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K pokustm o falzifikaci dochazi témér u vSech komodit a vyjimkou neni ani chmel. Je proto nezbytné hledat zplsoby, jak ovérovat jeho
autenticitu. Pfehledovy €lanek shrnuje moderni metody pro ovéfovani autenticity chmele a uvadi rovnéz nejnovéjsi vysledky spoluprace
Vyzkumného Ustavu pivovarského a sladafského, a.s. a Chmelafského institutu, s.r.o., v Zatci. K ov&fovani autenticity chmele se pou-
zivaji metody chemotaxonomické a genetické. V roce 2015 byly provedeny chemické analyzy novoSlechténych hybrid pro Ceské pivo
(obsah a slozeni alfa a beta kyselin, obsah a sloZzeni chmelovych silic, obsah celkovych polyfenol() a byly provedeny molekularné-gene-
tické analyzy 150 vybranych genotypli chmele ze svétového sortimentu a Slechtitelského materidlu. Pomoci vysledku byl z testovanych
genotypu sestaven prehledny dendrogram. Autofi se dale zabyvali profilovanim ¢eskych odrlid chmele na zakladé chemickych profilti
proanthokyanidint a podafrilo se jim pomoci klastrové analyzy jasné odlisit odrddy chmele véetné jejich genetické pribuznosti.

OlSovska, J., Krofta, K., Jandovska, V., Patzak, J., Stérba, K., 2016: Methods for verifying the authenticity of hops — an effective
tool against falsification. Kvasny Prum. 62, No. 10, pp. 294-305

Falsification attempts occur in almost all commodities and hops is no exception. It is therefore necessary to look for ways to verify its
authenticity. This review summarizes modern methods for verifying the authenticity of hops and also provides the latest results of the
collaboration of the Research Institute of Brewing and Malting, PLC. and the Hop Research Institute, Ltd., in Zatec. Chemotaxonomic and
genetic methods are used to verify the authenticity of hops. Chemical analyzes of newly bred hybrids potentially suitable for Czech beer
focused on the content and composition of alpha and beta acids, content and composition of hop oils, and content of total polyphenols
were performed and molecular genetic analyses of 150 selected hop genotypes including a world-wide range and breeding material were
conducted in 2015. These data were used to construct a comprehensive dendrogram from the tested genotypes. The authors also ex-
amined the profiling of Czech hop varieties based on the chemical profiles of proanthocyanidins, and succeeded in using cluster analysis
to clearly distinguish the varieties of hops including their genetic relatedness.

OlSovska, J., Krofta, K., Jandovska, V., Patzak, J., Stérba, K., 2016: Die Methoden zur Priifung der Hopfenauthentizitit — ein
wirksames Instrument gegen die Falsifikation. Kvasny Prum. 62, Nr. 10, pp. 294-305

Bei fast allen Kommoditéten werden die Félschungsversuche durchgefiihrt und der Hopfen dabei macht auch keine Ausnahme, Da-
durch ist es notwendig, die Methoden zur Priifung der Hopfenauthentizitdt zu entwickeln oder zu finden. Der Ubersichtsartikel fasst die
moderne Methoden zur Prifung der Hopfenauthentizitdt zusammen und fiihrt die neueste Ergebnisse aus der Zusammenarbeit des
Forschungsinstitutes fiir Brau- und Malzwesen AG mit dem Hopfeninstitutes GmbH in Zatec (Saaz) bei. Zur Priifung der Hopfenauthen-
tizitat werden die chemotaxonomische und genetische Methoden angewandt. Im Jahre 2015 wurden die chemische Analysen von neu-
geschlechteten Hybriden fur Ceské pivo (Tschechisches Bier) (Gehalt und Zusammensetzung an Alpha- und Betasauren, Gehalt und
Zusammensetzung an Hopfensilizien, Gehalt an gesamten Polyphenole) und molekular-genetische Analyse von 150 ausgesuchteren
Hopfengenotypen aus dem Weltsortiment und Veredlungsmaterial durchgefiihrt. Aus den getesteten Genotypen wurde mittels Ergebnis-
sen ein Ubersichtliches Dendrogram zusammengefasst. Weiter haben die Verfasser auf der Basis der chemischen Profile von Proan-
thocyanidine die Profilierung der tschechischen Hopfensorten festgestellt und es gelang ihnen durch Clusteranalyse der Verwendung
deutlich die einschlieBlich ihrer genetischen Verwandtschaft Hopfensorten zu unterscheiden.

Klicova slova: chmel, autenticita, odrida, pryskyrice, silice,
polyfenoly, DNA markery

1 UVOD

Autenticita potravin je termin, ktery jednodu$e oznacuje, zda po-
traviny nakupované spotrebitelem odpovidaji jejich popisu, a je ak-
tualnim tématem v nejriiznéjSich potravinarskych komoditach. Proto
je v sou€asné dobé vénovano mnoho pozornosti a jsou vynakladany
nemalé finan¢éni prostfedky na vyvoj analytickych metod pro ovéro-
vani autenticity potravin, napoju a jejich surovin.

Také chmel je komodita, ve které dochazi k falzifikaci plvodu
a odrlid, coz mlze ve velké mife ovlivnit senzorlcky profil piva z ného
vyrobeneho Zatecky polorany éervenak (ZPC) je na trhu véeobec-
né povazovan za svétovy standard kvality v kategorii aromatickych
chmelu. Prvotfidni kvalité odpovida i vy$$i cena. V uplynulych letech
bylo zaznamenano nékolik opakovanych pfipadl jeho falzifikace.
Falzifikace Zateckého poloraného Cerveridku ve formé granuli byla

Keywords: hop, authenticity, resins, hop oils, polyphenols, DNA
markers

1 INTRODUCTION

The authenticity of foods is a term that simply indicates whether
the foods purchased by consumers match their description, and is
a hot topic in various food commodities. Therefore, much attention is
currently paid and considerable funds are spent on the development
of analytical methods for verifying the authenticity of food, beverages
and their ingredients.

Also hops is a commodity that is experiencing falsification of origin,
which can largely affect the sensory profile of the produced beer. In
the market, Saaz hops variety is widely regarded as the world stand-
ard in the category of quality aromatic hops. Its first class naturally
corresponds to a higher price. Some cases of repeated falsification
have been recorded in recent years. Falsification of Saaz hops in
granular form was demonstrated based on the results of chemical
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prokazana na zakladé vysledkd chemickych a genetickych ana-
lyz suroviny. V pfipadé chemickych rozbord se jednalo o analyzy
chmelovych pryskyfic, silic a prenylovanych flavonoid(. Pfitomnost
¢i absence nékterych latek, jejich obsahy a vzajemné poméry jsou
odridové specifické. Velmi citlivé na pfitomnost pfimési je slozeni
chmelovych silic. V pfipadé Zateckého poloraného Cervenaku je
spolehlivym markerem autenticity B-farnesen, jehoz obsah v silicich
se pohybuje kolem 15%. Ve falzifikovanych chmelech byl jeho ob-
sah pouze 5%. Pfitomny byly naopak jiné latky, které se v silicich
ZPC bézné nevyskytuji. V jednom pfipadé nebyl B-farnesen viibec
nalezen, coz jednoznaéné dokazuje, ze zakaznikovi byla v tomto pfi-
padé podvrzena zcela jina odrida nebo smés odrid.

Ovérovani odridoveé Cistoty chmele se v CR provadi pod statnim
dozorem (UKZUZ, Ustfedni kontrolni a zku$ebni Ustav zemé&délsky)
v pribéhu celého vyrobniho cyklu pocinaje pfipravou sadbového
materidlu, kontrolou vysazenych porostl a konée zpracovanim skli-
zeného chmele na vyrobky. Spolehlivost identifikace chmelovych od-
riid obecné zavisi na stafi vzorkd a na zpusobu zpracovani. Jak pro
chemotaxonomické, tak pro genetické analyzy obecné plati, Ze star-
nutim vzorkd se mira prakaznosti snizuje. Modelové pokusy ukazaly,
Ze pfitomnost pfimési cizi odriidy je prokazatelna pfiblizné od 10%
hm. V pfipadé chmelovych extraktl jsou genetické metody nepou-
zitelné, protoze procesni podminky DNA destruuji nebo odstrariuji
(Krofta a Patzak, 2011). Z toho jasné vyplyva, ze maji své neza-
stupitelné misto jak metody genetické, tak i chemotaxonomické. Je
vhodné oba postupy kombinovat, pokud to okolnosti, napf. mnozstvi
vzorku, umoznuji.

Tento prehledovy €lanek shrnuje moderni metody pro ovéfovani
autenticity chmele a kromé prehledu zahrani¢nich a domacich praci
uvadi nejnovéjsi vysledky spoluprace Vyzkumného Ustavu pivovar-
ského a sladarského, a.s., a Chmelafského institutu, s.r.o., v Zatci.

2 CHEMOTAXONOMICKE METODY

Chemotaxonomické metody jsou zalozeny na chemické analyze
vybrané latky nebo skupiny latek, jejich koncentraci a jejich vzajem-
ném pomeru. V odborné literatufe se Ize setkat s terminy jako profilo-
vani &i ,otisk prstu — fingerprint‘. M{iZe se jednat jak o analyzy cilené,
kde se vyhodnocuji koncentrace a poméry latek znamych (profilova-
ni), nebo metody necilené, kde se pomoci specialnich statistickych
softwar(l vyhodnocuji ziskané vystupy — otisky prstu. Analyzu Ize
dale klasifikovat podle typu analyzovanych latek (v pfipadé chmelu
silice, pryskyfice, polyfenolové latky) a podle typu pouZité instrumen-
tace. Dosud vyvinuté a publikované metody vyuzivaji profilovani jed-
né ze tfi (nebo kombinaci) skupin sekundarnich metabolitli chmele,
tedy chmelovych pryskyfic, silic a polyfenolovych latek. Nasleduji-
ci text zahrnuje historicky vyvoj metod od zakladnich skupinovych
pouzivanych rutinné pro stanoveni kvalitativnich parametr(i chmele
az po ty nejmodernéjsi instrumentalné naro¢né metody pouzivané
v soucasnosti k ovéfovani autenticity chmele.

2.1 Chmelové pryskyfice (horké kyseliny)

Analytické metody stanoveni chmelovych pryskyfic, zejména alfa-
-horkych kyselin, se vyvijely soubézné s pokrokem ve vyzkumu jejich
slozeni. Gravimetrické a titracni metody pouzivané do 50.—70. let mi-
nulého stoleti nahradily a doplnily metody spektrofotometrické, chro-
matografické, popf. elektroforetické. Jejich zavadéni bylo umoznéno
rychlym vyvojem v oblasti instrumentalni techniky, zejména kapali-
nové chromatografie (HPLC). Nové postupy v analytice chmelovych
pryskyfic si vynutil i vyvoj novych chmelovych vyrobka jako napfiklad
chmelovych extraktd, pre-izomerovanych produktd aj. Analytické po-
stupy stanoveni jednotlivych frakci a slozek chmelovych pryskyfic
Ize obecné rozdélit na skupinové a specifické. Chemicka struktura
cilovych analytt poskytuje fyzikalni zaklad fadé analytickych metod.
Naptiklad dvojné vazby v péti- &i Sesti€Clenném cyklickém jadru zp(-
sobuji silnou absorpci ultrafialového zareni. Pfimé spektrofotomet-
rické stanoveni alfa- a beta-horkych kyselin se provadi na zakladé
méreni absorbanci toluenového extraktu chmele v prostredi alkalic-
kého methanolu pfi vinovych délkach 275, 325 a 355 nm (Analytica
ASBC, 1992).

Gravimericka Woéllmerova metoda je typickou skupinovou meto-
dou (Wéllmer, 1925). Umozriuje stanovit ve chmelu veskeré, mékké
a tvrdé pryskyfice, dale obsah alfa-hofkych kyselin a beta frakce.
Metoda prosla béhem let nékolika modifikacemi, z nichz dosud po-
sledni (Ganzlin, 1975) je soucasti platnych metodik (Analytica EBC,

veni alfa-horkych kyselin konduktometrickou titraci roztokem octa-

and genetic analyzes of raw materials. The chemical analysis in-
cluded the analysis of hop resins, oils and prenylated flavonoids.
The presence or absence of certain substances, their contents and
proportions are varietally specific. The composition of hop oils is very
sensitive to the presence of impurities. A reliable marker of Saaz
hops authenticity is B-farnesene, whose content in essential oils is
around 15% whereas in falzified hops it was a mere 5%. On the other
hand, the falsified hops contained compounds that are not normally
seen in Saaz essential oils. In one case, no B-farnesene was found,
which clearly proved that the customer received a completely differ-
ent variety or blend of varieties.

Verification of purity of hops in the Czech Republic is conducted
under state supervision (Central Institute for Supervising and Testing
in Agriculture) during the entire production cycle, from the prepa-
ration of planting material, control of planted hop yards up to the
processing of harvested hop products. Reliability of the identifica-
tion of hop varieties generally depends on the age of the samples
and on the method of processing. With both chemotaxonomic and
genetic analysis the aging of the samples in general reduces the
reliability of analysis. Model experiments have shown that the pres-
ence of foreign varieties is demonstrable from about 10% wt. Ge-
netic methods are unusable in the case of hop extracts because
the processing conditions destroy or remove DNA (Krofta and
Patzak, 2011). This clearly shows that both genetic and chemot-
axonomic methods are indispensable. It is advisable to combine
both procedures if circumstances, e.g. sample quantities, allow.

This review summarizes modern methods used for verifying the
authenticity of hops, provides a review of foreign studies and pre-
sents the latest results of the collaboration of the Research Institute
of Brewing and Malting, PLC. and the Hop Research Institute, Ltd.,
in Zatec.

2 CHEMOTAXONOMIC METHODS

Chemotaxonomic methods are based on the chemical analysis of
certain substances or groups of substances, their concentration and
their ratio. In the literature one may encounter terms such as profi-
ling or “fingerprint.” This may concern targeted analyzes, in which
concentrations and ratios of known substances are evaluated (pro-
filing) or untargeted methods in which the outputs — fingerprints are
evaluated by means of special statistical software. Analysis can be
further classified according to the type of analytes (hop essential oils,
resins, polyphenolic compounds) and by the type of instrumentation.
Hitherto developed and published profiling methods utilize one of
three (or a combination of) groups of secondary metabolites of hop,
namely hop resins, oils and polyphenols. The following text includes
the historical development of the methods, from basic group-wide
ones routinely used to determine the quality parameters of hops to
the most demanding modern instrumental methods currently used to
verify the authenticity of hops.

2.1 Hop resins (bitter acids)

Analytical methods for the determination of hop resins, particu-
larly alpha acids, were developed in parallel with the progress in
the research of their composition. Gravimetric and titration meth-
ods used in 50s-70s of the last century have been replaced and
complemented by spectrophotometric, chromatographic and elec-
trophoretic methods. Their implementation was derived from rapid
developments in instrumental techniques, in particular liquid chro-
matography (HPLC). New methods in analysis of hop resins have
been necessitated by the development of new hop products such
as hop extracts, pre-isomerized products and others. Analytical
procedures for determining individual fractions and components
of hop resins can be broadly divided into group-wide and specific.
The chemical structure of the target analytes provides the physi-
cal basis for a number of analytical methods. For example, double
bonds in a five- or six-membered cyclic nucleus cause strong ab-
sorption of ultraviolet radiation. Direct spectrophotometric determi-
nation of alpha- and beta-bitter acids is carried out by measuring
the absorbance of toluene extract of hops in an alkaline methanol at
the wavelengths of 275, 325 and 355 nm (Analytica ASBC, 1992).

Gravimeric Wélimer's method is a typical group-wide method
(Wélimer, 1925). It allows one to specify all the hop soft and hard
resins, as well as the content of alpha acids and the beta fraction.
Over the years the method underwent a number of modifications
the last of which (Ganzlin, 1975) is part of the current methodolo-
gies (Analytica EBC, 1998). The most significant modification is
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nu olovnatého. Alfa kyseliny vytvafi se solemi Pb2* nerozpustnou
srazeninu syté Zlutého zabarveni. Vysledek titraéniho stanoveni je
oznacovan jako konduktometrickd hodnota chmele a vyjadfuje se
v hmotnostnich procentech. Pfestoze princip stanoveni je pomér-
né jednoduchy, cely analyticky postup obsahuje nékolik dulezitych
operaci, které vyznamné ovliviuji vysledek analyzy. V prvni fadé je
to extrakce alfa-horkych kyselin z chmele vhodnym rozpoustédiem
(methanol, dietylether, toluen, isopropylalkohol, dichlormethan aj.)
za mechanického michani. Rozpoustédla se davkuji samostatné
nebo v kombinaci s vodnymi roztoky kyselin nebo pufr( (Anderegg,
1994). Dalsim uskalim titracnich metod je selektivita srazeci reakce.
Olovnatymi ionty se srazi nejen alfa-horké kyseliny, ale i nékteré mi-
noritni slozky chmelovych pryskyfic. Hlavnim motivem pro existen-
ci rdznych titraénich metod jsou pokusy najit optimalni kompromis
mezi kvantitativni extrakci alfa kyselin na jedné strané a omezenim
extrakce balastnich latek na strané druhé. Pfes zatiZzeni fadou sys-
tematickych chyb jsou titraéni metody pro svou jednoduchost a rych-
lost v praxi velmi rozSifené (Analytica EBC, 1998; Analytica ASBC,
1992). Je vSak nutné mit na paméti, ze kazda metoda poskytuje jiny
vysledek a vzajemné ,prepocitavaci“ koeficienty neexistuiji.

Obsah kohumulonu ve chmelu, resp. jeho podil v celkovém ob-
sahu alfa-horkych kyselin byl prvnim pouzivanym parametrem pro
odliSeni odrad chmele. Nickerson a Williams v roce 1986 zjistili, ze
odrGidova specificita mlize byt navic ovlivnéna mezirocné v zavislosti
na klimatu a v neposledni fadé mistem ptvodu. Aby bylo mozné cha-
rakterizovat odridu s vy$si presnosti, navrhli pfidat dal$i chemické
charakteristiky, coz je podstata chemického profilovani (Nickerson
et al., 1986).

Krofta v roce 2003 publikoval studii, kde srovnaval chemické pro-
fily vybranych €eskych a zahrani¢nich chmeld, zahrnujici vysoko
obsazné horké odrlidy, jemné aromatické odridy a odridy hybridni.
Kromé profilli silic, porovnaval obsahy alfa kyselin, beta kyselin a po-
dil kohumulonu (Krofta, 2003). Autor zjistil a zdokumentoval charak-
teristické rozsahy koncentraci charakteristickych latek studovanych
chmelovych odrid. Z vysledku dale vyplyva, Ze rozliseni zahrani¢-
nich odrid chmele za pouziti pouze uréeni spektra silic neni dosta-
Cujici, pfestoze tradi¢ni stfedoevropské jemné aromatické odridy
chmele maji charakteristicky obsah nékolika silic. Podobné Ize inter-
pretovat vysledky autord Stérba et al. z roku 2015, kde autofi v 3D
projekci rozlisili 4 ¢eské odridy chmele (Agnus, Premiant, ZPC and
Sladek) pravé na zakladé obsahu alfa kyselin, beta kyselin a linalolu
(Stérba et al., 2015).

Autofi Jelinek et al. v roce 2010 studovali odliSnosti v chemickém
slozeni sekundarnich metabolitd (alfa-horké kyseliny, beta-horké
kyseliny, silice, polyfenoly) u sedmi ¢eskych odrid chmele (Agnus,
Bor, Harmonie, Premiant, Rubin, Sladek, ZPC). Ze ziskanych dat
vytvofili dichotomicky kli¢ k uréeni ¢eské odriidy chmele na zakladé
chemické analyzy (Jelinek et al., 2010). Tento kli¢ byl pozdéji roz-
Sifen i o dalsi odridy a jesté dale zpresnén (Jelinek et al., 2011).
PFi tvorbé kli¢e je nutné brat v Uvahu i fakt, Zze obsahy téchto se-
kundarnich metabolitl nejsou zavislé jen odrlidové, ale jejich obsah
ovliviiuje i péstebni lokalita, stafi rostliny a jeji infekce viry (Jelinek
etal.,, 2012).

V8echny vySe uvedené studie, korelujici obsah alfa- a beta-hof-
kych kyselin s odriidovou specifitou, byly provedeny pomoci dnes
jiz rutinni HPLC metody. V roce 2012 byla publikovana studie, kde
autofi pro metabolomické profilovani a rozliseni 13 odrdd chmele
pouzili soubor instrumentalné naro¢nych metod, a to LC-MS, FTMS
(hmotnostni detekce s Fourierovou transformaci), ESI-TFICR-MS
(elektrospray ionisation Fourier transform ion cyclotron resonance)
a NMR (Farag et al., 2012), pomoci kterych se jim kromé ziskani
jasné odlisnych chemickych profil podafrilo identifikovat 18 horkych
kyselin. Navic se ukazalo, Ze metoda FTMS neni pro tyto Ucely
vhodna, nebot se nepodafilo rozdélit izomerni slou¢eniny humulon
a adhumulon. V roce 2014 stejny autor vydal studii, ve které pomo-
ci 2D NMR spektroskopie charakterizoval 13 odrid chmele (Farag,
2014). | kdyz je NMR instrumentace naro¢na a stale jesté ne uplné
bézna v provoznich laboratofich, viastni pfiprava vzorku a optimali-
zace metody je ve srovnani s HPLC rychla a jednoducha, vysledky
jsou dobfe reprodukovatelné.

2.2 Chmelové silice

Analyza chmelovych silic prfedstavuje dvé na sebe navazujici
operace. Prvnim krokem je izolace silic z chmele & chmelového
preparatu, po které nasleduje vlastni analyza slozeni silic. Zatimco
k analyze silic se pouziva vyhradné plynova chromatografie v riiz-
ném instrumentalnim provedeni, k izolaci silic z chmelové matrice
existuje nékolik principialné odlisnych postupt.

the replacement of the gravimetric determination of alpha acids by
conductometric titration with lead acetate. Alfa acid forms with Pb?
salts an insoluble precipitate with bright yellow coloration. The ti-
tration assay is referred to as the conductometric value of hops
and is expressed in weight percent. Although the principle of the
determination is relatively simple, the whole analytical process in-
cludes several important operations which significantly affect the
outcome of the analysis. Firstly, it is the extraction of alpha acids
from hops with a suitable solvent (methanol, diethyl ether, toluene,
isopropyl alcohol, dichloromethane, etc.) under mechanical stirring.
The solvents are dosed alone or in combination with aqueous solu-
tions of acids or buffers (Anderegg, 1994). Another pitfall of titration
methods is the selectivity of the precipitation reaction. Lead ions are
precipitated not only by alpha-bitter acid, but also by some minor
components of the hop resins. The main reason for the existence
of different titration methods are attempts to find the optimum bal-
ance between achieving quantitative extraction of alpha acids on
the one hand and limiting the extraction of ballast substances on
the other. Despite the range of systematic errors titration methods
are widespread in practice for their simplicity and speed (Analytica
EBC, 1998; Analytica ASBC, 1992). However, it is important to re-
member that each method provides a different result and reciprocal
“conversion factors” do not exist.

Cohumulone content in hops or its share of the total content of al-
pha acids was first used as the parameter for distinguishing varieties
of hops. Nickerson et al. in 1986 found that varietal specificity can be
affected differently in different years depending on the climate and
the place of origin. In order to characterize a variety with higher ac-
curacy, they suggested to add other chemical characteristics, which
is the essence of the chemical profiling (Nickerson et al., 1986).

In 2003 Krofta published a study which compared the chemical
profiles of selected Czech and foreign hops, comprising high-content
bitter varieties, fine aroma varieties and hybrid varieties. Besides pro-
files of oils he compared the contents of alpha acids, beta acids and
cohumulone (Krofta, 2003). The study discovered and documented
distinctive concentration ranges of characteristic substances in hop
varieties under study. The results further showed that the resolution
of foreign varieties of hops using only a specified range of essential
oils is not sufficient, even though traditional Central European fine
aroma hop varieties have a characteristic content of several essen-
tial oils. Similar conclusion can be made from the data of Stérba
et al. from 2015, who distinguished 4 Czech hop varieties (Agnus,
Premiant, Saaz and Sladek) in a 3D projection based on the content
of alpha acids, beta acids and linalool (Stérba et al., 2015).

Jelinek et al. studied differences in the chemical composition of
secondary metabolites (alpha-bitter acids, beta-bitter acids, essen-
tial oils, polyphenols) in seven Czech hop varieties (Agnus, Bor, Har-
mony, Premiant, Rubin, Sladek and Saaz) in 2010. They used the
collected data to create a dichotomous key to identify the Czech hop
varieties based on chemical analysis (Jelinek et al., 2010). The key
was later extended by addition of other varieties and further refined
(Jelinek et al., 2011). When creating a key, it is necessary to take
into account the fact that the contents of these secondary metabo-
lites are dependent not only on the variety but the content is also af-
fected by the growing location, age of the plant and its infection with
viruses (Jelinek et al., 2012).

All the above studies correlating the contents of alpha- and beta-
bitter acids with varietal specificity were performed using the cur-
rently routine HPLC method. In 2012 Farag et al. used a set of in-
strumentally challenging methods such as LC-MS, FTMS (Fourier
transform mass detection), ESI-TFICR-MS (electrospray ionization
Fourier transform ion cyclotron resonance) and NMR for metabo-
lomic profiling and resolution of 13 varieties of hops (Farag et al.
2012). In addition to clearly different chemical profiles, they identified
18 bitter acids. Additionally it was shown that the FTMS method is
not suitable for these purposes since it failed to separate the isomer-
ic compounds humulone and adhumulone. In 2014, the same author
published a study in which they characterized 13 varieties of hops
using 2D NMR spectroscopy (Farag et al., 2014). Although the NMR
instrumentation is cost-intensive and is still not completely routine in
operational laboratories, sample preparation and method optimiza-
tion is fast and simple compared with the HPLC and the results are
highly reproducible.

2.2 Essential oils

Analysis of the hop oils involves two successive operations. The
first step is the isolation of essential oils from hops or hop prepara-
tion, followed by analysis of the composition of essential oils. While
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Nejstarsi a stéle rozsifenou izolaéni metodou je destilaéni postup,
pfi kterém jsou slozky silice uvolfovany z matrice destilaci s vod-
ni parou. Cely postup se provadi na specialni destilaéni aparature
zpravidla za atmosférického tlaku, ale jsou popsany i postupy, ktery-
mi je izolace provedena za snizeného tlaku. Destilacni metoda je ¢a-
sové naro¢na a k dosazeni spolehlivych vysledkd vyzaduje pomérné
velké mnozstvi chmele (min. 50 g). Uvadi se, Ze destilace za atmo-
sférického tlaku vede k degradativnim zménam aroma, takze aroma
vysledné silice neodpovida vini plivodniho chmele (Rettberg et al.,
2012). Extrakéni postupy pouzivaji k izolaci silic organicka rozpou-
Stédla jako je napfiklad hexan, ethanol, trichlorethylen nebo methy-
lenchlorid (Laws, 1981). Pfi odpafovani rozpoustédla vSak dochazi
ke ztratam nejtékavéjsich slozek, coz vede ke zménam charakteru
aroma ziskané silice (Pickett, 1975). Dal$i nevyhodou téchto extrak-
tl je mozna pfitomnost rezidualnich zbytk( rozpoustédia.

Principialné odlisny pfistup k analyze chmelovych silic je zalozen
na pfimém vzorkovani plynné faze nad pevnym vzorkem v uza-
viené vzorkovnici. Tyto postupy jsou ¢asto oznaCovany jako ,head
space“ metody. Existuji v statickém nebo dynamickém usporadani.
Ve statickém provedeni je vzorek plynné faze, po inkubaci vzorku
pfi zvySené teploté, davkovan pfimo na analytickou kolonu plynové-
ho chromatografu (Freundorfer, 1991). Dynamicky postup zalozeny
na termické desorpci (DTD-Direct Thermal Desorption) pouzili k ana-
lyze chmelovych silic Eri et al. (2000). P¥i aplikaci této metody jsou
slozky chmelovych silic termicky uvolfiovany z matrice v desorpéni
komore a proudem inertniho plynu nanaSeny na analytickou kolonu.

Jinou technikou separace tékavych latek z plynné, kapalné i pevné
faze je mikroextrakce na tuhou fazi (SPME, solid-phase microextrac-
tion) (Arthur et al., 1992). Metoda, ktera nepouziva zadna rozpous-
tédla, je zalozena na sorpci analytli na povrchu kiemenného vldkna
pokrytého aktivni vrstvou sorbentu nebo polymeru. Viakno mize byt
ponofeno do kapaliny nebo v provedeni ,head space” exponovano
v plynné fazi nad kapalnym nebo pevnym vzorkem. Metoda HS-SP-
ME byla s uspéchem pouzita i pro izolaci chmelovych silic (Field et
al., 1996; Krofta a Cepicka, 2000; Kovacevi¢ a Kag, 2001). Nejpou-
PDMS/DVB 65 um). Nejvétsi vyhodou ,head space“ metod je malé
mnozstvi vzorku potfebné k izolaci, tj. méné nez 1 gram. V pfipadé
HS-SPME provedeni postacuje jedna hlavka chmele, dokonce i ze-
leného Eerstvé utrzeného na chmelnici. Timto zpGsobem Ize rychle
a snadno zjistit pfipadnou pfimés cizi odridy v porostu chmele. Dal$i
velkou vyhodou jsou nizké teploty pfi extrakci (40-50 °C po dobu
30-60 minut), které minimalizuji sekundarni zmeény ve slozeni silic.

Konecné v roce 2015 byla kolektivem autord vyvinuta a publikova-
na metoda zaloZena na principu extrakce na fluidnim lozZi (Stérba et
al., 2015). K extrakci je zapotfebi pouze 2g mletého chmele, extrak-
ce probihé ve Ctyfech Sestiminutovych cyklech do ethanolu. Protoze
jsou silice extrahovany parami ethanolu, nejsou vystaveny vysoké
teploté, pouze 78 °C, coz je Setrny zpUsob z hlediska jejich mozné
degradace.

Zasadni pokrok v analyze chmelovych silic pfineslo v 50. letech
minulého stoleti zavedeni plynové chromatografie (GC) a posléze
i kapilarnich kolon. Teprve jejich pouziti poprvé odhalilo, jak slozitou
smési rliznych latek chmelové silice jsou. Buttery a Ling (1967) tak
na 50m kovové kapilarni koloné rozdeélili silice nékolika odrd na té-
mé&rF 100 slozek. Sife poznatkl o slozeni chmelovych silic nariistala
soubézné s pokrokem v analytické instrumentaci, a to nejen v ob-
lasti separacnich kolon, ale také v oblasti detektord. Rutinni analyza
slozeni chmelovych silic se provadi jednorozmérnou plynovou chro-
matografii ve spojeni s plamenoveé-ionizaénim detektorem (GC-FID)
nebo hmotnostnim detektorem (GC-MS). Spojeni plynového chro-
matografu s hmotnostnim detektorem se pro dalSi vyvoj v této oblasti
ukazalo jako klicové, protoze MS detektory jsou nejen dostate¢né
citlivé, ale hmotnostni spektra poskytuji uzite¢né informace o moz-
né strukture latek a jejich molekulové hmotnosti. Problém rutinnich
analyz spociva v omezené separacni schopnosti analytickych kolon.
Teoreticka separacéni kapacita 50m GC kolony je omezena na cca
250 pikl (Bartle, 2002).

Roberts a Lewis (2000) s vyuzitim GC/MS/TOF identifikovali 440
latek. Pfi analyze chmelovych silic dochazi proto k ¢etnym koelu-
cim. Navic eluéni pasy nejsou na chromatogramu distribuovany rov-
nomérné. To vede k tomu, Ze identifikace neznamych, senzoricky
aktivnich minoritnich slozek chmelovych silic, koeluujicich s vétSimi
piky, je velmi obtizna. Reenim je aplikace vicerozmé&rné plynové
chromatografie, ktera pouziva k separaci dvé kolony s odli$nou po-
laritou stacionarni faze. Separacni kapacita plynové chromatografie
v dvourozmérném usporadani (GC x GC) je podstatné vyssi, nez
separace na jedné koloné. V kombinaci s hmotnostnim detekto-

the analysis of the essential oils uses solely gas chromatography in
different instrumental modes, several principally different methods
are used for the isolation of essential oils from hops matrix.

The oldest and still widely employed isolation method is distilla-
tion in which the components of oils are released from the matrix
by steam distillation. The entire procedure is performed on a special
distillation apparatus usually at atmospheric pressure, but proce-
dures are also described by which the isolation is carried out under
reduced pressure. The distillation method is time consuming, and
a relatively large amount of hops (min. 509g) is needed to achieve
reliable results. Distillation under atmospheric pressure has been re-
ported to lead to degradative changes in aroma so that the resultant
oil aroma does not match the aroma of the original hops (Rettberg et
al., 2012). Extraction procedures use organic solvents such as hex-
ane, ethanol, methylene chloride or trichlorethylene (Laws, 1981) for
the isolation of essential oils. Solvent evaporation, however, causes
losses of the most volatile components, which leads to changes in
the character of the resulting oil (Pickett, 1975). Another drawback of
these extracts is the possible presence of residual solvent.

A fundamentally different approach to the analysis of hop oils
is based on the direct sampling of the gas phase above the fixed
sample in a sealed sampling vessel. These procedures are often
referred to as the “head space” methods. They exist in a static or
dynamic configuration. In a static configuration, the sample of the
gaseous phase obtained after incubating the sample at an elevated
temperature, is dosed directly onto the analytical column of a gas
chromatograph (Freundorfer, 1991). To analyze hop oils, Eri et al.
(2000) used the dynamic process based on thermal desorption
(DTD-Direct Thermal Desorption). When applying this method, the
components of the hop oils are thermally released from the matrix
in a desorption chamber and a stream of inert gas is used to trans-
port them onto the analytical column.

Another technique for separation of volatile compounds from
gaseous, liquid and solid phase is a solid phase microextraction
(SPME, Solid-Phase Microextraction) (Arthur et al., 1992). The
method, which uses no solvent, is based on the sorption of analytes
on the surface of a quartz fiber coated with an active layer of sorbent
or polymer. The fiber can be immersed in the liquid or in the “head-
space” exposed in the gas phase above the liquid or solid sample.
HS-SPME method was successfully used for the isolation of hop
oils (Field et al., 1996; Krofta and Cepi¢ka, 2000; Kovacevi¢ and
Kag, 2001). The most widely used fibers are based on polydi-
methylsiloxane (PDMS 100 pm, PDMS/DVB 65 pm). The biggest
advantage of the “headspace” method is the small amount of sam-
ple needed for isolation, i.e. less than 1 gram. Sufficient for satis-
factory HS-SPME performance is a single hops cone, even a green
cone freshly taken from the hops plant. This technique allows one
to detect quickly and easily any extraneous admixtures in hops
crop varieties. Another great advantage is the low temperature in
the extraction (40-50 °C for 30-60 minutes) which minimizes sec-
ondary changes in the composition of essential oils.

In 2015, a team of authors developed and published a method
based on the principle of fluidizated bed extraction (Stérba et al.,
2015). The extraction requires a mere 2g of ground hops and the
extraction into ethanol takes place in four six-minute cycles. Because
the oils are extracted by ethanol vapour, they are not exposed to
a high temperature, only to 78° C, which is a gentle method in view
of their easy degradation.

Major progress in the analysis of hop oils was brought about in
the 50’s of the last century, by the introduction of gas chromatogra-
phy (GC) and then the capillary columns. Their use revealed for the
first time the complexity of hop oils as the mixtures of different sub-
stances. Buttery and Ling (1967) used a 50m metal capillary column
to separate several varieties of oils into nearly 100 components. The
extent of knowledge about the composition of the hop oils grew in
parallel with advances in analytical instrumentation that concerned
both separation columns and detectors. Routine analysis of the com-
position of the hop oils is carried out by one-dimensional gas chro-
matography coupled with flame ionization detector (GC-FID) or mass
detector (GC-MS). The joining of gas chromatograph with a mass
spectrometer was crucial for further development in this area be-
cause MS detectors are not only sufficiently sensitive, but the mass
spectra provide useful information on the structure of substances and
their molecular weight. The problem of routine analysis is the limited
separation capability of analytical columns. Theoretical separation
capacity of 50m GC column is limited to ca. 250 peaks (Bartle, 2002).

Roberts and Lewis (2000) identified 440 substances using GC/
MS/TOF. This may reflect numerous coelutions that take place when
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rem typu TOF (time of flight), ktery charakterizuje latky na zakladé
pfesnych molekulovych hmotnosti, vznika velmi u¢inny identifikaéni
nastroj neznamych slozek chmelovych silic (Roberts et al., 2004).
Vicerozmérné techniky se pouzivaji vétsinou pro vyzkumné ucely,
protoze jejich potencial objevit nové senzoricky aktivni latky je ob-
rovsky.

Silice se jako markery odrGidové specifity zacaly uplatfiovat v che-
motaxonomickych studiich v druhé poloviné 20. stoleti a byla pu-
blikovana fada praci vénovanych diferenciaci chmelovych odrdd.
V téchto pracich se kromé odrlidové specifity ¢asto objevuje také
vliv péstebniho regionu, tedy sloZeni pudy a klimatu. V roce 1984
byla publikovana velice obsazna prace, ve které autofi pomoci de-
stilace s vodni parou a GC-MS analyzovali 148 chmelovych odrid
ze Severni Ameriky a Evropy. Na kapilarni GC koloné rozlisili 117
pikd odpovidajicich silicim; data po zpracovani pomoci multivariaéni
analyzy prokazala odrGdovou i regiondlni korelaci mezi chmelovou
odrGdou a chemickym profilem silic (Stenroos a Siebert, 1984).

Autofi Rigby and Bethune vyuzili pro charakterizaci 16 rGznych
chmelovych odrld klasickou pfipravu vzorku pomoci destilace
s vodni parou, analyzu silic provedli pomoci GC s teplotné vodivost-
nim detektorem. Jednim ze zajimavych zavéru je vzajemna korelace
mezi obsahem myrcenu a kohumulonu (alfa kyselina) a také mezi
obsahem humulenonu (silice) a humulonu (alfa kyselina). Dale bylo
zjisténo, ze evropské odridy chmele obsahuji obecné méné myrce-
nu a vice humulenonu ve srovnani s odrddami ze Severni Ameriky
(Rigby a Bethune, 1957).

Nickerson a Van Engel identifikovali pomoci kapilarni GC 250
chmelovych silic. Z tohoto spektra vybrali 22 latek, které tvofily tzv.
profil slozek chmelového aroma (HACP z angl. hop aroma compo-
nent profile), latky kvantifikovali jako nanolitry dané silice na gram
chmele (1 ppm, v/w). Timto zplsobem porovnaval HACP extrakty
7 komerénich vzork( pelet (Cascade, Chinook, Cluster, Hallertau,
Saaz, Tettnang, and Willamette), extrakty pfipravili pomoci destilace
s vodni parou. Kromé porovnani HACP chmelovych silic z extraktu
srovnavali zménény HACP téchto latek v mladiné a hotovém pivu.
Bylo zjisténo, Zze v ramci jedné odrldy se celkovy HACP muize bé-
hem technologického procesu zménit az o 50 %. Zaroveri autofi na-
vrhli zavedeni nové jednotky ,jednotka chmelového aroma“ pro cha-
rakterizaci chmelové odriidy pomoci sumy 22 vybranych silic (1 nl/g)
podobné jako se bézné pouziva jednotka horkosti pro charakterizaci
obsahu horkych latek chmele (Nickerson a Van Engel, 1992).

Vzhledem k vysokym uUbytkdm chmelovych silic béhem varniho
procesu je instrumentalné velmi obtizné stanovit silice v hotovém
pivu. Jejich nizké koncentrace navic ovlivnéné matricnim efektem
se pohybuiji ¢asto na limitu detekce. Inui et al. pouzili pro stanoveni
spektra silic v pivu dvoudimenzionalni plynovou chromatografii (GC
x GC) s hmotnostnim detektorem TOF, ktery umozniuje velice pfesné
méreni. Autor se zaméfil na detekci 67 vybranych slozek silic, které
byly korelovany s vybranymi senzorickymi deskriptory. Na zakladé
vysledné, velmi dobré korelace, vysledku necilové analyzy GCxGC-
-TOF/MS s vysledky senzorické analyzy pomoci PCA Ize konsta-
tovat, Ze tato metoda je u€innym nastrojem pro vysvétleni rozdill
chmelového aroma v pivu (Inui et al., 2013).

Extrakce silic ve chmelu pomoci metody headspace SPME s na-
slednou GC analyzou byla pouzita pro verifikaci 4 chmelovych slo-
vinskych odrid (Aurora, Celeia, Magnum and Savinjski Golding).
Autofi této prace identifikovali 11 slou€enin (silic) charakteristickych
pro danou odradu. Profily téchto silic po chemometrickém zpracova-
ni dat dobfe korelovaly s analyzovanou odrGdou (Kovacevi¢ a Kag,
2001).

Stejné technika byla pouzita ve studii, kde byl pomoci vybranych
terpenoidnich slou¢enin (13 monoterpen(, 10 sequiterpend, 3 oxido-
vané monoterpeny, a jeden hemiterpen) ziskan metabolomicky profil
téchto latek v odridé Saaz (Zatecky polorany ¢ervendk). Ze studie
vyplyvd, Ze tato odrida obsahuje charakteristicky vysoké koncent-
race myrcenu, alfa-humulenu a beta-caryofylenu (Goncalves et al.,
2012).

Farag et al. pouzili pro profilovani chmelovych silic ve 13 odridach
chmele metodu dvoudimenzionalni NMR; autofi identifikovali a kvan-
tifikovali alfa-humulen, linalool a myrcen (Farag et al., 2014).

2.3 Polyfenolické latky

Prvni pokusy o stanoveni polyfenoll Ize dolozit jiz z konce 19.
stoleti, kdy se polyfenoly z chmelového extraktu odstranovaly pomo-
ci prasku z vy€inéné kize (hide powder) nebo zelatiny a sledoval se
bud hmotnostni ubytek, nebo zména spotfeby pfi titraci manganis-
tanem draselnym. Nevyhodou téchto metod byly zejména nepresné
vysledky zpusobené jak rozdilnou povahou jednotlivych sloZzek poly-

analyzing hop oils. In addition, elution bands are not evenly distrib-
uted in the chromatogram. This leads to the fact that the identifica-
tion of unknown, sensory active minor components of the hop oils
coeluting with larger peaks is very difficult. The solution is the appli-
cation of multidimensional gas chromatography which uses for sep-
aration two columns with different polarity of the stationary phase.
The separating capacity of gas chromatography in two-dimensional
arrangement (GC x GC) is significantly higher than separation on
a single column. In combination with a TOF (time of flight) type mass
spectrometer, which characterizes the substance on the basis of
precise molecular weights, this represents a very efficient tool for
identification of unknown components of hop oils (Roberts et al.,
2004). Multidimensional techniques are used mostly for research
purposes because of their huge potential to discover new sensory
active ingredients.

Essential oils started to be applied as markers of varietal specific-
ity in chemotaxonomical trials in the second half of the 20th century
and many published studies were devoted to the differentiation of
hop varieties. In addition to the varietal specificity, these works often
pointed to the impact of the growing region, i.e. soil composition and
climate. In 1984, Stenroos and Siebert published a comprehensive
work in which using steam distillation and GC-MS they analyzed 148
hops varieties from North America and Europe. On a capillary GC
column they distinguished 117 peaks corresponding to the oils. After
processing the data using multivariate analysis they showed varietal
and regional correlation between hop varieties and the chemical pro-
file of essential oils (Stenroos and Siebert,1984).

Rigby and Bethune used conventional sample preparation using
steam distillation for characterization of 16 different hop varieties;
analysis of the oils was made by GC with thermal conductivity detec-
tor. One of the interesting findings was the mutual correlation be-
tween the content of myrcene and cohumulone (alpha acids) and
also between the content of humulenone (essential oil) and humulo-
ne (alpha acid). It was further found that European varieties of hops
generally contain less myrcene and more humulenone compared to
varieties from North America (Rigby and Bethune, 1957).

Nickerson and Van Engel identified 250 hop oils by capillary GC.
From this spectrum they selected 22 substances that formed the
so-called hop aroma component profile (HACP) and quantitated the
substances in nanoliters of oil per gram of hops (1 ppm, v/w). In
this way they compared the HACP of extracts from seven commer-
cial samples of pellets (Cascade, Chinook, Cluster, Hallertau, Saaz,
Tettnang and Willamette) The extracts were prepared by means of
steam distillation. In addition to comparing HACP of hop oils from
individual extracts they compared the changed HACP of these sub-
stances in wort and finished beer. They found that within a single
variety, the total HACP may change by as much as 50% during the
technological process. At the same time they suggested the intro-
duction of a new unit, “hop flavor unit”, to characterize hop varieties
using the sum of 22 selected oils (1 pl/g) similar as the bitterness
unit commonly used for characterizing the content of hops bitter sub-
stances (Nickerson and Van Engel, 1992).

Due to the high losses of hop oils during the brewing process it is
instrumentally very difficult to determine oil in the finished beer. Their
low concentrations, which are moreover affected by the matrix effect,
are often at the limit of detection. Inui et al. used two-dimensional
gas chromatography (GCxGC) TOF mass spectrometer, which al-
lows a very accurate measurement, to determine the spectrum of
essential oils in beer. They focused on the detection of 67 selected
components of essential oils, which were correlated with the select-
ed sensory descriptors. Based on the resulting very good correlation
of the results of analysis of the non-target GCxGC-TOF/MS with the
results of sensory analysis using PCA it can be stated that this meth-
od is an effective tool for explaining the differences in hop aroma in
beer (Inui et al., 2013).

Extraction of essential oils from hops using the method of head-
space SPME followed by GC analysis was used to verify 4 Slovenian
hop varieties (Aurora, Celeia, Magnum and Savinjski Golding). The
authors of this study identified 11 characteristic compounds (oils)
typical for the variety. After chemometric data processing the profiles
of these oils correlated well with the analyzed variety (Kovacéevi¢ and
Kag, 2001).

The same technique was used in a study in which, through se-
lected terpenoid compounds (13 monoterpenes, 10 sequiterpenes, 3
oxidized monoterpenes and one hemiterpene) they obtained the me-
tabolomic profile of these compounds in the Saaz variety. The study
implied that this variety contains a high concentration of myrcene,
alpha-humulene and beta-caryofylene (Goncalves et al., 2012).
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fenold, tak i v pfipadé prasku z vy¢inéné kize velka variabilita v jeho
slozeni (Chapman, 1905).

V roce 1907 Chapman popsal gravimetrické stanoveni polyfenold.
Chmel extrahoval vrouci vodou a polyfenoly v extraktu vysrazel po-
moci cinchoninsulfatu (Chapman, 1907). Tento zpUsob byl modifiko-
van napf. Lingem a Nanjim (1921), ktefi misto gravimetrické koncov-
ky pouzili polarimetrické méreni, tj. méreni optické otacivosti (stoceni
roviny polarizovaného svétla cinchoninsulfatem). Byla vypracovana
jesté cela fada optickych nebo volumetrickych metod ke stanoveni
celkovych polyfenolll, v soucasnosti je v metodice EBC uvedena
metoda zaloZena na reakci polyfenolli extrahovanych horkou vodou
v alkalickém prostfedi s zelezitymi ionty a méfeni absorbance proti
slepému pokusu pfi 600 nm (Analytica EBC, 2015), jejimz zakladem
je préace De Clerka a Jerumanise (1967).

Vzhledem k rdznorodé povaze polyfenoll vyvstala béhem casu
potfeba jejich selektivnéjSiho stanoveni. Prvni metodu pro stanoveni
anthokyanogena v pivovarstvi publikoval McFarlane et al. (1955). Me-
toda je zaloZena na konverzi anthokyanogen( povarenim s kyselinou
chlorovodikovou a nasledné extrakci ¢ervené zbarvenych slouc¢enin
amylalkoholem nebo butylalkoholem. Dal§i moznosti jejich stanoveni
je adsorpce anthokyanogen( na polyamidovy prasek a nasledné po-
vareni s kyselinou chlorovodikovou, vzniklé zbarveni se méfi pfi 550
nm (Harris a Ricketts, 1958). Vzhledem k citlivosti metody na zplsob
provedeni byly vyvijeny dal$i metodiky (Basafova a Cerna, 1974),
napf. Franken-Luykx vypracovala metodu zaloZenou na reakci antho-
kyanogenl s molybdenanem sodnym v neutralnim prostfedi za vzni-
ku hnédého zbarveni, které se méfi pfi 400 nm, avSak tato metoda je
méné selektivni, protoze molybdenan miZe kromé anthokyanogent
reagovat i s katechinem (Basarova a Cerna, 1974).

Dal$i skupinou polyfenolll stanovovanych ve chmelu jsou tanoidy.
Jejich stanoveni se provadi nefelometricky. Ve vodném vyluhu
chmele se sleduje tvorba zakalu po pfidavku PVP, koncentrace ta-
noidd odpovida objemu PVP pfi maximalni hodnoté zakalu (Basaro-
v, 1993; Chapon, 1993).

K presné identifikaci jednotlivych sloZek polyfenol( doslo az s pfi-
chodem chromatografie, jednotlivé latky (nap¥. kvercetin, kvercitrin,
kempferol, rutin, chlorgenova kyselina, kyanidin, delfinidin, galova
kyselina atd.) byly identifikovany, pfip. semikvantifikovany pomoci
2D tenkovrstvé (papirové) chromatografie (napf. Harris, 1956; Hu-
bacek a Trojna, 1964; Karel, 1960).

Metody zaloZzené na HPLC separaci byly poprvé popsany v 80.
a 90. letech 20. stoleti (napf. McMurrough, 1981; Jerumanis, 1985).
McMurrough stanovil mono-, di- a trimery flavonoll a flavonol mono-,
di- a triglykosidy, vice polymerované slozky nebyly stanoveny. Jeru-
manis pouzil extrakci acetonem a precisténi vzorku na polyamidu 6,
ve vzorcich stanovil katechin, prokyanidin B3 a prokyanidin C2, pfi-
¢emz nejvysSsi koncentrace byly zjistény u katechinu.

De Cooman et al. pouzil pro rozliSeni 3 odrid chmele (Saaz, Wye
Target a Nugget) chemotaxonomickou metodu zaloZzenou na prin-
cipu stanoveni vSech tfi hlavnich chemickych skupin chmelovych
latek. Pomoci metody PCA vyhodnotil ziskané profily silic, horkych
latek a flavonoid(, latek ze skupiny polyfenoll. Flavonoidy analyzo-
val pomoci metody HPLC s UV detekci (De Cooman et al., 1998).

Jerkovic et al. (2005) analyzoval koncentraci stilbenu ze skupiny
polyfenoll (cis- a trans- resveratrol a cis- a trans-piceid) v peletach
deviti odrad chmele pomoci metody HPLC a detekci MS s chemic-
kou ionizaci za atmosférického tlaku (APCI). Z vysledkd srovnani
celkové koncentrace stilbenll a alfa-kyselin vyplyva, ze ¢im mensi
koncentraci alfa-kyselin odrida obsahuje, tim je vétsi obsah stil-
bend.

Magalhaese et al. (2010) publikoval praci, ve které popsal sepa-
raci katechinu a epikatechinu a dale objasnil strukturu vice nez 30
polyfenolickych latek zahrnujicich kromé proanthokyanidinG také
napf. xanthohumol a kvercetin. Tyto latky extrahoval z chmele, smés
absorboval na PVPP (polyvinylpolypyrrolidone), a nasledné je de-
sorboval smési aceton/voda (7:3, v/v). Elucidace ziskanych slouce-
nin byla provedena pomoci kapalinové chromatografie ve spojeni
s hmotnostni detekci.

Li a Deinzer, ktefi pouzili k identifikaci nové izolovanych proan-
thokyanidind ze 13 odrid chmele metody HPLC-APCI-MS (vysoko-
uginna kapalinovéa chromatografie s hmotnostni detekci, chemicka
ionizace) a HPLC-ESI-MS (ionizace elektrosprejem), poprvé po-
psali zavislost zastoupeni jednotlivych analogl proanthokyanidin(i
ve vzorku chmele na jeho odridé (Li a Deinzer, 2006).

Jejich vysledky byly ovéfeny ve studii autorti OlSovska et al., ktefi
potvrdili zavislost profilu proanthokyanidint na odridé chmele. Che-
mickeé profily proanthokyanidind byly naméfeny ve vzorcich ze dvou
po sobé jdoucich sklizni ze 4 odrid ¢eského chmele (ZPC, Sladek,

Farag et al. used the method of two-dimensional NMR for profiling
hop oils in 13 varieties of hops; the authors identified and quantified
alpha-humulene, linalool and myrcene (Farag et al., 2014).

2.3 Polyphenols

The first attempts to determine polyphenols can be documented
in the late 19th century, when polyphenols were removed from the
hops extract using hide powder or gelatin and either weight loss or
a change in the agent consumption during potassium permanganate
titration was determined. The disadvantage of these methods was
the poor inaccuracy of the results caused by the different nature of
the polyphenolic components and, in the case of the hide powder,
large variability in its composition (Chapman, 1905).

In 1907, Chapman described a gravimetric determination of poly-
phenols. Hop was extracted with boiling water and polyphenols in the
extract were precipitated using cinchonin sulfate (Chapman, 1907).
The method was modified by Ling and Naniji (1921), who used in-
stead of gravimetry polarimetric measurement, i.e. measurement of
the optical rotation (rotation of the polarized light plane by cinchonin
sulfate). A number of other optical or volumetric methods was de-
veloped for the determination of total polyphenols. The current EBC
methodology prescribes a method based on reaction of polyphenols
extracted with hot water in an alkaline medium with ferric ions and
measurement of the absorbance against the blank at 600 nm (Ana-
lytica EBC, 2015), which is based on the work of De Clerk and Je-
rumanis (1967).

The diverse nature of polyphenols resulted in the need for their
selective determination. The first method for determining anthocy-
anogens in brewing was published by McFarlane et al. (1955). The
method is based on the conversion of anthocyanogens by boiling
with hydrochloric acid and subsequent extraction of red colored com-
pounds by amyl alcohol or butyl alcohol. Another way of determining
anthocyanogens is their adsorption on polyamide powder followed
by boiling with hydrochloric acid; the resulting color is measured at
550 nm (Harris and Ricketts, 1958). Other methodologies have been
developed because of the sensitivity of the method to the mode of
performance (Basafova and Cerna, 1974). For instance, Franken-
Luykx developed a method based on reaction of anthocyanogens
with sodium molybdate under neutral conditions to give a brown
color which is measured at 400 nm, but this method is less selec-
tive as apart from anthocyanogens molybdate can react also with
catechin (Basarova and Cerna, 1974).

Another group of polyphenols determined in hops are tannoids.
Their determination is performed by nephelometry. Formation of tur-
bidity is observed in an aqueous extract of hops after addition of
the PVP; the concentration of tannoids corresponds to the volume
of PVP at a maximum value of turbidity (Basafova 1993; Chapon,
1993).

The precise identification of individual components of polyphenols
occurred with the advent of chromatography.Individual substances
(e.g. quercetin, quercitrin, kaempferol, rutin, chlorogenic acid, cyani-
din, delphinidin, gallic acid, etc.) have been identified or semi-quan-
tified using 2D thin layer (paper) chromatography (e.g. Harris, 1956;
Hubé&gek and Trojna, 1964; Karel, 1960).

Methods based on HPLC separation were first described in the
80s and 90s of the 20th century (e.g. McMurrough, 1981; Jerumanis,
1985). McMurrough determined mono-, di- and trimers of flavonols
and flavonol mono-, di- or triglycosides; more highly polymerized
components were not determined. Jerumanis used acetone extrac-
tion and purification of the sample on polyamide 6. He determined
catechin, procyanidin B3 and procyanidin C2, the highest concentra-
tions being found with catechin.

De Cooman et al. distinguished 3 varieties of hops (Saaz, Wye
Target and Nugget) by using a chemotaxonomic method based on
determining all three major chemical groups of hop substances. Us-
ing the PCA method, they evaluated the resultant profiles of essen-
tial oils, bitter substances and flavonoids, i.e. substances from the
group of polyphenols. Flavonoids were analyzed by HPLC with UV
detection (De Cooman et al, 1998).

Using HPLC and MS detection with chemical ionization at atmos-
pheric pressure (APCI), Jerkovic et al. (2005) analyzed the concen-
tration of stilbenes from the group of polyphenols (cis- and trans-
resveratrol and cis- and trans-piceid) in pellets of nine hop varieties.
The comparison of the total concentration stilbenes and alpha-acids
showed that the lower the concentration of alpha-acids in the variety,
the higher the content of stilbenes.

Magalhaese et al. (2010) published the separation of catechin and
epicatechin, and also clarified the structure of more than 30 poly-
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Premiant a Agnus), které byly analyzovany metodou HPLC- TOF/
MS. Ve vzorcich extrahovanych smési aceton/voda (70/30) identifi-
kovali di-, tri- and tetramery proanthokyanidint, zejména katechinu,
epikatechinu, gallokatechinu a epigalokatechinu. Na zakladé zastou-
peni téchto oligomerd prokazali autofi nejen odridovou, ale i lokalit-
ni specifitu (OlSovska et al., 2013).

U nékterych odrad chmele jsou také velmi charakteristické obsahy
nékterych prenylflavonoidd. Zcela unikatni odriidou je v tomto sméru
¢eska odrlida Vital, kterd ma velmi vysoky obsah desmethylxantho-
humolu. Na zékladé obsah( téchto typu latek mizeme uréeni odriidy
jesté dale zpresnit (Krofta et al., 2015).

3 GENETICKE METODY

Historicky byly odrlidy chmele (Humulus lupulus L.) hodnoceny
podle morfologickych znaku révy a hlavek. Pfichod metod analytické
chemie sekundarnich metabolitd umoznil precizni analyzu obsahu
a slozeni chmelovych pryskyfic, silic a polyfenolli (Krofta a Patzak,
2011). Chemotaxonomie chmele vychazi z faktu, ze slozeni sekun-
darnich metabolitd je v uréitych parametrech odrlidové charakteris-
tické a jen mirné ovlivnéno podminkami péstovani a prostredi. V sou-
Casnosti je vyuziti DNA molekularné genetickych metod nejlepSim
nastrojem pro hodnoceni jednotlivych genotypl. Oproti chemickym
analyzam nejsou DNA analyzy ovlivnény vékem chmelovych rostlin
a dalSimi faktory prostfedi. DNA molekularni metody ndm umozuiji
kontrolovat zmény zplsobené kombinacemi rodi¢t, chybami pfeno-
su, mutacemi a selekénim tlakem, vyhodnocovat pfibuznost jednotli-
vych genotypll nebo variabilitu (diverzitu) uvnitf populace.

V poslednich 20 letech bylo vyvinuto a pouzito nékolik metod
analyzy DNA zalozenych na polymorfismu restrikénich fragmen-
td (RFLP) a polymerazové fetézové reakci (PCR) pro hodnoceni
chmelovych genotypll. RFLP byl pouZit pro charakterizaci chlo-
roplastové DNA, ribozomalni RNA a 7SL RNA na za¢atku mo-
lekularné genetické éry (Pillay a Kenny, 1994; 1996b; Matousek
a Trnéna, 1996; Matousek et al., 1999; Arnold a Jeltsch, 1999).
Polymorfismus nahodné amplifikované DNA (RAPD) byl pou-
Zit jako prvni PCR metoda pro identifikaci rozdill mezi odridami
chmele (Abbott a Fedele, 1994; Jak3e et al., 1994; Pillay a Kenny,
1996a; Vejl, 1997; Patzak et al., 1999; Sustar-Vozli¢ a Javornik,
1999; Murakami, 2000). S vyvojem sekvenénich technologii pak
bylo mozné charakterizovat RAPD produkty a pouzit je v metodé
specifickych sekvenénich mist (STS) u genotypl chmele (Brady
et al., 1996; Tsuchiya et al., 1997; Araki et al., 1998; Murakami,
1998). Dalsi metodou, vyuzivajici neznamé sekvence, byl amplifi-
kovany délkovy polymorfismus fragmentl (AFLP), ktery kombinuje
RFLP a PCR. Je citlivéjSi pro genotypizaci chmele (Hartl a See-
felder, 1998; Seefelder et al., 2000; Townsend et al., 2000; JakSe
et al., 2001; Patzak, 2001; 2002; Fleischer et al., 2004; Townsend
a Henning, 2009; Reeves a Richards, 2011; Solberg et al., 2014)
a dokaze detekovat téZ somaklonalni variabilitu (Patzak, 2003; Pe-
redo et al., 2006; 2008; 2009). Nezndmé sekvence v systému mo-
lekularni hybridizace byly vyuzity v technologii rozliSovacich &ipl
(DArT) (Howard et al., 2011). Ale lepSi pro identifikaci a determina-
ci chmelovych odrad je vyuzit DNA specifické sekvenéni metody,
jako jiz zminénou metodu STS pro strukturni geny (Patzak et al.,
2007; Bassil et al., 2008; Castro et al., 2008; Venger et al., 2015).
Mikrosatelitni nukleotidové (di- nebo tri-) repetice jsou nejpouziva-
néjsi pro molekularné genetickou analyzu variability a hodnoceni
biodiverzity u riznych druh( rostlin. Jsou vysoce polymorfni, multi-
-alelické, ¢asto kodominantni, vysoce reprodukovatelné a ndhodné
a Siroce rozmisténé v genomu (Powell et al., 1996). Mdzeme je
vyuzit nespecificky jako sekvence PCR primer( v metodé inter-jed-
noduchych sekvenénich repetic (ISSR) (Patzak, 2001; Danilova et
al., 2003). Standardné se v8ak vyuzivaji pfimo v reakcich jednodu-
chych sekvencnich repetic (SSR). Proto byly a jsou SSR markery
nejpouzivanejsi pro genotypovani a studium molekularni variability
u chmele (Jak$e et al., 2001; 2002; 2004; 2008; Cerenak et al.,
2004; Hadonou et al., 2004; Murakami et al., 2006a; b; Bassil et al.,
2008; Stajner et al., 2005; 2008; Peredo et al., 2010; Patzak et al.,
2010a; b; Horreo et al., 2014; Karlsson Strese et al., 2014; Mongelli
et al., 2015; Korbecka-Glinka et al., 2016). VétSina SSR marker( se
nachazi v nekdédujicich oblastech genomu. Narlst informaci pomo-
ci sekvenovani nové generace (NGS) transkriptomu (Nagel et al.,
2008; Clark et al., 2013; Xu et al., 2013) a celého genomu (Natsu-
me et al., 2015) zcela naplnil DNA sekvence genl chmele v EST
databazich GeneBank, které tak poskytly moznost vyhledat nové
specifické molekularni markery. Z téchto informaci pak byly odvo-

phenols including, apart from proanthocyanidins, also e.g. xanthohu-
mol and quercetin. They extracted these substances from hops, the
mixture was then adsorbed on polyvinylpolypyrrolidone (PVPP) and
subsequently desorbed with acetone/water (7: 3 v/v). Elucidation of
the compounds was performed using liquid chromatography coupled
with mass spectrometry.

Li and Deinzer used HPLC-APCI-MS (high performance liquid
chromatography with mass spectrometry, chemical ionization) and
HPLC-ESI-MS (electrospray ionization) methods to identify newly
isolated proanthocyanidins from 13 hop varieties and described the
hops variety dependence of the proportion of proanthocyanidine
analogs (Li and Deinzer, 2006).

Their results were validated in a study by OlSovska et al., who
confirmed the dependence of the proanthocyanidin profile on hop
variety. Chemical profiles of proanthocyanidins were determined in
samples from two consecutive harvests of 4 Czech hop varieties
(Saaz, Sladek, Premiant and Agnus) which were analyzed by HPLC-
TOF/MS. Samples extracted with acetone/water (70/30) were found
to contain di-, tri- and tetramers of proanthocyanidins, in particular
catechin, epicatechin, gallocatechin and epigallocatechin. Based on
the proportion of these oligomers, the authors demonstrated not only
varietal, but also location specificity (OlSovska et al., 2013).

Very characteristic for some hop varieties are also the contents of
some prenylflavonoids. A quite unique variety in this respect is the
Czech variety Vital, which has a very high content of desmethylx-
anthohumol. Based on the contents of these compounds one can
further refine the variety determination (Krofta et al., 2015).

3 GENETIC METHODS

From the beginning, hop (Humulus lupulus L.) cultivars have been
evaluated according to the morphological traits of bine and cones.
Advances in analytical chemistry of hop secondary metabolites
made it possible to analyze precisely the contents and composition
of some hop resins, hop oils and polyphenol components (Krofta and
Patzak, 2011). Chemotaxonomy of hop cultivars is based on the fact
that the composition of secondary metabolites is in some param-
eters a varietal characteristic and is only slightly affected by growing
and environmental conditions. Nowadays, utilization of DNA molecu-
lar genetic methods is the best tool for the evaluation of individual
genotypes. Unlike chemical analyses, DNA analyses are not influ-
enced by the age of hop plants and other environmental influences.
DNA molecular methods allow us to check the changes caused by
the combination of parents, transfer errors, mutations and selection
pressure and evaluate the relationships of genotypes or individual
variability (diversity) within the population.

In the last 20 years, several methods of DNA analysis, based on
Restriction Fragment Length Polymorphism (RFLP) and Polymerase
Chain Reaction (PCR) were developed and used for evaluation of
hop genotypes. At the start of the molecular genetic era, RFLP was
used for characterization of chloroplast DNA and ribosomal RNA and
7SL RNA (Pillay and Kenny, 1994, 1996b; Matou$ek and Trnéna,
1996; MatouSek et al., 1999; Arnold and Jeltsch, 1999). Random
Amplified Polymorphic DNA (RAPD) was used as the first PCR
method for identification of differences between hop cultivars (Ab-
bott and Fedele, 1994; JakSe et al., 1994; Pillay and Kenny, 1996a;
Vejl, 1997; Patzak et al., 1999; Sustar-Vozli¢ and Javornik, 1999;
Murakami, 2000). With progress of sequencing technology, RAPD
products could be characterized and used in the Sequence-Tagged
Sites (STS) method for hop genotypes by Brady et al. (1996),
Tsuchiya et al. (1997), Araki (1998) and Murakami (1998). Anoth-
er method based on unknown sequences has been the Amplified
Fragment Length Polymorphism (AFLP), which combines RFLP
and PCR. It was found to be more sensitive for genotyping of hops
(Hartl and Seefelder, 1998; Seefelder et al., 2000; Townsend et al.,
2000; Jakse et al., 2001; Patzak, 2001; 2002; Fleisher et al., 2004;
Townsend and Henning, 2009; Reeves and Richards, 2011; Solberg
et al., 2014) and could detect also somaclonal variability (Patzak,
20083; Peredo et al., 2006; 2008; 2009). Unknown sequences in mo-
lecular hybridization system have also been used in Diversity Arrays
Technology (DArT) method (Howard et al., 2011) but better identi-
fication and determination of hop cultivars is achieved when using
DNA sequence specific methods such as the previously mentioned
STS methods in structural genes (Patzak et al., 2007; Bassil et al.,
2008; Castro et al., 2008; Venger et al., 2015). Microsatellite nu-
cleotide (di- or tri-) repeats are the most useful for molecular genetic
analysis of variability and evaluation of biodiversity in different plant
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zeny nové molekularni markery typu jednoduchych sekvenénich
repetic v exprimovanych sekvenénich usecich (EST-SSR) (Patzak
a Matousek, 2011; Jakse et al., 2011; Koelling et al., 2012; Singh et
al., 2012) a jedno-nukleotidového polymorfismu (SNP) (Matthews
et al., 2013; Yamauchi et al., 2014; Henning et al., 2015). Nedavno
byla vydana studie pfedstavujici efektivni markerovaci systém pro
genotypovani a kontrolu autenticity ¢eskych odrid chmele zaloze-
ny na EST-SSR, ktery byl implementovan do systému identifikace
odrid chmele a kontroly Cistoty sadbového materidlu (Patzak and
Matousek, 2013a; 2013b). Tento systém v PCR amplifikuje alely
téchto genli: WRKY transkripéni faktor 1 (WRKY1), 2-C-methyl-
-D-erythritol 2,4-cyclodifosat synthasa (CMPS), leukoantokyani-
din reduktasa 1 (LAR1) a vapnik-vazebny EF hand family protein
(CaEFh). Doplnény dvéma dfive publikovanymi STS lokusy genl
chalkon synthasy 1 (CHS1) a endochitinasy 1 (HCH1) (Patzak et
al., 2007) pak uspésné a presné identifikuje a determinuje vSechny
Ceské registrované odridy. Pro potfeby identifikace 135 svétovych
odrad chmele, které jsou v kolekci Chmelarského institutu, s.r.o.,
v Zatci, je nutné rozsifit molekularni markerovaci systém. Z 269
SSR, STS a EST-SSR amplifikovanych marker( bylo pomoci pro-
gramu MinimalMarker identifikovano 15 markerd (Fujii et al., 2013),
které efektivné rozlisi véechny pouzité odridy, s vyjimkou plvo-
dem shodnych genotypll Zateckého, Spaltského, Tettnangského
a Nadwislavského chmele. K jiz dfive zminénym tak pfibyly HIGAS,
HIGA29 a HIAGA7 (Jakse et al., 2002; Stajner et al. 2005) z SSR
marker(l, NDBP (Patzak et al., 2007) z STS a EST-SSR marke-
ry ESTGA5 (Patzak a Matousek, 2011), flavanon 3-hydroxylasy
(F3H), MYB transkripéniho faktoru 5 (MYBS5), celulasy 1 (CEL1),
intenzivniho genu kyseliny giberelinové (GAI1) a oxidasy 2 kyseliny
giberelinové 2 (GA2oxy2) (Patzak a Henychova, 2016).

4 NEJNOVEJSI POZNATKY

Jak bylo ukdzano na fadé priklad(, pokud jsou chemotaxonomic-
ké metody zaloZeny na stanoveni vice typl latek (sekundarnich me-
tabolitti) chmele, je korelace s odridou mnohem vysSi. Ve spojeni
s vysledky genetické analyzy jsou dnes metody ovéfovani autenti-
city chmele velice presné. V roce 2011 publikovali autofi Krofta et
al. studii, kde stanovovali chmelové pryskyfice, silice a prenylflavo-
noidy u 11 Eeskych registrovanych chmelovych odrid. V roce 2015
byly provedeny chemické analyzy dal$ich novoslechténych hybridd
pro Ceské pivo (obsah a sloZeni alfa a beta kyselin, obsah a sloze-
ni chmelovych silic, obsah celkovych polyfenolll). Byly provedeny
molekularné-genetické analyzy 150 vybranych genotypli chmele ze
svétového sortimentu a Slechtitelského materialu. Pro molekular-
ni analyzy bylo vyuzito 7 SSR, 9 STS a 35 EST-SSR marker(, jez
celkem amplifikovaly 269 polymorfnich produktli. Na zakladé téchto
vysledk{l autofi sestavili dendrogram, zahrnujici novo$lechténé hyb-
ridy zafazené do Statnich odrddovych pokus(. Nejnovéjsi vysledky,
které budou pouzity mj. pro Atlas ¢eskych odriid chmele po zafazeni
novych kultivar(i na Listinu povolenych odrid, jsou uvedeny na obr 1.

V loriském roce byla v ¢asopise Kvasny pramysl publikovana pra-
ce zabyvajici se profilovanim ¢eskych chmelovych odrid na zékladé
chemickych profild proanthokyanidind (OlSovska et al., 2015). Vy-
sledky klastrové analyzy (obr. 2) relativhiho zastoupeni monomer-
nich jednotek a ollgomeru proanthokyanidind zcela jasné odliSily
odridy chmele, a to i z pohledu genetické pFibuznosti odriid. Ceské
odrlidy s podllem ZPC v genomu se od tohoto tradi¢niho chmele od-
liSuji méné neZli odrldy vzdalené. Geneticky vzdalené jsou odridy
Kazbek a Agnus, které se fadi do skupiny americkych chmell (Atlas,
2012). Kazbek méa v plvodu plané kavkazské chmele, Agnus odriidy
ZPC, Sladek, Bor, Fuggle a Northern Brewer. Bliz§i ZPC jsou odrldy
chmele Sladek a Premiant. Obé tyto odrlidy maji v plvodu vyznam-
ny podil ZPC. Je zfejmé, Ze geneticky pdvod chmele koresponduije
s chemotaxonomickym profilem proanthokyanidind chmele. Vysled-
ky ziskané novou metodou piné potvrdily zavéry pfedchozi studie
(OlSovska et al., 2013).

5 ZAVER

Spolecné se zdokonalujici analytickou instrumentaci doslo béhem
poslednich desetileti k vyznamnym objevim v oblasti odriidové spe-
cificity chmele. Jak metody chemotaxonomické, tak metody gene-
tické jsou jiz na tak vysoké urovni, Ze Ize v sou€asné dobé s velkou
pravdépodobnosti uréit pivod chmelové odridy nebo prokazat falzi-
fikat. Obé skupiny metod maji své vyhody. Proto je idedlni obé meto-

species. They are highly polymorphic, multi-allelic, frequently co-
dominant, highly reproducible and randomly and widely distributed in
the genome (Powell et al., 1996). We can use them unspecifically as
PCR primer sequences in the Inter-Simple Sequence Repeat (ISSR)
method (Patzak, 2001; Danilova et al.; 2003). A standard approach
is to use them directly in Simple Sequence Repeat (SSR) reactions.
Therefore, SSR markers have also been the most used for genotyp-
ing and studies of molecular variability of hops (JakSe et al., 2001;
2002; 2004; 2008; Cerenak et al., 2004; Hadonou et al., 2004; Mu-
rakami et al., 2006a; b; Bassil et al., 2008; Stajner et al., 2005; 2008;
Peredo et al., 2010; Patzak et al., 2010a; b; Horreo et al., 2014;
Karlsson Strese et al., 2014; Mongelli et al., 2015; Korbecka-Glinka
et al., 2016). The majority of SSR markers occur in non-coding re-
gions of the genome. The increasing information by Next Generation
Sequencing (NGS) about transcriptome (Nagel et al., 2008; Clark et
al., 2013; Xu et al., 2013) and whole genome sequences (Natsume
et al., 2015) complemented hop DNA gene sequences in GeneBank
EST databases, which have provided the possibility to look for new
gene specific molecular markers. From this information, a new type
of molecular markers was derived such as Expressed Sequence
Tag-Simple Sequence Repeat (EST-SSR) (Patzak and Matousek,
2011; Jakse et al., 2011; Koelling et al., 2012; Singh et al., 2012)
and Single Nucleotide Polymorphism (SNP) markers (Matthews et
al., 2013; Yamauchi et al., 2014; Henning et al., 2015). Recently,
we reported on an efficient marker system for genotyping and au-
thenticity control of Czech hop cultivars based on EST-SSR, which
was implemented into the identification of hop genotypes and purity
control of cultivar rootstocks (Patzak and Matousek, 2013a; b). This
system amplifies alleles of the following genes in PCR: WRKY tran-
scription factor 1 (WRKY1), 2-C-methyl-D-erythritol 2,4-cyclodiphos-
phate synthase (CMPS), leucoanthocyanidin reductase 1 (LAR1)
and calcium-binding EF hand family protein (CaEFh). In addition to
two previous STS loci of chalcone synthase 1 (CHS1) and endochi-
tinase 1 (HCH1) genes (Patzak et al., 2007), we can successfully
and accurately identify and determine all Czech registered cultivars.
When we needed to identify 135 world hop cultivars in our collection
it was necessary to extend our molecular marker system. Out of 269
SSR, STS and EST-SSR amplified markers, 15 markers were iden-
tified by MinimalMarker (Fujii, 2013) that effectively differentiated
all used cultivars except for originally the same genotypes: Saaz,
Spalt, Tettnang and Nadwislawsky. Next to the previous mentioned,
there were HIGA3, HIGA29 and HIAGA7 (JakSe et al., 2002; Stajner
et al., 2005) from SSR markers, NDBP (Patzak et al., 2007) from
STS and EST-SSR markers ESTGA5 (Patzak and Matousek, 2011),
flavanone 3-hydroxylase (F3H), MYB transcription factor 5 (MYB5),
cellulase 1 (CEL1), gibberellic acid intensive gene 1 (GAI1) and gib-
berellic acid 2 oxidase 2 (GA2oxy2) (Patzak and Henychova, 2016).

4 RECENT FINDINGS

As shown in many of the examples if the chemotaxonomic meth-
ods are based on determination of a number of types of hop sub-
stances (secondary metabolites) the correlation with the variety is
much higher. In conjunction with the results of genetic analyses, the
methods used for verifying the authenticity of hops are now very ac-
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Obr. 1 Dendrogram genetickych vzdalenosti 150 odrid svétového
sortimentu chmele na zékladé 238 polymorfnich molekularnich mar-
kerli / Fig. 1 Dendrogram of genetic distances of 150 varieties of
world-wide hops assortment based on 238 polymorphic molecular
markers
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Obr. 2 Klastrova analyza. Odridovéa specifita chmele (Zatecky polorany éerveridk = Saaz) v zavislosti na chemickém profilu proanthokyanidingi
| Fig. 2 Cluster analysis. Varietal specificity of hops reflecting the chemical profile of proanthocyanidins

dy kombinovat, pokud to okolnosti, jako mnozstvi vzorku, dostupnost
instrumentace a v neposledni fadé finan¢ni prostfedky, umoznuiji.

PODEKOVANI B

Tato studie vznikla za podpory Technologické agentury Ceské re-
publiky v ramci projektu TE02000177 ,Centrum pro inovativni vyu-
Ziti a posileni konkurenceschopnosti ¢eskych pivovarskych surovin
a vyrobkd.

curate. In 2011, Krofta et al. determined hop resins, oils and prenyl-
flavonoids in 11 Czech registered hop varieties. Chemical analyses
of further newly bred hybrids for Czech beer (content and compo-
sition of alpha- and beta-bitter acids, contents and composition of
hop oils, the content of total polyphenols) were carried out in 2015.
Molecular genetic analyses of 150 selected hop genotypes of world-
wide range and breeding material were performed. A total of 7SSR,
9 STS and 35 EST-SSR markers were used for molecular analysis
which amplified a total of 269 polymorphic products. Based on these
results, the authors have compiled a dendrogram including newly
bred hybrids included in the State Variety Trials. The latest results,
which will be used, among other things, in the Atlas of Czech hop
varieties after the inclusion of new cultivars to the Charter of author-
ized varieties, are shown in Fig 1.

OlSovska et al. (2015) published in Kvasny Prumysl a study deal-
ing with profiling of Czech hop varieties based on the chemical pro-
files of proanthocyanidins. The results of cluster analysis (Fig. 2) of
the fraction of the monomer units and oligomers of proanthocyani-
dins clearly differentiated hop varieties also in terms of genetic re-
latedness. Czech Saaz hops varieties with a share in the genome
varieties differ from this traditional hop less than the remote varie-
ties. Genetically distant are the varieties Kazbek and Agnus, which
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