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Odrida Saaz Late, registrovana v roce 2010, byla Slechténa se zamérem vy$$iho vynosu na urovni min. 2 t/ha pfi zachovani pivo-
varské kvality Zateckébo poloraného cervenaku. Geneticky nalezi do skupiny evropskych aromatickych odrid. Obsah i slozeni a- a B-
kyselin je velmi blizké Zateckému ¢ervenaku, stejné jako slozeni chmelovych silic. Témito parametry vyhovuje pozadavkim evropského
chranéného zemépisneho oznaceni ,Ceské pivo“. Piva chmelena Saaz Late maiji senzoricky charakter blizky piviim chmelenym tradi¢-
nim Zateckym poloranym cervenakem, doznivani senzorické horkosti je ale mirné pomalejsi, charakter horkosti ponékud méné jemny
s vySSi trpkosti. Vyzkumny Ustav pivovarsky a sladarsky v Praze zaradil odridu Saaz Late v roce 2013 do seznamu odrtd chmele do-
poruéenych pro vyrobu ,Ceského piva“.

Mikyska, A. — Slaby, M. — Jurkova, M. — Krofta, K. — Patzak, J. — Nesvadba, V.: Saaz Late — The Czech Hop Variety Recommended
for Czech Beer. Kvasny Prum. 59, 2013, No. 10-11, p. 296-305

Late Saaz hop variety, registered in 2010, was bred in order to produce a higher yield of min. 2t/ha whilst maintaining the brewer quality
of the Saaz variety. Genetically, Late Saaz belongs to a group of European aroma varieties. The content and composition of the a-and
B-acids is very similar to Saaz hops and so is the composition of hop oils. These parameters comply with the requirements of the Euro-
pean protected geographical indication ,,Czech beer”. The sensory character of beer hopped with Saaz Late is close to beers hopped
with the traditional Saaz variety, but the lingering of the sensory bitterness is slightly slower, the character of the bitterness is somewhat
less fine with greater astringency. In 2013, the Research Institute of Brewing and Malting in Prague included Saaz Late in the list of hop
varieties recommended for the ,,Czech beer” production.

Mikyska, A. — Slaby, M. — Jurkova, M. — Krofta, K. — Patzak, J. — Nesvadba, V.: Tschechische Hopfensorte Saaz Late, empfohlen
fiir Tschechisches Bier. Kvasny Prum. 59, 2013, Nr. 10-11, S. 296-305

Im Jahre 2010 registrierte Hopfensorte Saaz Late wurde gezlchtet mit Absicht eines hoheren Ertrages auf der Ebene min. 2 t/ha bei
beibehaltene Brauqualitat der altere Hopfensorte Zatecky polorany ¢ervenak (Saazer halbfriiher Rothopfen). Die Hopfensorte Saaz Late
gehort zur Gruppe von European aromatischen Sorten. Gehalt an a — und  — S&uren, ihre Zusammensetzung und Zusammensetzung
von Hopfendlen sind sehr nahe zur Sorte Zatecky polorany Cervenak (Saazer halbfriiher Rothopfen). Mit diesen Parametern kommt den
Anforderungen der EU geschitzte geographische Bezeichnung ,,Ceské pivo“ (Tschechisches Bier) entgegen. Die mit Hopfensorte Saaz
Late gehopfte Biere haben einen sensorischen Charakter sehr nah zu den mit traditionelle Sorte Zatecky polorany ¢ervenak (Saazer
halbfriiher Rothopfen) gehopften Bieren, das Verweilen der Bitterkeit ist aber ein bisschen langsamer, Charakter der Bitterkeit ist weniger
zart mit einer erhdhten Herbheit. Im Jahre 2013 hat Forschungsinstitut flir Brauereien und Mélzereien in Praha (Prag) die Sorte Saaz

Late in die Liste von zur Herstellung ,Ceské pivo* (Tschechisches Bier) empfohlenen Hopfensorten eingegliedert.
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1 UvVoD

Ve Slechténi chmele Ize v uplynulém desetileti zaznamenat fadu
novych trendl, z vyznamnych je mozZno jmenovat zakrslé odridy
a odridy se specifickym aroma. Slechténi zakrslych odrid vhod-
nych k péstovani v nizkych konstrukcich (Neve, 1991) bylo zapo-
¢ato v Anglii jiz v 80. letech minulého stoleti. Velkou vyhodou tohoto
péstitelského systému je podstatné snizeni nakladd na vystavbu
chmelnicové konstrukce a na pracovni silu v jarnim obdobi. PGvodni
trpasli¢i odrlidy se zde dnes péstuji na nékolika stech hektarech. Od-
riidy jako napf. First Gold, Herold, Pioneer €i Pilgrim slouzi nyni jako
prvotni geneticky material pro Slechténi tohoto typu chmeld i jinde ve
svété (USA, Ceska republika, Némecko).

Dalsi, v sou¢asné dobé velmi popularni skupinou odriid chmele jsou
tzv. ,flavour hops“. Jedna se o odrlidy s atraktivnim, senzoricky specific-
kym aroma, které se v pIné mife uplatiuje i v pivu diky tomu, Ze se pou-
zivaji k tzv. ,chmeleni za studena®, pfidavku chmele do lezackych tanku
ve studené fazi vyroby piva. Takto chmelena piva ziskavaji zcela jedi-
ne¢nou chmelovou viini diky tomu, Ze se senzoricky uplatriuji latky, které
bézné pfi chmelovaru bez uzitku vytékaji z vrouci mladiny. Chmeleni za
studena je doménou predevsim malych a restauracnich pivovard, ale

Keywords: Hops (Humulus lupulus L.), hop breeding, a-acids, hop
oils, genome, DNA, brewing tests, protected geographical indication
Czech beer Introduction

1 INTRODUCTION

During the last decade, several new trends in respect to hop breed-
ing have occurred. The major trends are breeding of dwarf hops and
new varieties with specific aromas. Breeding of dwarf hops originat-
ed in England in the 1980s (Neve, 1991). Substantial reduction of
labor and trellis establishment costs belongs to the main advantages
of this hop cultivation system. Nowadays, the original dwarf cultivars
are grown in England at the acreage of several hundred hectares.
Varieties such as First Gold, Herold, Pioneer, or Pilgrim are used as
initial breeding components for breeding of this type of hop cultivars
worldwide (USA, Czech Republic, Germany).

Currently, a very popular group of hop varieties are , flavour hops"“.
These hops are interesting because of their attractive and specific
aroma which is transferred into beer thanks to the ,dry hopping“
technology, i.e. adding hops to lager tanks. Beers hopped this way
gain a unique hop flavour as a result of the sensorial effect of many
compounds that usually evaporate from the boiling wort. Dry hop-
ping has been the domain of craft breweries; however, some large
industrial breweries have started using the dry hopping method
in special beers production. The Czech variety Kazbek, US hops
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Obr. 1 Vzhled zralych hlavek odriidy Saaz Late (foto J. JeZek) / Fig.
1 The appearance of mature cones of the variety Saaz Late (photo
J. JeZek)

i primyslové pivovary jiz za¢inaji tuto technologii pouzivat pfi vyrobé spe-
cialnich piv. Z ¢eskych chmeld se do této kategorie fadi odriida Kazbek,
ze zahrani¢nich pak americké odridy Citra, Amarillo, Simcoe, némec-
ké odridy Polaris, Hallertau Blanc, Mandarina Bavaria nebo australska
odrlida Galaxy a dalsi (Probasco, 2010; Schonberger, 2013). Nebyvaly
vzestup popularity malych pivovard (tzv. craft breweries), ktery se do Ev-
ropy dostal z USA, vyvolal velkou poptavku zejména po aromatickych
chmelech. Vysledkem je vyrazné oZiveni svétového trhu s chmelem.

Zleps$eni vlastnosti tradi¢nich, v pivovarstvi osvédéenych, odrid
je dalsim cilem Slechtiteld chmele. ZlepSenim je minéna zvySena
odolnost vGéi napadeni $kddci a chorobami, vy$si vynos, stabilni
produkce a-kyselin aj. Odridy odolné k houbovym chorobam (pe-
ronospora a padli chmelové) a karanténnim patogentm (verticilium)
vyzaduji podstatné mensi rozsah chemické ochrany, coz kromeé eko-
nomickych pfinosl, vyznamné zvy$uje kvalitu produkce z hlediska
rizika vyskytu rezidui pesticidl. Do tohoto ramce spada i vyslechténi
nové Ceské odridy Saaz Late, v jejiz genetické vybavé ma pibliz-
né 50% podil Zatecky ¢ervendk (ZPC). Diky hybridnimu plvodu ma
podstatné vyssi a stabilnéjsi vynos, ¢imz se vyfeSila patrné nejslabsi
vlastnost materské odrldy — nizky vynos v rozmezi 1,0 az 1,5 t/ha.

Predlozeny ¢lanek shrnuje agronomickou, genetickou i chemota-
xonomickou charakteristiku odridy Saaz Late. Dale jsou prezento-
vany vysledky test starnuti a pivovarskych zkousek realizovanych
v poloprovoznim méfitku.

2 MATERIAL A METODY

2.1 Pavod a charakteristika odridy

Odrlda Saaz Late byla ziskana z potomstva F1 generace po rodi-
¢ovské kombinaci rozpracovaného $lechtitelského materialu s vyso-
kym podilem Zateckého &ervenaku. Kfizeni bylo provedeno v roce
1983. Odrlida byla, do doby registrace v roce 2010, testovana 27 let.
Pravni ochrana byla udélena v roce 2011.

2.2 Geneticka charakteristika

DNA byla izolovana z mladych listd ¢eskych a svétovych odrid
chmele podle Patzaka (2001). Pro molekularni analyzy byly pouzity
SSR metoda (Hadonou et al., 2004), STS a EST-SSR markerovaci
systémy (Patzak a Matousek, 2011). Typicka PCR reakce probihala za
nasledujicich amplifikacnich podminek: 2 min pii 94 °C, 35 cykld (30
s pfi 94 °C; 60 s pfi 54 °C, 90 s pfi 72 °C); 10 min pfi 72 °C. PCR byla
provadeéna v TGradient termocykleru (Biometra, Goettingen, FRG). Am-
plifikované produkty byly rozliSeny vertikaini elektroforézou v 5% dena-
turaénim polyakrylamidovém gelu a vizualizovany barvenim stfibrem
(Patzak, 2001). U produktt byla zaznamenana jejich prezence nebo ab-
sence Vv jednotlivych vzorcich na zékladé molekularmich velikosti podle
20 bp DNA Markeru (Bio-Rad, Hercules, CA, USA). Ziskané vysledky
amplifikovaného polymorfismu byly vyuZity pro determinaci jednotlivych
odrid chmele a hierarchickou klastrovou analyzu. Tato statisticka ana-
lyza vychazela z Jaccardova podobnostniho koeficientu (NTSYS-pc v.
2.01, Exeter software, New York, NY, USA) metodou blizkého spojova-
ni nevazenych parQ skupin aritmetickych primeért (UPGMA, Unweigh-
ted Pair Group Method with Arithmetic means) v programu DARwin v.
5.0.155. Vysledny dendrogram byl vizualizovan pomoci programu Ge-
neious Pro 4.8.2 (Biomatters Ltd., Auckland, New Zealand).

Citra, Amarillo, Simcoe, German cultivars Polaris, Hallertau Blanc,
Mandarina Bavaria or the Australian variety Galaxy belong to this
group (Probasco, 2010; Schonberger, 2013). The unprecedented
increase of craft breweries popularity, which came to Europe from
USA, brought about a big demand for aroma hops and a significant
recovery of the hop market worldwide.

The goal of hop breeders is also to improve the properties of tra-
ditional and well established cultivars. The objectives are to achieve
a better resistance against pests and diseases, higher yields, a sta-
ble production of alpha acids etc. Varieties resistant to infestation by
pests or diseases (downy mildew, powdery mildew) and quarantine
diseases (Verticilium) require substantially smaller extent of chemi-
cal protection, which considerably increases the quality of the prod-
uct as well as economic benefits. The Czech variety Saaz Late is one
of the results of the breeding. The genetic proportion of Saaz hops
is appr. 50%. Thanks to its hybrid origin, Saaz Late has significantly
higher and more stable yield at the level of 2.0 t/ha. This is how the
probably weakest property of the parental variety has been solved.

The paper aims to summarize the agronomy, the genetic and
chemotaxonomy characteristics of the Saaz Late variety. Results of
ageing tests and brewing trials carried out in a pilot scale are pre-
sented, too.

2 MATERIAL AND METHODS

2.1 Origin and variety characteristics

The Saaz Late variety was developed from F1 generation prog-
eny after parental combination of unfinished breeding material with
a high proportion of the Saaz aroma variety. The crossing was con-
ducted in 1983. The variety was tested for 27 years, and in 2010, it
was finally registered. Legal protection was granted in 2011.

2.2 Genetic characteristic

DNA was isolated from young leaves of Czech and world hop
cultivars according to Patzak (2001). For molecular analyses, SSR
(Hadonou et al., 2004), STS and EST-SSR marker systems were
used (Patzak and Matousek, 2011). For a typical PCR reaction (Taq
PCR master mix kit, Qiagen, Hilden, FRG) we used the following
amplification conditions: 2 min at 94 °C, 35 cycles/ (30 s at 94 °C;
60 s at 54 °C, 90 s at 72 °C); 10 min at 72 °C. PCR was performed
on TGradient thermocycler (Biometra, Goettingen, FRG). The am-
plification products were resolved through 5% denaturing (8M urea)
polyacrylamide gel vertical electrophoresis and visualized by silver-
staining (Patzak, 2001). The products were scored for the presence
or absence in each sample, based on the size measured with 20 bp
DNA Marker (Bio-Rad, Hercules, CA, USA). The obtained results of
amplified polymorphism were used for individual hop cultivars deter-
mination (Fig. 3) and the hierarchical cluster analysis. This statistic
analysis was based on Jaccard’s similarity coefficient (NTSYS-pc
v.2.01, Exeter software, New York, NY, USA) and Neighbor-Joining
(NJ) clustering by Unweighted Pair Group Method with Arithmetic
means (UPGMA) in DARwin v. 5.0.155. The resultant dendrogram
was visualized by Geneious Pro 4.8.2 (Biomatters Ltd., Auckland,
New Zealand).

2.3 Chemotaxonomy of the Variety

Typical contents and composition of alpha and beta acids, pre-
nylflavonoids and hop oils were determined in the course of sev-
eral seasons by analyses of hop cones taken at pilot field tests of
HRI, varietal trials of the Central Institute for Supervising and Testing
in Agriculture (CISTA) and production hop gardens in Steknik and
Nesuchyné. The contents and composition of a- acids, - acids, xan-
thohumol and desmethylxanthohumol (DMX) were determined by
the EBC 7.7 method (Analytica EBC, 1998). The analyses were car-
ried out by means of the HPLC chromatograph SHIMADZU LC20A
equipped with a Nucleosil column 250x4 mm i.d. (Macherey Nagel,
Germany) filled with a 5 mm RP C18 particle size. The hop oils were
isolated by the steam distillation procedure. The content of hop oils
was determined as a volatile fraction from 100 g of hops after 90
minutes of water boiling. Hop oils analyses were carried out on DB
5, 30 m x 0.25 mm x 0.50 mm capillary columns with a temperature
programme from 60 °C to 250 °C (Krofta, 2002) and GC-MS sys-
tem Thermo-Focus GC/DSQ Il mass detector. Hop Storage Index
HSI was measured on UV-VIS spectrophotometer SHIMADZU 1601
(Methods of Analysis of the ASBC). The content of total polyphenols
was established by using a spectrophotometric procedure according
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2.3 Chemotaxonomie odrudy

Typické obsahy a sloZeni a- a - kyselin, prenylflavonoid a chme-
lovych silic odridy Saaz Late byly stanoveny v pribéhu nékolika ro¢-
nikG analyzou hlavek pochazejicich z rajoniza¢nich pokusdi Chme-
lafského institutu (CHI), odradovych pokusu Ustfedniho kontrolniho
a zkuSebniho ustavu zemédélského (UKZUZ) a produkénich chmel-
nic ve Stekniku a Nesuchyni. Obsah a slozeni chmelovych pryskyfic
byly stanoveny metodou EBC 7.5 (Analytica EBC, 1998). Metodou
EBC 7.7 byly uréeny obsah a slozeni a-kyselin, B-kyselin, xantho-
humolu (XN) a desmethylxanthohumolu (DMX). Analyzy byly pro-
vedeny na kapalinovém chromatografu SHIMADZU LC20A. Izolace
chmelovych silic byla provedena destilaéni metodou. Obsah silic byl
stanoven jako hmotnostni podil vytékany s vodni parou v pribéhu
90 minutového varu ze 100 g chmele. Analyza slozeni silic byla pro-
vedena plynovou chromatografii na koloné DB 5, 30 m x 0,25 mm x
0,50 mm s teplotnim programem v rozsahu 60 °C az 250 °C (Krof-
ta, 2002) na plynovém chromatografu THERMO-FOCUS ve spojeni
s hmotnostnim detektorem DSQ II. Index skladovani chmele HSI
(Methods of Analysis of the ASBC) byl méfen na UV-VIS spektrofo-
tometru Shimadzu 1601. Obsah celkovych polyfenoll byl stanoven
spektrofotometricky z horkovodniho vyluhu chmele podle modifiko-
vané metody EBC 8.12. (Analytica EBC, 1998).

2.4 Testy starnuti

Dlouhodobé testy starnuti byly zaloZzeny s granulovanym i hlav-
kovym chmelem ze sklizni 2009, 2011 (granule T90) a 2012 (hlav-
ky) v mésicich zafi az prosinec po provedeni granulace ve zpra-
covatelském zavodu Chmelafstvi Zatec. Granulovana forma T90 je
v soucasné dobé nejbéznéjSim zplsobem zpracovani aromatickych
odrGd. Obaly jsou plnény inertnim plynem a uloZzeny standardné
v klimatizovanych skladech pfi teplotach do +5 °C. Hlavkovy chmel
pochazel ze vzorkl odebranych pfi sklizni na U¢elovém hospodar-
stvi CHI ve Stekniku.

Vzorky granuli v hmotnosti 150 gramu byly zabaleny do vicevrstvé
hlinikové folie, vakuovany a ulozeny pfi dvou teplotach +2 °C a 20 °C.
Dal$i experimentalni variantou byly nebalené granule volné ulozené
v temnu pfi teploté 20 °C. Je to simulace extrémnich podminek, kdy
oteviené baleni granulovaného chmele je po del§i dobu ponechano
pusobeni vnéjsich vlivu (teplota, pfistup vzduchu). Starnuti hlavko-
vého chmele bylo testovano pfi teploté 20 °C za pfistupu vzduchu
a ve tmé. Maximalni doba skladovani byla 12 mésicu. V ¢asovych
intervalech cca 2 mésice byly chmele analyzovany na obsah a-ky-
selin, B-kyselin a xanthohumolu. K analyze bylo vzdy pouzito nové,
neporu$ené baleni vzorku.

2.5 Pivovarské testy

Pivovarské testy s chmelovymi vyrobky odrlidy Saaz Late pro-
béhly v uplynulych letech na nékolika urovnich ve &tvrtprovoznim az
provoznim méfitku s pouzitim hlavkového a granulovaného chmele.
Jako pfiklad pivovarského testovani jsou prezentovany vysledky po-
loprovoznich zkousek (2 hl) s peletami T90 provedenych ve Vyzkum-
ném Ustavu pivovarském a sladafském (VUPS) v letech 2010, 2011
a 2012. Srovnavaci varianta byla chmelena peletami Zateckého po-
loraného Cerveraku. .

Piva byla vyrobena v souladu s regulemi CHZO Ceskeé pivo. Rmu-
tovani plnosladovych varek 12% svétlého lezéku bylo provedeno de-
kokénim dvourmutovym postupem. Chmeleni bylo ve tfech davkach,
30 % na zacatku, 50 % po 30 minutach a 20 % chmele 15 minut
pfed koncem chmelovaru. Chmelovar trval vzdy 90 minut. Mladina
byla odkalena ve vifivé kadi a dochlazena deskovym chladi¢em na
zakvasnou teplotu 10 °C a provzdusnéna na obsah rozpusténého
kysliku 8 + 0,5 mg/l. Hlavni kvaSeni probé&hlo v cylindrokoénickych
tancich (CKT). Mladina byla zakvaSena davkou 220 g/hl lisovanych
nasadnich kvasnic kmene ¢. 95 sbirky VUPS. Maximalni teplota
hlavniho kva$eni byla nastavena na 12 °C + 0,1 °C. Po dosazeni
rozdilu mezi zdanlivym a dosazitelnym prokvasenim cca 10 % rel.
byl obsah CKT béhem 24 hodin zchlazen na teplotu 5-6 °C.

Mlada piva byla sudovana do lezackych tankd. Teplota v leZac-
kém sklepé se pohybovala v rozmezi 1-2 °C. Doba leZeni byla cca
40 dni. Piva byla filtrovana deskovym filtrem. P¥i veSkerych manipu-
lacich s pivem béhem filtrace a staCeni byl pouzivan oxid uhliCity.
Piva byla sta¢ena do lahvi na strojovém plni¢i a pasterovana v po-
norném pastéru na 20 PU. Piva byla skladovana pfi pokojové teploté
za pfistupu svétla.

Analyzy chmele, sladin, mladin a piv byly provedeny podle Ana-
lytiky EBC a Pivovarsko-sladarské analytiky (Basarova, 1994). Anti-
oxidaéni (antiradikalovd) aktivita mladin a piv byla stanovena pomoci
DPPH (MikySka et al., 2006). Prenylflavonoidy a isoflavonoidy byly

to the modified EBC 8.12 method (Analytica EBC, 1998) in hot water
extracts of hops.

2.4 Ageing tests

The dynamics of hop ageing was monitored in both the cones and
the pellets from the 2009, 2011 (pellets T90) and 2012 (cones) har-
vests over a 12-month period. Currently, the pellets represent the
prevalent method of aroma hops processing. Packages are filled
with inert gas and stored in air-conditioned warehouses at the tem-
perature below +5 °C.

The pellets (150 g) for long-term storage tests were vacuum-
packed in bags made of a multilayer aluminum foil and kept at tem-
peratures of +2 °C and 20 °C. An alternative experimental variant
were pellets stored unpacked in the open air in a dark room at room
temperature, which was a simulation of margin conditions when an
open or a ruptured bag is exposed to air at a room temperature for
a long time. Ageing of raw hops was tested at room temperature un-
der open air and in the dark for 12 months. Hops were analyzed for
the content of a- acids, B- acids and xanthohumol at regular intervals
of 2 months. A new intact bag of pellets was used for each test.

2.5 Brewing tests

In recent years, brewing tests with hop products made from the
Saaz Late variety using cones and hop pellets were carried out. The
tests were conducted on several levels covering pilot plant as well
as the commercial scale. As an example, results of the pilot scale
brewing tests (2HL) with pellets T90 performed at the Research In-
stitute of Brewing and Malting (RIBM) in 2010, 2011, and 2012 are
presented. The comparative variant was hopped with the Saaz va-
riety pellets. Beer was made in accordance with the regulations for
the PGI Czech beer. Mashing of all malt from 12% pale lager brews
was carried out by means of the double decoction procedure. Hop-
ping was conducted in three portions — 30% of the total hop dose
was added at the beginning, 50% after 30 minutes and 20% after
15 minutes before the end of the 90 minutes of the wort boiling. The
wort trub was separated in a whirlpool, then the wort was cooled by
a plate cooler to the fermentation temperature of 10 °C and aerated
at a dissolved oxygen content of 8 + 0.5 mg/L.

The primary fermentation took place in cylindrical-conical tanks
(CCT). Worts were inoculated by a dose of 220 g/hl of pressed pitch-
ing yeast, strain No. 95 from the RIBM collection. The maximum tem-
perature of fermentation was set to 12 °C + 0.1 °C. After reaching
the attenuation difference of about 10% rel., the CCT content was
cooled down to the temperature of 5-6 °C within 24 hours. Green
beer was transferred into lager tanks. The temperature in the lager
cellar ranged between 1-2 °C. The maturation period took approxi-
mately 40 days. Beer was filtered through a sheet filter. Carbon di-
oxide was used in all manipulations with the beer during the filtration
and bottling. Beer was bottled on a machine filler and pasteurized in
a batch pasteurizer at 20 PU. Beer was stored at room temperature,
no protection against light was provided.

Hops, wort, and beer were analyzed by EBC Analytica and Brew-
ing and Malting Analytica (Basafova, 1994). The antioxidant (anti-
radical) activity of wort and beer was determined by DPPH (Mikyska
et al., 2006). The content of prenylflavonoids and isoflavonoids was
established by the HPLC method of RIBM ( Jurkova et al. 2013).
Hop oils in beer were measured by the GC/MS method of RIBM.
Sensory analyses of fresh beer and beer after 3 months of storage
was carried out by RIBM by means of the descriptive method (Cejka
et al., 2002) , the comprehensive method of determining the bitter-
ness lingering and character profile in accordance with procedures
developed by RIBM (MikySka and Cejka, 2013), and the triangle test
according to EBC Analytica.

3 RESULTS AND DISCUSSION

3.1 Agronomy properties

Late Saaz plants are robust and have an irregular cylindrical
shape. Because of the hulking habitus, spacing of 300 x 114 cm
has to be employed. Bines are of violet colour, 9-13 mm in diam-
eter. Fruitful laterals are very long, low to medium high deployed
with the tendency of breaking out at windy weather. Hop cones are
egg shaped, very densely clustered at laterals (Fig. 1). The average
weight of 100 dry cones ranges from 17-20 g. Saaz Late is a semi-
late variety with a vegetation period in the interval of 128—135 days.
Its resistance to downy mildew (Pseudoperonospora humuli) is me-
dium and resistance to powdery mildew (Sphaerotheca humuli) is
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Obr. 2 Dendrogram genetickych vzdalenosti 85 odrid svétového
sortimentu chmele na zakladé 238 polymorfnich molekularnich mar-
kerd. Zelend — chmele evropského plvodu skupiny ZPC, modra —
chmele evropského puvodu skupiny Fuggle, ¢ervena — chmele ame-
rického plvodu, fialova — chmele smiSeného plvodu, ¢erna — Ceské
povolené odrddy. / Fig. 2 Dendrogram of genetic distances of 85
world range hop varieties based on 238 polymorphic molecular mar-
kers. Green — hops of European origin of Saaz group, blue — hops
of European origin of Fuggle group, red — hops of American origin,
purple — hops of mixed origin, black — Czech registered varieties.

stanoveny HPLC metodou VUPS (Jurkova et al., 2013). Silice v pivu
byly stanoveny GC/MS metodou VUPS. Senzoricka analyza Cerstvé-
ho piva a piva po 3 mesicich skladovani byla provedena degustacni
komisi VUPS deskriptivni metodou (Cejka et al., 2002), komplexni
metodou stanoveni profilu doznivani a charakteru horkosti podle po-
stup@ vypracovanych na VUPS (Mikyska a Cejka, 2013) a trojuhelni-
kovym testem odlidnosti podle Analytiky EBC.

3 VYSLEDKY A DISKUSE

3.1 Agronomické vlastnosti

Rostlina ma velmi mohutny vzrist nepravidelného valcovitého tva-
ru. Vzhledem k mohutnému habitu je nutné provadét vysadbu v min.
sponu 300 x 114 cm. Réva je fialové barvy, silna 9-13 mm. Plodo-
nosné pazochy jsou dlouhé az velmi dlouhé, nizko az stfedné vysoko
nasazené s tendenci vylamovani pfi vétrném pocasi. Chmelové hlav-
ky jsou stfedné vejCité, na pazochu velmi husté nasazené (obr. 1).
Primérna hmotnost 100 hlavek je v rozmezi 17-20 g. Saaz Late je
polopozdni odriida s vegeta¢ni dobou v rozmezi 128—135 dni. Odol-
nost k peronospore chmelové (Pseudoperonospora humuli) je stfedni,
k padli chmelovému (Sphaerotheca humuli) je vysoka az tolerantni.
Cesatelnost odridy Saaz Late patfi k t€m horSim. Drobnéjsi, husté
nasazené hlavky zUstavaji pfi esani velmi ¢asto ve shlucich i s ¢ast-
mi vétévek. Pri strojové sklizni je proto nezbytné na Cesacim stroji sefi-
dit separaci hlavek. Vynos odrldy je 2,0 az 2,5 t suSeného chmele/ha.

3.2 Geneticka charakteristika

Vyuziti molekuléarné genetickych metod umoziiuje pfesnou a spo-
lehlivou identifikaci odridy chmele a zaroveri hodnoceni genetické
variability a podobnosti odriid chmele pomoci hierarchické klastrové
analyzy, kde jsou ve vysledném dendrogramu do jednotlivych shluk
pfifazeny genotypy k sobé si geneticky nejblizsi. Tyto metody byly
vyuzity i v genetické analyze odrlidy Saaz Late spole¢né s dal$imi 11
¢eskymi a 73 odradami svétového sortimentu chmele.

Ziskany dendrogram (obr. 2) odpovidal genealogickym, geobota-
nickym a analytickym charakteristikam jednotlivych odrid. Rozmis-
téni odrid v dendrogramu odrazelo prfedevsim introdukci divokych
americkych genotypll do zarode¢né plasmy evropskych chmelll
(Patzak et al., 2010a;b), kdyZ geneticky nejvzdalengjsi byly odridy
ZPC a amerlcke odrddy Columbus (CTZ). Nejvice se tu pak projevil
vliv dvou zékladnich Slechtitelskych odrlid minulosti, a to Brewers
Goldu, s genotypem divokého amerického chmele, a jeji dcery, od-
ridy Northern Brewer, s genotypem evropského chmele. U kfizencl
odridy Northern Brewer pak zéleZelo na tom, jak mnoho zarode¢né
plasmy evropskych aromatickych chmelll (skupina ZPC a Fuggle)
nebo americkych vysokoobsaznych chmeld (anglicka fialova pod-
skupina) v nich bylo zastoupeno (obr. 2). U k¥izencl odridy Brewers
Gold nebylo mozné vyrazné zménit jejich americky putvod k evrop-
skému (némecka fialova podskupina). Toto se podafilo americkym

Obr. 3 GC chromatogram chmelovych silic odridy Saaz Late, izola-
ce silic destilaéni metodou, kolona DB5, 30m x 0.25 mm x 0.50 mm,
nosny plyn helium, 60 kPa, split nastfik 1:50 (16.5 min — myrcen;
47.8 min — B-karyofylen; 49.5 min — B-farnesen; 50.1 min — a-humu-
len, 52-53 min — a- + B- selineny) / Fig. 3 GC chromatogram of hop
oils of the variety Saaz Late, isolation of essential oils by distillation
method, column DB5, 30 m x 0.25 mm x 0.50 m m, carrier gas he-
lium, 60 kPa, split injection 1:50. (16.5 min — myrcene, 47.8 min —
B- caryophyllene , 49.5 min. — -farnesene; 50.1 min — a-humulene,
52-53 min — a- + - selinens)

high. Picking of the Saaz late variety is rather difficult because the
smaller, densely deployed cones frequently remain at clusters to-
gether with twigs during picking. Therefore, separation of hop cones
has to be well adjusted during machine harvesting. Yield of Saaz
Late ranges between 2.0 -2.5 tons of dry hops/ha.

3.2 Genetic characteristics

The utilization of molecular genetic methods enables both precise
as well as reliable hop cultivar identification and evaluation of the
genetic variability and similarity by the hierarchical cluster analysis.
The resultant dendrogram shows the genetically closest genotypes
included in individual groups. We used these methods for the genetic
analysis of the Saaz Late cultivar together with other 11 Czech and
73 cultivars of world hop collection. The dendrogram (Fig. 2) corre-
sponds with genealogical, geobotanical and analytical characteristics
of individual cultivars. The distribution of cultivars in the dendrogram
mainly reflected the introduction of wild American genotypes to Euro-
pean hop germplasm (Patzak et al., 2010a;b). Saaz hop and Ameri-
can cultivar Columbus (CTZ) were most distant in respect to their
genetics. The influence of two basic historical breeding lines became
evident — the cultivar Brewers Gold with a wild American genotype
in origin, and its daughter cultivar Northern Brewer with a European
germplasm in origin. Within the Northern Brewer hybrid, cultivars de-
pended on how much germplasm of European aroma hops (Saaz
and Fuggle groups) or American high-a-acid hops (English violet
subgroup) were included in them. Within the Brewers Gold hybrid,
cultivars were not strongly able to change their American origin to
European germplasm (German violet subgroup). American breeders
managed to achieve this change in case of aroma hop cultivars with
the origin of Fuggle and Hallertau cultivars (green and blue groups).

The Saaz Late cultivar genetically belonged to the European aroma
cultivar group of Saaz. It is most similar to the new Czech cultivar Saaz
Special (Fig. 2). Both cultivars could be safely and exactly distinguished
from all registered Czech hop cultivars (Tab. 7) by molecular genetic
markers of the DNA barcode (Krofta and Patzak, 2011; Patzak and
Matousek, 2013). We use these modern analyses as standards for
controls of the genetic purity of cultivar rootstocks in the multipropaga-
tion process (Nesvadba et al., 2008; 2010) and for authenticity of hop
cones in merchants and processors (Krofta a Patzak, 2011).

3.3 Chemotaxonomy of the variety

Chemotaxonomy characteristics of the Saaz Late variety based
on hop resins, hop oils and polyphenols analyses is summarized in
Tab. 2. Data for the Saaz aroma variety are included for comparison.
Locality and year variability of a- acids, - acids and xanthohumol
during the period of 2008-2012 is shown in Tab. 3.

The content of a-acids usually ranges between 3.5 and 6.0% w/w,
the content of B-acids is normally between 4.0-7.0% w/w. Thus, the
ratio of a- and B-acids is slightly below 1.00. The cohumulone and
colupulone ratio is the same as for Saaz, 20—25% rel. and 39-43%
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Tab. 1 DNA ¢arovy kéd ¢eskych odriid chmele vyjadreny prezenci (1) ¢i absenci (0) fragment( alel molekularné-genetickych markerd. /
DNA barcode of Czech hop varieties expressed by attendance (1) or absence (0) of allele fragments of molecular genetic markers

= S| .8 | 5|2 s|2|s|5|8/|¢2/.3

1. ota S| & | 8| 5|52 | E | § 8| v| g]|a:

N a I X 3 o )
WRKY1_222 0 0 0 1 0 0 0 0 0 0 0 0
WRKY1_212 0 0 1 0 0 0 1 0 0 0 0 0
WRKY1_210 1 1 0 0 0 0 0 0 0 0 0 1
WRKY1_208 0 0 0 0 0 0 0 0 0 1 0 0
WRKY1_206 0 0 0 0 1 1 0 1 1 0 0 0
WRKY1_204 0 0 0 1 0 0 1 0 0 1 0 0
WRKY1_202 0 1 1 0 1 1 0 1 0 0 0 0
WRKY1_198 0 0 0 0 0 0 0 0 1 0 1 0
CMPS_251 1 0 1 0 0 0 0 0 0 1 0 1
CMPS_242 0 1 1 1 1 1 1 1 1 1 1 1
CMPS_239 0 0 0 0 0 0 0 0 1 0 0 0
CMPS_230 0 0 0 0 1 1 0 1 0 0 0 0
CMPS_227 0 0 0 0 0 0 1 0 0 0 1 0
LAR1_179 0 1 1 0 1 1 0 1 0 1 1 1
LAR1_177 1 0 0 1 0 0 0 0 0 0 0 1
LAR1_174 0 0 0 0 0 0 0 0 1 0 0 0
LAR1_173 0 0 0 0 0 0 0 0 0 0 0 0
LAR1_171 0 1 1 1 0 0 1 0 0 1 0 1
LAR1_165 0 0 0 0 1 1 0 1 1 0 0 0
CaEFh_203 1 1 0 1 0 1 1 0 1 0 1 0
CaEFh_200 0 0 0 0 0 1 0 0 0 0 0 0
CaEFh_196 0 0 0 0 0 0 0 0 0 0 0 0
CaEFh_194 1 1 1 1 1 0 1 1 0 1 1 1
CaEFh_187 0 0 0 0 1 0 0 1 1 0 0 0
pMyb1b_280 0 0 1 0 0 0 0 0 0 0 1 0
pMyb1b_277 1 0 0 0 0 0 0 0 0 0 0 0
pMyb1b_270 0 0 0 1 0 0 1 0 0 0 0 1
pMyb1b_265 0 1 0 1 0 1 0 1 0 1 0 0
pMyb1b_262 0 0 1 0 0 0 0 0 0 0 0 1
pMyb1b_258 0 1 0 0 1 1 1 0 1 0 1 0
pMyb1b_256 0 0 0 0 0 0 0 0 0 1 0 0
pMyb1b_247 0 0 0 0 1 0 0 1 1 0 0 0
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Tab. 2 Chemotaxonomickéa charakteristika odrid Saaz Late a ZPC /
Chemotaxonomic characteristic of varieties Saaz and Saaz Late

Pryskyfice / Resins Saaz Late | ZPC/Saaz
Celkové pryskyfice / Total resins (%) 15-22 13-20
a-kyseliny / a-acids (%) 3.5-6.0 2.5-45
B-kyseliny / B-acids (%) 4.0-7.0 4.0-6.0
Pomér a-/B- / a-/B- ratio 0.8-1.0 0.6-1.0
Kohumulon / Cohumulone (% rel.) 20-25 20-25
Kolupulon / Colupulone (% rel.) 39-43 39-43
Polyfenoly / Polyphenols

(Ce;kové polyfenoly / Total polyphenols | 5.0-6.0 5.5-7.0
%

Xanthohumol (%) 0.30-0.50 | 0.30-0.50
Desmethylxanthohumol (%) 0.07-0.12 | 0.05-0.12
Silice / Essential oils

Obsabh silic / Total oils (g/100 g) 0.5-1.0 0.4-0.8
Isobutylisobutytate (% rel.) 0.03-0.07| <0.02
Myrcen (% rel.) 25-35 25-40
2-methylbutylisobutyrate (% rel.) 0.10-0.20 | <0.02
B-karyofylen / B-caryophyllene (% rel.) 6-9 6-9
a-humulen / a-humulene (% rel.) 15-25 15-30
B-farnesen / B-farnesene (% rel.) 15-20 14-20
a- a B-selineny / a- and B-selinens (% rel.) 3-5 0.5-15

Slechtiteldm u aromatickych odrid chmele s pivodem odrid Fuggle
a Hallertau (zelena a modra skupina).

Odrida Saaz Late geneticky patfi do skupiny evropskych aroma-
tickych odrld skupiny Zateckého ¢erveridku, ktery je vyrazné zastou-
pen v jejim ptvodu. Nejvice geneticky podobna pak byla nové ¢eské
odridé Saaz Special (obr. 2). Pomoci molekularné genetickych mar-
ker( DNA ¢arového kodu (Krofta a Patzak, 2011; Patzak a Matousek,
2013) bylo mozné obé odriidy od sebe bezpeéné a presné odlisit,
podobné jako v8echny povolené odridy ¢eské provenience (tab. 7).
Tyto moderni analyzy jsou standardné pouzivany ke kontrole gene-

rel., the contents of polyphenols are comparable, too. Total oil in
Saaz Late hops can reach up to 1.0 g/100 g, usually it is in the inter-
val of 0.5-1.0 g/100 g. The presence of several esters in the compo-
sition of hop oils reveals a hybrid origin. These esters include isobu-
tylisobutyrate, 2-methylbutylisobuty-rate, and 3-methylisobutyrate.
Negligible amounts of these compounds are found in Saaz. Thanks
to this dissimilarity, both varieties can be easily distinguished (Krofta,
Patzak, 2011). GC chromatogram of Saaz Late hop oils is shown in
Fig. 3. Generally, the content and composition of secondary metabo-
lites of Saaz Late and Saaz hops are very similar. From the brewing
technology perspective, it means that the Saaz aroma hops can be
cheaply substituted in the hopping regimen.

3.4 Ageing tests

Tab. 4 shows the relative decline of selected active compounds
(a-acids, B-acids and xanthohumol) during storage at +2 to +4 °C in
the air for the period of 12 months. The results indicate that due to
small disposals of a-and B-acids up to 10% rel., the quality of hops is
stable for at least 12 months, i.e. until the hop processing of a new
crop. Hop Storage Index (HSI) is below 0.50, and therefore, accept-
able for most brewers.

It was found that hop pellets stored in the air at room temperature
age most rapidly. After 12 months, the loss of a-and B-acids exceed-
ed 90% (Tab. 5). This was caused by the disturbance of lupulin grains
structure during milling and granulation. Both these operations rep-
resent considerable mechanical strain for hops. As early as during
drying, shrinkage and cracking of a small number of lupulin glands
occur. Hop resins and other substances in the mechanically disrupt-
ed lupulin glands are rapidly subjected to oxygen and elevated tem-
peratures that induce the degrading action. The rate of degradation
of granules stored this way is surprising. Deteriorated brewing quality
is reflected in the enormous increase of the HSI value to nearly 2.00.
These findings need to be taken into account in small and restaurant
breweries, where the doses of hops are not so big and processing of
an open package of granulated hops may take more time.

Under anaerobic conditions, a high stability of B-acids was found.
Even storage at room temperature did not considerably affect - acids
content; however, it affected a-acids. Storing hops at low tempera-
tures without air also preserves the content of xanthohumol very well.

Differences among varieties in regard to the dynamics of ageing
are best studied in the original, cones form. Processing into granules
and storage under anaerobic conditions at low temperatures signifi-
cantly suppress the differences among varieties. Conventionally, the

Tab. 3 Lokalni a roénikova variabilita obsahu a slozeni alfa kyselin, - kyselin, xanthohumolu (XN) a desmethylxanthohumolu (DMX) odra-
dy Saaz Late / Local and vintage variability of the content of the a- acids, 3- acids, xanthohumol (XN) and desmethylxanthohumol (DMX) of

the variety Saaz Late

Lokalita / Locality a- kyseliny / B- kyseliny / Pomér a-/g-/ | Kohumulon/ XN DMX

a-acids B- acids a-/B-ratio Cohumulone (%) (%)
(%.) (%) (% rel.)

2008

Blsany 5.31 6.68 0.79 22.6 0.43 0.10

Radovesice 4.06 6.51 0.62 21.9 0.42 0.08

Steknik 5.00 6.37 0.78 23.4 0.36 0.07

2009

Blsany 5.29 6.15 0.86 23.2 0.37 0.1

Radovesice 5.28 6.65 0.79 20.4 0.36 0.10

Steknik 4.77 4.84 0.99 241 0.40 0.08

2010

Bisany 6.65 7.88 0.84 23.4 0.51 0.17

Radovesice 4.49 714 0.63 22.0 0.38 0.13

Steknik 4.59 6.30 0.73 24.7 0.35 0.10

2011

Osek n. Beévou 4.32 4.59 0.94 25.2 0.42 0.09

Radovesice 3.84 5.562 0.70 23.7 0.34 0.05

Steknik 5.06 6.68 0.76 23.9 0.46 0.07

2012

Blsany 4.37 4.47 0.98 20.3 0.38 0.08

Radovesice 4.38 4.43 0.99 19.4 0.30 0.06

Steknik 5.34 5.29 1.01 20.5
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tické Cistoty sadby v mnozitelském procesu (Nesvadba
et al., 2008; 2010) a autenticity hlavkového chmele u ob-
chodnikl a zpracovatelll (Krofta a Patzak, 2011).

Tab. 4 Relativni poklesy obsahu a- kyselin, B- kyselin, xanthohumolu a hod-
noty HSI v granulich T90 odridy Saaz Late pfi teploté +2—4 °C a bez pfistupu
vzduchu po 12 mésicich skladovani / Relative decrease of a- acids, 3- acids,

xanthohumol and HSI values in granules T90 of the variety Saaz Late at 2—4 °C

3.3 Chemotaxonomie odrady

and the absence of air after 12 months of storage

Chemotaxonomickd charakteristika odrlidy Saaz
Late, zalozena na analyze chmelovych pryskyfic, si-
lic a polyfenolll je uvedena v tab. 2. Pro srovnani jsou
v tabulce uvedeny i hodnoty pro Zatecky polorany &er-
venak. Lokalni a roénikova variabilita obsahu a slozeni

a-kyselin, B-kyselin a xanthohumolu v letech 2008 az
2012 je patrnd z udaja v tab. 3.
Obsah a- kyselin v odriidé Saaz Late se pohybuje vét-

Sinou v rozmezi 3,5-6,0 % hm., obsah B-kyselin v inter-
valu 4,0-7,0 % hm. Pomér o/B je zpravidla < 1,00. Podil

kohumulonu 20-25 % rel. a kolupulonu 39-43 % rel.
je stejny jako u Zateckého Cervenaku. Srovnatelné jsou
i obsahy polyfenolovych latek. MnoZstvi silic v odridé

Saaz Late muze byt az 1,0 g/100 g chmele, vétSinou
se vSak pohybuje v rozmezi 0,5-1,0 g/100 g. Hybridni
puvod odridy potvrzuje pfitomnost nékolika esterd ve

Slozka chmele/ Skladovaci Relativni pokles (% rel.) /
Hop component obdobi / Relative decrease (% rel.)
Storage 6 mésicti / 12 mésict /
period months months
a-kyseliny / a-acids 2009/2010 3.6 9.2
2011/2012 0.8 55
B- kyseliny / B-acids 2009/2010 <0.1 1.7
2011/2012 <0.1 2.5
Xanthohumol / 2009/2010 3 4.5
Xanthohumol 2011/2012 2 4.1
Index skladoyéni/ 2009/2010 0.4 0.43
;',’_75)3’0’ age index 2011/2012 0.36 0.37

chmeloveé silici. Jedna se o isobutylisobutyrat, 2-methyl-
butylisobutyrat a 3-methylisobutyrat. Silice Zateckého
Cervenaku tyto slozky neobsahuje vibec nebo jen v ne-
patrném mnozstvi. Diky tomu je mozno odridy Saaz
Late a Zatecky erveridk snadno vzajemné odlisit (Krof-
ta, Patzak, 2011). Chromatogram chmelovych silic od-
rdy Saaz Late je na obr. 3. Celkové Ize obsah a slozeni
pivovarsky dulezitych sekundarnich metabolitt odriidy

Tab. 5 Relativni poklesy obsahu a- kyselin, - kyselin, xanthohumolu a hodnoty
HSI v granulichT90 odriidy Saaz Late pfi teploté 20 °C a za pfistupu vzduchu
po 12 mésicich skladovani (test 2011/2012) / Relative decreases of a- acids,

8- acids, xanthohumol and HSI value in granules T90 of the variety Saaz Late at
20 °C and the access of air after 12 months storage (test 2011/2012)

Saaz Late povaZovat za velmi podobné Zateckému er-  [glo3ka chmele/ Skladovaci Relativni pokles (% rel.) /
vefiaku. Z pivovarského hlediska to znamena moznou, Hop component obdobi / Relative decrease (% rel.)
cenové dostupnéjsi substituci Zateckého ¢erveriaku. Storage & masict/months 12 masict/
3.4 Testy starnuti period months
V tab. 4 jsou uvedeny relativni poklesy vybranych ak- a-kyseliny / a-acids 2011/2012 57.6 94.8
tivnich slozek (a- kyselin, - kyselin a xanthohumolu) pfi - -
skladovani po dobu 12 mésicu pfi teploté +2 az +4 °C B-kyseliny / g-acids 2011/2012 44.8 94.5
bez pfistupu vzduchu. Vysledky dokumentuiji, e kvalita | Xanthohumol / 2011/2012 22.4 55.1
chmele je, vzhledem k malym UGbytkdm o- a B- kyselin | Xanthohumol
do 10 % rel., stabilni po dobu minimalné 12 mésicu, Index skladovani / 2011/2012 0.86 1.90
tj. do doby zpracovani chmell z nové sklizné. Indexy Hop storage index (HSI)

skladovani HSI jsou pod hranici 0,50, a tedy pfijatelné
pro vétsinu pivovard.

Bylo zjisténo, ze nejrychleji starne granulovany chmel, skladovany
volné na vzduchu pfi pokojové teploté. Ubytek a- i B- kyselin po 12
meésicich byl vice nez 90% (tab. 5). Pfi¢inou je naruSeni struktury lupu-
linovych zrn pfi mleti a granulaci. Obé operace predstavuji pro chmel
znac¢nou mechanickou zatéz. Ke smrstovani a praskani malého podilu
lupulinovych zrn dochazi jiz pfi suseni. Chmelové pryskyfice a dalsi
latky v deformovanych, mechanicky narusenych lupulinovych zrnech
rychle podléhaji degradaénimu plsobeni kysliku a zvy$ené teploty.
Rychlost znehodnoceni takto skladovanych granuli je az prekvapuiji-
ci. Zhor§ena pivovarska kvalita se odrazi v.enormnim narlstu indexu
skladovani chmele HSI na hodnoty bezmala 2,00. Uvedené zjisténi je
potfeba brat v potaz zejména v malych a restauracnich pivovarech,
kde navazky chmele nejsou tak velké a zpracovavani nacatych baleni
s granulovanym chmelem muze trvat dal$i dobu.

Velka stabilita byla prokdzana u B-kyselin, pokud byly skladova-
ny bez pfistupu vzduchu. Ani skladovani pfi pokojové teploté se na
jejich obsahu nijak vyznamné neprojevilo, na rozdil od a- kyselin.
Skladovanim chmele pfi nizkych teplotach bez pristupu vzduchu se
velmi dobrfe konzervuje i obsah xanthohumolu.

Meziodriidové rozdily v dynamice starnuti riznych odrid chmele
se nejlépe studuji v pavodni hlavkové formé. Zpracovanim na gra-
nule a skladovanim v anaerobnich podminkach pfi nizkych teplotach
se rozdily mezi odridami vyrazné potlacuji. Skladovatelnost odrtd
chmele je uzanéné posuzovana na zakladé poklesu obsahu a- ky-
selin po 6 mésicich skladovani v nezpracované hlavkové formé za
pfistupu vzduchu v temné mistnosti pfi teploté 20 °C. Odridy chmele
jsou klasifikovany do 5 kategorii (méné nez 10% pokles obsahu a-
kyselin = skladovatelnost velmi dobrd; 10-20 % = dobra; 20—40 % =
pfijatelnd; 40-60 % = $patna; vice nez 60 % = velmi Spatna) (Nicker-
son, 1979). Skladovaci pokus s hlavkovym chmelem odrGdy Saaz
Late ze sklizné 2012 ukazal, ze pfi vySe uvedenych podminkach do-
8lo k poklesu a- kyselin z 3,64 % hm. na 2,86 % hm. Pokles obsahu
a- kyselin tak mirné prekracuje hranici 20 % rel., coz odpovida klasi-
fikaci ,dobra — pfijatelna“. Jak ale ukazuji zkuSenosti s analogickym
hodnocenim odridy Vital (Krofta, 2013), nelze na z&kladé vysledku

storability of hop varieties is assessed on the basis of the decrease
of a-acids content after 6 months of storage in the form of raw cones
in a dark place in an open air at a temperature of +20 °C. Hop va-
rieties are classified into 5 categories (less than 10% decrease of
a-acid shelf life = very good; 10-20% = good; 20—-40% = acceptable;
40-60% = poor, more than 60% = very poor) (Nickerson, 1979).
Storage experiments with hop cones of the Saaz Late variety har-
vested in 2012 revealed that under the above mentioned conditions,
the a-acids content decreased from 3.64% wt. to 2.86% wt. The de-
crease of a-acids slightly exceeds 20% rel., which corresponds to the
classification ,good — acceptable“. Nevertheless, as the experience
with analogous evaluation of the Vital variety had shown (Krofta,
2013), a responsible evaluation of varietal shelf life cannot be based
on results from one year only because the shelf life can be quite vari-
able depending on the individual year.

3.5 Brewing tests

The content of a-acids and the ratio of a- and p-acids in hops test-
ed in the brewing experiments corresponded to the varietal charac-
teristics (Tab. 6). The average content of total polyphenols, anthocy-
anogens, and flavanoids in Saaz Late was by 46, 37, and 39% lower
compared to Saaz hops. The antiradical activity of DPPH-ESR was
lower by 35%. The content of xanthohumol and the ratio of XN/a-
acids in hops were comparable in both varieties. The composition of
essential oils contained in the Saaz Late hop variety was similar to
the Saaz variety, including significant levels of B-farnesene.

The results of beer analyses are shown in Tab. 7. Equability of
brews is documented by the basic chemical analysis values. The
effect of the tested varieties on foaming and color were not found.
The analytical bitterness of beer was balanced; the ratio of cis/trans
isohumulones in brews hopped by the Saaz Late variety was slightly
lower compared to the Saaz variety. Trans isomers are less bitter
and more readily a subject to chemical changes during beer stor-
age (Hughes and Simpson, 1996). Values of the beer antiradical
activity AOX-DPPH was by about 20% lower than the values of the
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Obr. 4 Senzoricky profil ¢erstvych piv (primérné hodnoty varek
2010-2012; / Deskriptory — 8kala 0-5) / Fig. 4 Sensory profile of
fresh beers (average of brews 2010-2012; Descriptors — range 0-5)

120s

90s { , 205

Obr. 5 Senzoricky profil 3 mésice skladovanych piv (primérné hod-
noty varek 20102012 / Fig. 5 Sensory profile of 3 months stored
beers (average of brews 2010-2012)

ZPC/Saaz Saaz Late
Charakter / Character 0s 2.9 3.2
Charakter / Character 40s 2.3 2.5

Tab. 7 Primérné hodnoty analyzy piv z poloprovoznich varek /
Average values of beers analysis of pilot brews

Parametr / Parameter ZPC / Saaz | Saaz Late
Pavodni extrakt / Original extract 12.4 12.3
Prokvaseni zdanlivé / Apparent 76.4 75.2
e attenuation (% rel.)
Prokvaseni skute¢né / Real 62.7 61.8
attenuation (% rel.)
s0s  40s Barva / Colour (EBC) 9.8 9.8
— 7PC/Saaz Saaz Late pH 4.48 4.47
Obr. 6 Doznivani a charakter senzorické horkosti €erstvych piv (In- Pénivost / Head retention NIBEM 800 301
tenzita hotkosti, charakter hotkosti — $kala 0-5 bodu) / Fig. 6 The lin- | ARA2-DPPH (% rel.) 75.1 59.7
gering and character of sensory bitterness of fresh beers (Bitterness Hotkost / Bitterness (IBU) 311 31.6
intensity, bitterness character — range 0-5 points) iso-a-kyseliny / iso-a-acids (mg/l) 319 33
Tab. 6 P,rﬂmérny obsah horkych latek, polyfenolﬂ a silic v suroviné cis-iso-a-kyseliny / cis-iso-a-acids 205 23 1
pro varni pokusy / Average content of bitter substances, polyphe- (mafl)
nols and essential oils in raw materials for brewing experiments
— trans-iso-a-kyseliny / trans-iso-a- 9.3 9.8
Parametr / Parameter ZPC/ Saaz | Saaz Late acids (mg/l)
a-kyseliny / a-acids (%) 3.9 4.3 Pomeér cis/trans / cis/trans ratio 2.44 2.37
B-kyseliny / B-acids (%) 4.7 5.6 Silice / Essential oils (pg/l)
Pomér a-/B- / a-/B- ratio 0.84 0.81 a- pinen / a-pinene 0.12 0.15
Celkové polyfenoly / Total 58.1 31.6 B-pinen / B-pinene 0.04 0.05
polyphenols (mg/g) myrcen / myrcene 0.49 0.56
Pomér CP/a- / TP/a-ratio 14.9 7.8 limonen / limonene 0.31 0.75
?;;I;;)kyanogeny/Anthocyanogens 59.9 37.9 linalool / linalool 6.45 10.18
- - 2.7 1.32
Flavanoidy / Flavanoids (mg/g) 12.8 7.8 2 :(ary.ofyltle;11/11: cafy op Ihy llene 5 02 03;)
ARA2-DPPH (% rel.) 70.7 45.8 “terpineo’ ” 4-ferpineo oo 12
Obsah silic / Content of essential 0.6 0.6 p-farnesen / p-farnesene - :
oils (9/100 g) a-humulen / a-humulene 47.77 15.6
Myrcen/Myrcene (% rel.) 34.2 40 a-terpinol / a-terpinol 65.22 23.66
Linalool (% rel.) 0.4 0.3 cis-geraniol / cis-geraniol 1.2 1.24
B-karyofylen/ B-caryophyllene (% 8.5 5.9 a-ionon / a-ionone 0.48 0.51
rel.) B-ionon / B-ionone 0.35 0.13
a-humulen/ a-humulene (% rel.) 20.1 15.1 a-iron / a-irone 0.37 0.23
B-farnesen/ B-farnesene (% rel.) 19.1 16.3 B-karyofylenepoxid / 20 1.2
a- a B-selineny/ a- and B-selinens 1.2 1.8 B-caryophyllene epoxid
CP, TP Celkové polyfenoly / Total polyphenols farnesol1 / farnesol1 27.39 31.62
ARA2-DPPH Antiradikalova aktivita / Antiradical activity farnesol2 / farnesol2 36.02 30.93
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Tab. 8 Vysledky senzorické analyzy €erstvych piv deskriptivni metodou / Results of fresh beer evaluation using descriptive method

Saaz Late — Seska odriida chmele doporuéena pro Ceské pivo

Rok / Year 2010 2011 2012
ZPC/Saaz | Saazlate | ZPC/Saaz | Saazlate | ZPC/Saaz | SaazlLate
Riz / Sharp 3.0 3.1 2.8 2.8 2.9 3.0
Plnost / Fuliness 29 3.1 2.8 3.0 2.9 3.0
Hofkost / Bitterness 3.0 3.4 2.8 2.9 3.0 2.8
Trpkost / Harshness 1.0 1.2 1.1 1.4 1.8 1.4
Sladkost / Sweetness 1.0 0.9 0.9 1.0 1.6 1.3
Kyselost / Sourness 1.0 0.9 0.5 0.9 1.0 0.9
Ovocna-esterova / 1.0 0.9 1.4 1.0 1.2 1.6
Fruity-esters
Celkovy dojem / 3.7 4.0 3.4 3.7 4.4 4.2
Overall impact

hodnoceni jednoho roéniku skladovatelnost odridy odpovédné hod-
notit, protoZze muze byt roénikové znacné proménliva.

3.5 Pivovarske testy , ) ) Rok / poéet Uréilo / oOdligny / Different
Obsah a-kyselin i pomér a- a B-kyselin chmell testovanych ve hodnotiteld Right responses (P=0,05)

varnich pokusech odpovidal odriidové charakteristice (tab. 6). PrG- Year / number of

mérny obsah celkovych polyfenoll, anthokyanogenu a flavanoida evaluators

u chmell odridy Saaz Late byl 0 46, 37 a 39 % niz$i v porovnani

s Zateckym poloranym &ervefidkem. Antiradikalové aktivita ESR-  [2010/10 6 ne/no

-DPPH byla nizsi o 35 %. Obsah xanthohumolu i pomér XN/a-ky- 2011/9 4 ne/ no

seliny byl u chmeld obou odrid srovnatelny. SloZeni silic odridy 2012/ 9 3 ne / no

Saaz Late bylo podobné Zateckému Cervenaku véetné vyznamné-

ho obsahu B-farnesenu.

Vysledky analyzy piv jsou uvedeny v tab. 7. Hodnoty zakladniho
chemického rozboru dokumentuji vyrovnanost varek. Vliv testované
odrlidy na pénivost a barvu nebyl zjistén. Analyticka horkost piv byla
vyrovnana, pomer cis/trans isohumulon( v pivech u varek chmele-
nych odridou Zatecky pozdni byla mirné nizsi v porovnani s ZPC.
Trans isomery jsou méné hofké a podléhaji snaze chemickym zme-
nam pfi skladovani piva (Hughes a Simpson, 1996). Hodnoty anti-
radikalové aktivity AOX-DPPH piv byly oproti srovnavacim varkam
0 20 % nizsi. V profilu silic stanovenych v Cerstvych pivech (tab. 7)
se ukazaly nékteré rozdily. Obsah linaloolu a farnesolu 1 byl u piv
chmelenych odriidou Saaz Late vy$si oproti ZPC. Obsah p-farnese-
nu, a-humulenu, a-terpinolu, -karyofylenu, 4-terpineolu a B-karyofy-
lenepoxidu byl u piv chmelenych ZPC naopak vyssi.

Vysledky senzorické analyzy Cerstvych piv v letech 2010 az 2012
shrnuje tab. 8. Senzoricka kvalita byla u v8ech piv hodnocenych po
stoceni dobra, skore pro celkovy dojem bylo mezi hodnotami 3,4 az
4,4 devitibodové $kaly. Piva chmelena granulemi Saaz Late byla
v letech 2010 a 2011 hodnocena hiife v porovnani s ZPC (4.0-3.7;
3,7-3,4), v roce 2012 naopak mirné lépe (4,2-4,4). Divodem byla
vy$§i trpkost piv chmelenych testovanou odriidou. V tfiletém pramé-
ru se neprojevil vyrazny rozdil mezi chmelenim ZPC a Saaz Late
(obr. 4). Senzoricka jakost piv hodnocend celkovym dojmem se po
3 mésicich skladovéani zhorsila o 0,8—1,7 bodu, starnuti nezaviselo
na aplikované odridé chmele. Senzoricky profil starych piv byl po-
dobny, u piv chmelenych ZPC byl zaznamenan mirné vyS8si pokles
senzorické horkosti (obr. 5).

Kfivka doznivani hotkosti a hodnoceni charakteru horkosti ukaza-
la v priméru srovnatelné, v rozmezi 30 az 50 s po spolknuti dous-
ku pomalejSi doznivani senzorické horkosti po napiti a méné jemny
charakter horkosti u piv chmelenych odriidou Saaz Late v porovnani
s ZPC (obr. 6). Mirné odlidny, drsng&jsi charakter hofkosti byl zjistén
i v provoznich pokusech v nékolika pivovarech, kdy byl ZPC v chme-
leni nahrazen Saaz Late (nepublikovaneé vysledky CHI Zatec).

Cerstva piva z pokusnych varek byla rovnéz hodnocena trojuhel-
nikovym testem. Piva chmelena Saaz Late nebyla ani v jednom
roce odliena od piv chmelenych ZPC na hladiné pravdépodobnosti
P=0,05 (tab. 9).

4 ZAVER

Nova odrida chmele Saaz Late vyhovuje chemickym sloZzenim
pivovarsky vyznamnych latek, zejména obsahem f-farnesenu a po-
mérem a-/B- kyselin, poZadavkim chranéného zemépisného zna-
¢eni EU ,Ceské pivo“. Senzoricka kvalita piva chmeleného Saaz
Late je blizka chmeleni Zateckym ¢erveiidkem, doznivani senzoric-

Tab. 9 Vysledky hodnoceni odliSnosti mezi pivy trojuhelnikovym
testem / Results of assessment the differences between beers
using a triangle test

comparative brews. Some differences were found in respect to the
essential oils profiles of fresh beers (Tab. 7). The levels of linalool
and farnesol 1 were higher in beers hopped by Saaz Late when
compared to beers hopped by Saaz. On the contrary, the levels of
B-farnesene, a-humulene, a-terpinol, B-caryophyllene, 4-terpineol
and f-caryophylleneepoxid were higher in beers hopped by Saaz.

Table 8 summarizes results of the sensory analysis of fresh beers
brewed in 2010-2012. All beers evaluated after bottling had a good
sensory quality, the score for overall impression was between 3.4
and 4.4 of a nine-point scale. In 2010 and 2011, beers hopped with
Saaz Late pellets ranked worse than those hopped with Saaz (4.0—
3.7; 3.7-3.4), while in 2012, beers hopped with Saaz Late were rated
slightly better compared to beers hopped with Saaz (4.2—4.4). This
caused by the higher astringency of beers hopped with the tested
variety. The three-year average did not show a significant difference
between Saaz and Saaz Late (Fig. 4). After 3 months of storage, the
sensory quality of beers rated by overall impression deteriorated by
0.8 down to 1.7 points. Ageing did not depend on the varieties used.
The sensory profiles of aged beers were similar. Beers hopped with
Saaz showed a slightly higher decrease in sensory bitterness (Fig.
5).

On average, the curves of bitterness lingering and bitterness char-
acter were comparable. Values after 30—50s of taking a sip showed
a slower decay of sensory bitterness after drinking and less delicate
character of bitterness in beers hopped with the Saaz Late variety
compared to the Saaz variety (Fig. 6). In the industrial scale experi-
ments conducted in several breweries, a slightly different, harsher
character of bitterness in beers was detected when replacing the
current Saaz hops with Saaz Late (Hop Research Institute Saaz,
unpublished results).

Fresh beer from experimental brews was subjected to a triangular
test. Beers hopped with the Saaz Late variety was not distinguished
from beers hopped with the Saaz variety at the confidence level of P
=0.05 (Tab. 9) in any of the years of testing.

4 CONCLUSIONS

The new hop variety Saaz Late meets the chemical composi-
tion requirements for brewing, especially B-farnesene content and
a-/B- acid ratio requirements of EU Protected geographical indication
»Czech beer“. The sensory quality of beer hopped with Saaz Late is
similar to the sensory quality of beer hopped with Saaz. Lingering of
the sensory bitterness is slightly slower; the character of bitterness
is somewhat less delicate with greater astringency. The new vari-
ety may find application in combination with other Czech aroma hop
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ké horkosti je mirné pomalej$i, charakter hofkosti ponékud méné
jemny s vyssi trpkosti. Nova odrida mliZze najit uplatnéni ve chme-
leni v kombinaci s dal§imi ¢eskymi aromatickymi odriidami ¢i jako
néhrada ZPC v chmeleni s nizkym podilem tohoto chmele, napt.
pfi vyrobé vycéepnich piv. Vyzkumny Ustav pivovarsky a sladarsky
zaradil v roce 2013 odridu Saaz Late do ,Seznamu odrid chmele
doporugenych pro vyrobu Ceského piva“.
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Pokracovaci kurz

Z odbornych studii vyplyva, Ze senzoricka pamét ma trvani 2 az
3 mésice. Pokud degustatofi nejsou pravidelné trénovani, rychle
zapominaji senzorické vijemy. Proto jsme pro ty, ktefi jiz v minulosti
senzoricky seminar absolvovali, pfipravili novy kurz, kde si Ize zo-
pakovat, prohloubit a rozsifit praktické poznavaci schopnosti v ob-
lasti senzoriky piva.

Senzoricky seminar II.

Vyzkumny ustav pivovarsky a sladatsky, a. s., Pivovarsky Ustav Praha

Senzoricky seminaf Il. obsahuje jednu nadstavbovou prednasku,
ktera se vénuje pfehledu a zakladni senzorické charakteristice fady
zahrani¢nich piv (Lagers, Ale, Stout, Porter, atd.), kterd nachazeji
stale vétsi oblibu i na naSem trhu. Vétsina ¢asu je vSak vyhrazena
pro vycvik prakticky. Doba trvani seminare jsou 3 hodiny (9.30 az
12.30 hod).

Kontakt: olsovska @beerresearch.cz



