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Hops is a source of a number of polyphenol substances important in terms of both brewery and health benefits. Many of these are
antioxidants with a preventative effect on life-style diseases, cardiovascular and cancer diseases. A five-year study of the content of
polyphenol substances of Czech hop varieties by group methods (total polyphenols, anthocyanogens, flavonoids, prenylflavonoids) has
shown that the content and profile of polyphenols is varietal-specific, but also depends on the harvest year and other factors. The ratio
of the content of polyphenols in the head mass and the alpha acids alongside the variety strongly depends on the vintage year, which
affects the number of polyphenols in the hopping dose. The dependence of the DPPH antiradical activity on all polyphenol groups except
prenylflavonoids has been demonstrated.

Mikys$ka, A., Vrzal, T., Dusek, M., Jurkova M., 2018: Faktory ovliviiujici polyfenolové latky a antiradikalovou aktivitu chmele:
Dlouhodoba studie éeskych odrid chmele. Kvasny Prum., 64(6): 323—-330

Chmel je zdrojem Ffady polyfenolovych latek vyznamnych z hlediska pivovarského i zdravotni prosp&snosti. Rada z nich jsou antioxi-
danty s preventivnim G¢inkem na civilizaéni choroby, kardiovaskularni a nadorova onemocnéni. Pétileta studie obsahu polyfenolovych
latek eskych odriid chmele skupinovymi metodami (celkové polyfenoly, anthokyanogany, flavonoidy, prenylflavonoidy) prokazala, ze
obsah a profil polyfenolovych latek je odriidovée specifické, ale vyznamné zavisi i na roéniku sklizné a dalSich faktorech. Pomér obsahu
polyfenold situovanych v hmoté hlavky a alfa kyselin kromé odridy silné zavisi na roéniku, coz se projevi na mnozstvi polyfenold ve

chmeleni. Byla prokazana zavislost antiradikalové aktivity DPPH na v§ech skupinach polyfenoll vyjma prenylflavonoidd.

Keywords: hop (Humulus Lupulus L.), polyphenols,
prenylflavonoids, DPPH antiradical activity, hop varieties

1 INTRODUCTION

The influence of polyphenol substances on the quality of beer and
its colloidal and sensory stability has been investigated for many
decades with often controversial knowledge (derdelinckx). Itis a very
diversified group of substances whose individual components are
characterized by different properties in terms of chemical structure,
antioxidant capabilities, haze properties and hence an influence of
the beer stability. Hops is a specific raw material that has been inves-
tigated for the last few decades from the point of view of pharmaceu-
tical use (Karabin et al., 2016).

Secondary metabolites formed in the cones of hop during the flow-
ering and ripening, bitter acids, essential oils and polyphenols are
sensorially active and have antioxidant and antimicrobial properties.
Hop polyphenolic is very diverse group of biologically active com-
pounds that comprise 3% to 6% of the dry weight of hop cones (Moir,
2000). The majority of polyphenols are located in the strig and bract
(“leaf associated polyphenols®), the prenylflavonoids are secreted
from lupulin glands together with the bitter acids and essential oils
(Almaguer et al., 2014). Hop polyphenols are usually split into groups
of flavonols, flavan-3-ols (catechis), phenolic carboxylic acids
(groups of benzoic acid and cinnamic acid derivatives) and other
phenolic compounds (prenylflavonoids, stilbenoids) (Biendl, 2009).

The analytical methods used for the determination of polyphenols
are governed by the purpose of their use. Group methods are based
on the specific reactivity of a particular group of polyphenols and are
included in the brewing analytics. This is in particular the determina-
tion of total polyphenols, flavonoids and anthocyanogens. For a de-
tailed description of the profile of a particular group of polyphenol

Kli¢ova slova: chmel (Humulus Lupulus L.), polyfenoly,
prenylflavonoidy, antiradikdlovad aktivita DPPH, odriidy chmele

1 UvoD

Vliv polyfenolovych latek na kvalitu piva, jeho koloidni a senzoric-
kou stalost je zkouman mnoho desitek let s mnohdy kontroverznimi
poznatky. Jedna se o velmi diverzifikovanou skupinu latek, jejiz jed-
notlivé slozky se vyznacuji riznymi vlastnostmi z hlediska chemické
struktury, antioxida¢nich schopnosti, zakalotvornych vlastnosti,
a tedy vlivu na stabilitu piva. Specifickou surovinou je chmel, ktery je
v poslednich nékolika desetiletich studovan i z pohledu farmaceutic-
kého vyuziti (Karabin et al., 2016).

Sekundarni metabolity tvofené v chmelovych hlavkach béhem
kveteni a zrani, hofké kyseliny, silice a polyfenoly jsou senzoricky
aktivni, maji antioxida¢ni a antimikrobialni vlastnosti. Chmelové po-
lyfenoly jsou velmi diverzifikovanou skupinou biologicky aktivnich
latek, ktera tvofi 3 az 6% susiny chmelovych hlavek (Moir, 2000).
Hlavni €ast polyfenoll je situovana v listenech a vietenu chmelové
hlavky (,listové polyfenoly“), prenylflavonoidy jsou vylu¢ovany z lu-
pulinovych zlaz spolu s hotkymi kyselinami a silicemi (Almaguer et
al., 2014). Chmelové polyfenoly se obvykle déli na skupiny flavono-
IG, flavan-3-old (katechint), fenolickych karboxylovych kyselin (deri-
vaty kyseliny benzoové a kyseliny skoficové) a dalSich fenolickych
slou¢enin (prenylflavonoidy, stilbenoidy) (Biendl, 2009).

Analytické metody pouzivané pro stanoveni polyfenoll se fidi
U€elem jejich pouziti. Skupinové metody jsou zalozeny na specifické
reaktivité urcité skupiny polyfenold, jsou zahrnuty v pivovarskych
analytikach. Jedna se zejména o stanoveni celkovych polyfenold,
flavonoid( a anthokyanofen(. Pro detailni popis profilu ur¢ité skupi-
ny polyfenolovych latek jsou pak ve vyzkumu aplikovany postupy
zalozené na déleni vysokoucinnou kapalinovou chromatografii



Kvasny Prum.
64/2018 (6)

324

Factors affecting the polyphenol compounds and antiradical activity of hops: Long-term study of Czech hop varieties

substances, the procedures based on a high performance liquid
chromatography with a mass detector detection are applied in the
research (OlSovska et al., 2013; Kavalier et al., 2011; Inui et al., 2017).

Hop polyphenols can act as antioxidants with beneficial effects on
civilization diseases, tumors, atherosclerosis, diabetes, Alzheimer’s
disease and Parkinson’s disease that threaten a substantial part of
the human population. Antioxidant effects of polyphenols are charac-
terized by their ability to scavenge reactive oxygen (ROS) or nitrogen
species in the radical reactions chains in living cells (Ross and Ka-
sum, 2002; Nemzer et al., 2011), by their ability to suppress some
specific enzymes involved in the generation of reactive oxygen spe-
cies (Pietta, 2000; Stoclet et al., 2004), and they have chelating ef-
fect on trace metals ions (copper and iron), having crucial roles in the
suppressing of atherosclerosis (Quinones et al., 2013). Some poly-
phenols are particularly antimicrobial active and exert an inhibitory
effect on a wide range of pathogenic bacteria (Daglia, 2012; Senda-
mangalam et al., 2011; Cermak et al., 2014).

These properties of polyphenols are also manifested in the brew-
ing process, antiradical and metal chelating activity helps to protect
sensitive sensory active substances and improve sensory stability of
beer by suppressing the formation of stale flavor aldehydes (Mikyska
et al., 2011; Boivin, 2008).

Previous studies have suggested some links between the content
and composition of polyphenols, antiradical activity and the origin of
hops. The content of polyphenols can depend on soil climatic condi-
tions, weather conditions during vegetation and ripening, hop plant
age and harvest time (Kavalier et al., 2011; Jelinek et al., 2012; Inui
et al.,, 2017). The polyphenols in the cone mass are formed in the
earlier stages of the vegetation of the hop plant, the metabolites of
the lupulin glands are mainly formed during the maturation (Kavalier
et al., 2011). The content of polyphenols depends on the hop variety,
aroma cultivars contain a higher amount of polyphenols than bitter
hops, because an increase in a-acid content can only be obtained at
the expense of the polyphenol content (Kammhuber, 2005), and
polyphenols extracted from hops using hot water are in a good rela-
tion with antiradical activity (Krofta et al., 2008).

These findings were obtained under various conditions. The aim of
our five-year study was to specify the relationship between the hops
origin, polyphenol content and antiradical activity.

2 MATERIAL AND METHODS

2.1 Hops

Samples of freshly harvested dried hops of the most widespread
Czech cultivars Zatecky polorany Cerveridk (Saaz), Sladek, Premi-
ant, Agnus, Kazbek and Saaz Late were obtained from the
Chmelafstvi druzstvo Zatec. Samples came from all three growing
areas, Zatec, Usték and Trsice and were selected from a wider col-
lection to cover the growing regions. In the five consecutive harvests
of 2012 — 2016, a total of 275 hops were analyzed for total polyphe-
nols, anthocyanogens, flavonoids and antiradical potential.

2.2 Analyses

The finely ground hops were extracted with a mixture of acetone and
water (80:20 v/v) in an amount of 3.2g of hops dry (matter per 1 I). The
solid was then separated by centrifugation for 15 minutes at 6,000 RPM.

Total polyphenols (EBC Analysis Committee, 2010 method 7.14):
The Determination is based on the reaction of polyphenols with ferric
ions (ferric ammonium citrate) in an alkaline medium to produce
a red color complex (photometry at 600 nm).

Anthocyanogens (MEBAK, 2011, Method 2.16.2): Anthocyano-
gens (leukocyanidins, the standard is delfinidin chloride) react under
acidic conditions to form red oxonium salts (photometry at 550 nm).

Flavonoids (catechins, proanthocyanidins, the standard catechin)
react in an acidic environment with chromogen (p-dimethylcinnamal-
dehyde) to give a green coloration (photometry at 640 nm).

Determination of antioxidant activity: Antioxidant (anti-radical) ac-
tivity was determined using the DPPH free radical according to
a previously developed procedure (Krofta et al., 2008). The method
particularly measures slowly reducing substances, especially poly-
phenols. The following parameters are determined:

ARA1 (%) — antiradical activity 1, decrease of DPPH value after 1
minute of reaction

ARA2 (%) — antiradical activity 2, decrease of DPPH value after 10
minutes of reaction

ARP (%) — integrated decrease of DPPH value 0-10 minutes of
reaction.

ve spojeni s hmotnostnim detektorem (OlSovska et al., 2013; Kava-
lier et al., 2011; Inui et al., 2017).

Chmelové polyfenoly mohou pusobit jako antioxidanty s pfiznivy-
mi U¢inky na civilizaéni choroby, nadorova onemocnéni, ateroskleré-
zu, cukrovku, Alzheimerovu chorobu a Parkinsonovu chorobu, které
ohroZuji podstatnou €ast lidské populace. Antioxida¢ni G¢inky poly-
fenoll jsou charakterizovany jejich schopnosti vychytavat reaktivni
formy kysliku (ROS) nebo dusiku v radikalovych reakénich fetézcich
v zivych burikach (Ross a Kasum, 2002; Nemzer, 2011), jejich
schopnosti potlacdovat ¢innost nékterych enzymud podilejicich se
na tvorbé reaktivnich forem kysliku (Pietta, 2000; Stoclet et al., 2004)
a maji chelataéni Gginek na ionty kov (méd a Zelezo), které hraji
zasadni roli pfi potlaceni ateroskler6zy (Quinones et al., 2013). Né-
které polyfenoly jsou antimikrobialné aktivni, maji inhibi¢ni ucinek
na Sirokou $kalu patogennich bakterii (Daglia, 2012; Sendamanga-
lam et al., 2011; Cermak et al., 2014).

Tyto vlastnosti polyfenoll se projevuji v procesu vyroby piva, anti-
radikalova a chelata¢ni aktivita poméhéa chranit citlivé senzoricky
aktivni latky a zlepSit senzorickou stabilitu piva potlacovanim tvorby
aldehydu staré chuti (Mikyska et al., 2011, Boivin, 2008).

Pfedchozi studie naznacuji urcité vazby mezi obsahem a slozZe-
nim polyfenold, antiradikalovou aktivitou a pdvodem chmele. Obsah
polyfenold mlze zaviset na pldné-klimatickych podminkéch, povétr-
nostnich podminkach béhem vegetace a zrani, stafi chmelové rost-
liny a dobé sklizné (Kavalier et al., 2011; Jelinek et al., 2012; Inui et
al., 2017). Polyfenoly v hlavce se vytvareji v ranych fazich vegetace
chmelové rostliny, metabolity lupulinovych Zl4z se tvofi hlavné bé-
hem dozravani (Kavalier et al., 2011). Obsah polyfenol zavisi
na odradé chmele, aromatické odriidy obsahuji vy$s§i mnozstvi poly-
fenol nez hotké chmele, protoze zvySeni obsahu a-kyselin je moz-
no ziskat pouze na Ukor obsahu polyfenold (Kammhuber, 2005).
Polyfenoly extrahované z chmele pouzitim horké vody jsou v dob-
rém vztahu s antiradikalovou aktivitou (Krofta et al., 2008).

Tyto poznatky byly ziskany za rGznych podminek. Cilem nasi péti-
leté studie bylo blize specifikovat vztahy mezi plvodem chmele, ob-
sahem polyfenoll a antiradikalovou aktivitou.

2 MATERIAL A METODY

2.1 Chmele

Vzorky Cerstvé sklizenych suSenych chmeld nejrozSifenégjsich
&eskych kultivarti Zatecky polorany &erveriak, Sladek, Premiant, Ag-
nus, Kazbek a Saaz Late byly ziskany od Chmelafstvi druZstvo Za-
tec. Vzorky pochazely ze vSech tfi pestebnlch oblasti, Zatecké, Us-
técké a Trsické a byly vybrany z SirSi kolekce tak, aby pokryvaly
péstebni regiony. V péti po sobé nasledujicich skliznich 2012 — 2016
bylo analyzovano celkem 275 chmelll na obsah celkovych polyfeno-
IG, anthokyanogend, flavonoid(l a antiradikalovy potenciél.

2.2 Analyzy

Jemné mleté chmele byly extrahovany smési acetonu s vodou
80:20 (v/v) v mnozstvi 3,2g susiny chmele/ 11. Poté byl pevny podil
separovan odstfedénim 15 minut pfi 6 000 min-'.

Celkové polyfenoly (EBC Analysis committee, 2010, metoda
7.14:): Stanoveni je zaloZzeno na reakci polyfenoll s Zelezitymi ionty
(citrat Zelezitoamonny) v alkalickém prostfedi za vzniku ¢erveného
barevného komplexu (fotometrie pfi 600 nm).

Anthokyanogeny (MEBAK, 2011, metoda 2.16.2): Anthokyanoge-
ny (leukokyanidiny, standard delfinidinchlorid) reaguiji v kyselém pro-
stfedi za vzniku ¢ervenych oxoniovych soli (fotometrie pfi 550 nm).

Flavonoidy (EBC Analysis committee, 2010: metoda 9.12): Flavo-
noidy (katechiny, proanthokyanidiny, standard katechin) reaguiji v ky-
selém prostfedi s chromogenem (p-dimethylcinnamaldehyd) za vzni-
ku zeleného zbarveni (fotometrie pfi 640 nm).

Stanoveni antioxida¢ni aktivity: Antioxida¢ni (antiradikéalova) akti-
vita byla stanovena pomoci volného radikalu DPPH podle dfive vy-
pracovaného postupu (Krofta et al., 2008). Metoda mé¥fi zejména
pomalu redukujici latky, pfedevsim polyfenoly. Stanovuji se nasledu-
jici parametry:

ARA1 (%) —
minuté reakce

ARA2 (%) — antiradikalova aktivita 2, tbytek hodnoty DPPH po 10
minutéach reakce

ARP (%) — integrovany ubytek hodnoty DPPH 0-10 minut reakce.

Stanoveni prenylflavonoidd: Prenylflavonoidy byly analyzovany
metodou vypracovanou na nasem Ustavu. Pfiprava vzorku je prove-
dena metodou QUEChERS, prenylflavonoidy (xanthohumol, isoxan-

antiradikélové aktivita 1, Gbytek hodnoty DPPH po 1
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Table 1 The content of alpha-acids, polyphenolic compounds and antiradical activity values in the harvest of hops 2016
Tab. 1 Obsah alfa-kyselin, polyfenolovych latek a hodnoty antiradikalové aktivity chmell ve sklizni 2016

Variety ZPC SLA PRE AGN KAZ SAL

Odrida R RSD R RSD R RSD R RSD R RSD R RSD
ALFA  g/100g 3.39 254 7.33 16.8 7.33 16.8 8.73 6.6 4.53 2.1 5.29 7.5
CP mg/g 35.0 16.0 241 9.6 257 17.5 26.7 13.1 26.2 5.7 32.2 13.3
ANT mg/g 42.5 1.7 32.7 1.7 36.5 131 37.3 5.6 34.4 6.9 41.4 11.3
FLA mg/g 9.4 16.8 7.3 11.6 6.7 14.6 7.2 1.8 6.9 7.1 8.7 16.0
ARP %lg 13.6 9.7 15.9 7.9 12.6 13.8 15.9 5.7 12.9 14.3 151 6.7
ARA1  %lg 9.7 11.5 13.2 10.4 9.9 15.0 13.4 10.0 10.1 17.6 1.7 7.7
ARA2  %lg 171 9.6 19.1 6.5 15.5 13.5 19.3 6.1 15.8 13.3 18.6 6.3
IX mg/g 0.043 241| 0.086 14.1| 0.056 299 0117 16.3| 0.039 13.3| 0.045 28.5
X mg/g 3.04 9.7 6.01 10.6 4.11 124 7.83 5.0 2.76 9.7 3.55 8.5
8-PN mg/g 0.011 22.3| 0.014 16.2| 0.009 211 0.015 11.9| 0.017 13.9] 0.0M1 45.5
6-PN mg/g 0.086 27.1| 0.086 13.7| 0.068 229| 0.105 11.2| 0.091 18.9| 0.046 29.2

ZPC — Saaz; SLA — Sladek; PRE — Premiant; AGN — Agnus; KAZ — Kazbek; SAL — Saaz Late

ALFA — alpha-acids / alfa-kyseliny; CP — total polyphenols / celkové polyfenoly; ANT — anthocyanogens / anthokyanogeny; FLA — flavonoids
/ flavonoidy; ARP — antiradical potential / antiradikalovy potencial, ARA — antiradical aktivity / antiradikalova aktivita; IX — iso-xanthohumol;
X —xanthohumol; 8-PN — 8-prenyl naringenin; 6-PN — 6-prenyl naringenin

Determination of prenylflavonoids: Prenylflavonoids were ana-
lyzed using in-house method developed at our institute in the past.
Sample preparation is done by the QUEChERS method, prenylflavo-
noids (xanthohumol, isoxanthohumol, 8-prenylnaringenin, 6-prenyl-
naringenin) are determined by HPLC with Q-Exact — hybrid LC-MS /
MS detection.

Statistical analysis: Data treatment and graphs were performed
using R 3.4.2 software by mixOmics and pheatmap packages (Ro-
hart et al., 2017). After that, the data were scaled by z-score and
visualized by heatmap (the columns were clustered by hierarchical
clustering based on Euclidean distances and Ward method). The
significance of the factors was tested by the ANOVA methodology.

3 RESULTS AN DISCUSSION

Polyphenol substances in hops are dual in terms of localization.
Phenolic acids and flavonoids are contained in the matrix of hop
cones, prenylflavonoids together with the resins and oils are in lupu-
lin glands. For this study, a gentle extraction with an organic solvent,

thohumol, 8-prenylnaringenin, 6-prenylnaringenin) jsou stanoveny
HPLC s detekci Q-Exactive — hybridni LC-MS/MS.

Statisticka analyza: Zpracovani dat a tvorba grafti byly provadény
pomoci softwaru R 3.4.2 pomoci bali¢kl mixOmics a pheatmap (Ro-
hart et al., 2017). Poté byly Udaje Skalovany pomoci z-skére a vizu-
alizovany pomoci heatmap (sloupce byly klastrovany hierarchickym
klastrovanim zalozenym na euklidovskych vzdalenostech a Wardo-
vé metodé). Vyznamnost faktor(l byla testovana metodou ANOVA.

3 VYSLEDKY A DISKUSE

Polyfenolové latky chmele jsou z hlediska lokalizace dvojiho druhu.
Fenolové kyseliny a flavonoidy jsou obsazeny v hmoté hlavky, prenyl-
flavonoidy se nachéazeji spolu s pryskyficemi a silicemi v lupulinovych
zrnech. Pro tuto studii byla zvolena Setrna extrakce organickym roz-
poustédlem, vodnym acetonem, kterd eliminuje zmény polyfenold,
ke kterym dochazi pfi extrakci horkou vodou. Roénikové priméry hod-
not studovanych skupin polyfenolovych latek, prenylflavonoida a anti-
radikélové aktivity ve chmelech jsou shrnuty v tab. 1 az 5.

Table 2 The content of alpha-acids, polyphenolic compounds and antiradical activity values in the harvest of hops 2015
Tab. 2 Obsah alfa-kyselin, polyfenolovych latek a hodnoty antiradikalové aktivity chmeld ve sklizni 2015

Variety ZPC SLA PRE AGN KAZ SAL

Odruda R RSD R RSD R RSD R RSD R RSD R RSD
ALFA  g/100g 2.05 19.3 4.60 24.5 6.96 13.5] 11.05 4.4 4.59 3.6 2.17 19.7
CP mg/g 42.0 10.2 25.6 14.7 30.1 10.9 27.3 2.8 371 5.5 37.2 14.3
ANT mg/g 44.2 10.6 23.9 1.3 36.0 124 28.8 2.2 36.4 5.5 34.7 21.8
FLA mg/g 1.5 12.1 4.7 28.8 6.7 11.9 43 31.8 8.4 6.9 8.5 23.6
ARP %lg 14.5 7.0 10.5 7.7 13.7 8.9 13.8 24 13.7 3.8 1.7 15.9
ARA1  %lg 10.7 8.5 7.8 10.3 10.9 13.1 1.2 3.0 10.6 4.4 8.1 17.7
ARA2  %lg 17.9 6.6 13.1 7.3 16.5 6.8 16.4 1.7 16.9 3.6 14.8 15.5
IX mg/g 0.044 291 0.071 16.0| 0.038 243 0.100 10.0| 0.035 14.3| 0.027 354
X mg/g 2.41 12.5 4.64 19.9 3.01 35.5 6.84 3.3 3.62 7.2 2.42 35.3
8-PN mg/g 0.015 33.3| 0.026 18.8| 0.020 33.3| 0.025 20.0f 0.025 20.0f 0.010 57.7
6-PN mg/g 0.070 19.2] 0.131 16.9| 0.113 21.2| 0.145 10.3| 0.128 16.0| 0.050 36.5

ZPC — Saaz; SLA — Sladek; PRE — Premiant; AGN — Agnus; KAZ — Kazbek; SAL — Saaz Late
ALFA — alpha-acids / alfa-kyseliny; CP — total polyphenols / celkové polyfenoly; ANT — anthocyanogens / anthokyanogeny; FLA — flavonoids
/ flavonoidy; ARP — antiradical potential / antiradikalovy potencial; ARA — antiradical aktivity / antiradikalova aktivita; IX — iso-xanthohumol;
X — xanthohumol; 8-PN — 8-prenyl naringenin; 6-PN — 6-prenyl naringenin
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Table 3 The content of alpha-acids, polyphenolic compounds and antiradical activity values in the harvest of hops 2014
Tab. 3 Obsah alfa-kyselin, polyfenolovych latek a hodnoty antiradikalové aktivity chmell ve sklizni 2014

Variety ZPC SLA PRE AGN KAZ

Odrida R RSD R RSD R RSD R RSD R RSD
ALFA g/100g 3.05 20.4 5.67 217 7.46 211 9.69 5.7 4.32 8.6
CP mg/g 38.4 13.5 284 15.5 281 12.7 28.3 7.4 31.8 13.7
ANT mg/g 36.1 13.2 30.9 16.8 31.9 13.6 29.0 13.2 32.0 15.0
FLA mg/g 10.3 17.6 6.0 20.2 6.6 14.0 6.2 8.4 7.5 26.8
ARP %lg 15.6 18.0 15.3 7.7 15.7 11.8 15.8 9.3 1.7 18.9
ARA1 %lg 1.2 23.3 12.4 8.7 13.9 235 12.9 1.5 8.4 20.2
ARA2 %lg 20.3 15.6 19.1 6.8 194 9.9 19.6 7.5 15.5 19.0
IX mg/g 0.027 27.2 0.051 23.4 0.028 32.5 0.065 21.9 0.026 204
X mg/g 2.26 28.6 4.21 23.7 3.08 37.1 6.74 9.5 2.43 24.4
8-PN mg/g 0.019 25.7 0.028 31.8 0.023 36.9 0.026 18.3 0.029 16.5
6-PN mg/g 0.086 251 0.123 33.8 0.099 32.9 0.113 17.2 0.133 21.9

ZPC — Saaz; SLA — Sladek; PRE — Premiant; AGN — Agnus; KAZ — Kazbek; SAL — Saaz Late
ALFA — alpha-acids / alfa-kyseliny; CP — total polyphenols / celkové polyfenoly; ANT — anthocyanogens / anthokyanogeny; FLA — flavonoids

/ flavonoidy; ARP — antiradical potential / antiradikalovy potencial; ARA — antiradical aktivity / antiradikalova aktivita; IX —

iso-xanthohumol;

X = xanthohumol; 8-PN — 8-prenyl naringenin; 6-PN — 6-prenyl naringenin

aqueous acetone, was chosen to eliminate the changes in polyphe-
nols that can occur during a hot water extraction. The annual mean
values of the studied groups of polyphenols, prenylflavonoids and
antiradical activities in hops are summarized in Tables 1to 5.

The highest content of polyphenol substances localized in the
mass of hop cones, total polyphenols, anthocyanogens and flava-
noids was determined in the Saaz and Saaz Late varieties, other
hops had a lower content. This corresponds to the results obtained
in the past when the extraction of hops was carried out with hot water
(Krofta et al., 2008). The average content of total polyphenols for
Saaz, Sladek, Premiant, Agnus, Kazbek and Saaz Late cultivars was
36.7, 24.3, 26.4, 26.8, 32.2 and 34.7 mg/g respectively. The data
show the fluctuations in the mean values among the harvests as well
as the considerable variability within the variety in the definite har-
vest. The variability of the polyphenol substances values for the vari-
ety in the harvest ranged from about 5 to 25% rel.

The study was focused on clarifying the effect of variety, vintage
and growing locality on polyphenols and the antiradical activity of
hops, data from the whole set, except of prenylflavonoids, were pro-
cessed using Principal Component Analyse. It is clear from the PCA

Nejvy8Si obsah polyfenolovych latek lokalizovanych v hmoté
chmelové hlavky, celkovych polyfenoll, anthokyanogenl a flava-
noidd byl stanoven v ZPC a Saaz Late, ostatni chmele mély obsah
niz8i. To koresponduje s vysledky ziskanymi v minulosti, kdy byla
extrakce chmell provadéna horkou vodou (Krofta et al., 2008). Pri-
mérny obsah celkovych polyfenolti pro chmele ZPC byI 36,7 mg/g,
pro chmele Sladek 24,3 mg/g, Premiant 26,4 mg/g, Agnus 26,8
mg/g, Kazbek 32,2 mg/g a Saaz Late 34,7 mg/g. Z tabelovanych dat
je ziejmé kolisani pramérnych hodnot ve skliznich i nemaléa variabili-
ta v ramci odridy v dané sklizni. Variabilita hodnot polyfenolovych
latek pro odriidu v dané sklizni se pohybovala v rozmezi zhruba 5 az
25% rel.

Studie byla zaméfena na objasnéni vlivu odrddy, ro¢niku a pés-
tebni lokality na polyfenoly a antiradikalovou aktivitu chmeld, data
z celého souboru, kromé prenylflavonoidd, byla zpracovana meto-
dou hlavnich komponent. Z PCA plotu (obr. 1) je patrné, Ze odridy
chmele se odliSuji, kromé obsahu alfa kyselin, obsahem v§ech hod-
nocenych skupin polyfenoll, celkovych polyfenolt (CP), anthokya-
nogenl (ANT) a flavanoid(l (FLA). Na zakladé téchto parametrli se
vytvofily dvé skupiny chmell. Prva skupina zahrnula odridy Agnus,

Table 4 The content of alpha-acids, polyphenolic compounds and antiradical activity values in the harvest of hops 2013
Tab. 4 Obsah alfa-kyselin, polyfenolovych latek a hodnoty antiradikalové aktivity chmell ve sklizni 2013

Variety ZPC SLA PRE AGN KAZ

Odrida R RSD R RSD R RSD R RSD R RSD
ALFA g/100g 3.10 22.8 6.17 21.9 8.53 15.0 11.00 6.3 5.16 30.6
CP mg/g 30.6 1.7 20.7 22.8 23.7 14.1 23.2 6.8 33.6 6.3
ANT mg/g 34.2 10.0 24.6 20.4 30.0 15.6 27.7 6.2 39.9 6.9
FLA mg/g 8.9 11.8 5.6 28.7 6.1 13.2 6.1 8.0 10.0 5.0
ARP %lg 11.0 9.4 9.0 15.1 10.8 1.7 12.5 10.3 12.5 13.1
ARA1 %lg 7.6 11.8 7.0 13.9 8.4 15.6 10.3 1.7 9.3 17.8
ARA2 %lg 14.7 8.7 11.5 16.1 13.8 9.3 15.4 8.9 16.1 10.2
IX mg/g 0.075 64.8 0.125 20.7 0.063 204 0.133 8.9 0.051 9.8
X mg/g 2.56 13.9 5.21 8.0 3.54 15.9 7.72 12.7 2.92 16.5
8-PN mg/g 0.021 21.5 0.033 19.8 0.029 20.9 0.033 4.5 0.015 100.0
6-PN mg/g 0.080 20.2 0.139 27.6 0.103 18.2 0.137 3.8 0.100 30.0

ZPC — Saaz; SLA — Sladek; PRE — Premiant; AGN — Agnus; KAZ — Kazbek; SAL — Saaz Late

ALFA — alpha-acids / alfa-kyseliny; CP — total polyphenols / celkové polyfenoly; ANT — anthocyanogens / anthokyanogeny; FLA — flavonoids

/ flavonoidy; ARP — antiradical potential / antiradikalovy potencial; ARA — antiradical aktivity / antiradikalova aktivita; 1X —

X — xanthohumol; 8-PN — 8-prenyl naringenin; 6-PN — 6-prenyl naringenin

iso-xanthohumol;
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Table 5 The content of alpha-acids, polyphenolic compounds and antiradical activity values in the harvest of hops 2012
Tab. 5 Obsah alfa-kyselin, polyfenolovych latek a hodnoty antiradikalové aktivity chmell ve sklizni 2012

Variety ZPC SLA PRE AGN

Odrida R RSD R RSD R RSD R RSD
ALFA g/100g 4.07 20.1 7.00 29.5 8.76 14.9 11.96 12.5
CP mg/g 37.6 8.2 227 16.8 24.7 1.4 255 14.2
ANT mg/g 39.3 1.2 28.8 15.8 36.6 8.4 33.7 9.0
FLA mg/g 10.2 12.2 5.8 18.0 6.4 17.0 5.2 17.2
ARP %lg 12.5 10.7 1.7 1.4 124 16.8 141 5.4
ARA1 %lg 8.2 19.9 9.2 14.0 9.6 20.0 1.2 6.6
ARA2 %lg 17.0 9.5 14.9 10.5 15.9 15.3 17.9 4.7
IX mg/g 0.096 23.3 0.211 227 0.158 27.7 0.237 21.5
X mg/g 3.42 12.6 5.34 7.3 4.18 21.2 6.25 18.0
8-PN mg/g 0.035 245 0.047 18.7 0.032 17.9 0.043 18.9
6-PN mg/g 0.114 15.6 0.174 17.7 0.143 15.5 0.188 19.5

ZPC — Saaz; SLA — Sladek; PRE — Premiant; AGN — Agnus; KAZ — Kazbek; SAL — Saaz Late

ALFA — alpha-acids / alfa-kyseliny; CP — total polyphenols / celkové polyfenoly; ANT — anthocyanogens / anthokyanogeny; FLA — flavonoids
/ flavonoidy; ARP — antiradical potential / antiradikalovy potencial, ARA — antiradical aktivity / antiradikalova aktivita; IX — iso-xanthohumol;
X — xanthohumol; 8-PN — 8-prenyl naringenin; 6-PN — 6-prenyl naringenin

plot (Fig. 1) that the hop varieties differ, in addition to the alpha acid
content, in all evaluated groups of substances, total polyphenols
(CP), anthocyanogen (ANT) and flavonoids (FLA). Based on these
parameters, two groups of hops were created. The first group in-
cluded Agnus, Premiant and Sladek variety, the second group in-
cluded Saaz and Saaz Late, which are genetically very close. Kaz-
bek lies between these groups. Furthermore, it is clear from the PCA
plot that the individual hops across the given variety differ in the pa-
rameters of the antioxidant activity (ARP, ARA1 and ARA2).

A heat map was processed from the same data (Fig. 2). It is obvi-
ous that the hops form two groups similar to those in the PCA. Both
groups form other subgroups that are characterized by different pa-
rameters of the antiradical activity of ARP, ARA1 and ARA2

From the data from all years, the effects of variety, year and loca-
tion on the content of total polyphenols, anthocyanogens and flava-
noids in hops were evaluated using the ANOVA method. At a 95%

PC2: 31.51%
&

3 - " osAL
e * 5LA

PC1 - 55.09%

Fig. 1 Results of PCA analysis of the content of total polyphenols, an-
thocyanogens, flavanoids, alpha acids and antiradical activity of hops
Obr. 1 Vysledky PCA analyzy obsahu celkovych polyfenold, anthoky-
anogend, flavonoidd, alfa kyselin a antiradikalové aktivity chmel(

Fig. 2 Heat map of the content of total polyphenols, anthocyanogens,
flavonoids, alpha acids and antiradical activity of hops
Obr. 2 Heat mapa obsahu celkovych polyfenoll, anthokyanogend,
flavonoidd, alfa kyselin a antiradikalové aktivity chmelQ
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Fig. 3 Relationship of evaluated polyphenol compounds and alpha-acids in hops
Obr. 3 Vztah hodnocenych polyfenolovych latek a alfa-kyselin ve chmelech

probability level, the effect of the variety and the harvest year on all
groups of polyphenols was found. The most important factor was the
variety (CP — 66%, ANT — 46%, FLA — 67% variability), the effect of
the year was weaker (CP — 36%, ANT — 22%, FLA 8% variability).
The locality in this case represented a set of all other influences,
a specific growing site, the age of the hop plant, and others. The re-
sults show that these sources of variability are significant for flavo-
noids and anthocyanogens. The variability in the content of polyphe-
nols within a given variety and harvest caused by the ,locality“ is also
apparent from the relative standard deviations of the averages in
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Fig. 4 Influence of the variety on the ratio of polyphenols and alpha-
acids in hops

Obr. 4 Vliv odridy na pomér polyfenolovych latek a alfa-kyselin
ve chmelu

Premiant a Sladek, ve druhé skupiné jsou geneticky velmi blizké od-
rldy Zatecky polorany ¢erveridk a Saaz Late, Kazbek lezi mezi témi-
to skupinami. Déle je z PCA plotu zfejmé, ze jednotlivé chmely na-
pfi¢ danou odridou se li§i v parametrech antioxida¢ni aktivity (ARP,
ARA1 a ARA2).

Ze stejnych dat byla zpracovana heat mapa (obr. 2). Je zjevné, ze
chmely tvofi dvé skupiny obdobné jako v PCA. Obé skupiny tvofi
dal$i podskupiny, které jsou charakteristické rozdilnymi parametry
antiradikalové aktivity ARP, ARA1 a ARA2.

Z dat ze vSech let byly metodou ANOVA hodnoceny vlivy odrady,
roku a lokality na obsah celkovych polyfenold, anthokyanogen(
a flavonoidd v chmelu. Na hladiné pravdépodobnosti 95% byl nale-
zen vliv odrddy i roku sklizné na vSechny skupiny polyfenolG. Fakto-
rem s nejvéts§im vlivem byla odriida (CP — 66 %; ANT — 46 %; FLA —
67 % variability), vliv roéniku byl slabsi (CP — 36 % ; ANT —22% ; FLA
8% variability). Lokalita v tomto pfipadé reprezentovala soubor
vSech dalSich vliva, konkrétniho péstebniho mista, stafi chmelové
rostliny a dalsi. Vysledky ukazuji, ze tyto zdroje variability jsou vy-
znamné u flavonoidd a anthokyanogen(. Variabilita obsahu polyfe-
nolovych latek v ramci urcité odridy a sklizné dana lokalitou je patr-
na i z relativnich smérodatnych odchylek priimérd v tab. 1 az 5.
Hodnoty pro diskutované skupiny polyfenoll jsou zpravidla nizsi nez
variabilita obsahu alfa kyselin.

Prenylflavonoidy jsou lokalizovany v lupulinovych zrnech. Majoritni
latkou ve chmelu je xanthohumol (X), jehoz termickou izomeraci vzni-
k& iso-xanthohumol (IX). Fytoestrogeny 8-prenylnaringenin (8-PN)
a 6-prenylnaringenin (6-PN) jsou v suSenych chmelech obsazeny
v nizkém mnozstvi, stovkach pg/g. Na hladiné pravdépodobnosti
95% byl nalezen nejen vliv odrldy, coz je pfi spektru sledovanych
odrid oCekavatelné, ale i roku sklizné na obsah IX, X, 8-PN, 6-PN.

VSechny studované polyfenolové latky byly korelovany s obsahem
alfa kyselin ve chmelech. Prikazna nepfimo Umérna zavislost byla
zjisténa pro celkové polyfenoly (r = —0,621), anthokyanogeny (r =
—270) a flavonoidy (r = —0,601), nejslabsi vztah byl pro anthokyano-
geny. Pfimo umérny vztah byl prok4zan pro xanthohumol (r = 0,461),
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Fig. 5 Influence of year on the ratio of polyphenols and alpha-acids
in Saaz hops

Obr. 5 Vliv_rocniku na pomér polyfenolovych latek a alfa-kyselin
ve chmelu Zatecky polorany ¢erveriak

Tables 1 to 5. The values for the groups of polyphenols discussed
are generally lower than the alpha acid content variability.

Prenylflavonoids are located in lupulin glands. The major sub-
stance in the hops is xanthohunol (X), whose thermal isomerization
produces iso-xanthohumol (IX). The 8-prenylnaringenin (8-PN) and
6-prenylnaringenin (6-PN) phytoestrogens are contained in low
amounts in dried hops in hundreds of ug/g. At a 95% probability lev-
el, not only the influence of the variety was found, which is expected
for the spectrum of the monitored varieties but also the harvest year
for the contents IX, X, 8-PN, 6-PN.

All studied polyphenol compounds were correlated with the alpha-
acid content in hops. An inversely proportional dependence was
found for the total polyphenols (r = —0.621), anthocyanogens (r =
—270) and flavonoids (r = —0.601), the weakest relationship was for
anthocyanogens. For xanthohumol (r = 0.461), isoxanthohumol (r =
0.700), 6-PN (r = 0.333) and 8-PN (r = 0.444) a directly proportional
relationship was demonstrated (Fig. 3). These relationships reflect
the fact that the content of “leaf polyphenols” does not increase with
the content of resins in hops, and the higher alpha acid varieties
have a lower content of polyphenols. Within one variety, the ratio of
polyphenols and alpha acids depends on the year of the harvest, as
shown below.

In a practical assessment of the contribution of hop polyphenols to
their content in beer it is necessary to take into account the content
of alpha-acids, which determines the dose of hops in the wort boiling.
At a 95% probability level, the varietal specificity of CP, ANT, FLA to
ALFA was found. From this point of view, the of Saaz and Saaz Late
hops had clearly the highest values of the ratio of total polyphenols,
anthocyanogens and flavonoids to alpha-acids followed by Kazbek,
Sladek and Premiant hops, the lowest values were found for Agnus
bitter hops (Fig. 4). Similarly, the varietal dependence of the ratio of
xanthohumol to alpha acids has been demonstrated.

Within a given variety, the ratio of “leaf polyphenols” to alpha acids
strongly depends on the vintage, temperature and rainfall profile dur-
ing the vegetation. The results for Saaz variety in Fig. 5 clearly show
the different dynamics of the formation of these polyphenols and al-
pha acids in the five harvests monitored. For example, in the 2015

Fig. 6 Influence of the variety on the profile of polyphenols in hops
Obr. 6 Vliv odridy na profil polyfenolovych latek ve chmelu

isoxanthohumol (r = 0,700), 6-PN (r = 0,333) a 8-PN (r = 0,444)
(obr. 3). Tyto vztahy reflektuji fakt, Ze obsah listovych polyfenold“
nestoupa s obsahem pryskyfic ve chmelu a odridy s vy$§im obsa-
hem alfa kyselin maji spiSe nizsi obsah polyfenoll. V ramci jedné
odrady zavisi pomér polyfenold a alfa kyselin zejména na ro¢niku
sklizné, jak bude ukéazano dale.

P¥i praktickém hodnoceni pfispévku polyfenold chmele k jejich ob-
sahu v pivu je nutno brat v Gvahu obsah alfa kyselin, ktery ur€uje
davku chmele pfi chmelovaru. Na hladiné pravdépodobnosti 95%
byla nalezena odrddové specifita pomért CP, ANT, FLA vici ALFA.
Z tohoto pohledu mély chmele ZPC a Saaz Late jednoznacné nej-
vys$Si hodnoty poméru celkovych polyfenold, anthokyanogend i fla-
vonoidl k alfa-kyselinam, nasledoval chmel Kazbek, Sladek, Premi-
ant a nejnizsi hodnoty byly pro hofky chmel Agnus (obr 4). Obdobné
byla prokazana i odrddovéa zavislost poméru xanthohumolu k alfa-
kyselinam.

V ramci jedné odridy pomér listovych polyfenold“ k alfa kyseli-
nam silné zavisi na roCniku sklizng, teplotnim a srazkovém profilu
v pribéhu vegetace. Vysledky pro Zatecky polorany Cerveridk na
obr. 5 zfetelné ukazuji rGznou dynamiku tvorby téchto polyfenoll
a alfa kyselin ve sledovanych péti skliznich. Napfiklad ve sklizni
2015 postizené suchem a s nejniz§im obsahem alfa-kyselin byl sta-
noven nejvyssi obsah celkovych polyfenold.

Na odridé a klimatickych podminkach zavisi nejen obsah polyfe-
nold a jejich pomér k alfa-kyselinam, ale i jejich profil, v této studii
hodnoceny vzajemnym pomérem méfenych skupin polyfenold.
Na hladiné pravdépodobnosti 95% byl nalezen vliv odridy a roku
sklizné na poméry CP/ANT, CP/FLA, ANT/FLA (obr. 6, 7). Naptiklad
Zatecky Cervenldk a Saaz Late ukazuji nejniz§i pomér CP/FLA
a ANT/FLA a zéaroveni nejvys$Si pomér CP/ANT, coz znamena, ze
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Fig. 7 Influence of the harvest year on the profile of polyphenols in
hops
Obr. 7 Vliv roéniku sklizné na profil polyfenolovych latek ve chmelu

Fig. 8 Relationship of evaluated polyphenol compounds and anti-
radical potential (ARP)

Obr. 8 Vztah hodnocenych polyfenolovych latek a antiradikalového
potenciélu (ARP)
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harvest affected by a drought and with the lowest alpha acid content,
the highest content of total polyphenols was determined.

Not only the content of polyphenols and their ratio to alpha acids
depends on the variety and climatic conditions but also their profile,
which was evaluated in this study by the relative ratio of the meas-
ured groups of polyphenols. At a 95% probability level the effect of
variety and harvest year on the CP /ANT, CP / FLA, ANT / FLA ratios
was found. (Fig. 6, 7). For example, the Saaz and Saaz Late varie-
ties show the lowest CP / FLA and ANT / FLA ratio and the highest
CP / ANT ratio, which means that the hops have a lower relative
proportion of anthocyanogens, potential haze-forming substances,
and in the total polyphenols, these hops have a higher proportion of
flavan-3 ols (catechins) in the total polyphenols value. The profile of
polyphenol substances also depends on the year, for example, in the
years 2014 and 2015 the CP / ANT and CP / FLA ratios were higher,
indicating a higher proportion of phenolic acids and other substances
(eg flavonols) in hops.

The content of polyphenols was correlated with antioxidant (anti-
radical) potential. The correlation of total polyphenols (r = 0.455), an-
thocyanogens (r = 0.423) and flavonoids (r = 0.362) against the ARP
was evaluated as significant terefore, it can be assumed that all three
groups of polyphenol substances affect the antioxidant activity of hops
expressed as the ARP. The contribution of different groups of polyphe-
nols to anti-radical potential is difficult to define. It is likely to depend on
the polyphenol variety profile. Unlike the entire hops group, the strong-
er the ARP correlation with total polyphenols (r = 0591) and flavonoids
(r = 0.480) than with anthocyanogens (r = 0.400) was found for the
Saaz variety with a higher proportion of catechins. The relationship
of xanthohumol (r = 0.064) to the ARP was not significant (Fig. 8).
The ARA1 (fast reductones) and the ARA2 (final loss of signal of
a free radical DPPH) parameters revealed similar relationships with
the polyphenol groups as the ARP.
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ve chmelech je nizsi relativni zastoupeni anthokyanogent, latek se
zakalotvornym potencialem a v celkovych polyfenolech je vyssi za-
stoupeni flavOn-3 ol(, katechinl. Naproti tomu chmele Sladek, Pre-
miant a Agnus maiji vy$$i relativni obsah anthokyanogent a nizsi
podil katechind v celkovych polyfenolech. Profil polyfenolovych latek
zavisi i na ro¢niku, napfiklad v letech 2014 a 2015 byly zaznamena-
ny vy$$i poméry CP/ANT a CP/FLA, coz naznaduje vyssi zastoupeni
fenolickych kyselin a pfipadné dalSich latek (napf. flavonold) ve
chmelech.

Obsah polyfenolovych latek byl korelovan s antioxidaénim (antira-
dikalovym) potencialem. Korelace celkovych polyfenoll (r = 0,455),
anthokyanogent (r = 0,423) a flavonoidl (r = 0,362) proti ARP byly
vyhodnoceny jako vyznamné, proto Ize predpokladat, Ze vSechny
tyto tfi skupiny polyfenolovych latek maji vliv na antioxida¢ni aktivitu
chmele vyjadrenou jako ARP. Pfispévek raznych skupin polyfenoll
k antiradikalovému potencialu je obtizné definovatelny a je pravdé-
podobné, Ze bude zaviset na odriidovém profilu polyfenold. Na roz-
dil od celého souboru chmell byly pro Zatecky polorany Eervenak
s vy$8im podilem katechinu zjistény silnéj$i korelace ARP s celkovy-
mi polyfenoly (r = 0591) a flavonoidy (r = 0,480), nezli s anthokyano-
geny (r = 0,400). Vztah xanthohumolu (r = 0,064) k ARP byl neprQ-
kazny (obr. 8). Pro parametry ARA1 (rychlé reduktony) i ARA2
(finalni ubytek signalu volného radikalu DPPH) byly zjiStény obdob-
né vztahy jako pro ARP.
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