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1 UvVOoD

Chemické slozeni chmele se méni nejen v pribéhu zrani,
ale i pfi poskliziovém zpracovani na vyrobky, a zejména pfi
skladovani, pfipadné pfepravé k zakaznikovi [1, 2]. Po sklizni
chmel starne. Starnutim se rozumi nevratné zmény ve slozeni
chmelovych pryskyfic, silic a dalSich slozek chmele, zpUso-
chmele je pokles obsahu a-hofkych kyselin. Rychlost oxi-
dacnich procesu je ovliviiovana fadou faktord, z nichz nejdu-
lezitéjsi jsou Cas, teplota, pfistup vzduchu, svétlo. Je znamo,
ze dynamika proces( starnuti je rovnéz zna¢né zavisla na od-
ridé chmele. Z ¢asového hlediska jsou dllezitd obdobi od
sklizné do zpracovani a od zpracovani do spotfeby v pivova-
rech, protoze mohou trvat nékolik tydnd i mésicu, vyjimeéné
i déle. Prvni informace o dynamice procesu starnuti v ¢es-
kych hybridnich odradach byly publikovany na strankach to-
hoto €asopisu v roce 1999 [3]. Hodnoceny skladovaci pokus
trval sedm mésicu. Pivovary jsou v8ak nuceny zpracovavat
v urc¢itém obdobi chmele minimalné 12 mésicl staré. Z tohoto
divodu byl v roce 2000 zalozen novy dlouhodoby skladovaci
pokus, do kterého byly zahrnuty tfi odridy — Zatecky cerve-
nak, Sladek a Premiant — skladované po dobu 12 mésicli v ne-
zpracované hlavkové formeé a ve formé granuli v klimatizova-
ném i neklimatizovaném skladu. V roce 2001 byl zalozen
obdobny pokus s novou odrlidou Agnus, o které nejsou do-
sud k dispozici zadné informace tykajici se rychlosti starnuti.
Kromé ubytk( horkych kyselin byly v nové zalozenych poku-
sech sledovany i zmény obsahu a slozeni chmelovych silic.
Chmelové silice obsahuji fadu slozek, které vlivem oxidace
meéni své slozeni, a tim i nékteré fyzikalni viastnosti, jako je
napfiklad tékavost nebo rozpustnost ve vodé [4]. SouCasné
se meéni i senzoricky profil téchto latek. K takovym slozkam
patfi pfedevSim seskviterpenické uhlovodiky B-karyofylen
a a-humulen, které se vzdusnym kyslikem i za relativné niz-
kych teplot snadno oxiduji pfedevSim na pfislusné epoxidy [5].

Skladovaci testy byly zavr§eny sérii pivovarskych testl ve
Ctvrtprovoznim méfitku pokusného minipivovaru Chmelaf-
ského institutu v Zatci. DilCi zavéry vySe uvedenych aktivit byly
jiz prezentovany na nékolika seminafich [6, 7]. ProtoZe se, ze-
jména u pivovarské verejnosti, setkaly s pomérné znacnou
pozornosti, rozhodli se autofi zpracovat téma do formy od-
borného ¢lanku.

2 MATERIAL A METODY

Provozni skladovaci pokus byl zaloZen tim zplsobem, Ze
v klimatizovanych i neklimatizovanych prostorech byly, po jed-
nom od kazdé odridy, umistény baloty lisovaného chmele
o rozmérech 0,5x0,5x1,0 m a hmotnosti 50 kg. Pfi kazdém
vzorkovani byly odebirany dil¢i vzorky z horni, stfedni a spodni

Keywords: hops, hops ageing, a-bitter acids, hop oils, hop
storage index, oxidative hop oils index, beer bitterness

1 INTRODUCTION

Chemical composition of hops changes not only in the
course of ripening but during post-harvest processing to hop
products and above all during storage period and transport
to customers [1, 2] as well. Hop ages after harvest. Ageing
means irreversible changes in the composition of hop resins,
hop oils and other components caused by oxydation. Decline
of a-acid contents is the most relevant qualitative change in
the course of hops ageing. The dynamics of oxydative pro-
cessses is influenced by many aspects. Time, temperature,
oxygen and ligth are the most relevant from this point of view.
It is known, that ageing is effected by a hop variety too. The
periods from harvest to processing and from processing to
consumption in breweries are important because they can
last for several weeks, months or longer. First information con-
cerning dynamics of ageing processes in Czech hop varie-
ties were published in this Journal in 1999 [3]. Assessed sto-
rage test took seven months time. In some period breweries
are forced to use one year old hops or often even older ones.
Therefore new long-term storage test was established in
2000. Czech hop varieties Saazer, Sladek and Premiant sto-
raged for 12 months in the form of unprocessed cones form
and pellets in air-conditioned and non-conditioned warehouse
were tested. In 2001 similar test was started with a new va-
riety ,Agnus“ because no information concerning aging pa-
rameters had been known up to that time. Except for reduc-
tion of bitter acid contents changes in hop oils contents and
composition of hops were evaluated in the course of estab-
lished storage tests. Hop oils contain many components that
in consequence of oxydation change their compositon and
physical properties like volatility or solubility in the water [4].
Simultaneously sensory profile od these components chan-
ges too. Sesquiterpenic hydrocarbons B-caryophyllene and
a«-humulene belong to such compounds. Both are easily oxy-
dized by air oxygen at relatively low temperatures to corres-
ponding epoxides [5].

Storage tests were completed by a series of brewing tests
performed in a pilot scale in an experimental brewery of Hop
Research Institute in Zatec. Preliminary results of activities
mentioned above have already been presented at several me-
etings [6, 7]. Because they met relatively high attention the
authors decided to elaborate the topic to the form of a paper.

2 MATERIAL AND METHODS

Full scale storage test was established by putting retran-
gular bales (0,5 x 0,5 x 1,0 m, weight 50 kg) of varieties Sa-
azer, Sladek, Premiant into an air-conditioned and a non-con-
ditioned warehouse. Sub-samples from the top, middle and
bottom part of a bale were taken at every sampling time and
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¢asti balotu a dukladné promichany. Granulované chmele typu
90 vSech testovanych odrud byly v inertni atmosfére zaba-
leny do 3 kg sackd a umistény v klimatizovaném i neklimati-
zovaném skladu v takovém poctu, aby pfi kazdém terminu
vzorkovani byl pouzit novy sacek. Z provoznich divodl po-
chazely hlavkové a granulované chmele z rGznych partii.
Vzorky se odebiraly v obdobi fijen 2000 az leden 2001 v mé-
siénich intervalech, dale v bfeznu, kvétnu, ¢ervenci a zafi
2001. Skladovaci pokus odridy Agnus probihal obdobnym
zpUsobem v obdobi zafi 2001 az zafi 2002 s tim, Ze starnuti
bylo sledovano pouze u hlavkového lisovaného a granulova-
ného chmele, skladovaného v neklimatizovanych podmin-
kach. Teplota v klimatizovaném skladu se pohybovala v roz-
mezi +3 az +4 °C v pribéhu celého pokusu. Teploty
v neklimatizovanych prostorech kopirovaly pribéh vnéjSich
teplot s ur€itou ¢asovou prodlevou. Kratkodobé teplotni vy-
kyvy se ve skladu viibec neprojevily. V tab. 1 jsou uvedeny
prdmérné, maximalni a minimalni mésiéni teploty v dobé tr-
vani skladovacich pokusu. Dynamika procesu starnuti byla
analyticky sledovana na zakladé:

— analyzy obsahu a slozeni horkych kyselin metodou HPLC
— stanoveni indexu skladovani chmele (HSI)

— stanoveni obsahu a sloZeni chmelovych silic

— vypoctu oxida¢niho indexu silic (OIS).

Obsah a slozeni horkych kyselin bylo stanoveno podle me-
tody EBC 7.7. [8] na kapalinovém chromatografu Shimadzu
LC-10A a koloné Nucleosil RP Cig (Macherey Nagel,
Némecko), 250 x 4,6 mm, 5 um. Pritok mobilni faze o slo-
zeni methanol-voda-kyselina fosfore¢na (850:190:5 obj.) byl
0,8 ml/min. Analyticky signal byl snimam DAD detektorem pfi
vinové délce 314 nm.

Index skladovani chmele se stanovil podle metody ASBC,
Hops-6 na spektrofotometru Shimadzu UV 1601 [9]. Jedna
se 0 bezrozmérny parametr znamy z anglického prekladu pod
zkratkou HSI (Hop Storage Index). Je definovan jako pomér
absorbanci toluenového extraktu chmele v prostiedi alkalic-
kého methanolu pfi 275 a 325 nm (HSI = Ay75/As0s).

Chmelové silice byly izolovany destilaéni metodou, obsah
silic stanoven jako hmotnostni podil vytékany v prabéhu de-
vadesatiminutového varu ze 100 g chmele. Slozeni silic bylo
uréeno plynovou chromatografii na chromatografu Varian
3400 ve spojeni s hmotnostnim detektorem Finnigan ITD 800
a kapilarni koloné DB5 30 m x 0,25 mm x 0,25 um s teplot-
nim programem v intervalu 60—250 °C. Nosnym plynem bylo
hélium o pritoku 1 ml/min, nastfik déleny v poméru 1:50. Slozky
chmelovych silic byly identifikovany na zakladé porovnani eluc-
nich ¢ast a hmotnostnich spekter slozek se standardy a po-
moci knihovny hmotnostnich spekter. Semikvantitativni hod-
noceni slozeni silic formou relativniho zastoupeni obsaht
slozek vychazelo z ploch eluénich past jednotlivych latek vzta-
zenych na celkovou integrovanou plochu vSech slozek.

Oxidaéni index silic (OIS), byl definovan jako pomér souctu
obsahll oxida¢nich produktl p-karyofylenu a a-humulenu
k zastoupeni obou seskviterpen(. Identifikace a kvantifikace

they were thoroughly mixed. Pellets 90 of all the tested vari-
eties were packed under inert gas into 3 kg bags and placed
into a conditioned and a non-conditioned warehouse. A new
bag was sampled at each sampling term. From operation re-
asons raw hops and pellet hops originated from different hops
batches. During the period since October/2000 till Janu-
ary/2001 samples were taken monthly, later in March, May,
July and September 2001. Storage test of Agnus variety was
performed similarly in the period September 2001 — Sep-
tember 2002. Ageing process was investigated only in raw
hops and pellets storaged in a non-conditioned warehouse.
The temperature in air-conditioned warehouse moved at the
range of +3 °C till +4 °C in the course of the whole test. Tem-
peratures in a non-conditioned warehouse copied the course
of outside weather temperatures with a time delay. Short-term
deviations of outside temperatures did not influence indoor
temperatures. Average, maximum and minimun month tem-
peratures in the time of test performance are summarized in
the Tab. 1. The dynamics of ageing processes was analyti-
cally controlled on the basis following:
— analysis of the contents and composition if bitter acids by
HPLC method
— determination of hop storage index (HSI)
— analysis of the contents and composition of hop oils
— calculation of oxydative hop oils index (OIS).

Determinations of contents and composition of bitter acids
were performed according to the method EBC 7.7.[8] on a li-
quid chromatograph Shimadzu LC-10A and Nucleosil RP C;g
(Macherey Nagel, Germany), 250 x 4,6 mm, 5 pm chroma-
tography column. The flow of mobile phase methanol-water-
phosphoric acid (850:190:5 vol.) was 0,8 ml/min. Analytical
signal was measured by a DAD detector at the wavelenght of
314 nm.

Hop storage index (HSI) was determined according to
ASBC, Hops-6 method on the spectrophotometer Shimadzu
UV 1601 [9]. It is dimensionless parameter defined as an ab-
sorbance ratio of hops toluene extract at the environment of
alcali methanol at 275 a 325 nm (HSI = Ay75/As2s).

Hop oils were isolated by a steam-distillation method. Con-
tents of oils were determined as a portion of volatiles obtai-
ned in the course of 90 minutes from 100 g of hops. The com-
position was analysed by a gas chromatography on GC Varian
3400, mass detector Finnigan ITD 800 and capillary column
DB5 30 m x 0,25 mm x 0,25 pm programmed at the interval
of 60—250 °C. Carrier gas was helium at the flow 1 ml/min,
split injection 1:50. Hop oils components were identified on
the basis of elution times comparison and with the help of
mass spectra base. Semiquantitative evaluation of hop oils
composition was performed on the basis of peak areas of in-
dividual components and expressed relatively to the total area
of all substances involved.

Oxydative hop oils index (OIS) was defined as a ratio of
contents B-caryophyllene and «-humulene oxydative pro-
ducts and reminder of both sesquiterpenes in the hop oils.

Tab.1 Primérné, maximalni a minimalni mésicni teploty v dobé trvani testl skladovani ceskych odrid chmele (meteorologicka stanice
Chmelarského institutu v Zatci) / Mean, maximal and minimal month’s temperatures in the course of storage tests

Teplota (°C) Mésicv roce/Month

Temperature 9. | 10. | 1. [ 120 | 1. [ 2. | 8 | 4 | 5 | 6 | 7. | 8 | o
2000 2001

Min. 1,6 03 | 40 |[-113 | 140 [ 148 | -71 | -18 29 | 28 | 66 46 [ 1,3

Max. 261 | 231 | 141 | 136 90 | 137 [ 168 | 252 | 281 | 29,7 [ 31,3 | 338 | 231

Pramér/Mean | 140 | 108 | 52 | 15 -16 | 09 | 43 8,8 163 | 166 | 20,5 | 20,7 | 13,0
2001 2002

Min. 1.3 17 | 73 |182 | 160 [ 72 | 69 | 69 69 | 39 | 82 | 103 [ 21

Max. 231 | 260 | 130 | 64 151 | 149 | 181 | 195 | 296 | 331 | 31,9 | 296 | 264

Pramér/Mean | 13,0 | 122 | 34 | -1,1 0,6 46 | 61 9,6 16,9 | 196 | 20,6 | 21,2 | 14,8
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Tab. 2 Obsahy a-horkych kyselin v ¢eskych odradach chmele v pri-
béhu skladovani po sklizni 2000 v neklimatizovaném (N) a klimati-
zovaném (K) skladu / Contents of a-bitter acids in Czech Hop varie-
ties in the course of storage 2000/2001 in air-conditioned (K) and
non-conditioned warehouse (N)

Tab. 3 Obsahy B-horkych kyselin v ¢eskych odriadach chmele v pri-
béhu skladovani po sklizni 2000 v neklimatizovaném (N) a klimati-
zovaném (K) skladu / Contents of B-bitter acids in Czech Hop varie-
ties in the course of storage 2000/2001 in air-conditioned (K) and
non-conditioned warehouse (N)

Odruda / Variety Obsah a-horkych kyselin / a-acid Odrida / Variety Obsah p-horkych kyselin / B-acid
Sklad contents [% hm. v sus.] Sklad contents [% hm. v sus.]
Warehouse| Doba skladovani / Storage time Warehouse| Doba skladovani / Storage time
[mésice / months] [mésice / months]

2 (3|4 |5 |7|9]|12 2 (3|4 |5 |7)|9]|12

ZPC-hlavky/Raw hops N 4,62|4,44|4,12(3,97|4,00(3,81( 2,48 ZPC-hlavky/Raw hops N 5,865,59|5,19|5,02 [5,19(4,73| 2,62
K 4,5514,67|4,39|4,18|4,15|3,82| 3,42 ZPC-hlavky K 5,7815,69|5,43|5,54 (5,24|4,70| 4,36

ZPC-granule/Pellets N 3,25|3,19|3,16(3,13|3,12|3,16| 2,92 ZPC-granule/Pellets N 5,075,07|4,97(4,98 |4,99(5,01( 4,99
ZPC-granule K 3,30(3,16|3,21(3,13|3,20(3,26| 2,67 ZPC-granule K 5,15|5,06|4,97(4,98 |4,87(5,01| 4,80
Sladek-hlavky N 5,274,95|4,61(4,40|4,25|4,15| 2,57 Sladek-hlavky N 4,5514,29|3,99(3,923,69(3,50 1,88
Sladek-hlavky K 5,48 (5,39 4,94|5,01|4,72|4,88| 3,82 Sladek-hlavky K 4,50(4,63|4,30(4,41(4,18|3,71| 3,13
Sladek-granule N 6,4116,19|5,96|5,72(5,58|5,57| 4,66 Sladek-granule N 5,9115,73|5,72|5,79 |5,66|5,62| 5,29
Sladek-granule K 6,29|6,15|5,97(5,85|5,82(5,74| 5,56 Sladek-granule K 5,80|5,76|5,72|5,70 |5,68|5,57| 5,52
Premiant-hlavky N 6,90|6,77|6,39(6,38(6,22(6,01| 4,73 Premiant-hlavky N 3,89|3,76|3,66(3,69 3,62(3,52 2,44
Premiant-hlavky K 6,506,47|6,09|6,19|6,19|5,94| 5,32 Premiant-hlavky K 3,863,81|3,74(3,793,69|3,53| 3,24
Premiant-granule N 9,539,47|9,41(9,19(9,17(9,13| 9,06 Premiant-granule N 5,30|5,35|5,32(5,27 |5,36|5,32| 5,35
Premiant-granule K 9,6419,52|9,53(9,31(9,34(9,27| 9,19 Premiant-granule K 5,38|5,29|5,41(5,425,37(5,37| 5,33

ZPC = Saazer

oxidaénich produktli obou terpent byla provedena na zakladé
modelovych oxidaci nékolika mikrolitri analytickych stan-
dardu cistych latek pfi teploté 90 °C po dobu 12 hodin za pfi-
stupu kysliku [10]. Na zakladé chromatografické analyzy byly
produkty oxidace identifikovany porovnanim hmotnostnich
spekter [11, 12] a uréena jejich poloha na chromatogramech
realnych vzorkd chmelovych silic [10].

3, oxid. produkty B-karyofylenu +
+ 2, oxid. produkty a-humulenu

B-karyofylen + a-humulen

OIS =100 x [1]

Oxidaéni index silic je modifikaci ,epoxidoveho Cisla“ silic,
které definoval Forster [13] a pouzil jej ke kvantifikaci procesu
starnuti hlavkovych, granulovanych chmeld i chmelovych ex-
traktl, skladovanych za rGznych podminek. Rozdil spociva
v tom, Ze do hodnoty oxida¢niho indexu silic byly kromé ka-
ryofylenepoxidu a humulenepoxidd | a Il, které do vypoctu
epoxidoveho €isla pouzil Forster, zahrnuty také obsahy hu-
mulenepoxidu Il a humulenolu Il. Analyzou ¢erstvych chmeld
bylo zjisténo, ze hodnoty oxidaéniho indexu silic, definova-
ného vztahem [1], jsou u odrid Bor a Premiant niz8i nez 1,0.
U Zateckého Cervenaku a hybridnich odrid Sladek a Agnus
se pohybuji v rozmezi 1,0 az 2,0.

Pokusne varky piva byly vyrobeny na varné pokusného mi-
nipivovaru Chmelafského institutu v Zatci klasickou techno-
logii kvaSeni v otevienych kvasnych nadobach. Objem vyra-
zené mladiny ¢&inil 70 I. Hlavni kvaSeni bylo vedeno pfi
teplotach 6 az 8 °C po dobu 10 az 12 dni, dokvaSovani v le-
zackych tancich pfi teplotach 2 az 3 °C po dobu 6 az 8 tydnu.
PFi chmeleni byly pouzity chmele ze sklizné 2000 skladované
12 mésicl za rGznych podminek a Cerstvé z nové sklizné
2001. Senzorické parametry piv posuzovalo nékolik nezavis-
lych degustaénich komisi.

3 VYSLEDKY A DISKUSE

V tab. 2 jsou uvedeny vysledky stanoveni obsahu a-hof-
kych kyselin v hlavkovych i granulovanych chmelech odriid
Zatecky Cervenak, Sladek a Premiant odebiranych v jednot-
livych terminech skladovaciho pokusu zalozeného v roce
2000. Experimentalni hodnoty ukazuji, ze v prabéhu sklado-
vani dochazi u vSech odriid podle oéekavani k postupnému
poklesu a-hofkych kyselin. V jarnich a letnich mésicich se
tento proces urychluje zejména u nezpracovanych chmell

ZPC = Saazer

Identification and quantitation of sesquiterpene oxidative pro-
ducts were performed with the help of model model oxydati-
ons of several microliters of pure compound analytical stan-
dards at the temperature of 90 °C for 12 hours and oxygen
admittance [10]. The products of oxydation were identified by
mass spectra comparison [11, 12]. Their position was fixed
on the chromatograms of actual hop oils samples [10].

3, oxyd. products B-caryophyllene +
+ 2, oxyd. products a-humulene

OIS =100 x
B-caryophyllene + a-humulene

(1]

Oxydative hop oils index is a modification of ,,epoxide num-
ber” defined by Forster [13]. The author used it to the quan-
titation of ageing process of raw hops, hop pellets and ex-
tracts storaged under various conditions. Except for
caryophyllenepoxide and humulenepoxide | a Il, used by Fors-
ter, contents of humulenepoxide Il and humulenol Il were inc-
luded into the numeric value of oxydative hop oils index. The
analyses of fresh Premiant hops showed that numeric values
of oxydative hop oils index defined by equation [1] are below
1,0. Oxydative hop oils index in Saazer and hybrid varieties
Sladek, Agnus moves in the range of 1,0-2,0.

Experimental brews were prepared in the brewing house
of pilot brewery in Hop Research institute, Zatec by a classi-
cal fermentation technology in the open fermentation tanks.
The volume of pitched wort was 70 I. Main fermentation was
conducted at the temperatures of 6-8 °C for 10-12 days, past
fermentation in lager tanks at the temperatures of 2-3 °C for
6—8 weeks. Hops from 2000 crop storaged for 12 months un-
der various conditions and fresh hops from 2001 crop were
used for hopping of experimental brews. Sensorial parame-
ters of beers were assessed by several independent tasting
panels.

3 RESULTS AND DISCUSSION

The results of a-acids determination in raw hops and hop
pellets of all the tested varieties (Saazer, Sladek, Premiant)
taken in individual terms of storage test established in 2000
are summarized in Tab.2. Experimental data show in compli-
ence with expectations that gradual decline of «-acids con-
tents takes place in all the varieties. The process accelerates
during spring and summer in non-conditioned warehouse par-
tucularly in raw hops. The highest losses of «-acids after



KVASNY PRUMYSL
ro¢. 49 /2003 — ¢islo 11-12

329

skladovanych v neklimatizovanych prostorech. Nejvétsi ztra-
ta obsahu a-hofkych kyselin byla zjisténa po 12mési¢nim
skladovani v neklimatizovaném skladu u odrid Sladek
(5,27 - 2,57 % hm.) a Zatecky Cervenak (4,62 - 2,48 % hm.)
V relativnim vyjadfeni pfedstavuje tento pokles ztratu 51 %
a 46 % a-horkych kyselin z plvodniho mnoZstvi. Ztrata u od-
rldy Premiant ¢inila za stejnych podminek skladovani 31,4 %.
Skladovanim nezpracovaného chmele v klimatizovaném
skladu se ztrata snizila na 30,3 % rel. (5,48 -3,82 % hm.)
a24,8 % rel. (4,55 - 3,42 % hm.) u odrud Sladek a ZPC, resp.
18,1 % u odridy Premiant (6,50 — 5,32 % hm.). Zjisténa mira
ztrat a-hofkych kyselin v hlavkovych chmelech souhlasi se
zavéry Forstera [1], ktery pro nezpracované chmele, sklado-
vané po dobu jednoho roku pfi teploté 20 °C, pfipousti az
100% ztratu. Maximalni 51% ztrata plivodniho obsahu a-hof-
kych kyselin odpovida podminkam skladovani v priibéhu ce-
Iého roku s pfirozenou konzervaci chmele v zimnich mésicich
a akceleraci starnuti v letnim obdobi. Zpracovanim hlavko-
vého chmele na granule a uchovanim produktu v inertni at-
mosféfe se Ubytek a-horkych kyselin podstatné snizuje, ale
zcela nezastavi. Po dvanactimési¢nim skladovani v neklima-
tizovaném skladu cinil ubytek a-horkych kyselin v granulova-
nych chmelech odrld Sladek a ZPC 27,3 % rel. (6,41 - 4,66
% hm.) a 10,1 % (3,25 2,92 % hm.), u odrady Premiant byl
necelych 5 % (9,53 -9,06 % hm.). Skladovanim granulova-
nych chmell v klimatizovanych prostorech se ztrata u odrddy
Sladek dale snizila na 11,6 % rel. (6,29 - 5,56 % hm.), u od-
ridy Premiant se prakticky nezménila a cinila 4,7 % rel.
(9,64 9,19 % hm.). Anomalni vysledek, zjisteny u granulo-
vaného chmele Zateckého Cervefdku (vySSi ztrata 19 % v Kli-
matizovaném skladu v porovnani se ztratou v neklimatizova-
ném skladu 10,1 %), byl zplsoben nedokonalou tésnosti
obalu a skladovanim produktu za pfistupu vzduchu.

Na obr. 1je znazornén pokles obsahu horkych kyselin v hlav-
kach odridy Agnus skladovanych v obdobi 2001/2002 v nekli-
matizovaném prostoru. Béhem 12 mésicl doslo u této odridy
k poklesu obsahu a-hofkych kyselin z 13,1 % na necelé 3,0 %
hm., coz predstavuije ztratu témér 80 % z plvodniho mnoZstvi.
Je zfejmé, Ze tato odrlida starne v nezpracované formé nej-
rychleji ze vdech ¢eskych odrid. Na této odridé Ize také dobre
dokumentovat, k jak vyrazné stabilizaci horkych kyselin dochazi
zpracovanim do granuli a uchovanim produktu v inertni atmo-
sféfe i v neklimatizovaném skladu (obr. 7). Bezprostrfedné po
zpracovani Agnusu do granuli v listopadu 2001 €inil obsah «-
horkych kyselin 11,1 % hm. a po osmi mésicich poklesl na ne-
celych 10 % hm., coz predstavuje ztratu zhruba 11 % rel.

Pokles obsahu B-horkych kyselin zjistény v pokusu skla-
dovani 2000/2001 je patrny z udaji uvedenych v tab. 3. Re-
lativni poklesy, vyjadiené jako rozdil analytickych hodnot na
zacCatku a konci pokusu a vztazené na pocate¢ni hodnotu,
ukazuiji, Zze v nezpracovanych hlavkovych chmelech je dyna-
mika Ubytku B-horkych kyselin pfiblizné srovnatelna s pokle-
sem obsahu a-hotkych kyselin (fab. 4). Granulaci a sklado-
vanim bez pfistupu vzduchu se v8ak obsah p-horkych kyselin
stabilizuje vice nez obsah a-horkych kyselin. Napfiklad u od-
ridy Premiant nedoslo v granulich po 12 mésicich skladovani
prakticky k Zzadnému poklesu a-hofkych kyselin. U odrid Sla-
dek a ZPC jsou ztraty B-horkych kyselin v porovnani s ubyt-
kem a-horkych kyselin méné nez poloviéni.

V tab. 4 jsou souhrnné uvedeny relativni poklesy obsahu
a-hofkych a B-hofkych kyselin ve vSech ¢eskych odridach
chmele po 7 a 12 mésicich skladovani. Z udaji uvedenych
v tab. 4 je patrné, Ze mezi eskymi odridami chmele existuiji,
pfisrovnatelnych skladovacich podminkach, pomérné znaéné
i granulich byly zjistény u odrtidy Premiant. Naopak nejvyssi
ztraty v hlavkach byly zaznamenany u odridy Agnus, v gra-
nulich pak u odridy Sladek. U Zateckého Eervenaku je mira
ubytku a-horkych kyselin v hlavkach znaéna, jen o malo pfiz-

12 months storage in a non-conditioned warehouse were
found in Sladek (5,27 2,57 % w/w) and Saazer hops
(4,62 2,48 % w/w). It represents the loss of 51 % and 46 %
in relative percentages. The loss in Premiant variety was 31,4
% under the same storage conditions. Storage of raw hops in
air-conditioned warehouse led to losses reduction to 30,3 %
rel. (5,48 - 3,82 % w/w) and 24,8 % rel. (4,55 - 3,42 % w/w)
in Sladek and Saazer, resp. 18,1 % in Premiant variety
(6,50-5,32 % w/w). The level of a-bitter acid losses in raw
hops corresponds with Forster results [1], who admits for raw
hop storaged for one year at 20 °C up to 100 % loss of
a-acids. Maximal loss of 51 % of of «-acids in this test cor-
responds with the conditions of storage in the course of the
whole year with natural conservation of hops during winter and
acceleration of ageing in spring and summer. Processing of
raw hops to pellets and storage of the product in inert at-
mosphere leads to substantial reduction of «-bitter acid los-
ses. After 12 months of pelelts storage in non-conditioned wa-
rehouse was the decline of a-bitter acids in pellets of Sladek
and Saazer varieties 27,3 % rel. (6,41 4,66 % w/w) and
10,1 % (3,25 - 2,92 % w/w) resp., in Premiant it was less than
5 % (9,53 9,06 % w/w). Storage of pellets in an air-conditio-
ned warehouse led to further reduction of a-bitter acids los-
ses to 11,6 % rel. (6,29 5,56 % w/w) in Sladek The loss of
4,7 % rel. in Premiant pellets did not differ from an non-con-
ditioned warehouse (9,64 -9,19 % w/w). Anomalous result
found in Saazer pellets (higher loss of 19 % in air conditioned
warehouse in comparison with 10,1 % loss in unconditioned
warehouse) was caused by imperfect tightness of the bag.

On the Fig. 1is shown the decline of a-bitter acids contents
in raw hops of Agnus variety in an non-conditioned warehouse
storaged in the period 2001-2002. During 12 months a-acids
contents declined from 13,1 % to less than 3,0 % w/w, which
represents nearly the loss of 80 %. It is evident that ageing
of Agnus variety in the form of raw hops is the fastest from all
the Czech hop cultivars. This variety can well demonstrate
how significant stabilisation of bitter acids follows alter pelle-
tizing and storage of the product under inert atmosphere even
in an non-conditioned warehouse (see Fig. 1). Contents of
a-acids in Agnus pellets in November 2001 was 11,1 % w/w.
immediately after processing. After eight month it declined to
less than 10 % w/w, which represents the loss of 11 % rel.

Decline of B-bitter acid contents measured in hops during
storage test 2000-2001 is summarized in Tab.3. The speed
of B-bitter acid contents decline in raw hops is comparable
with the decline of a-bitter acids (see Tab. 4). Pelletizing and
storage of the product without oxygen admittance lead to bet-
ter conservation of B-bitter acids in comparison with «-bitter
acids. Practically no B-bitter acids decline was found in Pre-
miant pellets after 12 months of storage. In Sladek and Saa-
zer pellets a losses of B-bitter are smaller less than half in
comparison with a-bitter acids decline.

In Tab. 4 there are comprehensively summarized relative
declines of a-bitter and B-bitter acid contents in all Czech hop
varieties after 7 and 12 months of storage. It is evident that
relatively big differences exist among Czech hops under com-
parable storage conditions. The lowest declines of a-bitter acid
contents in raw hops and hop pellets were determined in Pre-
miant variety. On the contrary the highest losses were found
in Agnus raw hops and pellets made from Sladek variety. In
Saazer raw hops is a rate of a-acids contents decline a bit
more positive compared to Sladek variety. Contents of a-bit-
ter acids in all hops is well stabilized after pelletizing. There-
fore varieties Agnus and Sladek should be preferred for pro-
cessing to hop products if it is enabled by operation situation
and other circumstances.

The composition of hop polyphenols, as internal compo-
nents with antioxydative activity may be responsible for inter-
variety differences discussed above. Rather than absolute
contents of these components, their compositon would have
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bude mit zfejmé rozhoduiji vliv jejich slozeni. Napfiklad Zatecky
Cervenak obsahuje vysoké procento celkovych polyfenold (4
az 5 % hm.), a presto starne o poznani rychleji nez odrida
Premiant, obsahuijici pfiblizné poloviéni mnozstvi [14]. Blizsi
souvislosti vSak dosud Cekaji na objasnéni.

Ztrata obsahu a-horkych kyselin pfedstavuje nejen kvali-
tativni, ale i zavazny ekonomicky problém, zejména u odrid,
které se obchoduji v mnozstvi €istych a-hofkych kyselin.V tab.
5 je uvedena jednoducha ekonomicka rozvaha vyjadfujici po-
kles obsahu a-horkych kyselin ve finanénich ¢astkach. Byla
zpracovana pro odridu Premiant s obsahem 9,0 % hm.
a-hotkych kyselin a nakupni cenu 90 tisic K&/t Udaje ukazuiji,
Ze finanéni ztraty dosahuji desetitisicd korun jiz pfi relativné
malych poklesech a-kyselin 0 0,1 az 0,2 % hm. O ztratu, ktera
vznika od sklizné do zpracovani, se déli péstitel a obchodni
organizace, ktera chmel nakoupila. Z tohoto dlivodu buduji
nejvetsi zpracovatelé chmele (Barth, Hopsteiner aj.) velkoka-
pacitni klimatizované sklady, ve kterych je kromé hotovych vy-
robkd skladovan i hlavkovy chmel bezprostiedné po sklizni
az do zpracovani. Podobna zafizeni byla v roce 2002 uve-
dena do provozu i v Ceskeé republice (Chmelafstvi Zatec, Ch-
melarsky institut) a pfipravuje se vystavba dalSich.

Citlivym indika-

sklizné 2001 (neklimatizovany sklad)

conditioned warehouse

Fig. 1 Decline of a-acids contents in raw hops and pellets of Agnus variety (crop 2001) in non-

ences are still

Obr. 1 Pokles obsahu a-horkych kyselin v hldavkovém a granulovaném chmelu odridy Agnus ze awaiting for eluci-

dation.

The loss of
a-bitter acid con-
tents represents not only qualitative but relevant economic
problem as well, particularly in hops purchased on the basis
of pure «-acids. In Tab. 5 it is shown a simple economic ba-
lance that expresses decline of a-bitter acids in Czech crowns.
It was elaborated for Premiant variety with 9,0 % w/w of
a-bitter acid contents and purchasing price of 90 thousand
CZK/t. The data show that financial losses reach many thou-
sands of CZK at relatively low declines of a-acids by 0,1-0,2
% w/w. The loss that originated in the period after harvest to
the processing is divided between a grower and a merchan-
diser. Therefore the biggest hop processing companies
(Barth, Hopsteiner) have built up large-capacity air-conditio-
ned warehouses where except for hop products raw hops are
storaged immediately after harvest to processing. In 2002
analogous warehouses were put into operation in Czech Re-
public (Chmelafstvi druzstvo Zatec, Hop Research Institute)
and building of new ones is under way.

Hop storage index, HSI, is a sensitive indicator of the rate
of oxydative changes in hop resins. Its value is not too much
influenced by mistakes during sampling and mechanical in-
homogenity of hops. Numeric value of HSI immediately af-
ter harvest is moving at the range of 0,25 az 0,28 in all the
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Obr. 2 Prabéh indexu stdrnuti chmele v prabéhu skladovani éeskych odrid chmele v neklimati-
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Fig. 2 The course of HSI during storage Czech hop varieties in non-conditioned warehouse in the age in an air-

conditioned and
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Tab. 4 Ztrata obsahu a- a B-horkych kyselin béhem skladovani v ne-
klimatizovaném skladu (hodnoty vyjadruji procento ztrdty z puvod-
niho mnoZzstvi) / Relative loss of a- and B-bitter acids during storage
in non-conditioned warehouse

Tab. 5 Ztrdta obsahu a-horkych kyselin v odridé Premiant vyjadrena
v K¢ (obsah 9 % a-horkych kyselin, nakupni cena 90000,- Kc/tunu)
/ The loss of a-acids in Premiant variety expressed in CZK (9 % of
a-acid contents, purchasing price 90000 CZK/t)

Doba skladovani Odruada/Variety
Storage time ZPC Agnus Sladek | Premiant
[mésice/months] | « | B | o | B a | B o] B
Hlavkovy chmel/ Raw hops
7 13 | 11 | 41 45 19 | 19 10 7
12 46 | 55 | 78 | 87 51 | 59 | 31 37
Granulovany chmel/ Pellets
7 (8%) 4 16 | 11* | 6* 13| 4 38 | <10
12 10 | 1,6 - - 27 | 10 | 49 | <1,0
ZPC = Saazer

a podminkach skladovani. Na obr. 2 jsou znazornény prabéhy
HSI v neklimatizovaném skladu béhem dvanactimésicniho
skladovani v obdobi 2000/2001 u odriid Sladek, Premiant a Za-
tecky Cervendk. Na obr. 3 je ve sloupcovém grafu znazornéno
porovnani HSI €eskych odrid chmele ze stejného skladova-
ciho pokusu po dvanactimésic¢nim skladovani v klimatizovanych
a neklimatizovanych prostorech. Pogate¢ni hodnota indexu
skladovani u vSech odrtd byla priblizné 0,30, coz je dano tim,
Ze pokus byl zalozen pfiblizné jeden mésic po sklizni, v fijnu
2000.V priibéhu zimnich mésicl se HSI stabilizoval na hladiné
0,30 az 0,40. V jarnim a zejména v letnim obdobi se narulst
hodnot HSI v nezpracovanych hlavkovych chmelech urychlo-
val a zaroven se vyraznéji projevily rozdily mezi odridami. Na
konci pokusu byly v hlavkovych chmelech zjistény tyto hod-
noty HSI: Sladek 0,87; Zatecky Cervenak 0,73; Premiant 0,54.
Skladovani hlavkovych chmelt v klimatizovaném skladu se pro-
jevilo na nizsich hodnotach indexu skladovani: Sladek 0,53; Za-
tecky Cervenak 0,44; Premiant 0,41. Stabilizace chmele gra-
nulaci a baleni v inertni atmosféfe se pfiznivé projevila v dalsim
snizeni indexd skladovani na uroveri 0,30 az 0,43. PoruSeni tés-
nosti obalu granulovaného Zateckého Cervenaku v klimatizo-
vaném skladu je pfi¢inou zvySeni hodnoty HSI na 0,38.
Hodnoty HSI ve hlavkach odridy Agnus, skladované v nekli-
matizovanych prostorech po dobu 12 mésicu jsou uvedeny v tab.
6. Porovnani s hodnotami na obr. 2 ukazuje, ze v prabéhu ce-
Iého pokusu indexy skladovani odriidy Agnus podstatné prevy-
Suji hodnoty v dal$ich ¢eskych odriidach po srovnatelné dobé
skladovani. Vysoka hodnota HSI 1,41 na konci pokusu odpo-
vida bezmala 80% ztraté obsahu «-horkych kyselin. Podobné

Index skladovani chmele (HSI)

Premiant- ZpPC-
hldvky granule

ZPC- Slddek-

Slddek-
granule

Premiant-

hldvky hldvky granule

[ENeklimatizovany O Klimatizovany |

Mnozstvi chmele Ztrata o-kyselin Cena/Price | Ztrata/Loss
[% hm.] zalkg

Amount of hops [t] | Loss of a-acids [% w/w] | a-kyselin [KE]| [KE/CZK]
0,1 1000,- 10 000,-

10 0,2 1000,- 20 000,-

0,5 1000,- 50 000,-

0,1 1000,- 20 000,-

20 0,2 1000,- 40 000,-

0,5 1000,- 100 000,-

0,1 1000,- 50 000,-

50 0,2 1000,- 100 000,-

0,5 1000,- 250 000,-

a non-conditioned warehouse is shown on a bar diagram
(Fig. 3). Initial value of hop storage index was aproximately
0,30 in all the varieties due to establishment of the storage
test one month after harvest in October 2000. HSI was sta-
bilized at the level of 0,30-0,40 in the course of winter
months. During spring and summer period the increase of
HSI values in raw hops accelerated and differences among
the varieties were higher. The following values of HSI were
determined in raw hops at the end of the storage test: Sla-
dek 0,87; Saazer 0,73; Premiant 0,54. Storage of raw hops
in air-conditioned warehouse showed lower values of hop
storage index: Sladek 0,53; Saazer 0,44; Premiant 0,41.
Stabilisation of hops by pellletizing and package of the pro-
duct in inert atmosphere favourably manifested in further
decline of HSI values to the level of 0,30—-0,43. Loss of the
tightness of Saazer pellets bag storaged in an air-conditi-
oned warehouse is the reason for HSI increase to 0,38.

Hop storage index values in raw hops of Agnus variety sto-
raged in a non-conditioned warehouse for 12 months are
shown in the Tab. 6. HSI values in Agnus raw hops are sub-
stantially higher compared to the other Czech varieties after
comparable time of storage in the course of the whole test.
High value of HSI (1,41) at the end of the storage test cor-
responds with nearly 80 % loss of a-bitter acid contents. Si-
milarly to the dynamics of a-acid contents decline, markable
varietal differences in the increase of HSI values can be found.
The most stable is Premiant variety, Saazer and Sladek cul-
tivars follow with considerable distance. Agnus variety dete-
riorates by far the fastest.

Oxidaéni index silic (OIS)

Premiant- ZpPC-
hldvky granule

ZpPC- Slddek-

Stdek-
granule

Premiant-

hldvky hldvky granule

[@Nekimatovan  OKimatizovany |

Obr. 3 Hodnoty indexu skladovdni chmele v ceskych odriddch
chmele (hlavky, granule) ze sklizné 2000 po 12 mésicich skladovani
v klimatizovanych a neklimatizovanych prostorech

Fig. 3 The values of HSI in Czech hops (raw hops, pellets, crop 2000)
after 12 months storage in air-conditioned (K) and non-conditioned
(N) warehouse

Obr. 4 Oxidacni index silic ceskych odrad chmele (hldvky, granule)
ze sklizné 2000 po 12 mésicich skladovani v klimatizovanych a ne-
klimatizovanych prostorech

Fig. 4 The values of OIS in Czech hops (raw hops, pellets, crop 2000)
after 12 months storage in air-conditioned (K) and non-conditioned
(N) warehouse
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jako v dynamice poklesu a-horkych kyselin Ize i v narlistu hod-
not HSI nalézt zfetelné odridove rozdily. Nejstabilngjsi je od-
rida Premiant, se zna¢nym odstupem nasleduji odriidy Zatecky
¢ervendk a Sladek. Zdaleka nejrychleji starne odriida Agnus.

NejcitlivéjSim indikatorem transformacnich zmén chmele
v prabéhu skladovani se ukazal oxida¢ni index silic definovany
vztahem [1]. Jeho hodnoty v pokusu zalozeném v roce 2000
jsou uvedeny v tab. 7, v tab. 6 jsou uvedeny hodnoty zminé-
ného indexu v odriidé Agnus z pokusu zalozeného v roce
2001. Postupné oxidace slozek chmelovych silic se projevuje
nardstem hodnot OIS (pokus 2000/2001), ktery vSak v ¢aso-
vych fadach neni vzdy rovnomeérny. Meziodridové rozdily v dy-
namice procesU starnuti se projevily i v mife transformacnich
zmén chmelovych silic. V granulovanych chmelech odridy
Premiant se hodnota OIS v pribéhu celého pokusu vyrazné
neménila (1,4 az 2,1) bez ohledu na zplsob skladovani. Hod-
nota oxida¢niho indexu silic v hlavkovych chmelech, uloZzenych
v neklimatizovaném skladu, je v porovnani s vychozim stavem
po dvanacti mésicich skladovani u Zateckého Cervefaku té-
méf desetindsobna, u odridy Sladek dokonce dvacetina-
sobna. U odrldy Premiant ¢ini pfiblizné osminasobek. UloZe-
nim hlavkovych chmelll v klimatizovaném skladu po dobu
dvanacti meésicl se hodnota OIS v porovnani s vychozim sta-
vem zvySuje pouze 4,2krat u Zateckého Cervenaku, 5,9krat
u odriidy Sladek a 3,6krat u odridy Premiant. V granulova-
nych chmelech jsou hodnoty OIS podstatné niz8i nez ve chme-
lech hlavkovych (viz obr. 4). PfiCina nelogického vysledku
u ZPC (granule, klimatizovany sklad) byla jiz vySe vysvétlena.
Nepfiznivé charakteristiky starnuti odriidy Agnus se vyrazné
projevily i v narastu hodnot OIS. Na konci pokusu byla jeho
hodnota (123,1) téméF osmdesatindsobné vysSi v porovnani
s vychozim stavem. Rovnéz obsah chmelovych silic se v pru-
béhu skladovani rychle snizoval z pavodniho mnozstvi 2,72 %
hm. na 0,51 % hm. po roce skladovani.

V porovnani s hodnotami HSI je oxidaéni index silic pfi-
blizné o fad citlivéjsi. Napfiklad u pokusu 2000/2001 proka-
zal pavod hlavkovych a granulovanych chmell z rdznych par-
tii s odliSnou historii pfed zaloZzenim testu. Oxidace
chmelovych silic je dobfe patrna ze zaznam( chromatogra-
fické analyzy silic Zateckého €ervenaku izolované z ¢erstvého
chmele a chmele stejné odrady pfiblizné dvanact mésicd po
sklizni (obr. 5). Na chromatogramech je patrné ochuzeni
spektra eluovanych slozek v prvnich 20 minutach analyzy (pi-
neny, myrcen) a naopak zna¢né obohaceni v asech delSich
nez 45 minut, kdy se separuji pfedevSim oxidaéni produkty
seskviterpend.

Vysledky provedenych testd starnuti prokazaly, Zze zpraco-
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Oxydative hop oils index defined by equation 1 showed to
be the most sensitive indicator of transformation changes in
hops in the course of storage. Its values during the test es-
tablished in 2000 are summarized in the Tab.7. In the Tab.
6 there are shown the values of mentioned index in Agnus
variety in the test carried out in 2001. Gradual oxydation of
the hop oils components exhibits in the incresae of OIS va-
lues, that is not always uniform in time series. Inter-varietal
differences showed to be in the level of transformation chan-
ges of hop oils as well. In pellets of Premiant variety the va-
lue od OIS did not change significantly (1,4-2,1) in the course
of the whole test regardless of the way of storage. The va-
lue of oxydative hop oils index in raw hops storaged in a
non-conditioned warehouse for 12 months in Saazer hops
is nearly 10 times higher compared to the initial value, even
20 times higher in Sladek variety and aproximately 8 times
higher in Premiant. If raw hops are storaged in an air-con-
ditioned warehouse for 12 months time, values of OIS inc-
rease in comparison with the initial value only 4,2 times in
Saazer hops, 5,9 times in Sladek and 3,6 times in Premi-
ant. The values of OIS in pellets are substantially lower com-
pared to raw hops (see Fig. 4). The reason of unlogical re-
sult in Saazer pellets, an air-conditioned warehouse) has
been already explained above. Unfavourable ageing cha-
racteristics of Agnus variety showed in the increase of OIS
values in the course of storage test too. At the end of the
test the value of OIS (123,1) was nearly 80 times higher
compared to the initial stage. Contents of hop oils rapidly
declined from initial value of 2,72 % w/w to 0,51 % w/w af-
ter 12 monts of storage.

In comparison with hop storage index values, oxydative
hop oils index is aproximately by one order more sensitive
indicator of hop ageing. In the test carried out in 2000/2001
proved the origin of raw hops and pellets from different por-
tions with different history before test establishment. Oxyda-
tion of hop oils is well recognizable from the records of Sa-
azer hop oils chromatography analyses. Hop oils were
separated from fresh hops and hops 12 month after harvest
(Fig. 5). Impoverishment of eluated compounds spectrum at
the first section of chromatography analysis (myrcene, pine-
nes) and on the contrary enrichment in the time intervals lon-
ger than 45 minutes when oxydative products of sesquiter-
penes are separated, is typical for hop oil isolated from aged
hops.

The results of storage tests showed that processing of raw
hops to pellets and storage of the product under inert at-
mosphere is more efficient from the point of view of hops bre-
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Obr. 5 Chromatogramy analyz chmelovych silic Zateckého poloraného éerveriaku (hldvky) ze sklizné 2000 porizené bezprostfedné po sk-
lizni (obrazek vlevo) a po 12 mésicich skladovani za pfistupu vzduchu (obrazek vpravo). Plynovy chromatograf Varian 3400, hmotnostni de-
tektor Finnigan ITD 800, kolona DB 5, 30 m x 0,25 mm x 0,25 um, teplotni program 60-250 °C, déleny nastrik 1 : 50.

Fig. 5 Chromatograms of Saazer hop oils analyses from 2000 harvest made immediately after picking (left) and 12 months of storage with
air admittance (right). Gas chromatograph Varian 3400, mass detector Finnigan ITD 800, column DB 5, 30 m x 0,25 mm x 0,25 um, tempe-

rature programme 60-250 °C, split injection 1 : 50.
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vani hlavkového chmele na
granule a uchovavaniv inertni
atmosféfe je z hlediska kon-
zervace pivovarsky cennych
latek uc€inngjsi nez sklado-

Tab. 6 Obsahy a-kyselin, chmelovych silic a hodnoty HSI a OIS v hldv-
kovém chmelu odrady Agnus v prubéhu skladovaciho pokusu
2001/2002 / Content of a-acids, hop oils and values of HSI, OIS in
Agnus raw hops during period 2001/2002

wing substances conserva-
tion than storage of unpro-
cessed hops in air-condi-
tioned warehouse. Low tem-
peratures slow down of raw

vani nezpracovaného chmele Doba skladovani a-Kyseliny/a-Acids Chmelové silice/Hop oils hops ageing, but do not Stop
v klimatizovaném skladu. Niz- Storage time Obsah/ HSI Obsah/ oIs it.
ké teploty starnutichmele zpo-  |[mésice/months] | Contents Contents
0 0,
mali, ale zcela nezastavi. 1 [fsh:;-] = [/°2 r;':] — The possibilities
; ; , ; of brewing utilisation
~ - < 3 11,50 0,36 2,00 12,6 9

Moznosti pivovarského 4 1060 0.42 182 131 of older hops
uplatnéni starSich chmell 6 7.77 0.62 138 28.9 Long-term storage test per-

Dlouhodoby test sklado- 8 6,52 0,85 1,05 47 formed in the period
vani provedeny v obdobi 10 4,26 1,11 0,66 99,2 2000/2001 was finished by
2000/2001 byl dokon¢en ové- 12 2,85 1,41 0,51 123,1 verification of brewing pro-

fenim pivovarskych vlast- 3
nosti starSich chmell. Od kazdé odridy (Zatecky Cervenak,
Premiant, Sladek) byla v minipivovaru Chmelafského institutu
v Zatci pfipravena série tfi pokusnych 10% piv, k jejichz chme-
leni byly pouzity tyto chmele:
— hlavkovy chmel, neklimatizovany sklad, sklizen 2000
(12 mésicu skladovani)
— granulovany chmel, neklimatizovany sklad, sklizef 2000
(12 mésicu skladovani)
— Cerstvy hlavkovy chmel, sklizefi 2001 — srovnavaci varka.
V8echny varky byly chmeleny stejnym zplsobem ve tfech
davkach v mnozstvi, odpovidajicim celkové davce 6 g a-hot-
kych kyselin. Vyrobena piva byla hodnocena panelem 8 az
10 degustujicich podle bodového degustacniho schématu
Chmelarského institutu [15]. Charakteristiky chmell, analy-
tické horkosti a vysledky senzorického hodnoceni pokusnych
piv jsou uvedeny v tab. 8. Nejvétsi rozdily v ostatnich para-
metrech vyrovnanych piv byly zjistény v analytickych horkos-
tech. V8echna piva pfipravena z kvalitativné nejhorsich
chmeld s nejvyraznéjsim poklesem a-horkych kyselin (hlavky
2000) méla nejvysSi analytickou hofkost. Senzoricky byla piva
pfipravena ze starSich hlavkovych chmell hodnocena vétsi-
nou méné priznivé, coz mohlo byt z ¢asti zpusobeno zvyse-
nou horkosti. Senzoricky nejvyrovnanéjsi byla série piv pfi-
pravena z odriidy Premiant. Ukazalo se, ze hof€ici vydatnost
se starnutim chmele méni mnohem méné, nez by odpovidalo
poklesu obsahu a-hofkych kyselin.
Uvedeny poznatek se potvrdil i v jiném pivovarském testu,
k némuz byly vybrany dva chmele Zateckého ¢ervenaku. Prvni,
granulovany, byl v dobé testu zhruba Sest let stary, skladovany
v netésném obalu za blize nespecifikovanych podminek. Druhy;,
hlavkovy, pochazel z nové sklizné a do zpracovani (tfi mésice
po sklizni) byl skladovan pfi teploté +3 °C. Analytické hodnoty
pouzitych chmell (tab. 9) ukazaly, ze stary granulovany chmel
neobsahoval prakticky Zadné

perties of older (long-term
storaged) hops. The series of the three experimental 10 %
brews of each variety (Saazer, Sladek, Premiant) were pre-
pared in a microbrewery pilot scale in Hop Research Institute.
The following hops were used for hopping:
—raw hops from a non-conditioned warehouse, crop 2000

(12 months of storage)

— pellets from a non-conditioned warehouse, crop 2000

(12 months of storage)

— fresh raw hops, crop 2001 — a control batch.

All the brews were hopped by the same way in three se-
parate portions. The whole weight of hops corresponded to
total amount of 6 g a-bitter acids. Finished beers were eva-
luated by the panel of 8-10 members according to point tas-
ting scheme commonly used in Hop Research Institute [15].
Characteristics of hops, analytical beer bitternesses and re-
sults of sensorial evaluation of experimental beers are sum-
marized in Tab. 8. The biggest differences among beer para-
meters were found in analytical bitternesses. All beers
prepared from qualitatively worst hops (raw hops, crop 2000)
with most significant decline of a-acid contents had the hig-
hest analytical bitterness. Beers prepared from older hops
were sensorialy assessed mostly less favourably, which may
have been be partly caused by elevated bitterness. The se-
ries prepared from Premiant was sensorially best balanced.
It showed that bittering ampleness of hops changes during
ageing to much less extent than it would correspond to «-bit-
ter acid contents decline.

Mentioned experience was confirmed in another brewing
test with two hops of Saazer variety. The first one, pellets
(six years old at the time of utilisation) were storaged in open
bag under unknown conditions. The second one (raw hops
3 months old from new crop) was up to utilisation storaged
at the temperature of + 3 °C. Analytical evaluation of used
hops showed that old pellets

a-hotké kyseliny. Znaény stu-
pen oxidace pivovarsky cen-
nych latek dokladaji i vysoké
hodnoty indexu skladovani
chmele a oxida¢niho indexu
silic. Vzhledem k zanedbatel-
nému obsahu horkych kyse-
lin ve starSim chmelu bylo
chmeleni varek provedeno na
zakladé  konduktometrické
hodnoty (EBC 7.5). Nejpod-
statnéjsi rozdil v parametrech
vyrobenych piv byl opét zjis-
tén v hodnotach analytické
horkosti. Vysledek senzoric-
kého hodnoceni piv provede-
ného trojuhelnikovou a prefe-
renéni zkouSkou [16] tfemi
nezavislymi degusta¢nimi ko-
misemi nesved¢i o vyrazné

Tab. 7 Indexy oxidace chmelovych silic v hlavkovych a granulovanych
chmelech v pribéhu skladovani v neklimatizovaném (N) a klimatizo-
vaném skladu (K) v obdobi 2000/2001 / Oxydative hop oils indices
in raw hops and pellets in the course of storage test 2000/2001

Odruda Sklad Doba skladovani / Storage time
Variety Warehouse [mésice / months]
1 4 7 9 12

ZPC-hlavky/Raw hops| N 58 | 84 | 94 | 173 | 574
ZPC-hlavky/Pellets K 5,4 8,7 | 86 14,3 | 22,6
ZPC-granule N 89 | 94 |123 | 17,0 | 20,2
ZPC-granule K 92 | 97 | 11,9 | 16,5 | 30,6
Sladek-hlavky N 33 | 58 | 88 | 136 | 649
Sladek-hlavky K 3,4 56 | 6,9 12,8 | 19,9
Sladek-granule N 3,2 30 | 34 8,0 | 17,7
Sladek-granule K 30 | 46 | 42 | 148 | 106
Premiant-hlavky N 30 | 39 | 4,1 6,0 | 24,3
Premiant-hlavky K 2,8 3,1 4,2 6,1 10,0
Premiant-granule N 1,9 2,1 1,8 2,1 1,9
Premiant-granule K 2,0 2,0 1,4 1,6 1,9

ZPC = Saazer

had practically no «-acid
contents (Tab.9). Significant
degree of deterioration dec-
lare high values of hop sto-
rage index and oxydative
hop oils index. Hopping of
experimental brews was per-
formed on the basis of LCV
(EBC 7.5) with respect to mi-
nute a-acid contents in hop
pellets. The most significant
difference in analytical para-
meters of experimental be-
ers was found in values of
analytical bitternesses. The
result of sensorial evaluation
performed with the help of tri-
angle and preference tests
[16] by three independent
tasting panels does not con-



Tab. 8 Charakteristika chmelti pro pokusnd piva a hodnoceni piv - test starnuti ¢eskych odrid chmele 2000/2001 / Characteristics of hops

for experimental beers and beers evaluation - storage test 2000/2001

Chmel StarilAge a-Kyseliny/a-Acids | Navazka/chmelovar |  Horkost piva Degustace/Beer tasting
Hops [mésice/months] | [% hm. v plv./w/w orig.]] Hopping rate [g] | Bitterness [EBC j.] body/points | poradi/order
Zatecky polorany éervenak / Saazer
Hlavky 2000/Raw hops 12 2,5 240 44 19 S
Granule 2000/Pellets 12 2,9 207 26 26 1.
Hlavky 2001/Raw hops 1 3,1 194 28 21 2.
Premiant
Hlavky 2000 12 4,7 128 33 19 1.
Granule 2000 12 9,1 66 24 17 3.
Hlavky 2001 1 8,7 69 26 18 2.
Sladek
Hlavky 2000 12 2,6 231 36 8 3.
Granule 2000 12 47 128 27 22 1.
Hlavky 2001 1 5,0 120 23 17 2.
Tab. 9 Vybrané kvalitativni parametry chmelt a piv / Selected qualitative parameters of hops and beers
Chmel/Hops Piva/Beers
Sklizen «a-Kyseliny/a-Acids| KH [% hm.v piiv.] HSI oIS Horkost piva Alkohol [% obj.]
Crop [% v puav./orig.] LCV (EBC 7.5) Bitterness [EBC j.] Alcohol [% vol.]
1995 - granule 90/Pellets 0,18 2,6 1,68 1575 43 (A) 5.3
2000 - hlavky/Raw hops 3,8 4,8 0,33 10,2 27 (B) 5.5

horsi kvalité piva chmeleného starym chmelem (tab. 10). Osm
z deviti hodnotitelt komise | spravné ur€ilo dvojici shodnych piv,
v preferencni zkouSce Ctyfi hodnotitelé uprednostnili pivo A,
Ctyfi pivo B. Vétsina ¢lent degustaénich komisi Il a Il shodnou
dvoijici piv neurgila.

Negativni vlivchmeleni star§imi chmely na senzorickou kva-
litu piva, ktery je pfipisovan latkdm vzniklym ze Stépeni boc-
nich fetézcd v molekule hotkych kyselin [17] se v provede-
nych varnich testech jednoznaéné neprokazal. Z hlediska
objektivity je nutno dodat, Ze senzorické posuzovani piv bylo
provadéno v Cerstvém stavu. Nelze vyloudit, Ze vliv starSich
chmelll by se na senzorické stabilité piv projevil vyraznéji s ur-
Citym ¢asovym odstupem. Zevrubngéjsi zkoumani této proble-
matiky by vyzadovalo provedeni dalSich experiment(.

Provedené testy nicméné naznadcily, ze starSi chmele ne-
jsou pivovarsky bezcennou surovinou, zejména pouziji-li se
v kombinaci se chmely s vySsi pivovarskou hodnotou. Pfi
chmeleni Ize doporudit jejich davkovani v prvni fazi chmelo-
varu, aby v jeho pribéhu mohly vytékat senzoricky zavadné
oxidaéni produkty chmelovych pryskyfic.

4 ZAVERY

Mezi ¢eskymi odridami chmele existuji v dynamice pro-
cesU starnuti za srovnatelnych podminek skladovani pomérné
starne odriida Agnus. Zatecky ¢erveiak a odriida Sladek star-
nou pfiblizné stejné rychle. Granulace, pfipadné extrakce
chmele a uchovani produktl v inertni atmosfére je z hlediska
konzervace pivovarsky cennych latek G¢innéjsi nez sklado-
vani nezpracovaného chmele pfi teplotach klimatizovaného
skladu. Z analytickych metod charakterizuje stav chmele nej-
objektivnéji index skladovani (HSI), pokud se tyCe slozeni
chmelovych pryskyfic, nebo podobny oxida¢ni index, popisu-
jici slozeni chmelovych silic (OIS).

Pivovarské testy starsich chmell prokazaly, Zze hofcici vydat-
nost chmele se starnutim méni podstatné méné, nez by odpo-
vidalo poklesu «-hof-
kych kyselin. Jednim
z problému pfi svaro-

Tab. 10 Vysledky senzorického hodnoceni pokusnych piv trojuhelnikovou zkouskou /
The results of sensorial evaluation of experimental beers by triangle test

firm worse quality of the beer hopped by old hops (Tab. 10).
Eight of nine members od tasting panel | correctly determi-
ned the pair of the same beers, in the test of preference four
members prefered beer A, four members beer B. Most mem-
bers of tasting panel Il and Ill. did not recognize the pair of
the same beers.

Negative influence of hopping by aged hops on sensorial
beer quality, which is attributed to the compounds arisen from
cleavage of the side chains in bitter acids melecules [17], was
not unambiguously proved in performed brewing tests. It
should be appended from objectivity ponit of view that sen-
sorial assessements of the beers were done in fresh stage.
It cannot be avoided that influence of older hops on senso-
rial beers quality could be higher with time delay. Detailed in-
vestigation of this topic would require making further experi-
ments.

Performed brewing test nevertheless showed that older
hops are not worthless raw material particularly if they are
used in the mixture with the hops with higher brewing quality.
Their hopping can be recommended in initial phases of wort
boiling period so that sensorialy defective products of hop re-
sins decomposition could escape.

4 CONCLUSIONS

Relatively significant differences among Czech hop varie-
ties exist in the dynamics of ageing processes under com-
parable storage conditions. Premiant variety is the most
stable. On the contrary Agnus variety is the most suscep-
tible. The speed of ageing process in Saazer and Sladek is
approximately the same. Pelletizing or hops extraction and
keeping the products under inert atmosphere is more effici-
ent from conservation brewing substances point of view than
the storage of raw hops at the temperatures of an air-condi-
tioned warehouse. Analytical methods comprising determi-
nation of hop storage index (HSI) and oxydative hop oil in-
dex (OIS) best characterize the stage of hops from ageing
point of view.

Brewing tests of
aged hops proved that

vani starSich chmell je Komise Celkem Sprévné urdilo Neuréilo bittering capacity of
spravny odhad jejich Tasting panel Total Right Wrong hops changes during
hof¢ici vydatnosti a sta- | 9 8" ] ageing to much less
noveni  davky pro 1. 9 4 5 extent that it would cor-
chmelovar. Z analytic- 1. 10 4 6 respond to a-bitter acid
kych metod stanoveni [ Celkem/Total 28 16 12 contents decline. The

obsahu a-horkych ky-
selin je v takovych pfi-

* Preferencni zkouska/Test of preference: 4A/4B

right estimate of their
bittering ability is one of
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padech vhodné upfednostnit nékterou z konduktometrickych
metod (napf. EBC 7.5) pred stanovenim metodou HPLC.

Lektoroval Ing. Jifi Srogl

Do redakce doslo 12. 6. 2003
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Im Zeitraum von 2000 bis 2002 mittels langfristigen Lagerungstes-
ten wurden Dynamikalterungsversuche von tschechischen Hopfensor-
ten (Saazer, Sladek, Premiant, Agnus) verfolgt. Dolden- und granulierte
Hopfen (Typ G 90) wurden binnen zwolf Monate in den klimatisierten
und nicht klimatisierten Lagerrdumen gelagert. Durch die Abnahme von
Hopfenbittersauren, Hopfendlen und durch die Hopfenalterungsindex-
(HSI) und Olensoxydationsindexbestimmung (OIS) wurde die Hopfe-
nalterung analytisch ausgewertet. Die groBte a-Bittersdurenabnahmen
wurden bei der Hopfensorte Agnus (80 %) festgestellt, die geringste Ab-
nahme (31 %) wies die Sorte Premiant aus. Die wesentliche Verlustre-
duzierung von «-Bitterséuren auf 5 bis 27 % wurden bei den in einem
klimatisierten Lagerraum gelagerten Hopfen sowie so bei den im Inert-
gas aufbewahrteren granulierten Hopfen festgestellt. Als objektive Al-
terungsanzeiger von Hopfenalter wurden die dimensionslose Index HSI
und OIS, jedoch der OIS Index ist um eine Zehnerpotenz mehr emp-
findlicher. In der Alterungsgeschwindigkeit wurden bei den verschiede-
nen Hopfensorten eine groB3e Differenz gefunden. Als die allerstabilste
wurde die Hopfensorte Premiant, in der unverarbeitenden Form altert
sehr schnell die Sorte Agnus. Die in Pilotplant durchgefiihrte Brauer-
teste mit alteren Hopfen haben es aufgewiesen, dass mit Hopfenalte-
rung ihre Bitterergiebigkeit wesentlich weniger sich &ndert, als dies aus
der a-Bittersdurenabnahme entzogen werden konnte.

Kpodra, K. - HecBanba, B. - Tuxa, W. — Yp6an, W. — Yenuuka, i.:
KayecTBeHHble M 3KOHOMUYECKME aCMEKTbl CTapeHWs YELICKUX COPTOB
xMens. Kvasny Prum. 49, 2003, Ho. 11-12, ctp. 326-335.

[VMHaMMYHOCTb MPOLIECCOB CTAPEHMS YELLICKIX COPTOB XMeNs (MKaTeLKu YepBeHsIK,
Cnagex, MpemuanT, ArHyc) Gblnv McCredoBaHbl METOAOM [JOMrOCPOYHbIX TECTOB
XpaHerus B nepuoge ¢ 2000 go 2002 rr. Heo6paboTaHHble LUMLLKA XMENs 1 rpaHy-
JMPOBAHHBIV XMeNb Tna G 90 XpaHunmch B TeYeHe 12 MeCSLIEB B CKMaCKMX NOMELLe-
HUSIX C KOHAMLMOHMPOBAHHBIM W HEKOHAMLMOHMPOBaHHbIM BO3yXoM. CTapeHve
Xmeneii 6b110 aHAMTUYECKN ONPEENEHO HA OCHOBE YMEHBLLEHNS FOPBKIX KMCNOT
(HSI), xmeneBbIx Macen, fanee NoCPEACTBOM OMPELENEHNs UHAEKCA CTAPEHNS XMENSs
W okuciuTensHoro mHpexkca macen (OSI). B TedyeHne xpaHeHuss xmeneir 6bino
OMnpeeneHo OXMAAEMOE YMEHBLLEHIE COAEPXaHNs ropbKux K1CroT. Camoe Bbicokoe
YMEHbLLEHMe anba-TopbKIX KUCTOT Y HeoBpaboTaHHbIX XMeneli Obi10 OMpefeneHo y
copta ArHyc (80 %), camoe Hu3koe y copTa MpemuanT (31 %). XpaHeHue xveneii B
CKnafe C KOHANLMOHMPOBaHWEM BO3LYXa, KaK 1 rpaHyiMpoBaHme C NoCe[oBaTebHbIM
XPaHEHWEM NPOAYKTa B MHEPTHOM aTMOCGEPE NPOSIBUNCH CYLLECTBEHHBIM MOHU3EHUEM
noTepu COAEpKaHNS anbaha-ropbKux KUCNOT Ha 527 %. BeapaamepHble nHaekch! HSI
1 OSI okasan1ch 06bEKTUBHBIMI NOKA3ATENSMN COCTOSIHWS CTAPEHUS XMENEN C TEM,
yto OIS NprbananTenbHoO Ha 01H NOPSIAOK YYBCTBUTENbHEE MO CPaBHEHMO ¢ HSI.
B OTHOLLIEHUM KO CKOPOCTY CTAPEHst Bblnn HalAeHb! 3HAUMTENBHBIE OTIMYMS MEXIY
coptamu. CaMbIM CTabunbHbIM MoKasancs copT [MpemuaHT, B Heo6paboTaHHOM
COCTOSIHUM Camast BbICOKas CKOPOCTb cTapemst y copTa ArHyc. [BoBapeHHbIe TECTbI
CTapLLKX COPTOB XMenei, MPOBEAEHHbIE B NTaBOPATOPHbIX YCMOBUSX, NOKA3aNM, YTO
WX CMIOCOBHOCTb BbIAENEHNS FOPEUN MEHSETCS B TEYEHIUE CTAPEHNS ropasao MeHee,
4eM 0TBEeYaso bl NafeHNM CoaePKaHMs anba-ropbKiX KUCNOT.



