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Autenticita stavajiciho souboru 11 registrovanych ¢eskych odriid chmele byla provedena na zakladé analyz alfa a beta kyselin, chme-
lovych silic a prenylovanych flavonoidu. RozliSeni odriid bylo provedeno na zékladé zastoupeni kohumulonu, obsahu vybranych alifatickych
esterd a terpenickych uhlovodiki farnesenu a selinenti ve chmelovych slicich a obsahu xanthohumolu a DMX a poméru alfa kyseliny/xant-
hohumol. Pomoci téchto deskriptori bylo sestaveno identifikaéni schéma. Molekularné-genetické analyzy suSenych hlavek ukazaly, ze
identifikace odrid z tohoto materialu je mozna. Spolehlivost identifikace chmelovych odrid obecné zavisi na stafi vzorkl a na zplsobu
zpracovani hlavkového chmele na vyrobky. V pfipadé chmelovych extraktl je analyza DNA nepouZitelna, u chmelovych granuli je ome-
zena, protoze procesni podminky bud DNA odstranuji, nebo destruuji. Modelové pokusy falsifikace Zateckého poloraného Cervenaku
pomoci chemickych a genetickych analyz shodné prokazaly, ze mira prikaznosti je zhruba od hranice 10 % hm. pfimési. Nedavno
odhaleny realny pfipad falsifikace Zateckého poloraného ¢ervenidku prokazal, ze podil cizi pfimeési ¢inil 50 az 70 % hm.

Krofta, K. — Patzak, J.: Investigation of Czech hop varieties authenticity by means of chemical and genetic analyses. Kvasny
Prum. 57, 2011, No. 7-8, p. 296-304.

Autenticity of the current file of eleven Czech hop varieties was elaborated on the basis of analyses of alpha acids, beta acids, hop oils
and prenylated flavonoids. Varietal discrimination was based on cohumulone ratio, contents of selected aliphatic esters and sesquiterpenes
farnesene and selinenes in hop oils and content of xanthohumol, desmethylxanthohumol and xanthohumol/alpha acids ratio. Identification
scheme was constructed with the help of these descriptors. Analyses of dried hops by molecular-genetic methods proved that identification
of hop varieties is feasible from this material. Reliability of hop varieties identification generally depends on age of samples and on the
way of raw hops processing to hop products. DNA analyses are not practicable in hop extracts and are limited in hop pellets due to DNA
fractionation or destruction under processing conditions. Model tests of Saaz aroma variety adulteration with the help of chemical and
geonome analyses identically showed that the lowest level of conclusiveness is at about of 10 % admixture. Recently discovered real
incident of Saaz hops adulteration showed that proportion of unknown variety was in the interval of 50-70 %.

Krofta, K. — Patzak, J.: Die Ermittlung der Authentizitdt von tschechischen Hopfensorten durch chemische und molekular-ge-
netischen Analysen. Kvasny Prum. 57, Nr. 7-8, S. 296-304.

Auf Grund der durchgefiihrten Alpha - und Betasauren -, Hopfensilizium- und Prenylflavanoidanalysen wurde die Authentizitat der be-
stehenden Datei von elf registrierten tschechischen Hopfensorten durchgefiihrt. Die Hopfensortenunterscheidung wurde auf Grund der
Vertretung des Kohumulons, des Gehalts an ausgesuchten alifatischen Ester und des Gehalts an terpenischen Ester und terpenischen
Farnesen- und Selinenkohlenwasserstoff im Hopfensilizium und des Gehalts an Xantohumulon, DMX und des Verhéltnisses Alphasau-
ren/Xantohumulon wurde die Auflésung getan. Durch diese Deskripton wurde ein Identifikationsschema zusammengefaft. Die moleku-
lar-genetische Analyse der trockenen Hopfendolden hat gezeigt, dal3 eine Hopfensortenidentifikation aus diesen Unterlagen méglich ist.
Die Zuverlassigkeit der Hopfensortenidentifikation héangt allgemein von dem Musteralter und dem Hopfendoldenverarbeitungsverfahren
auf finale Erzeugnisse ab. Im Falle der Hopfenextrakte ist die DNA Analyse nicht anwendbar, fir die Hopfengranula ist diese Methode
schon begrenzt, weil die Prozessbedingungen die DNA entweder beseitigen oder zerstéren. Die Modellversuche der Falsifikation der
Hopfensorte Zatecky poloranny erveriak (Saazer halbfriihen Rothopfen) durch chemische und genetische Analysen haben identisch
gezeigt, daB die Beweiskraft vom Wert etwa 10% gew. der Beimischung anféngt. Vor kurzem entdeckter realer Fall der Falsifikation der
Hopfensorte Zatecky poloranny ¢ervenak hat gezeigt, das Anteil der Beimischung der fremden Hopfensorte im Bereich 50% bis zu 70 %
gew. lag.

Klicova slova: alfa a beta kyseliny, kohumulon, chmelové silice, far-
nesen, DNA, SSR molekularni markery, odridova Cistota, falsifikace
chmele

1 UVOD

Historie zaznamenava mnoho pfipadl falsifikace potravin a ze-
médélskych produktl (vino, med, destilaty, ovocné dzusy, olivovy
olej, tabak, kava, syry, kofeni, ¢aj aj.). Nekvalitnéjsi, a tudiz i nej-
drazsi produkty byly v historii, a bohuzel i nadédle jsou, upravovany
vydavany za zbozi prvotfidni kvality. V pfipadé chmele je za nejkva-
litnejSi surovinu vSeobecné povazovan Zatecky polorany Cervenak
(ZPC), tradi¢ni ¢eské odrida chmele. V druhé poloviné 20. stoleti
bylo vySlechténo a zavedeno do komeréniho péstovani nékolik de-
sitek novych odriid chmele. Trend rychlé obmény péstovanych odrid
chmele, ktery pruzné reaguje na potreby pivovarského primyslu,
trvd i v sou¢asné dobé. S tim soucasné vyvstala potfeba identifikace

Keywords: alpha and beta acids, cohumulone, hop oils, farnesene,
DNA, SSR molecular markers, varietal purity, hops adulteration

1 INTRODUCTION

History keeps score of a lot of food and agriculture products falsi-
fication incidents (vine, honey, fruit juices, olive oil, tabbaco, coffee,
cheeses, spicy, tea and others). The best quality and therefore the
most expensive produts have been and unfortunately still are treated
with the addition of cheaper ones, surrogates, additives and subse-
quently declared as best quality commodity. In the case of hops Saaz
aroma variety, traditional Czech hop variety, is generally considered
as best one in the world. In the second half of the 20™" century many
new hop varieties were bred and introduced into commercial cultiva-
tion. The trend of the fast change of cultivated hop varieties which
flexibly conforms to the needs of brewing industry, still continues. Such
situation required need of identification and mutual discrimination of
various hop genotypes. From the beginning hop varieties were eval-
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a vzajemného rozliseni riznych chmell. Odrddy chmele se nejprve
hodnotily na zékladé morfologickych znakd nejen hlavek, ale i celé
révy. Pokroky v analytické chemii obsahovych latek chmele umoznily
pfesné analyzovat obsah a slozeni nékterych slozek chmelovych
pryskyfic, silic a polyfenolli [1, 2]. Chemotaxonomie vychazi z toho,
Ze obsah a sloZeni sekundarnich metabolitl chmele jsou v nékterych
parametrech odrlidové charakteristické a jsou jen v malé mife ovliv-
nény péstebnimi podminkami, povétrnostnimi a jinymi vlivy. V pfi-
padé chmelovych pryskyfic je takovym parametrem zastoupeni jed-
notlivych analogd humulonu a lupulonu v alfa a beta kyselinach.
Zatimco obsah adhumulonu se ve vSech odridach pohybuje v izkém
rozmezi 15 az 20 % rel., zastoupeni kohumulonu se pohybuje v roz-
mezi mnohem $ir§im od 15 do 50 % rel. [3,4]. Samotny obsah alfa
a beta kyselin podléhd znaénym meziro€nikovym zménam, stejné
jako jejich pomér, coz je nutno pfi posuzovéani odriid zohlednit [5].
Dalsi cenné informace o identité odridy poskytuje slozeni chmelo-
vych silic. Pocet identifikacnich znakd je mnohem vétsi, protoze ve
chmelovych silicich bylo dosud identifikovano nékolik set latek riz-
ného chemického slozeni [6]. Pfitomnost ¢i absence nékterych slo-
zek silic, jejich obsahy a vzajemné poméry jsou silné odrtidové pod-
minény [7,8]. Uniformitu sloZeni silice nezavislou na nékterych
vlivech prostfedi (stéfi rostlin, abnormalni hnojeni, virové infekce,
meziro¢nikové vlivy poc€asi) prokazali Likens a Nickerson [9]. V po-
rovnani s chmelovymi pryskyficemi se slozeni silic, vzhledem k té-
kavosti nékterych slozek, méni rychleji napriklad pfi susSeni a zpra-
covani na chmelové vyrobky, ale ne natolik, aby to znemoznilo
identifikovat odridu i po zpracovani chmele na granule &i extrakty
[10]. Pfes velky pocet slozek silic pouze nékolik z nich poskytuje
vhodnou informaci o identité odrdy, pfi¢emz nejvice zastoupené
diich se autorim podafilo na zakladé sloZzeni chmelovych silic a prys-
kyfic vzajemné rozlisit nékolik desitek riznych odrad chmele [11-
15]. U odrid, které jsou geneticky pfibuzné, jako jsou napf. Fuggle,
Savinski Golding nebo Tettnang a Zatecky polorany Cervenak, ani
analyza chmelovych pryskyfic a silic nemusi vést k jednoznaénému
rozliSeni. Analyza polyfenoll se k identifikaci odrid pouzivéd pomérné
zfidka. Chmelové polyfenoly pfedstavuji velmi Siroké spektrum latek
od jednoduchych fenolovych kyselin az po kondenzované flavonoidni
formy. Rada z nich se vyskytuje ve formé glykosidd. Van Sumere et
al.[16] vypracovali metodu separace nékolika desitek polyfenolovych
slozek chmele kapalinovou chromatografii a prokazali zna¢né odri-
dové rozdily v zastoupeni nékterych slozek, prfedevsim glykosidl ka-
empferolu a quercetinu. Frakci nizkomolekularnich polyfenold pouzil
k rozliSeni vybranych odriid chmele Jelinek [17].

V poslednich letech bylo vyvinuto nékolik metod identifikace chme-
lovych odriid na zakladé analyzy DNA. Na rozdil od chemotaxomic-
kych analyz nejsou genetické metody ovlivnény starim rostlin ani raz-
nymi vlivy prostfedi. DNA Ize izolovat z libovolnych &asti rostlin. Jsou
proto aplikovatelné jiz u mladych rostlin, a to nejen k identifikaci od-
rady, ale také napf. k uréeni pohlavi v juvenilnim stadiu ristu. Nej-
pouzivangjsi molekularné biologické metody vyuzivaji amplifikaci
DNA polymeréazovou fetézovou reakci (PCR). Metodu RAPD (Ran-
dom Amplified Polymorphic DNA), ktera je zaloZena na reakci oligo-
nukleotidovych primer( s denaturovananou DNA, pouZzil napf. Patzak
etal.[18] k odliSeni Zateckého poloraného Cervenaku a ceskych hyb-
ridnich odr(id Bor, Sladek a Premiant. UspéSnost metody k identifikaci
odrGd chmele byla potvrzena i v praci Murakamiho [19]. Dal§i metoda
amplifikace délkového polymorfismu restrikénich fragmentl AFLP
mé4, vzhledem k vysoké mife polymorfismu, mnohem vétsi rozliSovaci
schopnost. Patzakovi [20] se touto metodou podafilo rozliSit Osval-
dovy klony 31, 72, 114. NejspolehlivéjSim postupem pro molekularné
genetickou charakterizaci genotypd chmele a hodnoceni jejich vari-
ability a biodiversity je metoda SSR (jednoduché sekvenéni repetice).
Mnoho SSR marker( bylo jiz pro chmel specifikovano [21-23]. V na-
Sich predeslych pracich jsme pfipravili u¢inny SSR markerovaci
systém pro genotypizaci ¢eskych odriid chmele [24]. Ovérili jsme a za-
vedli tyto markery pro identifikaci genotypd chmele a kontrolu odri-
dove Cistoty [25]. .

V CR je v sou¢asné dobé registrovano 11 odrdd chmele: Zatecky
polorany Cervenak, Sladek, Bor, Premiant, Agnus, Harmonie, Vital,
Rubin, Kazbek, Bohemie a Zatecky pozdni. PfedloZena prace infor-
mujeme o pouZziti molekularnich markerd pro kontrolu autenticity ¢es-
kych chmel(. Prikaznost falsifikace ¢eskych chmeld je provedena na
zakladé chemickych i genetickych analyz. Pomoci chemickych analyz
vybranych sekundarnich metabolitll je prezentovano identifikaéni
schéma vSech ¢eskych odrid chmele. Falsifikace ceskych chmell je
dokumentovana na realném pripadu falSovani Zateckého ¢erveridku
z nedavné doby.

uated according to morphological traits of bine and cones. Advances
in analytical chemistry of hop secondary metabolites enabled pre-
cisely analyse contents and composition of some hop resins, hop oils
and polyphenols components [1,2]. Chemotaxonomy of hop cultivars
comes out of the fact, that composition of secondary metabolites is
in some parametrs varietal characteristic and only slightly affected by
growing and environmental conditions. Cohumulone and colupulone
ratio in alpha and beta acids are such parameters. While adhumulone
ratio moves in relatively narrow interval of 15-20 % rel. in all hop va-
rieties, cohnumulone ratio is found in the broad interval of 15-50 %
rel. [3,4]. Content of alpha and beta acids undergoes significant year-
to year changes as well as alpha/beta acids ratio [5].

Composition of hop oils provides many other valuable information.
The number of identification attributes is much higher because several
hundred compounds of various chemical composition has been found
[6]. The presence or absence of some hop oils components and thein
mutual ratios are significantly varietal dependent [7,8]. Uniformity od
hop oils composition independent on some environmental effects
(age of hop plants, abnormal manuring, virus infection) declared [9].
In comparison with hop resins composition of hop oils changes much
faster for example in the course of drying and processing to hop prod-
ucts. In spite of this identification of hop varieties in hop pellets and
hop extracts is feasible [10]. In spite of great number of hop oil com-
ponets only a few of them provide suitable information about variety
identity. Most abundant components don t have to be the most im-
portant ones. Several tens of various hop varieties were successfully
discriminated on the basis of hop resins and hop oils composition
[11-15]. For genetically related varieties such as Fuggle, Savinjski
Golding or Saaz and Tettnang analysis of hop resins and hop oils
don t have to lead to their unambiguous discrimination.

Analysis of polyphenols is rarely used for hop varieties identifica-
tion. Hop polyphenols represent wide spektrum of components from
simple phenol acids to condense flavonoid species. Many of them are
found in the form of glycosides. Van Sumere et al. [16] elaborated
separation method of a great number of polyphenols components
with the help of liquid chromatography. He found out significant varietal
differences in the proportion of some components such kaempferol
and quercetin glycosides. Jelinek [17] used low molecular polyphe-
nols fraction to the discrimination of selected file of hop cultivars.

In the course of the last two decades several metods for identifica-
tion of hop varieties on the basis of DNA analysis were developed.
On the contrary of chemical ones genetic analyses are not effected
by age of hop plants and other environmental influences. DNA can
be isolated from any part of hop plant. Therefore genetic methods are
applicable in young plants not only to variety identification but to the
determination of sex in juvenilie stage of growth as well. Most of ge-
netic methods utilize amplification DNA by menas of polymerase
chain reaction (PCR). Patzak [18] used RAPD (Random Amplified
Polymorphic DNA) method to the discrimination of Saaz aroma variety
from Czech hybrid cultivars Bor, Sladek and Premiant. Success of
this procedure to the hop varieties identification was confirmed by
Murakami [19]. Another method AFLP (Amplified Fragment Lenght
Polymorphism) has much higher discrimination ability. Osvald s
clones 31, 72, 114 were successfully distinquished by Patzak [20]
with the help of this method. The SSR (Simple Sequence Repeat)
method is the most reliable one for the molecular genetic character-
ization of hop genotypes and the evaluation of their variability and
biodiversity. The many of SSR markers have been characterized in
hop [21-23]. In our previous works, we prepared the efficient SSR
marker system for genotyping of Czech hop cultivars [24]. We proved
and implemented these markers for identifying of hop genotypes and
control of cultivar purity [25].

Eleven hop varieties is currently registered in the Czech Republic:
Saaz, Saaz Late, Sladek, Bor, Premiant, Agnus, Harmonie, Vital, Ru-
bin, Kazbek, Bohemie. In the current study, we report about utilisation
of molecular markers for the control of Czech hops authenticity. Con-
clusiveness of Saaz aroma variety adulteration is elaborated on the
basis of chemical and genetic analyses as well. Identification diagram
of all Czech hop cultivars based on chemotaxononomy analyses of
secondary metabolites is presented. Falsification of Saaz aroma va-
riety is documented on actual incident which was recently discovered.

2 MATERIAL AND METODS

Samples of dried raw hops and hop pellets from three crop harvests
atleast were used for identification of 11 Czech hop varieties. Varieties
registered recently were analysed under their breeding codes (Vital
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2 MATERIAL A METODY

K identifikaci 11 ¢eskych odrdd chmele byly pouzity vzorky suse-
nych hlavek a granuli z minimalné 3 sklizni. Odrudy, které byly regist-
rovany v poslednich letech, byly analyzovany jesté pod svym $lechti-
telskym oznacenim (Vital — 4715, Kazbek — 4353, Bohemie — 4837,
Zatecky pozdni — 4237, Rubin — 4527). Vzorky pochéazely ze véech
péstitelskych oblasti CR. U novych odriid registrovanych po roce 2007
byly vzorkovany $lechtitelské porosty Chmelafského institutu v Zatci
a registracni pokusy UKZUZ.

Obsah a slozeni alfa a beta kyselin byly stanoveny kapalinovou
chromatografii dle metody EBC 7.7. Simultanné byl uren i obsah
prenylovanych flavonoid xanthohumolu a desmethylxanthohumolu
[26]. Chmelové silice byly z matrice izolovany destilaéni metodou
a analyzovéany plynovou chromatografii. V pfipadé malého mnozstvi
vzorku se k izolaci silic pouZila metoda SPME [27]. Mira prikaznosti
falsifikace Zateckého poloraného Cervenaku byla zkoumana na od-
radach Sladek a Zatecky pozdni v granulované formé. Zatecky cer-
venak, jako nejkvalitnéjsi odrida chmele, je falsifikaci redIné nejvice
ohrozena. Obé odrldy byly vybrany s ohledem na obsah farnesenu
ve chmelovych silicich. Odrida Sladek farnesen obsahuje jen ve velmi
malém mnozstvi (méné 1 % rel.), v odride Zatecky pozdni je obsah
farnesenu srovnatelny se ZPC (cca 15 % rel.). Podil pfimési v Zatec-
kém Cervenaku ¢inil 5, 10, 20 a 30 % hm. Pro kazdou smés byly pro-
vedeny analyzy alfa a beta kyselin a chmelovych silic v 10 opakova-
nich. Z vyslednych hodnot byly stanoveny pridmérné hodnoty
a intervaly spolehlivosti vybranych analytl. Mira prikaznosti falsifi-
kace byla uréena pro takovy podil pfimési, pfi kterém se intervaly
spolehlivosti gistého ZPC a smésného vzorku u minimalné 2 slozek
prestaly prekryvat. Statistické hodnoceni experimentalnich dat bylo
provedeno pomoci programu QC.Expert 2.5 (TriloByte Pardubice).

DNA byla izolovana z mladych listd a suSenych hlavek ¢eskych od-
rid chmele a $lechtitelskych linii podle Patzaka [28]. Pro molekularni
analyzy byla pouzita SSR metoda [21, 22,23], STS a EST-SSR [29,30]
markerovaci systémy. Typicka PCR reakce (Taq PCR master mix kit,
Qiagen, Hilden, FRG) probihala za nasledujicich amplifikacnich pod-
minek: 2 min pfi 94 °C, 35 cykla (30 s pfi 94 °C; 60 s pii 54 °C, 90
s pfi 72 °C); 10 min pfi 72 °C. PCR byla provadéna v TGradient ter-
mocykleru (Biometra, Goettingen, FRG). Amplifikované produkty byly
rozliSeny vertikalni elektroforézou v 5% denaturaénim (8M mocovina)
polyakrylamidovém gelu a vizualizovany barvenim stfibrem [28].
U produktl byla zaznamenana jejich prezence nebo absence v jed-
notlivych vzorcich na zakladé molekularnich velikosti podle 20 bp
DNA Markeru (Bio-Rad, Hercules, CA, USA).

3 VYSLEDKY A DISKUSE
3.1 Chemotaxonomie odrid

V tab. 1 jsou uvedeny vysledky stanoveni horkych kyselin a pre-
nylflavonoidi v odriidé Sladek ve vybranych vzorcich hlavek ze sklizni
2008-2010. Vysledky ukazuji, ze nejstabilngjSimi parametry, které
analyza poskytuje, jsou zastoupeni kohumulonu a kolupulonu, které
se pohybuiji v relativné uzkém rozmezi 25 az 29 % rel., resp. 47-50 %
rel. Absolutni obsahy alfa kyselin, které se pohybuji v Sirokém inter-
valu 4 az 12 % hm., jsou velmi zavislé na stafi porostll a péstebni lo-
kalité. Na obr. 1 jsou znazornéna typicka rozmezi poméru kohumu-
lonu pro véech 11 ¢eskych odriid. Pro identifikaci Ize tento ukazatel
pouzit pro odridy Agnus a Kazbek (> 30 % rel.) a Harmonie (< 20 %
rel.). VSechny ostatni intervaly se prekryvaji v hodnotach od 20 do

— 4715, Kazbek — 4353, Bohemie — 4837, Zatecky pozdni — 4237,
Rubin — 4527). Samples originated from all growing regions in the
Czech Republic. Varieties registered after 2007 were sampled in
breeding plots and state varietal tests (UKZUZ).

Content and composition of alpha and beta acids were determined
by liquid chromatography according to EBC 7.7 method. Contents of
prenylated flavonoids xanthohumol and desmethyl-xanthohumol
were analysed simultaneously [26]. Hop oils were isolated by steam
distillation and analysed by gas chromatography. If low amount of
sample was available SPME procedure was used for hop oil isolation
[27].

Conclusiveness level of Saaz hops falsification was studied on
Sladek and Saaz Late cultivars in the form of hop pellets. Saaz aroma
variety as the top quality hops is the most jeopardised by adulteration.
Both varieties were selected on the basis of farnesene contents in
hop oils. Content of farnesene in Sladek is under 1 %, Saaz Late con-
tains comparable amount of farnesene to Saaz (cca 15 % rel.). Model
portion of admixture in Saaz was 5, 10, 20 a 30 % w. Analyses of
alpha acids, beta acids and hop oils were done for each mixture in
10 repetitions. Mean values and confidence intervals for selected an-
alytes were counted from analytical results. Level of falsification de-
tection was fixed for such portion of admixture when confidence in-
tervals for pure Saaz and mixed sample ceased to overlap for
minimum 2 analytes. Statistical evaluation of experimental data was
done with the help of QC.Expert 2.5 (TriloByte Pardubice) statistical
software.

DNA was isolated from the young leaves and dried cones of Czech
hop cultivars and breeding lines according to Patzak [28]. For molec-
ular analyses, we used SSR [21-23], STS and EST-SSR [29,30]
marker systems. In a typical PCR reaction (Taqg PCR master mix kit,
Qiagen, Hilden, FRG) we used the following amplification conditions:
2 min at 94 °C, 35 cycles/ (30 s at 94 °C; 60 s at 54 °C, 90 s at 72 °C);
10 min at 72 °C. PCR was performed on TGradient thermocycler
(Biometra, Goettingen, FRG). Amplification products were resolved
via 5% denaturing (8M urea) polyacrylamide gel vertical electrophore-
sis and visualized by silver-staining [28]. The products were scored
for the presence or absence in each sample, based on size measured
with 20 bp DNA Marker (Bio-Rad, Hercules, CA, USA).

3 RESULTS AND DISCUSSION
3.1 Chemotaxonony of hop varieties

Bitter acid analyses results in selected samples of Sladek hops
from 2008—-2010 crop harvests are summarized in Tab. 1. Cohumu-
lone and colupulone ratio move in the relatively narrow intervals of
25 az 29 % rel. and 47-50 % rel. respectively. Both are the most in-
variable parameters. Absolute contents of alpha acids in the range of
4 az 12 % w. are significantly dependent on the age of hop plants
and growing locality. Typical intervals of cohnumulone ratio for all Czech
hop varieties are shown on the Fig. 1. Cohumulone ratio is applicable
only for Agnus, Kazbek (> 30 % rel.) and Harmonie (< 20 % rel.) iden-
tification. Intervals of all other cultivars overlap in the range of 20-30
% rel. and therefore they can not be used for variety verification. Hop
oils components isobutylisobutyrate, 2—methylbutylisobutyrate, 3—
methylbutylisobutyrate, farnesene, alpha-selinene, beta-selinene are
very convenient for varieties discrimination. It is given by bipolar,
i.e.zero or negligible and above average occurence, in hop oils of
many cultivars. Some varieties contain exceptionally high amount of
special component which substantially facilitates their identification.

Tab. 1 Obsah a sloZeni alfa a beta kyselin, X,DMX v odridé Sladek (2008—-2010) / Content and composition of alpha acids, beta acids, X,

DMX in Sladek hops (2008-2010)

alfa kys. / beta pomér kohumulon kolupulon X 102.X/alfa DMX
alpha ac. kys./ac. alfa/beta (% rel.) (% rel.) (% hm.) (% hm.)
(% hm.) alpha vs. beta
4.15 5.36 0.77 29.2 49.0 0.58 14.0 0.12
4.26 5.20 0.82 275 49.0 0.62 14.6 0.06
5.88 6.48 0.91 26.8 49.9 0.61 10.4 0.16
6.41 6.38 1.01 25.9 48.2 0.61 9.5 0.13
7.24 7.51 0.96 25.6 491 0.73 10.1 0.15
9.91 5.05 1.96 24.8 471 0.88 8.9 0.14
11.72 6.09 1.94 25.3 47.7 0.88 7.5 0.21
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Obr. 1 Podil kohumulonu v alfa kyselinach ¢eskych odrid chmele / Fig. 1. Cohumulone ratio in alpha acids of Czech hop varieties

30 % rel., a jsou tudiz pro identifikaci nepouzitelné. Ze slozek chme-
lovych silic 1ze k ur€eni kultivard vhodné vyuzit pfedevsim tyto latky:
isobutylisobutyrat, 2+3-methylbutylisobutyrat, farnesen, alfa + beta
selineny. Je to dano tim, ze se v odridach nevyskytuji viibec nebo
jen ve velmi malém mnozstvi, nebo naopak jsou zastoupeny nadpru-
mérné. Kromé toho nékteré odridy obsahuji mimoradné vysoké
mnozstvi urcité slozky, ktera ji timto s vysokou pravdépodobnosti
identifikuje. Jako pfiklad Ize uvést odriidu Kazbek, kterd v silicich ob-
sahuje vice nez 1 % terpenického uhlovodiku a-kopaenu, coz je min.
Ctyrikrat vice nez ostatni ¢eské i zahraniéni odrlidy. Intervaly obsaht
vySe uvedenych slozek chmelovych silic v ¢eskych odriidach jsou
uvedeny v tab. 2.V tab. 3 jsou sumarizovany typické intervaly obsah(

For example Kazbek cultivar contains more than 1% of sesquiterpene
a-copaene that is four times more in comparison to the other Czech
and foreign hop varieties. Contents of hop oils components mentioned
above in Czech hop varieties are shown in Tab. 2. Contents of
prenylflavonoids and ratio parameter xanthohumol/alpha acids are
summarized in Tab. 3. High amounts of xanthohulol in Vital and Agnus
varieties and high content of DMX in Vital are applicable varietal traits.
Summary of discrimination attributes of Czech hop secondary
metabolites and their levels are shown in Tab. 4. Identification diagram
of all Czech hop varieties is shown on Fig. 2. With the help of cohu-
mulone ratio Agnus, Kazbek and Harmonie cultivars can be distin-
quished from the others as well as Vital variety due to extraordinary

Tab. 2 Typické intervaly (% rel.) zastoupeni vybranych sloZzek chmelovych silic v ¢eskych chmelech / Typical intervals (% rel.) of hop oil com-

ponents in Czech hop varieties

Odruada / Variety 1BIB* 2+3-MeBulB** B-farnesen selineny/ selinenes a-copaene
Zatecky Gerveriak / SAAZ < 0.01 0.01 - 0.04 13 -20 <20 0.18 -0.24
Zatecky pozdni / SAAZ late 0.05 - 0.07 0.14-0.17 15— 21 <20 0.16 — 0.20
Sladek 0.09 - 0.11 0.37 - 0.56 <1.0 <20 0.30-0.35
Harmonie 0.10 -0.14 0.35-0.50 <1.0 11-15 0.20 - 0.33
Bohemie 0.13-0.18 0.40 - 0.55 1-4 9-12 0.22 - 0.27
Kazbek 0.16 — 0.26 0.85-1.22 <1.0 <3.0 1.20-1.35
Bor 0.12-0.15 0.45-0.55 <1.0 <20 0.25-0.35
Premiant 0.11-0.15 0.41 - 0.51 1-3 <20 0.23-0.34
Rubin 0.25-10.35 0.65—1.29 <1.0 13-20 0.25-0.35
Agnus 0.16 - 0.20 0.70 -1.25 <1.0 <20 0.25 - 0.39
Vital 0.10-0.16 0.76 —1.19 1-5 10-20 0.08 —0.12
* isobutylisobutyrate

** 2-methylbutylisobutyrate + 3-methylbutylisobutyrate

Tab. 3 Obsah xanthohumolu a DMX v ¢eskych odridach chmele / Content of xanthohumol and DMX in Czech hop cultivars

Odrida / Variety Xanthohumol Alfa kyseliny / X/alfa.10? DMX
(% hm.) Alpha acids (% hm.) (% hm.)

Zatecky Servenak /SAAZ 0.30 - 0.50 25-5.0 8-12 0.05-0.12
Zatecky pozdni / SAAZ late 0.30 - 0.50 3.5-6.0 8-10 0.07 - 0.12
Sladek 0.50 - 0.80 45-8.0 8- 14 0.10 - 0.20
Harmonie 0.40 - 0.70 5.0-8.0 7-9 0.10 - 0.15
Bohemie 0.50 — 0.80 5.0-8.0 8-10 0.10 - 0.20
Kazbek 0.30 - 0.45 5.0-8.0 5-7 0.10 - 0.20
Bor 0.40 — 0.60 6.0 -9.0 5-7 0.08 - 0.16
Premiant 0.30 - 0.50 7.0-10.0 4-6 0.07 - 0.15
Rubin 0.45-0.75 9.0-12.0 5-6 0.05-0.10
Agnus 0.70 — 1.00 9.0-12.0 7-8 0.10 - 0.20
Vital 0.70 —1.00 12.0 - 16.0 6-7 0.25 - 0.40
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Tab. 4 RozliSovaci znaky slozeni sekundarnich metabolitd chmelo-
vych odrGd / Distinquish attributes of hop varieties secondary meta-
bolites composition

Znak / Attribute | Odrudy / Varieties

Kohumulon

<20 % rel. Harmonie

> 30 % rel. Kazbek, Agnus

Farnesen

<1 % rel. Sladek, Harmonie, Rubin, Kazbek,
Agnus, Bor

1-5% rel. Premiant, Bohemie, Vital

> 10 % rel. Zatecky polorany ¢ervenak, Zatecky

pozdni

Selineny / Selinenes

<2 %rel. Zatecky polorany &ervenak, Zatecky
pozdni, Bor, Premiant, Agnus Kazbek,
Sladek

> 10 % rel. Harmonie, Rubin, Vital, Bohemie

Xanthohumol (X), DMX

> 0,70 % hm. Agnus, Vital

DMX > 0,25 % Vital

X/alfa.102 > 8 Sladek, Zatecky &ervenak, Zatecky

pozdni, Bohemie

prenylflavonoidd a pomérovy parametr obsahu xanthohumolu vs. alfa
kyseliny. Z téchto Udajl jsou nejvyznamnéjsi vysoké obsahy xantho-
humolu v odridéach Vital a Agnus a mimoradné vysoky obsah DMX
v odr(idé Vital. Pfehled a urovné rozliSovacich znakl ve slozeni se-
kundarnich metabolitll ¢eskych odriid chmele jsou uvedeny v tab. 4.
Na obr. 2 je znazornéno identifikaéni schéma vSech 11 Eeskych
odrdd chmele. Pomoci béZné analyzy horkych kyselin Ize, na zakladé
zastoupeni kohumulonu, odlisit od ostatnich odriidy Agnus, Kazbek,
Harmonie. Diky vysokému obsahu DMX je moZno indikovat i odrddu
Vital. Klicovym identifikacnim parametrem je obsah 3-farnesenu, jenz
je posuzovan na tfech drovnich. Vysoky obsah kolem 15 % rel. je
charakteristicky pro Zatecky polorany Cerveriak a odridu Zatecky po-
zdni. Hybridni plivod odridy Zatecky pozdni potvrzuje pfitomnost né-
kterych ester(i ve chmelovych silicich (isobutylisobutyrat, isobutylpro-
panoat, 2-methylbutylisobutyrat), které Zatecky cervenak prakticky
neobsahuje. Odrudy Bor, Sladek, Harmonie a Rubin obsahuji méné
nez 1 % farnesenu. Stfedni obsah farnesenu v rozmezi 1 az 5 % rel.
je typicky pro odridy Premiant, Vital a Bohemie. Dal$i iden-
tifikacni krok je zalozen na rozdilném obsahu alfa a beta

high DMX content. Farnesene content is the key identification param-
eter. Its amount is found at three levels. High content of farnesene at
the level of 15 % rel. is typical for Saaz and Saaz Late cultivars. Hybrid
origin of Saaz Late confirms the occurence of some esters in hop oils
(isobutylisobutyrate, isobutylpropanoate, 2-methylbutylisobutyrate)
which are negligibly contained in Saaz variety. Varieties Bor, Sladek,
Harmonie and Rubin contain less than 1 % of farnesene. Medium
content of farnesene in the interval of 1-5% rel. is typical for Premiant,
Vital and Bohemie varieties. Further identification step is based on
different content of alpha and beta selinenes. With the help of this in-
dicator varieties Bor, Sladek (< 2 % selinenes) and Harmonie, Rubin
(> 10 % selinenes) can be distinquished. For final discrimination of
these varieties different ratio alpha/beta acids (2,0 < alpha/beta >
2,0), high amount of cis-ocimene in hop oils (Bor), low cohumulone
ratio (Harmonie) and xantomumol/alpha acids ratio (Sladek) can be
used. Similarly Vital, Premiant and Bohemie cultivars is possible to
separate. While Vital and Bohemie contain more than 10 % rel of se-
linenes, Premiant less that 2 % rel. Further discrimination between
Vital and Bohemie cultivars is easy due to different content of a-hu-
mulene. Presented digram in only one of several possible models.
Similar one can proceeds from the discrimination based on the con-
tent of B-farnesene. New registered varieties can be supplied to the
diagram. In the case of high simililarity of cultivars other potential iden-
tification parameters obtained from low molecular polyphenols and
genome analyses can be used.

3.2 Identification of hop varieties on the basis of DNA analysis

Recently, the use of molecular methods has been introduced to
hop breeding and management for identification and determination
of hop cultivars. We proved that utilization of SSR marker system suc-
cessfully and completely identified and determined Czech registered
cultivars. Three or four SSR primer combinations are necessary for
their effective and accurate determination (Fig. 3). It is known that it
is possible to isolate DNA from dried hop cones for molecular analyses
[19,31,32,33]. We also successfully isolated DNA from dried hop
cones of all Czech released cultivars and used for SSR molecular
analyses. Our marker system was suitable for the control of authen-
ticity and purity of Czech hop cultivars. Therefore, molecular methods
are very sensitive, we tested them for the detection of contamination
in mixture DNA samples. In our experiments, we proved that it is suc-
cessfully possible to detect about 5% genotype contamination in mix-
ture DNA hop cones samples (Fig. 4). Our results are in correspon-
dence with previous published detection limit, which varied from 5 %
to 15 % [19,31].

Examination of varietal purity of hop is performed in the course of
the whole production cycle starting from rootstock preparation.

selinent ve chmelovych silicich. Pomoci tohoto ukazatele
Ize rozliit dvojice odrid Bor, Sladek (< 2 % selinen(l) a Har-
monie, Rubin (> 10 % selinend). K dalsi identifikaci vySe
uvedenych dvojic odrlid Ize pouzit rozdilny pomér alfa/beta
kyselin (2,0 < alfa/beta > 2,0), vysoky obsah cis-ocimenu
v silicich (Bor), nizky pomér kohumulonu (Harmonie), popf.
pomér xantohumol/alfa kyseliny (Sladek). Obdobnym zpu-
sobem Ize rozli$it odridy Premiant, Vital a Bohemie. Za-

timco Vital a Bohemie obsahuji vice nez 10 % rel. selinen(, HIGA29
Premiant méné nez 2 % rel. Dal$i diskriminace mezi odrd- -
dami Vital a Bohemie je snadna diky vyrazné rozdilnému = e
obsahu dalSiho seskviterpenu a-humulenu. Uvedené
schéma je pouze jednim z priklad. Podobné schéma mize HIGA3
v prvnim kroku napfiklad vychazet z diskriminace na za- W
kladé obsahu B-farnesenu. P¥i registraci dalSich odrud Ize :
uvedené schéma vhodné doplnit. MiZe se ovSem také stat,
Ze nebude vyhovovat. V tomto pfipadé jsou v zéloze dalsi -
potenciélni identifikacni parametry ziskané z analyzy niz- - —
komolekularnich polyfenold a pfedevsim analyzy genomu. HIGT4
, . . . -

3.2 Identifikace odriid na zakladé analyzy DNA - "

V neddvné dobé bylo zavedeno pouziti molekularnich E L]

Osv. klon 31
Osv. klon 72
Osv. klon 114
Bor
Harmonie

Rubin

Premiant
' Vital

Sladek
Agnus
Kazbek
Saaz late
4784
4788
4849
4914
4915
4932
4964
Bohemie

metod do Slechténi chmele a do systému identifikace a de-
terminace odrdd chmele. Ovéfili jsme vyuziti SSR marke-
rovaciho systému pro uspésnou a kompletni identifikaci
a determinaci ¢eskych povolenych odriid chmele. Tfi nebo
Ctyfi SSR primerové kombinace jsou nutné pro jejich Ucin-
nou a pfesnou determinaci (obr. 3). Je znamo, Ze je mozné

Obr. 3 Analyza amplifkovanych produkttl SSR reakci tfi primerovych kombinaci
pro rlizné ¢eské genotypy chmele v 5% polyakrylamidovém denaturac¢nim gelu.
1 — Bohemie, 5 — Saaz late / Fig. 3 Analysis of amplified products in SSR
reaction of different Czech hop genotypes with three primer combinations in
5% polyacrylamide denaturating gel. 1 — Bohemie, 5 — Saaz late
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izolovat DNA i ze suSenych hlavek pro molekularni analyzy
[19,31,32,33]. I my jsme Uspésné izolovali DNA ze suSenych hlavek
chmele v§ech ¢eskych povolenych odrid pro SSR molekularni ana-
lyzy. Markerovaci systém byl pouZzitelny pro kontrolu autenticity a od-

Chemotaxonomy methods are used in raw hops and hop products.
Genetic analyses are feasible from any part of the hop plant, best
from young leaves. Reliability of hop cultivars identification depends
on the age of samples and on the way of processing of raw hops to
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isobutylisobutyrate < 0,01 % o252
> ZPC
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2-MeBuisobutyrate > 0,10 % atec y pOZ L

ZPC, Zatecky pozdni
Sladek, Harmonie

Bohemie, Kazbek cohumulone > 30% rel!.| d Agnus
Bor, Premiant, Rubin
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xanthohumol > 0,70 %
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B-farnesene 1-4 %

Premiant

Bor, Sladek
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Rubin

selinenes < 2,0 % Bor
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Vital g DMX > 0,25 %
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Obr. 2 Identifikaéni schéma ¢eskych odriid chmele / Fig. 2 Identification diagram of Czech hop varieties
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Tab. 5 Slozeni vybranych parametri sekundarnich metabolitil v gistych odridach ZPC, Sladek a smésnych vzorcich / Composition of se-
lected parameters of secondary metabolites in pure varieties Saaz, Sladek and mixtures

ZPC/SAAZ SLADEK |ZPC/SAAZ + SLADEK (pfimés) / (mixture)
100 % 100 % 5% 10% 20%
alfa kyseliny / alpha-acids | pramér / mean 2.85 7.54 3.11 3.46 3.95
o (% hm) 95% int. spolehlivosti 2.81-2.89 7.37-7.70 3.07-3.15 3.40-3.52 3.89-4.02
o
Sg.‘é) beta kyseliny (% hm.) primér / mean 5.56 5.92 5.61 5.65 5.70
é@ 95% int. spolehlivosti 5.51-5.61 5.79-6.05 5.54-5.67 5.56-5.74 5.63-5.77
@ |pomér a/b 0.51 1.27 0.55 0.61 0.65
kohumulon 23.5 28.8 23.8 24.6 255
hmotnost silic (%ehm.) pramér / mean 0.44 1.37 0.48 0.53 0.59
@ 95% int. spolehlivosti 0.42-0.47 1.35-1.39 0.46-0.49 0.51-0.55 0.55-0.63
g IBIB* (% rel.) pramér / mean 0.01 0.15 0.02 0.03 0.05
i) 95% int. spolehlivosti - 0.15-0.17 - - -
o |2-MeBulB™ (% rel.) prdmér / mean 0.03 0.73 0.11 0.18 0.28
L 95% int. spolehlivosti 0.02-0.04 0.63-0.83 0.09-0.13 0.17-0.20 0.23-0.33
9 |farnesen (% rel.) pramér / mean 13.41 0.78 10.2 9.45 8.02
95% int. spolehlivosti 12.9-13.9 0.77-0.80 9.78-10.59 9.09-9.81 7.26-8.78

* IBIB = isobutylisobutyrate
** 2-MeBulB = 2-methylbutylisobutyrate

rdové Cistoty ¢eskych odrlid chmele. Protoze jsou molekularni me-
tody velice citlivé, otestovali jsme je pro detekci kontaminaci ve smés-
nych DNA vzorcich.V nasich experimentech jsem ovéfili, Ze je mozné
Uspésné detekovat 5 az 10 % pfimési jiné odridy ve smésném DNA
vzorku chmelovych hlavek (obr. 4). NaSe vysledky byly ve shodé
s dfive publikovanymi vysledky, kde se detekéni limit pohyboval od
5 % do 15 % [19,31].

Provérovani odrlidové ¢istoty chmele se provadi v priibéhu celého
vyrobniho cyklu pocinaje pfipravou sadbového materidlu a konce
kontrolou vysazenych porostt. Chemotaxonomické metody se uplat-
fuji ve chmelovych hlavkach a chmelovych vyrobcich, metody zalo-
Zené na analyze genomu Ize provadét z libovolné ¢asti rostliny, nej-
Iépe z mladych zelenych listd. Spolehlivost identifikace chmelovych
odrdd obecné zavisi na stafi vzorkd a na zpusobu zpracovani hlav-
kového chmele na vyrobky. Jak pro chemotaxonomické analyzy, tak
analyzy DNA obecné plati, ze starnutim vzorkd se mira priikaznosti
snizuje. Vétsi mira prikaznosti je u Cerstvych susenych hlavek v po-
rovnani s granulovanym chmelem. Pfi zpracovani se obsah i slozeni
fady sekundarnich metabolitli vice ¢&i méné méni, dochazi k degradaci
DNA. Je zndmo, Ze napf. B-farnesen je relativné nestabilni a v po-
rovnani s ostatnimi seskviterpeny se jeho obsah snizuje [14]. V pfi-
padé chmelovych extraktl je analyza DNA nepouzitelna, protoze pro-
cesni podminky DNA odstrafiuji nebo destruuji.

3.3 Falsifikace Zateckého poloraného &ervenaku

Vysledky chemickych analyz modelové falsifikace Zateckého po-
loraného ¢ervenaku odriidou Sladek jsou uvedeny v tabulce 5. Obsah
alfa kyselin v &istych odriidach &inil 2,85 % hm. (ZPC) a 7,54 % (Sla-
dek). Vysledky ukazaly, ze jiz pfi 5% pfimési se obsah alfa kyselin ve
smeésném vzorku zvySil na 3,11 % hm. s intervalem spolehlivosti 3,07

Tab.6: Vybrané chemotaxomické parametry falSovaného Zateckého
poloraného Cervenaku / Selected chemotaxonomy parameters of
adulterated Saaz aroma variety

Slozka / Substance Zatecky Falsifikovany
cervenak 100% ZPC

/ SAAZ 100% | | Adulterated

SAAZ

kohumulon (% rel.) 22-25 29.2
kolupulon (% rel.) 39 - 43 49.2
isobutylisobutyrat (% rel.) <0.01 0.17
2-metylbutylpropanoat (% rel.) < 0.01 0.05
2-metlylbutylisobutyrat (% rel.) 0.02 1.38
trans-a-bergamoten (% rel.) 0.80—1.00 0.35
B-farnesen (% rel.) 13-17 3.3
a-selinen + B-selinen (% rel.) <20 235

hop products. Generally holds that conclusiveness of chemotaxon-
omy and geonome analyses descends with the age of hop samples.
Analyses results obtained from raw hops are more reliable compared
to hop pellets ones. In the course of hop processing content and com-
position of some secondary metabolites change, DNA degrades. For
example B-farnesene is more volatile compared to other sesquiter-
penes and its content decreases more rapidly in the course of hop
ageing [14]. Genome analyses are not feasible from hop extracts be-
cause DNA is removed or destroyed under processing conditions.

3.3 Adulteration of Saaz aroma variety

The chemical analyse results of the model adulteration of Saaz
aroma hops by Sladek cultivar are summarized in Tab. 5. Content of
alpha acids in pure varieties was 2.85 % w. (Saaz) and 7.54 %
(Sladek). Content of alpha acids in mixed sample incresased to 3.11 %
w. with confidence interval of 3.07 az 3.15 % at the level of 5% w of
admixture. It is out of interval for pure Saaz variety (2.81-2.89 % w).
Spacing of beta acids confidence intervals was achieved even at the
level of 20 % of Sladek share. It is caused by relatively small diference
of beta acids in pure samples (5.56 vs. 5.92 %). From practical point
of view this result is worthless, because values for mixed samples
are still in interval typical for pure Saaz hops and do not arouse any
suspicion for possible adulteration. The same holds true for conumu-
lone ratio in spite of increasing trend in higher percentage of admix-
ture. Portion of foreign variety was revealed owing to the hop oil anal-
ysis. The presence of some aliphatic esters (isobutylisobutyrate,

KIS T IKE T Y X
g T ZPC
252
53 3%
< 5 M IN | som| 259 95% Agnus

e R
b

Obr. 4 Analyza amplifikovanych produktt SSR reakce pro jednotlivé
a smeésné vzorky chmelovych hlavek v 5% polyakrylamidovém dena-
turanim gelu / Fig. 4 Analysis of amplified products in SSR reaction
of individual and mixture hop cone samples in 5% polyacrylamide
denaturating gel.

HIGT17
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az 3,15 %, coZ je mimo interval pro &isty ZPC (2,81-2,89 % hm.).
Pro beta kyseliny bylo dosazeno rozestupu intervalll spolehlivosti az
pfi 20% podilu odridy Sladek ve smési. Je dano relativné malym roz-
dilem beta kyselin v ¢istych vzorcich (5,56 vs. 5,92 %). Z praktického
hlediska je toto zjisténi vSak bezcenné, protoze vysledné hodnoty ob-
sahU horkych kyselin se stale pohybuiji v intervalech typickych pro
Cisty Zatecky Cervenidk a nevyvolavaji zadné podezieni na moznou
falsifikaci. Stejny zavér plati i pro zastoupeni kohumulonu, pfestoze
ma se zvySujicim se podilem pfimeési stoupajici trend. Analyza chme-
lovych silic smésnych vzorkd odhalila pfimés diky identifikaci nékolika
esterl (isobutylisobutyrat, 2+3-methylbutylisobutyrat), které Cisty
ZPC prakticky neobsahuje. Oddéleni intervall spolehlivosti bylo do-
sazeno jiz pfi podilu 5 % pfimési. Podobné vysledky byly zjistény
i v pfipadé modelové falsifikace Zateckého Eerveridku odrddou Za-
tecky pozdni. Falsifikaci prokazala az analyza chmelovych silic na
urovni 10% pfidavku pfimeési.

Piklad realné falsifikace Zateckého poloraného &erveriaku v gra-
nulované formé dokumentuji vysledky analyz horkych kyselin a chme-
lovych silic v tab. 6 a obr. 5. Jednalo se o dodavku tradi¢ni ¢eské
odridy do nejmenovaného ruského pivovaru. Minimalné osm chemo-
taxonomickych atributti slozeni horkych kyselin a silic potvrzuje jed-
noznaénou falsifikaci. Na zakladé obsahu seskviterpenickych uhlo-
vodikd B-farnesenu a bergamotenu Ize podil pfimési odhadovat na
50 az 70 %. K uréeni identity pfimichané odrldy neni k dispozici do-
state¢né Siroka databaze analytickych dat. Na zakladé vysokého ob-
sahu selinen(l (23,5 % rel.) ve falSovaném vzorku vSak Ize jako pfimés
vylougit vSechny Ceské hybridni odridy Sladek, Premiant, Agnus,
které jsou péstovany v provoznim méfitku. Ani jedna z nich neobsa-
huje vice nez 2 % rel. selinen(l. Je tedy zfejmé, Zze Zatecky Cervernak
byl falsifikovan chmelem dovezenym ze zahranici. Cely pfipad neni
pravné uzavien a je stale v Setfeni.V kazdém pfipadé se jedna o ne-
bezpecény precedens, ktery mlze vyrazné poskodit renomé celého
Ceského chmelafstvi, zejména v sou¢asném obdobi ostrého konku-
rencniho prostfedi a pfebytku komodity na svétovych trzich. V nepo-
sledni fadé je v ohrozeni i evropska ochranna znamka ,Zatecky
chmel“, kterou tato odrida ziskala v roce 2007 jako prvni na svété.

3-methylbutylisobutyrate, 2-methylbutylisobutyrate) is typical for hy-
brid varieties. Saaz aroma hop is free of them. Separation of confi-
dence intervals was achieved at the level of 5 % of admixture. Similar
results were obtained if Saaz Late cultivar was used for falsification.
Separation of confidence intervals was achieved at the level of 10 %
of admixture.

Results of hop bitter acids and hop oil analyses shown in Tab. 6
and Fig. 5 document adulteration of Saaz aroma variety in the form
of pellets. It related to the delivery of traditional Czech hop variety to
a brewery in Russia At least eight chemotaxonomy parameters of
hop resins and hop oil composition confirm unambiguous falsification.
The portion of unknown variety is estimated to 50-70 % w. on the
basis of sesquiterpenes farnesene and bergamotene contents. There
is unsufficiently large database of analytical data available for foreign
variety identity verification. On the basis of high content of selinenes
(23.5 % rel.) in falsified sample, all Czech hybrid varieties cultivated
in the large scale can be eliminated. All of them contain less than 2 %
rel. selinenes. It follows, that hop used for adulteration had to be im-
ported. The whole incident is still in investigation. In any case, it is
a dangerous precedent that can damage the whole Czech hop in-
dustry reputation especially in the current period of sharp competitive
milieu and surplus of the commodity on world markets. Protected Des-
ignation of Origin “Saaz hops”, that variety obtained in 2007 as the
first one of its kind is jeopardised as well.

4 CONCLUSIONS

Identification schneme of eleven Czech hop cultivars was success-
fully compiled on the basis of chemotaxonomy analyses of hop resins,
hop oils and prenyflavonoids. Analyses of dried hops by molecular-
genetic methods proved that identification of hop varieties is feasible
from this material. Reliability of hop varieties identification generally
depends on age of samples and on the way of raw hops processing
to hop products. DNA analyses are not practicable in hop extracts
and are limited in hop pellets due to DNA fractionation or destruction
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Obr. 5 Vyfezy chromatogramu chmelovych silic metodou GC/MS falsifikovaného Zateckého poloraného &ervenaku / Fig. 5 Chromatogram
sections of hop oils analysis by GC/MS method of adulterated Saaz aroma variety
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4 ZAVER

Na zakladé chemotaxonomickych analyz chmelovych pryskyfic, si-
lic a prenylovanych flavonoidi se podafilo sestavit identifikacni
schéma 11 registrovanych ¢eskych odrdd chmele. Molekularné-ge-
netické analyzy su$enych hlavek ukazaly, Ze identifikace odriid
z téchto matric je mozna. Spolehlivost identifikace chmelovych odrid
obecné zavisi na stafi vzorkl a na zplsobu zpracovani hlavkového
chmele na vyrobky. V pfipadé chmelovych extrakt(i je analyza DNA
nepouzitelna a u chmelovych granuli omezena. Modeloveé pokusy fal-
sifikace Zateckého poloraného ¢ervenaku pomoci chemickych a ge-
netickych analyz shodné prokéazaly, Ze mira prikaznosti je zhruba od
hranice 10 % hm. pfimési. Tuto hodnotu vSak nelze pau$alizovat.
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under processing conditions. Model tests of Saaz aroma variety adul-
teration with the help of chemical and geonome analyses identically
showed that the lowest level of conclusiveness is at about of 10 %
admixture. This limit can not be generalized. Recently discovered real
incident of Saaz hops adulteration showed that proportion of unknown
variety was in the interval of 50-70 %.
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