CESKY CHMEL

er, a beneficial and mutual co-operation originated. Our region certainly
fully supports beer and has taken it on as its own. It would also be
a shortcoming for the whole hop growing region if the town of Zatec
didn't have its own brewery. The latest award for the work of the bre-
wery is “The best new foodstuff product of the county in 2008” awar-
ded by the county's management to the special dark beer “Zatec Xan-
tho”. Besides this, at the start of September, during the Zatec beer tas-
ting competion, which is one of the main beer competitions in the
Czech Republic, Zatec — Export beer came in first place in the blonde
lager category.

In Czech breweries the share of use of Czech varieties of hops keeps
increasing. However, Zatec hop growing region has been suffering from
a neglect of the significance of breeding results and their realisation in
periods during the previous regime. New varieties are an essential aid
for breweries and will keep becoming more and more established, inclu-
ding for special requirements of special beers and an increase in the
content of some hop substances beneficial to health. Special care is re-
quired for aroma hops, for which the conditions in Zatec region are ide-
al and which will be in demand by a continuously increasing number of
breweries.

podporuje a vzal pivo za své.Také by to byl nedostatek celé chmelarské
oblasti, kdyby bylo mé&sto Zatec bez vlastniho pivovaru. Poslednim oce-
nénim prace pivovaru je i cena ,,Nejlepsi novy potravinarsky vyrobek
kraje v roce 2008" udélend vedenim kraje specialnimu tmavému pivu
Zatec Xantho*. Mimo to na za&tku zafi pri Zatecké degustaci piv, ktera
patii mezi hlavni soutéze piv v Ceské republice, skon&ilo pivo Zatec —
Export na prvni misté v kategorii svétlych lezakd.

Jak vidite budoucnost ceskych odrid v pivovarech?

V &eskych pivovarech se podil pouZivani ¢eskych odrid chmele neustale
zvy3uje. Zatecko viak dosud trpi zanedbanim vyznamu vysledk lechts-
ni i jejich realizaci v dobach minulého rezimu. Nové odr(idy jsou nezbyt-
nou pomtickou pivovart a budou se stile vice prosazovat a to i pro
zvlastni pozadavky specialnich piv ¢ zvySeni obsahu nékterych zdravi
prospé&snych chmelovych latek. Zvlastni péci vyZaduje aromaticky chmel,
pro ktery jsou na Zatecku idedlni podminky a ktery bude stale vice pi-
vovary pozadovan.

Ing. Tomas Lejsek, CSc. (* 1937)

1962 — 1989 vyzkumny a vyvojovy pracovnik VUPS a Feditelstvi Ceskych pivovard
(vice neZ sto publikaci, autor a spoluautor pivovarskych technologii), poté ndstup
do vedoucich postaveni: 1990 — 1991 vyrobné technicky ndméstek Feditele Pivo-
varii Velké Popovice, 1991 — 1994 Feditel VUPS Praha (Vyzkumny dstav pivovar-
nicky a sladarsky), 1995 — 1996 manaZer kapitdlové tcasti Pivovaru Radegast,
as., 1997 — 2000 generdini feditel Pivovaru Velké Popovice, a.s., od 2001 jednatel
Zateckého pivovaru, s.r.o.V letech 1989 a 2005 externi predndsejici pivovarské-
ho inZenyrstvi na Ustavu kvasné chemie a biochemie VSCHT Praha. (ros)

ZATECKY POLORANY CERVENAK - ZMENY V OBSAHU A SLOZENI
CHMELOVYCH SILIC BEHEM ZPRACOVANI A SKLADOVANI

Ing. FrantiSek Kroupa, PhD.,V. F HUMULUS, s.r.o.

The first hop products were hop cones, and then, to decrease its volu-
me and improve the stability of the brewery-precious substances, the
production focused on pressed hops. Further development led to the
fact that the hop cones (a very non-homogenous material) were pro-
cessed to a product which has a very balanced content of hop resins
and hop essential oils, smaller volume and better yield of brewery-preci-
ous substances during wort boiling. The processing of hops to pressed
hops prevailed in the Czech Republic until 1996.Afterwards, hops were
more and more processed to pellets type 90, and later also into the en-
riched pellets type 45.The processed pellets are then packed in vacuum
aluminum foils which are filled with a mixture of the inert gasses N, and
CO,.The latest trend is to store the harvested hops or hop products in
air-conditioned warehouses at temperatures around 5 °C.

All these technological changes during the processing and storage have,
of course, influenced the content and composition of hop essential oils.
In 2000 — 2007, experiments were executed in which the influence of
the technology of production of hop pellets and the influence of the sto-

Uvod

Prvnim chmelovym produktem byl hlavkovy chmel, poté se z ddvodu
zmen$eni jeho objemu a lepsi stabilité pivovarsky cennych latek preslio
k lisovanému chmelu. Dalsi vyvoj ved| k tomu, aby hlavkovy chmel, ktery
je velmi nehomogennim materialem, se zpracoval do vyrobku, ktery bu-
de mit vyrovnany obsah horkych litek a chmelovych silic, bude mit
mensi objem a lepsi vytéZnost pivovarsky cennych latek pri chmelovaru.
V CR prevladalo zpracovani chmele na lisovany chmel do roku 1996,
pak se zafalo vice uplatiiovat zpracovani chmele na granule typu 90
a pozdéji i na obohacené granule typu 45.Vyrobené granule jsou pak ba-
leny do vakuovanych Al — félii, které jsou plnény smési inertnich plyn(
N, a CO,. Poslednim trendem je skladovani sklizeného chmele, nebo
chmelovych vyrobkd v klimatizovanych skladech pfi teplotich cca 5 °C.

Pouzité metody a metodika pokusu

Vsechny tyto technologické zmény pri zpracovani a skladovani maji sa-
moziejmé vliv na obsah a sloZeni chmelovych silic.V letech 2000 — 2007
probéhly pokusy, pfi kterych se sledoval vliv technologie vyroby chme-
lovych granuli a vliv teploty skladovani na celkovy obsah chmelovych si-
lic, sloZzeni chmelovych silic a zmény sloZeni chmelovych silic. Z divodu



ring temperature on the total content of hop essential oils, composition
of hop essential oils and changes of composition of hop essential oils we-
re monitored.We only list the results from the warehousing experiment
in 2000 here, for the purposes of the limited scope of this article.

We used distillation with water steam under atmospheric air pressure
to determine the quantity of the content of hop essential oils. The indi-
vidual components of the hop essential oil were identified using the me-
thod of gas chromatography with weight detection (GC-MS) (1).

The monitoring included hop cones wrapped in standard packaging di-
rectly by the grower. The chosen bales were divided into two parts.The
first was placed in non air-conditioned (N) and air-conditioned (K), and
the second was processed to pellets type 90 (October 2000). The pel-
lets for the experiment were especially packed in 3 kg aluminum bags
with inert atmosphere and placed in the warehouses. The sample pic-
king started in October 2000 and was repeated approximately each
month until September 2001.

The collected samples were monitored for the following indicators: The
volume of oil in the sample and composition of hop essential oils, inclu-
ding the oxidation products of hop essential oils.

The total content and changes of the composition of hop essential oils in hops
when processing to pellets type 90 and 45.

When comparing the content of hop essential oils in hop cones and hop
pellets type 90 made from it, we found out that the granule type 90 con-
tained, on average, 93 % of the original content of the hop essential oils.
When monitoring the processing of hops to granule type 45, we measu-
red the average value for the content of hop essential oils as 160 %.

As far as the composition of the hop essential oils in the hop cones and
hop products is concerned, we can state that the composition of the
hop essential oils changes. Typical representatives are 4 terpenic compo-
nents of hop essential oil which form 70 — 80 % of all hop essential oils.
For example, we can mention processing of Saaz variety (harvest 2000)
to pellets type 90.The process experienced a decrease of myrcene con-
tent (in case of 2000 harvest) from 41.90 % rel. to 18.54 %, increase of
caryophyllene content from 4.50 % to 7.51 % rel., increase of humulene
content from 16.80 % to 29.99 % rel. (i.e. |78 % of the original content)
and increase on farnesene content from 12.00 % to 16.51 % (i.e. 138 %).

From the assessment of the content of the hop essential oils, it is obvi-
ous that, regarding the stability of hops oil, the most convenient is the
option when the hops are placed in an air-conditioned warehouse. Figu-
re | shows the contents of the hop essential oils in ZPC in hop cones,

Graph |
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rozsahu ¢lanku se zde uvadi vysledky pouze ze skladovaciho pokusu
v roce 2000.

Pro kvantitativni stanoveni obsahu chmelovych silic bylo pouZito destila-
ce s vodni parou za atmosférického tlaku vzduchu. Identifikace jednotli-
vych sloZzek chmelové silice byla provedena metodou plynové chroma-
tografie s hmotnostni detekci (GC — MS) (1).

Schéma pokusu v roce 2000

Do sledovani byl zarfazen hlavkovy chmel, ktery byl zabalen v péstitel-
ském baleni (balotu) pFimo u péstitele.Vybrané baloty byly rozdéleny na
dvé &asti. Prvni ¢ast byla umisténa v neklimatizovaném (N) a klimatizo-
vaném skladu (K), druha €&ast baleni chmele byla sou¢asné zpracovana na
granule typu 90 (Fijen 2000). Granule pro pokus byly specialné baleny
do 3 kg Al — sackd s inertni atmosférou a umistény v prislusnych skla-
dech. S odbéry vzorki se zacalo v Fijnu 2000 a pak se zhruba po mésici
opakovaly az do zaFi roku 2001.

U odebranych vzorku byly sledovany tyto ukazatele: objem silice ve vzorku
a sloZeni chmelovych silic, véetné oxidacnich produktd chmelovych silic.

Vysledky a diskuse
Celkovy obsah a zmény sloZeni chmelovych silic u chmele pfi zpracovdni na
granule typu 90 a 45

PFi porovnavani obsahu chmelovych silic v hlavkovém chmelu a z ného
vyrobenych granuli typu 90 bylo zji$téno, Ze granule typu 90 obsahuji
v priméru 93 % plvodniho obsahu chmelovych silic. PFi sledovani zpra-
covani chmele na granule typu 45 byla namérena primérna hodnota pro
obsah chmelovych silic 160 %.

Pokud se tyka sloZeni chmelovych silic u hlavkového chmele a chmelo-
vych vyrobkl, miZzeme konstatovat, Ze sloZzeni chmelovych silic se méni.
Typickymi predstaviteli jsou 4 terpenické slozky chmelové silice, které
tvori 70 — 80 % veskerych chmelovych silic. Pro priklad Ize uvést zpra-
covani ZPC (sklizefi 2000) na granule 90. Zde dochézelo ke sniZovani
obsahu myrcenu (v pripadé sklizné 2000) ze 41,90 % rel. na 18,54 %,
zvySovani obsahu karyofylenu ze 4,50 % na 7,51 % rel, zvySovani obsahu
humulenu ze 16,80 % na 29,99 % rel. (tj. 178 % pivodniho obsahu)
a zvySovani obsahu farnesenu ze 12,00 % na 16,51 % (tj. 138 %).

Skladovdni 2000

Z hodnoceni obsahu chmelovych silic vyplyva, Ze z hlediska stability
chmelovych silic je nejvyhodnéjsi varianta, kdy se chmel umisti do klima-
tizovaného skladu. Na obrazku | mGZeme vidét obsahy chmelovych silic
u ZPC v hlavkovém chmelu, v &erstvé vyrobenych granulich a nasledn&
po roce skladovani v klimatizovaném a neklimatizovaném skladu.

Je zde velmi dobre vidét pribéh a chovani chmelovych silic béhem skla-
dovani. NapF. u hlavkového chmele ZPC byl pokles po | roce skladovéni

Obrazek | Zmény obsahu chmelovych silic b&hem starnuti chmele ZPC (hlavky x granule 90) v ml/100 g chmele
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in freshly made pellets and subsequently after one year of storage in air-
conditioned and non air-conditioned warehouses.

It shows the course and behavior of the hop essential oils during the sto-
rage very well. E.g., in case of the Saaz hop cones, the drop was, after |
year of storing, almost 48.8 % of hop essential oils (in case of non air-con-
ditioned warehouse) and 30 % (in case of air-conditioned warehouse). The
drop was much softer in case of the pellets type 90.The pellets located in
the non air-conditioned warehouse lost only 23 % of its hop essential oils,
unlike the granules in the air-conditioned, where no losses were detected.

Also, the composition of the hop essential oils in hop cones and granu-
lated hops changed — see fig. 2.

Some of these changes were very pronounced. In Saaz (hop cones), the
content of myrcene dropped from 41.9 % to 3.43 % (to 8.2 % of the
original condition in case of non air-conditioned warehouse) and to
17.73 % in the air-conditioned warehouse (to 42.3 % of the original
condition). In the case of pellets, the myrcene content dropped from
18.54 % to 9.22 % rel. (which is 49.7 % of the original condition), resp.
to 15.64 % (i.e. 84.4 % of the original condition). In the case of caryop-
hyllene, the content in hop cones dropped from 4.5 % to 2.12 % (to
47.1 % of the original value in non air-conditioned warehouse) and to
3.43 % in air-conditioned warehouse (i.e. 76.2 % of the original value).
The following changes were observed in the pellets: The content rema-
ined at approximately the same value in the cases of the non air-conditi-
oned warehouse — originally, the content was 7.51 % after one year 7.67
% rel. In case of the air-conditioned warehouse, the content of caryop-
hyllene 8.49 % rel. (i.e. 113.0 % of the original value). The following was
learned regarding humulene: The humulene content in hop cones loca-
ted in the non air-conditioned warehouse dropped from 16.8 % to 9.41
% rel. (i.e. 56 % of the original value) and in the air-conditioned ware-
house only 12.33 % (i.e. 73.4 % of the original value). In the case of pel-
lets, the decrement was 24.7% in the case of the non air-conditioned
warehouse and 20.9 % in the case of the air-conditioned warehouse. In
case of farnesene, the hop cones saw a decrease from 12.0 % to 1.43 %
rel. (i.e. only 11.9 % of the original value, in the non air-conditioned wa-
rehouse) and to 6.94 % rel. (i.e. 57.8 % of the original value, in the air-
conditioned warehouse). This confirmed the high instability of farnesene
sesquiterpen published already by Tressl (2). While bergamotene is rela-
tively stable, in case of farnesene, there was a dramatic drop, even at
storing temperature 0 °C. Other sesquiterpens, despite that it is known
that they are easily subject to auto-oxidation, proved to have much bet-
ter stability.

The stored pellets went through a similar course as the hop cones, but
the changes were not so significant — see fig. 2. The farnesene content
dropped from 16.51 % to 8.86 % (i.e. 53.7 % of the original value, in the
non air-conditioned warehouse) and to 15.80 % rel. (i.e. 95.7 % of the
original value, in the air-conditioned warehouse).

Graph |

témér 48,8 % chmelovych silic (u neklimatizovaného skladu) a 30 % (u
klimatizovaného). Daleko mirng&jsi pokles byl v pripadé granuli 90. Gra-
nule umisténé v neklimatizovaném skladu ztratily pouze 23 % svych
chmelovych silic, zatimco u granuli v klimatizovaném skladu nebyly zjis-
tény Zadné ztraty.

SloZeni chmelovych silic u hlavkového a granulovaného chmele, viz obra-
zek 2, se také ménilo.

N&které tyto zmény byly velmi markantni. U Zateckého poloraného
&erveiaku ZPC (hlavky) poklesl obsah myrcenu ze 41,9 % na 3,43 % (na
82 % plvodniho stavu v pripadé neklimatizovaného skladu) a na
17,73 % v klimatizovaném skladu (na 42,3 % pavodniho stavu). U granuli
byl pokles myrcenu z 18,54 % na 9,22 % rel. (coz je 49,7 % priivodniho
stavu), resp. na 15,64 % (tj. 84,4 % ptvodniho stavu).V pripadé karyofyle-
nu v hlavkach, jeho obsah poklesl ze 4,50 % na 2,12 % (na 47,1 % pav.
hodnoty v neklimatizovaném skladu) a na 3,43 % v klimatizovaném skla-
du (tj. 76,2 % puv. hodnoty). U granuli byly pozorovany nasledujici zmény.
Obsah zlstal priblizné na stejné hodnoté v pripadé neklimatizovaného
skladu — pGvodné byl obsah 7,51 % po | roce 7,67 % rel. U klimatizova-
ného skladu byl obsah karyofylenu 8,49 % rel. (tj. 113,0 % ptivodniho
stavu). U humulenu byl nalezen tento pribéh: obsah humulenu v hlavko-
vém chmelu umisténém v neklimatizovaném skladu klesl z 16,80 % na
9,41 % rel. (tj. 56 % plvodniho obsahu) a v klimatizovaném skladu pouze
12,33 % (tj. 73,4 % ptvodniho obsahu).V pripadé granuli byl Gbytek 24,7
% u neklimatizovaného skladu a 20,9 % u klimatizovaného skladu. U far-
nesenu byl u hlavkového chmele po roce skladovani pokles z 12,0 % na
1,43 % rel. (tj. pouze 11,9 % plvodniho stavu, v neklimatizovaném skla-
du) a na 6,94 % rel. (tj. 57,8 % pivodniho obsahu, v klimatizovaném skla-
du). Potvrdila se tak vysoka nestabilita seskviterpenu farnesenu, kterou
publikoval jiz Tressl (2). Zatimco bergamoten je relativné stabilni, u far-
nesenu dochazelo k drastickému poklesu, dokonce i pFi teplotach skla-
dovani 0 °C. Ostatni seskviterpeny, pfestoZe je o nich zndmo, Ze podlé-
haji snadno autooxidaci, prokazaly daleko vyssi stabilitu.

U skladovanych granuli byl podobny pribéh jako u hlavkového chmele,
ale zmény nebyly tak vyrazné — viz obrazek 2. Obsah farnesenu klesl
z 16,51 % na 8,86 % (tj. 53,7 % plivodniho stavu, u neklimatizovaného
skladu) a na 15,80 % rel. (tj. 95,7 % plvodniho stavu, u klimatizovaného
skladu).

Podobny pribéh ma i obsah oxidovanych slouéenin (karyofylen oxidu
a humulen epoxidu), varianty umisténé v neklimatizovaném skladu, mély
vzdy vyssi nardst néz u klimatizovanych skladd. U hlavek byl zjistén na-
rist oxidovanych sloucenin 165 % (u neklimatizovaného skladu) a 195 %
rel. (u klimatizovaného skladu), coz bylo neodekavané. Zde se pravdépo-
dobné v plném rozsahu projevila nevyhoda hlavkového chmele — jeho
$patna homogenita. Odbér vzorki z rliznych casti balotu mize dat i od-
lisné hodnoty, proto je vidy dileZité vyvzorkovat takovéto baleni z né-
kolika trovni balotu a dobre promichat. U granulovaného chmele uz byl

Obrazek 2 Zmény slozeni chmelovych silic béhem skladovani ZPC (hlavky x granule 90) v % rel.
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Also, the oxidized compounds have the similar course (caryophyllene
oxide and humulene epoxide); the variants located in the non air-condi-
tioned warehouse always had a higher increase than in the case of the
air-conditioned warehouses. In case of hop cones, the increase of oxidi-
zed compounds was 165 % (in the non air-conditioned warehouse) and
195 % rel. (in the air-conditioned warehouse), which was unexpected.
This probably showed, to its full extent, the disadvantage of the hop co-
nes — its bad homogeneity. The sample collection from various parts of
the packaging can result in different values; therefore, it is always impor-
tant to sample such packaging from several levels and mix well. The
course, in the case of the granulated hop, was already expected. The pel-
lets located in the air-conditioned warehouse did not show any growth
of oxidized compounds, whereas the pellets located in the non air-con-
ditioned warehouse showed growth of such substances by 187.9 % rel.
How big the changes in composition of hop essential oils can be is do-
cumented also by GC-MS chromatogram on figure 3.

|. Processing the hop cones into pellets results in a decrease in content
of hop essential oils in the pellets. The pellets type 90 contain, on ave-
rage, 94 % of the original content of oils, the enriched pellets type 45
contain, on average, 160 % of the original content of hop essential
oils. Also, the composition of the hop essential oils changes during
hop granulation — the content of myrcene is decreasing and the con-
tent of sesquiterpens is increasing (caryophyllene, humulene and far-
nesene).

2.We have proven the unquestionable positive influence of hops pro-
cessing on the stability of the hop aromatic substances.The best stabi-
lity of hop essential oils was proven in the case of pellets located in
the air-conditioned warehouse. In case of the pressed hops, the drop
was, after | year of storing, almost 48.8 % of hop essential oils (in the
case of the non air-conditioned warehouse) and 30 % (in the case of
the air-conditioned warehouse). The drop was much softer in case of
the pellets type 90.The pellets located in the non air-conditioned wa-
rehouse lost only 23 % of their hop essential oils, unlike the pellets in
the air-conditioned warehouse, where no losses were detected.

3. Sesquiterpen farnesene is a very unstable compound. In case of sto-
ring in unfavorable conditions (harvest 2000, | year of storing in the
non air-conditioned warehouse), its content dropped to | 1.9 % of its
original value (from 12.00 % rel.to 1.43 %).

4.In case of bad conditions of processing (e.g. insufficient cooling of gra-
nulator) or warehousing, an increase in oxidizing products of hop es-
sential oils may occur. The main oxidizing products of the oxidizing
are caryophyllene oxide and humulene epoxide.

|.Kroupa F: Objective characteristics of hop aroma of Czech hops and
hop products, Dissertation thesis,VSCHT Prague, 2007
2.Tressl R. et al.:J. Agric. Food Chem., 1978, 26, 1426
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ocekavany pribéh. Granule umisténé v klimatizovaném skladu nevyka-
zovaly Zadny narast oxidovanych slouéenin, zatimco granule umisténé
v neklimatizovaném skladu vykazovaly nartst téchto latek o 187,9 % rel..
Jak velké jsou zmény ve sloZeni chmelovych silic dokumentuje GC-MS
chromatogram na obrazku 3.

Zavér

. Zpracovani hlavkového chmele na granule mé za nasledek snizeni ob-
sahu chmelovych silic v granulich. Granule typu 90 obsahuji v primé-
ru 94 % pavodniho obsahu silic, obohacené granule typu 45 obsahuiji
v praméru 160 % pivodniho obsahu chmelovych silic. Pfi granulaci
chmele se rovnéz méni slozeni chmelovych silic — klesa obsah myrce-
nu a stoupa obsah seskviterpent (karyofylenu, humulenu a farnesenu).

2.Byl prokazan jednozna¢né kladny vliv zpracovani chmele na stabilitu
aromatickych latek chmele. Nejlepsi stabilita chmelovych silic byla
prokazana u granuli umisténych v klimatizovaném skladu. U lisované-
ho chmele byl pokles po | roce skladovani témér 48,8 % chmelovych
silic (u neklimatizovaného skladu) a 30 % (u klimatizovaného). Daleko
mirnéjsi pokles byl v pripadé granuli 90. Granule umisténé v neklimati-
zovaném skladu ztratily pouze 23 % svych chmelovych silic, zatimco

u granuli v klimatizovaném skladu nebyly zjiStény témér zadné ztraty.

3. Seskviterpen farnesen je velice nestabilni slou¢enina. Pri skladovani za
nepfiznivych podminek (sklizefi 2000, | rok skladovani v neklimatizo-
vaném skladu) jeho obsah klesl az na 11,9 % jeho pivodni hodnoty
(ze 12,00 % rel.na 1,43 %).

4. Pri $patnych podminkach zpracovani (napf. nedostateéné chlazeni gra-
nulatoru) nebo skladovani mize dochazet ke zvySeni oxidacnich pro-
duktl chmelovych silic. Hlavnimi oxidaénimi produkty oxidace jsou
karyofylen oxid a humulen epoxidy.

Literatura:

I.Kroupa F: Objektivni charakteristika chmelového aroma ceskych
chmel(i a chmelovych vyrobka, Disertaéni prace,VSCHT Praha, 2007

2.Tressl R. et al.: . Agric. Food Chem., 1978, 26, 1426
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— red color — Saaz hop cones (harvest 2000) stored in the non air-conditioned warehouse (approx. after one year of ware-
housing), the oil content 0.22 ml/100g oh hops, black color — Saaz pellets (harvest 2000) stored in the non air-conditioned warehouse (approx. after

one year of warehousing), oils content 0.38 ml/100g of hops

Obrazek 3 GC-MS chromatogram zmén chmelovych silic ZP€ b&hem skladovani (z divodu délky chromatogramu rozdé&leny na
3 &asti) — Cervena barva — hlavkovy ZPC (sklizefi 2000) skladovany v neklimatizovaném skladu (cca po roce skladovani), objem silic 0,22 ml/100g
chmele, &erna barva — granule ZPC (sklizefi 2000) skladované v neklimatizovaném skladu (cca po roce skladovani), objem silic 0,38 ml/100g chmele



