Vysledky senzorické analyzy piv chmelenych kombinaci
Vital+aromaticky chmel po 3 mésicich skladovani / Fig. 6 Results of
the sensory analysis of beers hopped by a combination Vital + aroma
hops after 3 months storage

Tab. 4 Obsah sekundarnich metabolitli v testovanych chmelech / Secondary metabolites content in tested hops

Analyticky parametr / Analytical Agnus-2009 | Vital-2009 | Agnus-2010 | Vital-2010 | ZPC/Saaz Harmonie Sladek
parameter

pryskyfice, polyfenoly / resins, polyphenols

alfa kyseliny / alpha acids Y% 11.6 10.2 10.9 141 3.4 7.7 6.6
beta kyseliny / beta acids % 5.7 6.4 71 8.7 5.2 7.5 6.6
pomér alfa/beta / 2.0 1.6 1.5 1.6 0.7 1.0 1.0
alpha/beta ratio

celkové polyfenoly / mg/g 275 30.0 30.5 42.0 51.3 37.8 30.3
total polyphenols

pomeér celkové polyfenoly/alfa 2.4 2.9 2.8 3 14.9 4.9 4.6
| total polyphenols /alpha ratio

anthokyanogeny / mg/g 14.9 16.4 14.8 20.5 20.9 13.8 12.2
anthocyanogens

flavanoidy / flavanoids mg/g 3.2 3.7 3.6 5.9 7.5 4.6 3.6
ESR-DPPH % rel. 38.5 415 38.2 51.6 57.8 43.3 36.4
silice ve chmelu / hop essential oils

celkovy obsah / total oil % 2.86 2.23 2.54 2.83 0.55 1.58 1.85
myrcen / myrcene % rel. 48.2 45.9 48.2 53.3 33.1 38.6 41.2
karyofylen / caryophyllene | % rel. 12.5 11.1 12.5 5.8 8.5 10.2 9.2
farnesen / farnesene % rel. <1.0 4.9 <1.0 1.8 19.7 <1.0 <1.0
humulen / humulene % rel. 211 3.8 211 2.9 18.9 16.2 19.7
selineny / selinenes % rel. 1.6 12.1 1.6 11.7 1.2 17.5 1.1

vétsi nez u humulonu a adhumulonu (Jaskula, 2008). Podle Rigby-
ho (1972) disociované formy iso—alfa kyselin mnohem vice drazdi
chutové buriky v porovnani s nedisociovanou molekulou. DoSel
k zavéru, ze iso—kohumulony, které jsou v pivu vice disociovany nez
iso—humulony, poskytuji piva s drsné&jsi horkosti. Toto konstatovani
je v praci prezentovano vice méné jako teorie, aniz je podlozeno
adekvatnim experimentalnim ovéfenim. Je az prekvapivé, jak tato
teorie ovlivnila na mnoho let nazor na kohumulon mezi chmelafskou
i pivovarskou vefejnosti. V nékolika dalSich studiich (Wackerbauer,
1992; Shellhammer, 2004; Kusche, 2007) se tato teorie nepotvrdila.
Ke stejnému zavéru dospély i vysledky pivovarskych test(, které byly
pfed nékolika lety provedeny ve Chmelafském institutu v Zatci.

3.2 Poloprovozni varky

Pelety testovanych odrid pouzité pro poloprovozni pokusy splfio-
valy pozadavky na odrddovou charakteristiku (tab. 4). Obsah poly-
fenolovych latek a stejné tak antioxidaéni aktivita ramcové klesa od
aromatickych odrid po odriidy vysokoobsazné (Krofta et al., 2008).
Biochemické cesty vedouci k tvorbé flavonoidnich polyfenold a hof-
kych kyselin jsou provazané (Stevens et al., 1998), Slechténi na vyso-
ky obsah horkych latek vede k uréitému potlaceni tvorby polyfenold.
Vzorky odrldy Vital mély relativné vysoky obsah polyfenolovych latek,
mirné vy$Si v porovnani se vzorky odridy Agnus. Antiradikalova aktivi-
ta ESR-DPPH chmell Vital byla vy$Si oproti chmelim Agnus.

Obsah polyfenolovych latek i antiradikalové vlastnosti (ESR-
-DPPH, ESR-T150) u mladin chmelenych odridami Vital a Agnus

with a lower (25% rel.) cohumulone ratio such as Magnum and Vital and
the varieties with a higher (35% rel.) cohumulone ratio such as Herkules
and Angus were taken into the test deliberately. The results of the sen-
sory evaluation of beers tested showed no correlation between the
character of bitterness and the content of cohumulone in the a-acids.

In the past the impact of cohumulone on beer bitterness was inves-
tigated several times and the opinion on this matter is not unified. Due
to its lower dissociation constant the cohumulone is more soluble and
more reactive in wort and in beer when compared with other bitter sub-
stances. Therefore, the conversion of cohumulone to isocohumulone
is during the wort boiling is higher than the conversion of humulone
and adhumulone (Jaskula, 2008). According to Rigby (1972) the dis-
sociated form of the iso-a-acids irritates the palate much more than
a non-dissociated molecule. He concluded that more dissociated iso-
cohumulones when compared with isohumulones give beers a coarse
bitterness. This statement is presented more or less as a theory without
any relevant experimental validation. Nevertheless, among the brew-
ing and hop growing community this theory has influenced the opin-
ion about cohumulone for many years. Some other authors, however,
such as Wackerbauer (1992), Shellhammer (2004) and Kusche (2007)
did not confirm this theory. The same conclusion reached the brewery
tests carried out in the HRI in Zatec several years ago.

3.2 Pilot Scale Trials II
The pellets from the varieties tested used in pilot scale trial met the
criteria for variety characteristics (Tab. 4). The content of the polyphe-
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Obr. 7 Intenzita a doznivani senzorické horkosti ¢erstvych piv —
Vital + aromaticka odrGda / Fig. 7 The intensity and lingering of
sensory bitterness of beers hopped by a combination Vital + aro-
ma hops

Tab. 5 Vysledky rozboru pokusnych mladin / Results of wort analyses

nolic compounds as well as the antioxidation activity generally declines
for the aromatic hop varieties compared to high alpha varieties (Krofta
et al., 2008). The biochemical processes leading to the formation of
flavonoid polyphenols and bitter acids are interdependent (Stevens
et al., 1998). The relatively high content of polyphenolic substances
in samples of the Vital variety was slightly higher when compared with
samples of the Angus variety. In the comparison with Agnus hops the
antiradical activity ESR-DPPH of the Vital hops was higher.

In worts hopped with the Vital and Agnus varieties the content of
polyphenols as well as the antiradical properties (determined by ESR-
DPPH and ESR-T150) were very similar. In batches hopped with
a combination of Vital and an aromatic hop variety the content of poly-
phenols and the antiradical properties corresponded to the properties
of the varieties used. The ratio of cis/trans isomers of the iso-alpha
acids was comparable for all batches (Tab. 5). When compared to the
cis-stereoisomers of iso-humulones the trans-forms are less stable.
They are subject to a higher extent to chemical changes during pro-
duction and storage of the beer and their bitterness also differs from the
cisforms (Jaskula-Goiris et al., 2010). The results of the beer analy-
ses are given in Tab. 6. The values for the basic chemical analyses
show the similarity of the batches. The foaming stability was about the

Analyticky parametr / Analytical Agnus-2009 | Vital-2009 | Agnus-2010| Vital-2010 | Vital +ZPC Vital+ Vital +
parameter Harmonie Sladek
extrakt / extract % 12.2 12.1 12.2 12.4 12.3 12.4 12.1
celkové polyfenoly / mg/| 191 183 210 218 234 217 207
total polyphenols
anthokyanogeny / mg/| 45.3 43.7 445 45.6 50.9 49.9 44.8
anthocyanogens
flavanoidy / flavanoids mgl/l 21.6 22.8 20.4 19.8 255 241 22.4
ESR-DPPH % 54.2 53.9 56 52 58 54 55
ESRT150 - - 5.70 5.84 4.91 6.44 5.56
isohumulony / mg/| - - 49.4 46.6 45.8 46.3 45.5
isohumulones
cis/trans isohumulony / - - 2.09 1.96 2.1 2.14 2.18
isohumulones

Tab. 6 Vysledky rozboru pokusnych piv / Results of beer analyses
Analyticky parametr / Analytical Agnus-2009 | Vital-2009 | Agnus-2010 | Vital-2010 | Vital + ZPC Vital + Vital +
parameter Harmonie Sladek
plvodni extrakt / % 121 11.7 12.2 12.6 12.2 12.4 12.0
original extract
prokvaseni zdanlivé / % 74.8 75.2 711 71.4 73.2 721 71.9
attenuation apparent
prokvaseni skutecné / % 61.9 62.2 59.0 59.2 60.6 59.8 59.6
attenuation real
barva / colour EBC 8.4 8.7 8.8 8.6 9.3 9.2 8.9
pH 4.35 4.47 4.42 4.42 4.56 4.49 4.55
pénivost / T 273 283 269 280 286 291 286
head retention NIBEM
celkové polyfenoly / mg/| 159 159 183 177 189 175 172
total polyphenols
anthokyanogeny / mg/| 37.8 34.8 34.2 34.4 35.2 30 29.5
anthocyanogens
flavanoidy / flavanoids mgl/l 19.4 18.7 15.6 15.8 17.2 15.3 15.6
ESR-lag time min 12 15 57 59 57 67 60
ESR-DPPH % 59 59 55.8 56.3 53.5 50.2 56.5
isohumulony / mg/l 31.7 285 35.9 35.6 36.3 34.8 33.1
isohumulones
cis/trans isohumulony / 2.2 2.24 2.48 2.44 2.40 2.41 2.43
isohumulones
CSD pivo / beer skore/ 3.6 3.8 4.0 4.1 3.5 37 3.4

score

CSD po 3 mésicich / skore/ 5.3 5.6 4.6 4.4 4.3 5.4 4.9
after 3 months score

CSD - celkovy senzoricky dojem / overal sensory impression



KVASNY PRUM.
59/2013 (7-8)

196

VITAL — Ceska hybridni odrida chmele — &dst Il.

Tab. 7 Hofkosti poloprovoznich véarek piva v fadé mladina-mladé pivo-pivo po 3 mésicich / Development of bitterness in the chain of wort-

-green beer-beer after 3 months; semi-scale brews

horkost / Agnus 2009 Vital 2009 Agnus 2010 Vital 2010 Vital + ZPC Vital + Vital + Sladek
bitterness Harmonie

(IBU)

mladina / wort 57 56 59 54 55 56 53
mladé pivo / 37 35 37 35 36 33 31
green beer

pivo / beer 34 31 33 31 34 30 30

po 3 mésicich 32 32 32 30 31 28 29

| after 3

months

Tab. 8 Vysledky senzorického hodnoceni pokusnych piv vyrobenych
v provoznim méfitku pivovaru A (trojuhelnikova zkouska) / The re-
sults of beers assessement in full scale, brewery A; triangle test

Tab. 9 Vysledky hodnoceni piv v provoznich pivovarech B, C
trojuhelnikovou zkouSkou / The results of beers assessement in full
scale breweries B, C; triangle test

byly velmi blizké. Ve varkach s kombinaci Vital + aromaticka odrida
korespondoval obsah polyfenolovych latek i antiradikalové viastnosti
s aplikovanou chmelovou surovinou. Pomér cis/trans- isomer( iso-
-alfa-horkych kyselin byl u vSech varek srovnatelny (tab. 5). Trans-
stereoisomery isohumulon(l jsou v porovnani s cis- formou méné
stabilni a ve vétSi mife podliéhaji chemickym zménam pfi vyrobé
a skladovani piva. Maji rovnéz horkost odliSnou od cis- forem isohu-
mulond (Jaskula-Goiris et al., 2010). Vysledky analyzy piv jsou uve-
deny v tab. 6. Hodnoty zakladniho chemického rozboru dokumentuji
vyrovnanost varek. Trvanlivost pény byla u piv ze vSech varek na
srovnatelné Urovni, piva z chmell odridy Vital méla mirné vy$si hod-
notu v porovnani s pivy chmelenymi chmely Agnus. Hodnoty barvy
piv byly rovnéz vyrovnané. Pomér cis-/trans- isohumulon( v pivech
chmelenych chmely Vital a Agnus nevykazoval Zadny trend ve vzta-
hu k pouzitému chmelu, u varek se surovinou ze sklizné 2009 byl
mirné nizsi, tj. horSi oproti varkam se chmely ze sklizné 2010, kdy
byla piva vyrobena na nové varné. U varek s kombinaci Vital + aro-
maticka odrdda byly hodnoty pro vSechny varianty srovnatelné. Ob-
sah polyfenolovych latek v pokusnych pivech korespondoval s apli-
kovanou chmelovou surovinou. Hodnoty endogenni antiradikalové
kapacity ESR-lag time varek chmelenych odrddami Vital a Agnus
i kombinaci Vital + aromaticka odrida byly srovnatelné, zfetelné vys-
§i hodnoty byly naméfeny u piv vyrobenych na nové varné.

Analyticka horkost piv byla v rozmezi 30 az 34 jednotek horkosti
(tab. 7). Ztraty mezi mladinou a pivem u varek chmelenych chmely
Vital a Agnus byly srovnatelné. Vysledky analyzy horkosti piv po 3
mésicich skladovani neukazaly rozdily v dynamice poklesu obsahu
horkych latek mezi pivy chmelenymi testovanymi chmely. Senzoricka
kvalita, celkovy senzoricky dojem piv chmelenych 100 % chmell Vi-
tal a Agnus byly prakticky shodné, shodné byly i vysledky hodnoceni
piv po 3 mésicich skladovani. Senzorické starnuti piv vyrobenych
na nové varné bylo podstatné pomalejsi (fab. 7). Senzoricky profil
piv se vyrazné nelisil, u varky s chmelem Vital ze sklizné 2009 byla
zaznamenana v Cerstvém i starém pivu mirné vyssi trpkost (obr. 1
a 2). Cerstva piva chmelena Agnusem méla analytickou horkost sla-
bé, o 2 az 3 jednotky, vyssi oproti pivim chmelenym Vitalem. Kfivky
pribéhu senzorického viemu horkosti ¢erstvych i skladovanych piv
chmelenych chmely Vital a Agnus ze sklizné 2010 byly velmi podob-
né, u varek ze sklizné 2009 byla u piva chmeleného chmelem Agnus
zaznamenana vysSi intenzita a pozdéjsi kulminace horkého viemu
v porovnani s pivem chmelenym chmelem Vital (obr. 3, 4).

Piva chmelend kombinaci Vital + aromaticka odrida chmele byla
v celkovém senzorickém dojmu hodnocena o 0,4-0,7 bodu lépe
nezli pivo chmelené stoprocentné chmelem Vital. Nejmensi rozdil
byl u kombinace Vital + Harmonie. Po 3 mésicich skladovani bylo

2009 2010 Pivovar / Pocet Spravné Statisticka
Podet 18 12 Brewery degustujicich | urcilo / Right prﬂka_zn_ost
degustujicich / | Total score /_Sta_;{stlcal
total assessors assessors significance
Spravné uréilo/ 4 3 B 14 7 ne/no
right score C 10 5** ne/no
Statisticka ne/ ne/ * preferenéni zkous$ka, pivovar B: 5-2 (Vital-kontrola) / preference
prikaznost/ no no test, brewery B: 5-2 (Vital — control)
statistical ** preferenéni zkouska, pivovar C: 2-3 (Vital-kontrola) / preference
significance test, brewery C: 2-3 (Vital — control)

same for all batches; nevertheless, beers hopped with the Vital variety
showed slightly higher values when compared with beers hopped with
the Agnus. The values for beer colour were similar too. The ratio of cis-/
trans-isohumulones in beers hopped with the Vital and Agnus varieties
shows no correlation to the hops used. For the batches with hops har-
vested in 2009 the cis-/trans- ratio was slightly lower, that means worse
when compared with batches with hops harvested in 2010 and pro-
duced in a new brewhouse. For the batches with the Vital and aromatic
hops combination the values for all variations were similar. The content
of polyphenolic compounds in the experimental beers corresponded to
the hops used. The values of endogenous antiradical capacity ESR-lag
time for batches hopped with Vital and Agnus varieties as well as with
the Vital and aromatic variety combination were also similar.

Analytical beer bitterness was in the range of 30 to 34 IBU (7ab. 7).
The losses between wort and beer were similar to batches hopped
with the Vital and Agnus varieties. The results of bitterness determina-
tion for beers after three months storage didn’t show any differences
in the dynamic of the reduction of bitter substances between the beers
hopped with the tested hops. The sensory quality and the total sensory
perception of beers hopped entirely with the Vital or with the Agnus
variety were almost the same and remained unchanged even after
three months storage. The sensory aging of beers produced in the new
brewhouse was considerably slower (Tab. 7). The sensory profiles of
the beers didn’t differ much. A slightly higher astringency was only reg-
istered for the batch with the Vital hops harvested in 2009 both for the
fresh beer and for the beer after three months of storage (Fig. 7 and 2).
For fresh beers with the Agnus hops the analytically determined bitter-
ness was 2 to 3 IBU higher when compared with beers hopped with the
Vital variety. The sensory bitterness perception and lingering hop bitter-
ness curves for fresh and stored beers with the Vital and Agnus varie-
ties of hops harvested in 2010 were very similar. The batches hopped
with the Agnus variety harvested in 2009 showed a higher intensity and
a later culmination of bitterness perception when compared with beers
hopped with the Vital variety harvested in the same year (Fig. 3and 4).
The evaluations of total sensory perception for beers with the Vital and
aromatic hops combination were generally 0.4 to 0.7 points better than
for beers hopped with the Vital variety only. The smallest difference
was found for the combination of the Vital and Harmonie varieties. After
three months storage the beer hopped with the Vital and Saaz varieties
was evaluated as the best with 4.3 points and the beer hopped with
the Vital and Harmonie varieties as the worst with 5.4 points (Tab. 7).
The sensory profile of fresh beers showed no significant differences,
however, with the stored beers hopped with the Vital and Harmonie
varieties a higher intensity of astringent, stale and oxidized taste was
found (Fig. 5 and 6). The sensory bitterness perception and lingering
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nejlépe hodnoceno pivo chmelené kombinaci Vital + ZPC (4,3 bodu)
a nejhare pivo chmelené kombinaci Vital + Harmonie (5,4 bodu)
(tab. 4). Senzoricky profil erstvych piv se vyrazné nelisil, u sklado-
vanych piv byla pro pivo chmelené Vital + Harmonie zaznamenana
vys$§i intenzita trpké, staré a oxidacni chuti (obr. 5, 6). Kfivky prabéhu
senzorického viemu hofkosti €erstvych i skladovanych piv chmele-
nych kombinacemi chmele Vital a aromatické odrady byly velmi po-
dobné (obr. 7 a 8).

3.3 Provozni varky

Vysledky senzorického hodnoceni pokusnych piv vyrobenych
v provoznim méfitku v pivovaru A jsou uvedeny v tab. 8. Senzorické
hodnoceni trojuhelnikovou zkouSkou ukazalo, ze kvalitativni rozdily
piva z béZné vyroby a piva chmeleného odridou Vital jsou statisticky
neprikazné.

V pivovarech B a C byl testovan CO,-extrakt odridy Vital ze skliz-
né 2010. Senzorické hodnoceni piv bylo provedeno trojuhelnikovym
testem komisi pfislusného pivovaru a v druném kole degustacni
komisi CHI Zatec. Vysledky uvedené v tab. 9 jsou souhrnem hod-
noceni obou dilé¢ich komisi. Vysledky senzorickych zkou$ek v obou
pivovarech jsou shodné, mezi pivy z bézné vyroby a pokusnymi pivy
chmelenymi odrlidou Vital nebyly shledany statisticky prikazné sen-
zorické rozdily. Degustatofi preferovali pivo pivovaru B s Vitalem
pfed srovnavacim vzorkem. Z kvalitativniho hlediska je mozno uva-
zovat o nahradé tuzemské suroviny za dovazené extrakty. Otazkou
zlistava cena a dlouhodobé kontrakty, které maji pivovary uzavieny
se zahrani¢nimi dodavateli.

4 ZAVER

Ve Ctvrtprovoznich a provoznich pokusech byla zjisténa kvalita
piv chmelenych CO,-etraktem Vital shodna nebo lepSi v porovnani
s chmelenim extrakty vyznamnych zahraniénich vysokoobsaznych
odrid chmele. Kvalitni piva byla rovnéz vyrobena ve é&tvrtprovoznim
az provoznim méfitku chmelenim granulemi T90 Vital. Vysledky po-
kusnych poloprovoznich varek lezackych piv ukazaly senzorickou
kvalitu a stabilitu piv chmelenych peletami T90 Vital srovnatelnou
s peletami T90 Agnus. NejpomalejSi senzorické starnuti mélo pivo
chmelené kombinaci Vital + Zatecky &ervenak, nejrychleji starnulo
pivo chmelené kombinaci Vital + Harmonie. U pokusnych piv ne-
byly zaznamenany zadné negativni aspekty aplikace nové odrldy
Vital, vliv na barvu, pénivost, cizi chuti a vané. Pfi zaméné granuli
nebo extraktu horkych odrid chmele surovinou z nové odridy Vital
je mozno v provozu o&ekavat srovnatelnou senzorickou kvalitu vy-
rabénych piv.
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hop bitterness curves for fresh and stored beers hopped with the Vital
and aromatic varieties were very similar (Fig. 7and 8).

3.3 Full Scale Trials

The results of the sensory evaluation of the experimental beers
produced in full scale conditions in brewery A are presented in Tab 8.
The evaluation carried out using triangle tests showed that qualita-
tive differences between the beers from normal production and the
experimental beers hopped with the Vital hops variety are not statisti-
cally significant.

The CO,-extracts from the Vital variety harvested in 2010 were
tested in breweries B and C. For the sensory evaluations triangle
tests were used. In the first round it was carried out by panel mem-
bers from the brewery and in the second round by the evaluation
panel from the HRI in Zatec. The results presented in Tab. 9 are
a summary of the evaluations by both panels. The sensory evalu-
ations in both breweries are consistent. No statistically relevant dif-
ferences between the beers from normal production and the experi-
mental ones were found. The judges preferred the beer produced in
brewery B hopped with the Vital variety over a reference sample. In
terms of the beer quality the imported extracts could be replaced by
domestic products. The problems to be solved are the price and the
long-term contracts of the breweries with foreign suppliers.

4 CONCLUSIONS

The experimental beers hopped with the CO,-extracts from the Vital
variety produced in pilot scale trials and full scale trials were qualita-
tively the same or better when compared with beers hopped with high
alpha foreign hop varieties. All experimental beers hopped with Vital
T90 pellets and produced at levels from quarter scale trials to full scale
trials were also of good quality. The batches of lager beers produced
in pilot scale trials and hopped with Vital T90 pellets showed a sensory
quality and stability comparable with beers hopped with Agnus T90
pellets. The hopping with Vital pellets (70%) combined with aromatic
hop varieties such as Saaz, Sladek or Harmonie seems to enhance
the sensory quality of the beers. The slowest sensory aging was found
with the beer hopped with the Vital and Saaz combination. The fast-
est sensory aging beer was with the beer hopped with the Vital and
Harmonie combination. The experimental beers showed no negative
impacts on colour, foaming power, off-flavour or foreign odour when
the new hop variety Vital was used. When replacing the pellets or CO,-
extracts of bitter hop varieties with the Vital variety the same or even
better sensory quality can be expected.
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