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U osmi ¢eskych chmelovych odriid byl stanoven obsah a zastoupeni pryskyfic, silic a polyfenoll. Z téchto dat byly vybrany obsahy
typické pro jednotlivé chmely (markery), které byly dale vyuzity pro sestaveni odridovych profilll a diagramu slouzicimu k identifikaci

¢eskych chmelovych odrad.
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The contents of resins, essential oils and polyphenols in eight Czech hop varieties were determined. The typical values (markers)
chosen were used for a compilation of variety profiles and a diagram which can be used for the identification of Czech hop varieties.
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Bei acht tschechischen Hopfensorten wurde der Gehalt an Harze, Silizium und Polyphenole und Zusammensetzung der Harze ana-
lysiert. Aus diesen Ergebnissen wurden fir die einzelne Hopfensorten (Marker) typische Werte ausgesucht, die weiter zur Zusammen-
stellung der Hopfensortenprofile und des zur Identifikation der tschechischen Hopfensorten dienenden Diagrams angewandt wurden.
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1 UVOD

Identifikace chmelovych odrld je posledni dobou velmi diskutova-
nym tématem. Slechtitelé chmele vyzaduji pfesné a spolehlivé metody,
které jim usnadni cilené Slechténi. Péstitelé pak diky témto metodam
mohou kontrolovat odriidovou stejnorodost chmelnic. V pivovarském
pramyslu nachéazeji identifikaéni metody uplatnéni coby uzite¢ny po-
mocnik pro ovéfovani pravosti nakupované chmelové suroviny.

V souc€asnosti Ize metody slouzici k identifikaci chmele rozdélit do
dvou skupin. Genetické metody [1-3] vychazeji z faktu, Zze kazda
chmelova odriida je jedine¢na svym genomem, a tudiz muze byt au-
tentifikovana na zékladé tzv. DNA fingerprintingu. Nespornou vyho-
dou téchto metod je jejich prfesnost, kterd je ovSem pfimo spojena
s nemalymi finanénimi naklady vynakladanymi zejména na vyvoj
téchto metod a jejich naslednou aplikaci.

Tyto nedostatky mohou byt ¢aste€né kompenzovany pouzitim me-
tod fyzikalné-chemickych [4—6], které jsou zalozeny na pfedpokladu,
ze kazda chmelova odrlida je unikatni slozenim urcitych sekundar-
nich metabolitl (odriddovych markert). Pro vyvoj fyzikalné-chemic-
kych metod je tedy nutné vytvofit profily chmelovych odriid obsahujici
pravé charakteristické slozeni sekundarnich metaboliti, kterym se
dané odrudy li$i od ostatnich.

Jako odrGidové markery jsou s vyhodou vyuzivany homology a-
a B-horkych kyselin, silice a nékteré polyfenoly. Za hlavni nevyhodu
téchto latek je povaZzovana zavislost jejich obsahli na radé vnéjsich
faktord jakymi jsou napfiklad péstitelska oblast [7], zdravotni stav rost-
liny [8] a zpUsob zpracovani [9], a proto je nutné veskeré vysledky
profilovani potvrzovat nejen opakovanym méfenim vzorkl z riznych
ro¢nikd sklizné, pfipadné péstitelskych oblasti, ale také statistickou
analyzou.

Cilem této prace bylo sestaveni profilt ¢eskych chmelovych odrid
na zakladé obsah( pryskyfic, silic a polyfenol(i, mezi které byl nové
zafazen i prenylovany flavonoid xanthohumol a na zakladé téchto pro-
filh pak sestavit diagram slouzici k identifikaci chmelovych odrid.

Keywords: hop, Czech hop varieties, a- and B-bitter acids, essential
oils, polyphenols

1 INTRODUCTION

Recently, the identification of hop varieties is a frequently discussed
topic. Hop growers demand accurate and reliable methods for facili-
tation of targeted cultivation. Hop cultivators use these methods for
controlling plant homogeneity in hop yards.

The identification methods are also used in breweries for the ver-
ification of purchased hops or hop products.

Generally, two kinds of methods for the identification of hops exist.

Genetic methods [1-3] based on the fact that each variety has
a specific genome and therefore can be identified on the basis of
DNA analysis (DNA-fingerprinting). The indisputable advantage of
this method is its exactness; a big disadvantage is its cost specifically,
for both for the development of these methods and for their applica-
tion.

The use of physico-chemical methods [4—6] compensates this dis-
advantages. They are based on the assumption that each hop variety
has a specific composition of particular secondary metabolites (vari-
ety markers). However, for the development of these methods it is
necessary to establish profiles of hop varieties containing character-
istic compositions of these distinct secondary metabolites.

Homologues of a- and B-bitter acids, essential oils and selected
polyphenols are often used as variety markers. The main disadvan-
tage of this method is that the contents of these substances depend
on a number of external factors such as growing area [7], plant health
[8] and processing method [9]. Therefore, all results of profiling not
only must be confirmed by repeated analyses of samples from differ-
ent years of harvest and different growing areas but also by statistical
analyses.

The aim of this study was firstly to establish profiles of Czech hop
varieties based on the contents of resins, essential oils and polyphe-
nols including prenylated flavonoid xanthohumol. Secondly, these pro-
files were used as the basis for the compilation of a diagram which
enables their identification.
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2 EXPERIMENTALNI CAST

2.1 Chmel

Chmelové odriidy Zatecky polorany &erveidk — Osvaldiv klon 72
(ZPC), Agnus, Sladek, Harmonie, Rubin, Bor, Premiant a Vital ze sk-
lizné 2009 byly dodany ve formé su$enych hlavek firmami V. F. Hu-
mulus, s. r. 0., @ Chmelafsky institut, s.r.o. Vzorky chmele byly ucho-
vavany pfi teploté 8 °C.

2.2 Chemikalie a standardy

Pro stanoveni homologti a- a B-hofkych kyselin a xanthohu-
molu byly pouZity: Diethylether p.a.— Penta (Ceska Republika); met-
hanol p.a.— Penta (Ceska Republika); kyselina chlorovodikova 38% —
Penta (Ceskéa Republika); acetonitril pro HPLC — Sigma-Aldrich (N&-
mecko); kyselina fosforecna 85% — Penta (Ceska Republika); kalib-
raéni extrakt ICE 2 — Labor Veritas (Svycarsko); Xantho-Pure extrakt
— Hopsteiner (Némecko).

Pro stanoveni chmelovych silic byly pouZity: Siran sodny (bez-
vody) p.a. — Lach-Ner (Ceska Republika); diethylether p.a. — Penta
(Ceska Republika); n-hexan Suprasolv — MERCK (Némecko); borneol
— MERCK (Némecko).

Pro stanoveni chmelovych polyfenoli byly pouzity: Dichlor-
methan p.a. — Lach-Ner (Ceska Republika); Aceton p.a. — Lach-Ner
(Ceska Republika); methanol pro HPLC — Sigma-Aldrich (Némecko);
kyselina octova 99% — Penta (Ceska Republika); standardy kyselin
protokatechové, gentisové, kavové, ferulové, sinapoveé, rutinu, kate-
chinu a epikatechinu Sigma-Aldrich (Némecko); kyselina p-hydroxy-
benzoovéa a kumarin — Fluka (Svycarsko).

2.3 Priprava vzorku

Extrakce a- a 3-horkych kyselin a xanthohumolu: Horké kyse-
liny a xanthohumol byly extrahovany 120 ml smési methanol : diet-
hylether (1 : 5) metodou The American Society of Brewing Chemists
—Methods of Analysis [10] a nasledné stanoveny pomoci HPLC-DAD.

Extrakce chmelovych silic: Chmelové silice byly 2 hodiny desti-
lovany vodni parou (100 g mletych chmelovych hlavek a 2 | vody)
a tento destilat byl nasledné extrahovan diethyletherem (3 x 10 ml)
[11]. Zastoupeni jednotlivych silic poté bylo stanoveno pomoci GC-
MS

Extrakce chmelovych polyfenolii: Chmelovy material byl nejprve
pomoci dichlormethanu zbaven pryskyfic a nasledné byl extrahovan
70% acetonem. Z tohoto extraktu byl poté odpafen aceton a vodny
roztok byl analyzovan pomoci HPLC-DAD [11].

2.4 HPLC-DAD a GC-MS analyza
Veskera chromatograficka stanoveni byla provedena metodikou
podle Jelinek a kol. [11].

3 VYSLEDKY A DISKUSE

3.1 Obsah vybranych sekundarndarnich metaboliti chmele
v éeskych odridach

Obsah a- a B-hotkych kyselin (a- a B-HK) a jejich homologl je
uvedenyv tab. 1.Z vysledkl je patrné unikatni postaveni odridy Agnus,
kterd se svym zastoupenim pryskyfic znaéné odliSuje od ostatnich
¢eskych odrid. Spole¢né s Rubinem a Vitalem patfi do kategorie vy-
sokoobsaznych chmelu. U téchto tfi odrlid se mnozstvi a-HK stan-
dardné pohybuje kolem 11 % hm. Agnus je charakteristicky vysokym
zastoupenim kohumulonu (koh) a kolupulonu (kol) a naopak velice

2 EXPERIMENTAL

2.1 Hops

Hop varieties Saaz — Osvald’s clone 72 (ZPC), Agnus and Sladek,
Harmonie, Rubin, Bor Premiant and Vital from the 2009 harvest were
supplied in the form of dry cones by the companies V.F. Humulus, Plc.
and Hop Institute, Plc. All hop samples were stored at 8°C.

2.2 Chemicals and standards

For the determination of a- and B-bitter acid homologues and
xanthohumol the following chemicals were used: diethyl ether
p.a., methanol p.a., hydrochloric acid 38% and phosphoric acid 85 %
from Penta (Praha, CZ), acetonitrile for HPLC from Sigma-Aldrich
Chemie (Minchen, D, calibration extract ICE 2 from Labor Veritas
(Zurich, CH) and Xantho-Pure extract from Hopsteiner (Mainburg, D).

For the determination of essential oils the following chemicals
were used: anhydrous sodium sulphate p.a. from Lach-Ner (Nera-
tovice, CZ), diethyl ether p.a. from Penta (Praha, CZ), n-hexane
Suprasolv and borneol from MERCK (Frankfurt D).

For the determination of hop polyphenols the following chem-
icals were used: dichloromethane p.a. and acetone from Lach-Ner
(Neratovice, CZ), methanol for HPLC from Sigma-Aldrich Chemie
(Miinchen, D), acetic acid 99 % from Penta (Praha, CZ), standards
of protocatechuic acid, gentisic acid, caffeic acid, ferulic acid, sinap-
inic acid, rutin, catechin, and epicatechin from Sigma-Aldrich Chemie
(Minchen, D) and 4-hydroxybenzoic acid and coumarin from Fluka
(Buchs, CH).

2.3 Sample preparation

Extraction of a- and B-bitter acids and xanthohumol: The bitter
acids and xanthohumol were extracted using a 120 ml mixture of
methanol : diethyl ether (1 : 5) according to the ASBC (The American
Society of Brewing Chemists) — Methods of analysis [10] and deter-
mined by HPLC equipped with a DAD (diode array detector).

Extraction of essential oils: Essential oils of hops were water
distilled (100 g of hop powder and 2 | of water) for 2 hours and the
distillate was subsequently extracted with diethyl ether (3 x 10 ml)
[11]. The selected oils were determined using GC-MS.

Extraction of hop polyphenols: to clean the sample of essential
oils, the samples were rinsed with dichloromethane. Afterwards, the
polyphenols were extracted using 70 % acetone in water. Next, the
acetone was evaporated and the water solution was analyzed by
HPLC-DAD [11].

2.4 HPLC - DAD and GC - MS
All chromatographic determinations were carried out according to
Jelinek et al. [11].

3 RESULTS AND DISCUSSION

3.1 The contents of selected secondary metabolites in Czech
varieties

The contents of a- and B-bitter acids (a- and B-BA) and their ho-
mologues are summarized in Tab. 1. The results show the unique po-
sition of the Angus variety. Its content of essential oils differs consid-
erably from other Czech varieties. It belongs together with the Rubin
and Vital varieties to the high alpha hop category. In the case of those
three hops, the usual content of a-BA is about 11 % w/w. This variety
is distinctive due to high contents of cohumulone (coh) and colupulone

Tab. 1 Obsah a- a B-horkych kyselin v ¢eskych chmelovych odrlidach / The contents of a- and B-bitter acids in Czech hop varieties

Odrida a-HK / Koh / Hum / B-HK/ Kol / Lup / Pomeér /
a-BA Coh Hum B-BA Col Lup Ratio
Variety (%) (% rel.) (% rel.) (%) (% rel.) (% w/w) al/p
Agnus 11.60 32.93 51.21 7.47 55.82 32.66 1.55
Bor 9.49 21.71 76.92 4.30 41.63 48.37 2.21
Harmonie 10.93 23.60 63.31 7.94 43.45 46.10 1.38
Premiant 10.59 18.22 71.48 6.06 39.77 49.83 1.75
Rubin 12.83 25.88 60.72 4.36 47.94 41.06 2.94
Sladek 7.93 23.20 64.44 7.47 4712 41.10 1.06
Vital 11.87 20.64 66.55 8.35 41.92 47.07 1.42
ZPC / Saaz 3.83 22.72 64.75 5.12 39.84 48.05 0.75
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Tab. 2 Obsah silic v ¢eskych chmelovych odriidach (% rel.) / The contents of essential oils in Czech hop varieties (% rel.)

Silice / Essential oil Agnus Bor Harmonie | Premiant Rubin Sladek Vital ZPC
B-myrcen / B-myrcene 24.79 15.11 25.21 17.35 15.70 14.73 10.59 15.61
Nonanal / Nonanal N.S. 0.08 0.06 0.11 N.S. 0.10 0.13 0.21

2-undekanon / 2-undecanone 0.63 1.65 0.98 0.93 0.49 1.18 3.51 1.18

Methyl 4-decenoat /

Methilll 4-decenoate 1.40 1.99 1.70 1.41 1.12 1.01 2.80 1.57
Methyl geranat / Methyl geranate| 3.71 0.67 0.99 0.75 0.47 0.94 0.04 0.13
Karyofylen / Caryophyllene 17.96 16.49 9.89 15.09 12.35 18.83 18.19 10.43
Humulen / Humulen 27.71 47.42 27.55 46.51 33.39 46.82 3.79 32.45
B-farnesen / B-farnesene N.S. 0.36 N.S. 2.59 0.07 0.06 2.36 20.64
y-selinen / y-selinene N.S. 0.16 0.36 N.S. 0.45 N.S. 3.40 N.S.
B-selinen / B-selinene 1.54 0.77 8.97 0.54 10.41 0.49 16.90 0.40
a-selinen / a-selinene 1.61 1.01 10.82 0.65 12.07 0.61 18.80 0.40
y-kadinen / y-cadinene 1.99 1.79 1.33 1.73 2.09 2.10 0.91 1.46
o-kadinen / o-cadinene 3.25 2.93 2.18 3.01 2.73 3.72 1.20 2.16
Karyofylen epoxid /

Caryophyllene epoxide 2.58 0.30 0.11 0.27 0.24 0.71 0.32 0.76
Humulen epoxid /

Humulene epoxide 3.47 1.01 0.30 0.81 0.30 1.69 0.58 2.38
a-11-selinen-4-ol /

a-11-selinene-4-ol 0.79 1.32 0.57 0.58 1.24 N.S. 5.48 1.54
a-limonen epoxid /

a-limonene epoxide 0.44 0.21 0.12 0.06 0.15 0.19 0.59 0.22
Celkové silice (% w/w) /

Total essential oils (% w/w) 1.68 0.77 1.15 1.11 0.88 0.99 0.77 0.39
N.S. — nebylo stanoveno / N.D not determined

nizkymi obsahy humulonu (hum) a lupulonu (lup). Odrtda ZPC byva
vidla nebyva vyssi nez 4,5 % hm.) a navic jako jedina ¢eskda odrida
ma pomér a/B mensi nez 1. Opacny extrém byl zjistén u odridy Ru-
bin, u niz byl stanoven velmi vysoky obsah a-HK a pomér a/f3 vtomto
pripadé se blizil 3. Obsah B-HK by mohl byt pouZitjako marker odrady
Vital, u niz jako u jediné pfevySoval 8 % hm.

Dal&i skupinou latek, které Ize Uspésné vyuzit k profilovani a iden-
tifikaci chmelovych odrud, jsou silice. V tabulce 2 jsou uvedeny rela-
tivni obsahy silic, hojné se vyskytujicich v chmelovych hlavkach. Nej-
Castéji uvadenym silicovym markerem ¢eskych chmeld je bezesporu
vysoky obsah B-farnesenu u Zateckého poloraného ¢ervenaku. Tento
obsah byva zpravidla vzdy vy$si nez 10% rel., coz umoznuje tuto od-
radu velmi snadno odli$it od ostatnich. Jako dal$i snadno identifiko-
vatelny chmel se ukazal Vital, ktery je unikatni pfedevSim velmi niz-
kym obsahem humulenu (< 10% rel.) a vysokym obsahem y-selinenu
(> 2% rel.). Obsah karyofylenu by mohl byt pouzit jako marker odriidy
Harmonie, nebot pouze v tomto pfipadé nepfevysuje hranici 10% rel..
Posledni ¢eskou odridou vhodnou k profilovani na zakladé charak-
teristickych obsaht silic byl Agnus. Tento chmel obsahoval nejvétsi
mnozstvi celkovych silic a rovnéz i suverénné nejvétsi podil methyl
geranatu a karyofylen epoxidu.

V pfipadé, ze odrida nemohla byt identifikovana pomoci marker(
ze skupiny pryskyfic Ci silic, Ize k tomuto uc€elu vyuzit polyfenoly.
Obsah a zastoupeni vybranych fenolovych latek jsou popsany v ta-
bulce 3. Agnus je v tomto pfipadé charakteristicky velmi nizkym ob-
sahem katechinu (< 20 % rel.), naopak epikatechinu obsahoval vzorek
tohoto chmele témér trojndsobné mnozstvi nez vétsina ostatnich od-
rGd. Kyseliny gentisova (> 20 rel.) a protokatechova (< 1% rel.) byly
vyhodnoceny jako markery charakterizujici odridu Bor. Obsah pro-
tokatechové kyseliny byl rovnéz unikatni u odridy Premiant, u které
jako jediné pfesahoval hranici 5% rel. Pro odridu Sladek byl charak-
teristicky obsah kumarinu (> 10% rel.). Odridy ZPC a Vital byly jedi-
necné znacné vysokym podilem katechinu (> 40% rel.). Tento marker
je v8ak prozatim doporuéeno vyuzivat pouze u odridy ZPC, u které
byl ovéfen mérenim na nékolika ro¢nicich sklizné.

3.2 Profily ¢eskych chmelovych odrtd a jejich identifikace
pomoci diagramu
Pred zacatkem samotného profilovani je tfeba si uvédomit, Zze z 1a-
tek vyuzitych k identifikaci chmelovych odrld jsou obsahy chmelo-

(col) and low contents of humulone (hum) and lupulone (lup). The
Saaz variety is characterised by the lowest content of a-BA (usually
not higher than 4.5 %) and is the only Czech variety with a a/B ratio
lower than 1. Another extreme case in the opposite direction was
found with the Rubin variety. The content of a-BA was very high and
the a/B ratio was almost 3. The high content of 3-BA of 8 % alone
could be considered as a marker for the Vital variety.

The next group of compounds which can be used for the profiling
and the identification of hop varieties includes the essential oils. The
relative contents of essential oils frequently found in hop cones are
given in Tab. 2. The marker most frequently mentioned is the high con-
tent of the essential oil B-farnesene in the Saaz variety. This content,
regularly higher than 10 % rel., enables distinguishing the Saaz variety
from other varieties. Furthermore a very easily identifiable variety
proved to be the Vital variety. It is unique especially due to the very low
content of humulene (< 10 % rel.) and the high content of y-selinene
(> 2 % rel.). The content of caryophyllene can be considered as
a marker for the Harmonie variety. Only in this variety is the content
lower than 10 % rel. The last Czech variety suitable for identification
based on a distinguishable content of essential oils is the Agnus variety.
This hop contained the largest amount of total essential oils and by far
the largest occurrence of methyl geranate and caryophyllene epoxide.

If the hop variety cannot be identified with the resin or essential oil
markers, polyphenols can be used for this purpose. The presence
and the contents of selected phenol compounds are detailed in Tab. 3.
The Agnus variety is distinguishable by a very low content of catechin
(< 20 % rel.). On the contrary, the content of epicatechin in this variety
was almost three times higher than in the majority of the others varieties.
The contents of gentisic acid (> 20 % rel.) and protocatechuic acid (<
1 %) were evaluated as characteristic markers for the Bor variety. A con-
tent of protocatechuic acid higher than 5 % rel. was also specific to the
Premiant variety. Specific to the Sladek variety was the coumarin con-
tent (> 10 % re.). The Saaz and Vital varieties were distinctive due to
very high contents of catechin (> 40 % rel.). Nevertheless, for the time
being the use of this marker is only recommended for the Saaz variety
as this has been validated with measurements from several erors.

3.2 Profiles of Czech hop varieties and their identification
using the diagram
It must be realized that from the substances used for the identifi-
cation of hop varieties the content of hop resins is a feature which is
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Tab. 3 Obsah polyfenolt v Eeskych chmelovych odrlidach (% rel.) / The contents of polyphenols in Czech hop varieties (% rel.)

Polyfenoly / Polyphenols Agnus Bor Harmonie | Premiant Rubin Sladek Vital ZPC
Protokatechova kyselina /

Protocatechuic acid 2.8 0.7 2.4 6.3 3.5 2.3 1.3 1.6
4-hydroxybenzoova kyselina / 0.6 13 12 1.8 07 1.3 1.0 1.2
4-hydroxybenzoic acid

Rutin / Rutin 23.6 13.3 23.5 18.2 20.9 17.2 14.9 18.7
Katechin / Catechin 17.3 37.2 33.3 34.7 31.1 29.9 41.9 44.8
Epikatechin / Epicatechin 16.3 5.7 4.2 6.2 5.4 5.7 13.5 4.5
Kumarin / Coumarin 8.8 8.0 6.8 5.5 4.5 11.7 2.5 2.5
Gentisova kyselina / 135 22.3 15.9 132 17.1 135 16.2 16.6
Gentisic acid

Kavova kyselina / Caffeic acid 3.5 1.6 2.2 4.11 4.0 6.3 1.1 3.7
Ferulova kyselina / Ferulic acid 1.9 0.4 1.5 1.8 1.8 1.3 1.0 0.7
Sinapova kyselina /

Sinapinic acid 4.4 2.1 2.2 3.3 3.0 6.0 1.6 1.6
Xanthohumol / Xanthohumol 0.9 0.4 0.5 0.4 0.5 0.7 0.8 0.2
Z Polyfenoll /

S Polyphenols (mg/100g) 266 445 303 275 235 349 417 730

vych pryskyfic nejvice ovlivnitelné vnéjSimi faktory. Naopak obsahy
silic Ize povazovat za stabilni a obecné se jim pfi vyvoji identifikacnich
metod dava prednost.

Z tabulky 4 je patrné, Ze nejsnaze identifikovatelnym ¢eskym chme-
lem je Agnus, ktery Ize charakterizovat celkem osmi odrtidovymi mar-
kery, z toho tfemi ze skupiny silic. Naopak Rubin se dvéma markery
ze skupiny pryskyfic Ize z tohoto hlediska povazovat za velmi obtizné
identifikovatelnou odrddu. Vyhodou této odridy je pomérovy marker,
u kterého se v zasadé predpoklada, Zze obsah a- i B-HK je vnéjSimi
faktory ovlivnén stejnou mérou, tudiz Ize tento pomér povazovat za
relativné spolehlivy ukazatel.

Vysledné profily byly pouzity k sestaveni kliCového diagramu
(obr. 1), s jehoz pomoci je mozné snadno identifikovat Cesky chmel.
Ze zakladni skupiny je kazda odriida oddélena pomoci marker(i uve-
denych nad Sipkou. Je dllezZité védét, ze spravné identifikovany

most susceptible to external factors. On the contrary, the contents of
essential oils should be considered as a stable factor which should
be preferred in the development of identification methods.

Tab. 4 shows that the easiest recognizable Czech variety is the Ag-
nus variety. It could be characterized by a total of eight variety markers
including three from the group of essential oils. From this point of view,
the Rubin variety with only two markers from the group of resins is
considered to be a very difficult variety to identify. The preferred and
relatively reliable marker in this case is the ratio marker of a/f BA.
Here it is assumed that the contents of a- and B-bitter acids is in-
fluenced to the same extent by external factors.

The final profiles were used for a compilation of the key diagram
(Fig. 1). This can be used for easy and solid identification of Czech
hop varieties. Each variety is identified by markers indicated above
the arrow. The correctly identified hop must match to all markers

Tab. 4 Markerové profily ¢eskych chmelovych odriid / Profile markers of Czech hop varieties

Odrida / Pryskyfricové markery / Silicové markery / Polyfenolové markery /
Variety Resin markers Essential oil markers Polyphenol markers
Koh. / Celkové silice /
Coh > 30% rel. Total essential oils > 30% hm. Katechin
AQNUS Kol. / Methyl geranat / Catechin < 20 % rel.
9 Col. > 50% rel. Methyl geranate > 2 % rel. Epikatechin
Lup./ Karyofylen epoxid / Epicatechin > 15 % rel.
Lup. < 40% rel. Caryophyllene epoxide > 1 % rel.
K. gentisova /
Bor Gentisic acid > 20% rel.
K. protokatechova /
Protocatechuic acid < 1% rel.
. Karyofylen /
Harmonie Caryophyllene < 10 % rel.
Premiant K. protokatechova /
Protocatechuic acid > 5% rel.
a-HK'/
Rubin a-BA > 12% hm.
ap>27
. Kumarin /
Sladek Coumarin > 10% rel.
Humulen /
Vital B-HK/ Humulen < 10% rel.
B-BA > 8% hm. y-selinen /
y-selinene > 2% rel.
-HK/
PG g-BA < 4.5% hm B-farnesen / Katechin /
/B <1 ’ ’ B-farnesene > 10% rel. Catechin > 40 % rel.
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Agnus, Bor, Harmonie, Premiant,
Rubin, Sladek, Vital, ZPC

Methyl geranat > 2% rel.
Karyofilen epoxid > 1% rel.
Katechin < 20% rel.
Epikatechin > 15% rel.

wp>27

RUBIN AGNUS

A
v

)
&

K. gentisova > 20% rel.

K in > 10% rel.
umarin > 10% re K. protokatechova < 1% rel.
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v

Humulen < 10% rel.

J-sclinen> 2% rel Karyofylen < 10% rel.

VITAL | g
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B-farnesen > 10% rel.
Katechin > 40% rel.

K. protokatechova > 5% rel.
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PREMIANT
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Agnus, Bor, Harmonie, Premiant,
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Methyl geranate > 2% rel.
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Catechin < 20% rel

Epicatechin > 15% rel.
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p-farnesene > 10% rel.
Catechin > 40% rel

Protocatechuic acid > 5% rel.

PREMIANT

<
<

v

Obr. 1 Diagram pro identifikaci ¢eskych chmelovych odriid

chmel musi bezpodmineéné vyhovovat vSem pfedepsanym marke-
rim uvadénym v klicovém diagramu (ne v profilu). Neni-li tato pod-
minka spinéna, pfesnost stanoveni se vyrazné snizuje.

Je zfejmé, Ze z Ceskych chmell jsou nejsnaze identifikovatelné od-
rdy Agnus a ZPC, a to pfedevsim diky ,.silnym“ markerlm ze skupiny
silic, které v kombinaci s doprovodnymi charakteristickymi obsahy
pryskyfic a polyfenol( velmi odrazi rovnéz pivovarskou hodnotu téchto
chmell. Na druhé strané odriida Rubin byla v tomto pfipadé vyjime¢na
pouze vysokym obsahem a-HK, ktery je do zna¢né miry ovlivnén ro¢-
nikem sklizné a o néco spolehlivéjSim pomérovym markerem a/B.

4 ZAVER

Tato prace se zabyvala hledanim obsah( sekundarnich metabolitd
charakteristickych pro ¢esky chmel. Pro tento u€el byl zméfen obsah
a-a B-horkych kyselin a jejich homologU, vybranych silic a fenolovych
latek u osmi ¢eskych chmelovych odrid. V tomto souboru dat byly
nalezeny charakteristické obsahy sekundarnich metabolitd, které byly
nasledné pouzity k sestaveni profilti ¢eskych odrid a dale k vytvoreni
klicového diagramu pro jejich identifikaci. Jedine€nymi, z hlediska
mnozstvi markerd, byly shledany odriidy Agnus a Vital. Naopak od-
rada Rubin s pouhymi dvéma markery byla obtizné identifikovatelna
a mohla by byt snadno zaménéna s jinym vysokoobsaznym chme-
lem.
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Fig. 1 Identification diagram for Czech hop varieties

given in the key diagram (not only in the profile). Without fulfilling
this condition the correctness of the identification decreases signifi-
cantly.

Evidently, the Agnus and the Saaz varieties are very easily identi-
fiable due to strong markers from the group of essential oils. The brew-
ing value of these varieties is reflected in the combination of the char-
acteristic contents of resins and polyphenols. On the contrary, in our
study the Rubin variety was exceptional only for its high content of
a-BA which is largely influenced by the year of harvest and for the
little more solid a/f BA ratio marker.

4 CONCLUSIONS

The aim of this study was to find secondary metabolites specific to
Czech hops. For this purpose, contents of - and -bitter acids and
their homologues, selected essential oils and polyphenols in eight
Czech hop varieties were determined. Characteristic contents of sec-
ondary metabolites from these groups of compounds were selected
and subsequently used for the compilation of the variety profiles and
for the key diagram for their identification. Unique, due to the amount
of markers found were the Agnus and Vital varieties. On the contrary
the Rubin variety with only two markers was hard to identify and could
be easily mistakenly confused with another hop with a similar high
content of secondary metabolites.
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