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Obsah polyfenolovych latek a antioxidacnich vlastnosti chmell vyznamnych eskych odrad — Zateckého poloraného ¢erveniaku (ZPC),
Sladek, Premiant a Agnus — byl hodnocen u vybéru skliziovych vzorkd (24, 12, 12, 4 vzorky) po extrakci z chmele vodnym acetonem
a porovnan s vysledky ze sk||zn| 2011 a 2012 Obsah celkovych polyfenolu (TP), vyznamnych z hled|ska CHZO Ceské p|vo i anthoky-
v fadé ZPC — Sladek — Premiant — Agnus vyznamny je pouze rozdll mezi ZPC a ostatnimi odrudaml Antlradlkalova aktivita chmell
odrad ZPC, Premiant a Agnus ve sklizni 2013 byla o pfiblizné 15 % rel. a u odridy Sladek o 25 % rel. niz$i oproti sklizni 2012. Nejvyssi
obsah majorltnlho prenylflavonmdu xanthohumolu (XN) byl stanoven u chmeld Agnus (7,73 mg/g), nasledovaly chmele Sladek (5,21

fytoestrogenu 8-prenylnar|ngen|nu byl v roce 2013 u chmell Sladek, Premiant a Agnus na urovni 29 az 33 pg/g, mzsn obsah byl u od-
rt‘]dy ZPC (22 pg/g). Obsah této Iétky a dalsich prenylflavonoidﬂ 6-prenylnaringeninu a iso-xanthohumolu je zna¢né ro¢nikové zavisly.

Mikys$ka, A. — Jurkova, M.: Evaluation of bitter acids and polyphenols content in Czech hops harvest in 2013 — Part II: The
content of polyphenols. Kvasny Prum. 60, 2014, No. 7-8, pp. 191-197

The contents of polyphenolic compounds and the antioxidative properties of the important Czech hop varieties Saaz, Sladek, Premi-
ant and Agnus were evaluated in selected samples (24, 12, 12 and 4). The hops were extracted with a water/acetone solution, and then
analyzed. The results were compared with those from hops harvested in 2011 and 2012. The content of total polyphenols (TP), which are
important in terms of the Protected Geographical Indication (PGl) as well as the contents of anthocyanogens and flavonoids are dependent
on the variety. The highest content was found in the Saaz variety and the lowest in the Sladek variety. The ratios of TP to a-acids decrease
in the order Saaz, Sladek, Premiant and Agnus. The only significant difference resulted between the Saaz variety and the other varieties.
The antiradical activity of the hops varieties Saaz, Premiant and Agnus harvested 2013 was about 15 % rel. lower than in 2012. The anti-
radical activity of the Sladek variety was even 25% rel. lower. The highest content of the dominantly present prenylflavonoid xanthohumol
(XN) was found in the Agnus variety (7.73 mg/g) followed by the varieties Sladek (5.21 mg/g), Premiant (3.54 mg/g) and Saaz (2.59 mg/g).
The XN contents in the single hops varieties were relatively well balanced with relative standard deviations (RSD) from 8.0% to 15.9%. They
were significantly lower in the varieties Saaz (by 24.3%) and Premiant (by 15.2%) when compared with the harvest 2012. The ratio of XN to
a-acids was highest in the Saaz variety and lowest in the Premiant variety. The average contents of the phytoestrogen, 8-prenylnaringenine
in the Sladek, Premiant and Agnus varieties harvested in 2013 varied from 29 to 33 pg/g. A lower content was found in the Saaz variety
(22 pg/g). The contents of XN and other prenylflavonoids such as 6-prenylnaringenine and isoxanthohumol depend strongly on the year of
the harvest. The highest values were found in hops harvested in 2012 followed by the years 2013 and 2011.

Mikyska, A. — Jurkova, M.: Die Auswertung des Gehalts an Buttersauren und Polyphenols im Hopfen aus der Ernte 2013 - II:
Gehalt an Polyphenols. Kvasny Prum. 60, 2014, Nr. 7-8, S. 191-197

Nach der Hopfenextraktion mit wassrigem Aceton wurde der Gehalt an Polyphenolstoffen und Antioxidationseigenschaften von bedeutenden
tschechischen Hopfensorten ,Zatecky polorany erveniak” (ZPC = Saazer Halbfriiher Rothopfen), ,Sladek", ,Premiant‘ und ,Agnus®, bei dem
Auswahl der Erntemuster (24, 12, 12, 4 Muster) ausgewertet und verglichen mit den Ergebnissen aus den Emten 2011 und 2012. Gehalt an
gesamten Polyphenols (TP) bedeutend aus der Hinsicht der Geschiitzten geographischen Angabe ,, Tschechisches Bier und an Anthokyano-
gen und Pflavanoide hangt von der Hopfensorte ab, der héchste Gehalt an diese Stoffen wurde bei der Sorte ZPC,V der niedrigste Gehalt an
diese Stoffen bei der Sorte Sladek festgestellt. Das Verhaltnis der TP zu den a-Séuren sinkt in der folgenden Reihe ZPC — Sladek — Premiant
— Agnus, der bedeutende Unterschied gibt's nur zwischen ZPC und der anderen Sorten. Im Vergleich mit der Emte 2012 wurde die antiradikale
Aktivitat der Hopfensorten ZPC, Premiant und Agnus aus der Erte 2013 um 15% (rel.) und bei der Sorte Sladek um 25% (rel.) niedriger. Der
héchste Gehalt an majoritdten Prenyllavonoid Xanthohumol (XN) wurde bei der Hopfensorte Agnus (7,73 mg/g) festgestellt, weiter folgten die
Sorten Sladek (5,21 mg/g), Premiant (3,54 mg/g) und der niedrigste Wert wies die Sorte ZPC (2,59 mg/g) auf. Der Gehalt an XN wurde bei allen
Hopfensorten relativ ausgeglichen (relative Standardabweichung 8,0% bis zu 15,9%). Im Vergleich mit der Emte wurde der Gehalt an XN bei
der Sorte ZPC bedeutend niedriger um 24,3% und bei anderer Sorten Premiant um 15,2%. Das Verhaltnis des XN zu den a-S&uren wurde
das héchste bei den Sorten ZPC und Sladek und das niedrigste bei der Sorte Premiant. Im Jahre 2013 wurde der durchschnittliche Gehalt an
Fhytoestrogen 8-Prenylnaringenin bei der Sorten Sladek, Premiant und Agnus auf dem Niveau 29 az 33 pg/g, ein niedrigerer Gehalt wurde bei
der Sorte ZPC (22 pg/g) festgestellt. Der Gehalt an diesen Stoff und an weitere Prenylflavonoide, 6-Prenylnaringenin und Iso-Xanthohumol hangt
wesentlich von dem Jahrgang ab. Im Jahre 2012 wurde Gehalt der héchste, dann folgte Jahrgang 2013 und 2011 gab es den niedrigsten Gehalt.

Kli¢ova slova: sklizeri chmele, ¢esky chmel, polyfenoly, Keywords: hop harvest, Czech hops, polyphenols, xanthohumol,
xanthohumol, antioxidacni aktivita antioxidative activity
1 UVOoD 1 INTRODUCTION
Polyfenolové latky maji vliv na kvalitu piva, jeho koloidni a vel- The polyphenolic substances belong to a very heterogeneous

mi pravdépodobné i senzorickou stalost. Jedna se o velmi diverzi-  group, which influences the quality of beer, its colloidal stability and
fikovanou skupinu latek, jejiz jednotlivé slozky se vyznaduji rizny-  very probably the sensory stability as well. The particular compounds
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mi vlastnostmi z hlediska antiradikalovych vlastnosti, zakalotvorné
aktivity, a tedy vlivu na senzorickou stabilitu piva i afinitou k tvorbé
koloidnich zakal(l. Nékteré jednoduché i slozitéjsi polyfenoly a jejich
oxidaéni produkty jsou senzoricky aktivni, ovliviiuji hofkost a trpkost
piva (Callemien et al., 2005; McLaughlin et al., 2008). Vy$Si obsah
polyfenolud je uveden jako jeden z charakteristickych znakt Ceského
piva (obsah celkovych polyfenoll v lezaku 130-230 mg/l) (Anony-
mous, 2008), kterymi se odliSuje od zahrani¢nich. Podili se na tom
jak polyfenoly surovin, tak technologie vyroby.

Nékteré isoflavonoidy (daidzein, genistein, formononethin a bio-
chanin; obr. 1) jsou zndmymi fytohormony a antioxidanty, ve chme-
lu se na rozdil od sladu nachazeji i prenylflavonoidy (xanthohumol,
isoxanthohumol, 6- a 8-prenylnaringenin; obr. 2). Vyznam prenylfla-
vonoidl v poslednim desetileti stoupl z divodu objeveni fady bio-
aktivnich G¢inkl (Stevens a Page, 2004). U xanthohumolu se jedna
pfedevsim o inhibiéni plsobeni na nékteré typy rakovinného bujent,
antimikrobidlni, protizanétlivé a antioxida¢ni u¢inky (Henderson et al.,
2000; Miranda et al., 2000; Gerhauser, 2005). Xanthohumol spole¢né
s nékterymi slozkami chmelovych pryskyfic také plsobi inhibi¢né pfi
vzniku osteoporézy (Tobe et al., 1997). Bioaktivni ucinky isoxantho-
humolu jsou obdobné jako u xanthohumolu, ale slabsi (Kondo, 2003).
Nizsi ucinnost je do urcité miry kompenzovana vysSimi koncentrace-
mi a snadnou dostupnosti v pivu. Jako pUvodce estrogennich ucin-
ki chmele byl identifikovan 8-prenylnaringenin (Milligan et al., 1999).
V roce 2012 bylo prokdzano, ze Ceska piva obsahuji vy§8i mnozstvi
prenylflavonoidd s prokdzanym zdravotnim benefitem (antioxidanty,
kancerostatika, fytoestrogeny) (OlSovska et al., 2013). Antioxidanty
sladu i chmele maji vliv na senzorickou stabilitu piva a pro jeho kon-
zumenty jsou pfispévkem k ochrané organismu pfed volnymi radikaly.

Hodnoceni obsahu horkych kyselin ¢erstvé sklizeného chmele se
ve Vyzkumném Ustavu pivovarském a sladafském (VUPS) provadi
od roku 1950. Analyzovany jsou vzorky odebirané v pribéhu sklizné
ze vSech tfi péstitelskych oblasti v CR dle odbérni mapy. Hodnoty
jsou predikci zalozenou na analyze 170-180 vzork( chmele. Vysled-
ky tohoto hodnoceni jsou uvedeny v ¢asti | ¢lanku (Mikyska a Jur-
kova, 2014).

Cast Il se zabyva hodnocenim obsahu polyfenolovych latek a anti-
radikalové aktivity. Obsah polyfenolovych latek (celkovych polyfeno-
10, anthokyanogena a flavanoid() a antioxidaéni aktivity u vybéru ze
souboru skliziiovych vzorkU je na nasem pracovisti systematicky sle-
dovan od roku 2008, po vypracovani vlastni HPLC metody stanoveni
obsahu isoflavonoidd a prenylflavonoidl po extrakci chmele aceto-
nem je od roku 2011 hodnocen obsah vSech skupin polyfenolovych
latek v tomto extraktu. K dispozici jsou tak tfileté vysledky analyz.

2 MATERIAL A METODY

Pro hodnoceni obsahu polyfenolovych latek a antioxida¢nich
vlastnosti byl, obdobné jako v letech 2011 a 2012, analyzovan vy-
bér vzorkl odriid Zatecky polorany Cervefidk (24 vzorku), Sladek (12
vzork(l), Premiant (12 vzorkl) a Agnus (5 vzork().

Polyfenolové latky byly ze vzorku jemné pomletého chmele extra-
hovany 70% vodnym acetonem. Analyzy celkovych polyfenold, an-
thokyanogen( a flavanoidd ve vyluzich byly provedeny podle Pivo-
varsko-sladarské analytiky (Basarova et al., 1994). Analyza obsahu
isoflavonoidd a prenylflavonoidl byla provedena dfive vypracova-
nou metodou. Isoflavonoidy (daidzein, genistein, formononethin, bio-
chanin A) a prenylflavonoidy (xanthohumol, isoxanthohumol, 8-pre-
nylnaringenin, 6-prenylnaringenin) byly po separaci pomoci SPE
stanoveny HPLC s detektorem DAD v gradientu voda — acetonitril.
Vysledky jsou uvedeny v pg/g chmele (Jurkova et al., 2013).
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Obr. 1 Struktura isoflavonoidd — fytoestrogent (Jurkova et al.,
2013) / Fig. 1 Structures of isoflavonoids — phytoestrogens (Jurkova
etal., 2013)

have different properties in terms of antiradical activity and haze-
forming capability and therefore, they have an impact on the sensory
stability of beer. Some of the polyphenols and their oxidation products
influence the bitterness and the astringency of beer (Callemien et al.,
2005; McLaughlin et al., 2008). High content of polyphenols is one of
the characteristics of Czech Beer. The content of TP in a Czech lager
beer varied from 130-230 mg/l (Anonymous, 2008). This is due to the
raw material as well as to the production technology.

Some of the isoflavonoids such as daidzein, genistein, formon-
onethin and biochanin A (Fig. 1) act as phytohormones and antioxi-
dants. Unlike malt, hops also contains prenylflavonoids such as XN,
isoxanthohumol, 6- and 8-prenylnaringenin (Fig. 2). During the last
decade, the importance of these prenylflanonoids has increased due
to the discovery of a number of bioactive effects (Stevens and Page,
2004). XN has antimicrobial and anti-inflammatory effects and anti-
oxidative properties that could inhibit some kinds of cancers (Hen-
derson et al., 2000; Miranda et al., 2000; Gerhauser, 2005).

According to Tobe et al. (1997), XN along with some other com-
pounds from hops resins act as inhibitors at the onset of osteoporoses.
The bioactive effects of isoxanthohumol are similar to XN, but less
intensive (Kondo, 2003). The lower activity is partially compensated
through higher concentrations and easy availability in the beer. 8-pre-
nylnaringenin was identified as acting like the female sex hormone
oestogens (Milligan et al., 1999). In the year 2012, it was certificated
that Czech beers contain a higher amount of prenylflavonoids with
proven health benefits by acting as antioxidants, cancer statics and
phytooestogens (OlSovska et al., 2013). The antioxidants from malt
and hops have an impact on the sensory stability of beer and in addi-
tion they contribute to the consument protection against free radicals.

The Research Institute of Brewing and Malting (RIBM) has been
carrying out evaluations of the content of bitter acids in freshly har-
vested hops since 1950. The samples for analyses are collected dur-
ing the harvest from all three regions of hops cultivation in the Czech
Republic according to a schedule. The values are a prediction based
on the analysis of 170—180 hop samples. The results of these evalu-
ations were given in Part | of the study (MikySka and Jurkova, 2014).

Part 1l deals with the evaluation of the contents of polyphenolic
substances and their antiradical activity. Since 2008, the contents
of TP, anthocyanogens and flavonoids and their antioxidative prop-
erties were systematically determined in selected samples at our
Research Institute. In 2011, our own HPLC method for the deter-
mination of isoflavonoids and prenylflavonoids contents after an ex-
traction of the hops with acetone was developed. Since then, the
contents of all groups of polyphenolic substances have been deter-
mined. Therefore, the results of consecutive analyses from hop har-
vested last three years are available.

2 MATERIAL AND METHODS

As in 2011 and 2012, the selected samples of the Saaz (24 sam-
ples), Sladek (12 samples), Premiant (12 samples) and Agnus (5
samples) varieties were analysed in order to determine the contents
of polyphenols and their antioxidative properties.

The samples were finely ground and subsequently extracted with
a solution of 70% acetone in water. The analyses of TP, anthocy-
anogens and flavonoids were carried out according to Pivovarsko-
sladarska analytika (Basarfova et al., 1994). The content determina-
tions of isoflavonoids and prenylflavonoids were done according to
the method developed previously. The isoflavonoids such as daid-
zein, genistein, formononethin and biochanin A and prenylflavonoids
such as XN, isoxanthohumol, 8-prenylnaringenin and 6-prenylnarin-
genin were separated by means of solid phase extraction (SPE) and
analysed by HPLC equipped with a diode array detector (DAD) in the
gradient water — acetonitrile. The results are given in pg/g of hops
(Jurkova et al., 2013).

The determination of the antioxidative activities in the extracts
were done using the DPPH (a, a-diphenyl-B-picrylhydrazyl) free radi-
cal scavenging method according to the approach developed previ-
ously by Mikyska et al. (Mikyska et al., 2006). This method is specific
for slowly reducing compounds, particularly for polyphenols. The fol-
lowing values have been measured:

ARA1 [%] — radical activity 1, the decrease of the DPPH value
after 1 minute of reaction time,

ARA2 [%] — radical activity 2, the decrease of the DPPH value
after 10 minutes of reaction time,

ARP [%] — the integrated decrease of DPPH, 0—10 minutes reac-
tion time.
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Obr. 2 Struktura prenylflavonoidd chmele a piva / Fig. 2 Structures of prenylflavonoids in hops and beer

Stanoveni antioxidaéni aktivity ve vyluzich pomoci volného radika-
lu DPPH bylo provedeno podle dfive vypracovaného postupu (Miky-
Ska et al., 2006). Metoda postihuje zejména pomalu redukujici latky,
pfedevSim polyfenoly. Stanovuiji se tyto veli€iny:

ARA1 (%) — antiradikalova aktivita 1, ubytek hodnoty DPPH po
1 minuté reakce,

ARA2 (%) — antiradikalova aktivita 2, ubytek hodnoty DPPH po
10 minutéch reakce,

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

3 VYSLEDKY A DISKUSE

Vysledky stanoveni antiradikalové aktivity, celkovych polyfenold,
anthokyanogen( a flavanoidd, isoflavonoidd a prenylflavonoidu ve
chmelech jsou po odriidach shrnuty v tab. 1 az 4.

3 RESULTS AND DISCUSSION

The results of the determinations of antiradical activity, TP, antho-
cyanogens and flavonoids in the single hops varieties are summa-
rised in Tables 11to 4.

The highest contents of TP, anthocyanogens and flavonoids
were found in the Saaz variety and the lowest values in the
Sladek variety. This matches the results found in previous past
years (Tab. 5). The average content of TP in the Saaz variety
was 30.6 mg/g and in the Sladek variety only 19.5 mg/g. The
variations in the contents of polyphenolic substances as well as
in the values for antiradical activity from a particular hops variety
were lower when compared with the variations in the contents
of a- and B-bitter acids. For example, the RSDs for the content
of TP varied from 6.8% for the Agnus variety to 14.1% for the
Premiant variety.
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Obr. 3 Pomér polyfenolovych latek k a-kyselindm ve chmelech es-
kych odriid ve sklizni 2013 / Fig. 3 Ratio of polyphenols to a-acids in
Czech hop varieties harvested in 2013

TP: Celkové polyfenoly / Total polyphenols
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Obr. 4 Pomér xanthohumolu k a-kyselindm ve chmelech ¢eskych
odrld ve skliznich 2011 az 2013 / Fig. 4 The ratio of xanthohumol
to the a-acids in Czech hop varieties in harvests from 2011 to 2013
XN/Alfa: Pomér xanthohumolu a a-kyselin / xanthohumol to a-acids
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Obr. 5 Obsah 6-prenylnaringeninu a 8-prenylnaringeninu ve chme-
lech ¢eskych odrid ve skliznich 2011 az 2013 / Fig. 5 Contents of
6- prenylnaringen and 8-prenylnaringenin in Czech hop varieties in
harvests from 2011 to 2013

6-PN: 6-prenylnaringenin

8-PN: 8-prenylnaringenin

Obr. 6 Obsah iso-xanthohumolu ve chmelech ¢eskych odriid ve
skliznich 2011 az 2013/ Fig. 6 Contents of iso-xanthohumol in Czech
hop varieties in harvests from 2011 to 2013
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Tab. 1 Obsah polyfenolovych latek a antiradikalova aktivita u chmell odridy ZPC ve sklizni 2013/ Table 1 The content of polyphenols and
antiradical activity in a Saaz hops variety harvest in 2013

Pramér/ Maximum Minimum SD RSD (%) Median
Average
a-kyseliny / a-acids % 3.12 4.38 1.85 0.72 22.9 3.06
Polyfenoly TP 30.6 36.5 21.0 3.60 1.7 31.3
:1‘;%”’6"0’5 ANT 34.2 39.1 27.7 3.40 10.0 33.9
FLA 8.9 10.6 6.9 1.0 11.8 9.1
Antiradikalova aktivita ARA1 7.57 8.96 5.69 0.89 11.79 7.85
32,7;” adical activity ARA2 14.73 16.39 11.91 1.28 8.67 15.39
ARP 11.00 12.24 8.73 1.04 9.44 11.51
Isoflavonoidy Daidzein 12.8 30.7 0.9 9.2 72.3 13.5
LSJ;’W""O""S Genistein 20.9 65.8 0.0 22.9 109.8 6.4
Formononetin 2.8 7.2 0.2 1.7 60.1 2.2
Biochanin A 2.6 19.5 0.4 3.8 147.5 1.6
Prenylflavonoidy 6-PN 81.2 106.0 53.8 15.9 19.6 82.5
:’; 7gy’f’aV°"°"ds 8-PN 21.6 31.4 14.0 4.5 20.9 20.8
IXN 74.5 248.7 34.7 471 63.2 60.0
XN 2588 3152 1629 354 13,7 2618

Tab. 2 Obsah polyfenolovych latek a antiradikalova aktivita u chmell odriidy Sladek ve sklizni 2013 / Table 2 The content of polyphenols
and antiradical activity in a Sladek hop variety harvest in 2013

Pramér/ Maximum Minimum SD RSD (%) Median
Average
a-kyseliny / a-acids % 6.50 7.87 419 0.90 13.9 6.60
Polyfenoly TP 19.5 23.8 16.5 2.70 13.9 18.0
z‘g/{lphe""’s ANT 23.6 32.7 18.2 4.00 16.9 23.5
FLA 5.2 7.3 4.1 11 20.7 5.0
Antiradikalova aktivita ARA1 6.96 8.61 5.03 1.00 14.36 6.96
;‘/:7:’3"""3’ activity ARA2 11.19 13.90 8.04 1.57 14.04 11.18
ARP 8.81 10.93 6.37 1.24 14.03 8.81
Isoflavonoidy Daidzein 3.7 7.0 0.9 1.9 53.0 3.6
ﬁ;;"wono"ds Genistein 40.4 87.8 6.1 226 55.9 37.1
Formononetin 741 11.7 2.7 2.9 415 6.7
Biochanin A 2.2 11.2 0.0 3.0 138.6 1.6
Prenylflavonoidy 6-PN 139.2 243.6 104.8 38.3 27.5 122.7
55;’1”””0"0“5 8-PN 32.6 426 21.8 6.4 19.7 327
IXN 125.3 173.8 84.8 26.0 20.8 122.8
XN 5210 5934 4276 M7 8.0 5182

Tab. 3 Obsah polyfenolovych latek a antiradikalova aktivita u chmel( odriidy Premiant ve sklizni 2013 / Table 3 The content of polyphenols
and antiradical activity in a Premiant hop variety harvest in 2013

Pramér / Maximum Minimum SD RSD (%) Median
Average
a-kyseliny / a-acids % 8.53 10.13 5.85 1.28 15.0 8.71
Polyfenoly TP 23.7 27.0 17.0 3.30 14.1 24.9
z‘;’/};lphe"o’s ANT 30.0 35.0 21.2 4.70 15.6 32.3
FLA 6.1 7.0 45 0.8 13.2 6.3
Antiradikalova aktivita ARA1 8.41 11.40 6.38 1.31 15.59 8.20
;‘/‘o’l’é"’ adical activity ARA2 13.83 16.82 11.54 1.29 9.31 13.79
ARP 10.82 13.79 8.75 1.26 11.65 10.68
Isoflavonoidy Daidzein 2.2 15.3 0.0 4.1 185.9 0.5
ﬁ;gavom"ds Genistein 11.0 16.9 6.6 3.4 30.6 10.3
Formononetin 4.4 9.2 0.0 2.9 65.9 5.2
Biochanin A 21 4.8 0.0 1.6 77.7 1.4
Prenylflavonoidy 6-PN 102.8 132.3 72.9 18.7 18.1 102.4
5;7;1’”’3"’"0""5 8-PN 29.1 38.5 18.3 6.0 20.7 29.2
IXN 62.6 87.7 345 12.8 20.4 65.6

XN 3544 4387 2637 562 15.9 3638
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Tab. 4 Obsah polyfenolovych latek a antiradikalova aktivita u chmel( odridy Agnus ve sklizni 2013 / Table 4 The content of polyphenols
and antiradical activity in a Agnus hop variety harvest in 2013

Prameér / Maximum Minimum SD RSD (%) Median
Average
a-kyseliny / a-acids % 11.00 11.73 10.00 0.69 6.3 11.14
Polyfenoly TP 23.2 25.8 215 1.60 6.8 228
;Z%P”e""’s ANT 27.7 30.2 25.6 1.70 6.2 27.6
FLA 6.1 7.0 5.7 0.5 8.0 5.9
Antiradikalova aktivita ARA1 10.27 11.68 9.04 1.20 11.69 10.19
;‘/:'/’é"’ad""a’ activity ARA2 15.37 16.82 13.84 1.37 8.94 15.41
ARP 12.45 13.86 11.06 1.29 10.32 12.44
Isoflavonoidy Daidzein 70.7 156.7 0.0 70.5 99.6 63.1
Ls&;’awmids Genistein 12.6 19.6 4.6 5.3 42.3 13.0
Formononetin 121 15.2 9.0 2.7 22.2 12.2
Biochanin A 6.6 9.0 5.1 15 221 6.2
Prenylflavonoidy 6-PN 137.0 142.4 131.1 5.4 3.9 137.2
Prenylflavonoids 8-PN 32.6 34.9 31.0 15 4.4 322
Ho/g IXN 133.4 142.9 113.3 11.8 8.8 138.7
XN 7725 9251 6689 982 12.7 7479

TP Celkové polyfenoly / Total polyphenols; ANT Anthokyanogeny / Anthocyanogens; FLA Flavanoidy / Flavanoids;

ARA1, ARA2: Antiradikalova aktivita / Antiradical activity; ARP: Antiradikélovy potencidl / Antiradical potential;

6-PN 6-Prenylnaringenin; 8-PN 8-Prenylnaringenin; XN Xanthohumol; IXN Iso-Xanthohumol

Tab. 5 Obsah polyfenolovych latek a antiradikalova aktivita ve chmelech ¢eskych odrlid ve skliznich 2011 az 2013 / Table 5 Contents of
polyphenols and antiradical activity in Czech hop varieties in harvests from 2011 to 2013

Rok / ZPC/Saaz Sladek Premiant Agnus
Year R RSD R RSD R RSD R RSD
2011 37.1 12.4 23.1 13.7 24.1 4.9 26.9 14.2
TP 2012 37.6 8.2 228 16.8 24.7 11.4 25.5 14.2
2013 30.6 11.7 19.5 13.9 23.7 15.0 23.2 6.3
Polyfenoly 2011 385 10.8 33.3 10.3 30.2 7.2 38.3 14.2
Polyphenols ANT 2012 39.3 1.2 28.8 15.8 36.6 8.4 33.8 9.0
ma/g 2013 34.2 11.8 23.6 13.9 30.0 14.1 27.7 6.8
2011 8.7 12.2 43 16.8 4.3 9.1 5.7 17.2
FLA 2012 10.2 12.2 5.8 18.0 6.4 17.0 5.2 17.2
2013 8.9 10.0 5.2 20.7 6.1 13.2 6.1 8.0
Antiradikalové aktivita 2011 16.6 8.1 15.0 10.7 16.1 3.8 18.4 12.8
Antiradical activity ARA2 | 2012 17.0 9.5 14.9 10.5 15.9 15.3 17.9 47
%lg 2013 14.7 8.7 11.2 16.9 13.8 15.6 15.4 6.2
Isoflavonoidy 2011 43.2 22.1 43.4 27.1 36.3 41.4 44.0 32.6
Isoflavonoids 2012 50.2 40.0 69.0 40.2 53.8 69.9 58.1 34.0
Ha/g 2013 40.2 48.0 53.3 42.1 19.7 28.0 35.4 35.8
2011 42.6 35.3 74.4 36.9 45.4 27.6 108.5 16.2
6-PN 2012 114.2 15.6 173.7 17.7 143.0 15.5 187.8 19.5
2013 81.2 19.6 139.2 27.5 102.8 18.1 137.0 3.9
2011 15.8 16.6 23.6 44.6 10.3 37.9 31.2 8.1
8-PN 2012 34.7 24.5 46.5 18.7 31.9 17.9 42.9 18.9
Prenylflavonoidy 2013 21.6 20.9 32.6 19.7 29.1 20.7 32.6 4.4
Prenyilflavonoids
uglg 2011 33.0 10.6 49.7 46.1 23.6 13.3 70.3 15.5
IXN 2012 96.5 23.3 211.4 22.7 157.9 27.7 236.6 215
2013 745 63.2 125.3 20.8 62.6 20.4 133.4 8.8
2011 3809 12.6 6288 41.1 3919 20.6 7565 12.7
XN 2012 3420 12.6 5337 7.3 4180 21.2 6251 18.0
2013 2588 137 5210 8.0 3544 15.9 7725 12.7

R: Primér/Average

RSD: Relativni smérodatna odchylka / Relative standard deviation
Isoflavonoidy: Suma analyzovanych isoflavonoidl / Sum of analyzed isoflavonoids
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Nejvyssi obsah celkovych polyfenold, anthokyanogenu a flava-
obsah mély chmele odriidy Sladek. To koresponduje s vysledky zis-
kanymi v minulych letech (tab. 5). Primérny obsah celkovych poly-
fenold pro chmele ZPC byl 30,6 mg/g, pro odridu Sladek 19,5 mg/g.
Variabilita obsahu diskutovanych polyfenolovych latek stejné jako
variabilita antiradikalové aktivity u chmeld jednotlivych odrid byla
v rozmezi niz8im oproti variabilité obsahu a- a B-horkych kyselin.
Napfiklad relativni smérodatna odchylka obsahu celkovych polyfe-
nold se pohybovala od 6,8 % (Agnus) do 14,1 % (Premiant).

P¥i praktickém hodnoceni pfispévku polyfenolt chmele k jejich
obsahu v pivu je nutno brat v ivahu obsah a-kyselin ve chmelu,
ktery ur€uje davku chmele pfi chmelovaru. Z tohoto pohledu mély
chmele ZPC jednoznadné nejvy$si hodnoty relativniho obsahu po-
lyfenold, poméru celkovych polyfenold (primér 0,98 g/g) i dalSich
polyfenolovych latek k a- kyseliném Relativni obsah u odrt‘]d Sla-
ridy Agnus (obr. 3). Oproti sklizni 2012 byl ve sklizni 2013 obsah
polyfenoll nizsi pfiblizné v relaci s rozdilem v obsahu a-kyselin,
takze relativni obsah polyfenolovych latek v obou skliznich nebyl
vyrazné odlisny.

Je obecné znamo, ze obsah horkych kyselin ve chmelu silné zavisi
na ro¢niku, pribéhu vegetace. Obsah polyfenolovych latek ve sklizni
chmele neni bézné hodnocen. V tab. 5 jsou uvedeny primérné hod-
noty celkovych polyfenoll, anthokyanogent a flavanoidi hodnoce-
nych odrGd chmele ve skliznich 2011 az 2013. Obsah celkovych po-
lyfenol(l ve skliznich 2011 a 2012 se prakticky nelisil, ve sklizni 2013
byl zaznamenan pokles. Rovnéz obsah anthokyanogen(i v roce
2013 byl oproti sklizni 2012 nizsi (o cca 18 %). Obsah flavonoid(i ve
chmelech ze sklizné 2013 byl s vyjimkou odrGdy Agnus mirné nizsi
(0 5 az 12 %) oproti sklizni 2012. Primérné hodnoty antiradikalové
aktivity chmell ve sklizni 2013 byly u odriid ZPC, Premiant a Agnus
o cca 15 %, u odriidy Sladek o 25 % niz&i oproti hodnotam sklizné
2012. Hodnota antiradikalové aktivity chmele je vazana na obsah
polyfenolovych latek (Krofta et al., 2008). Jak je uvedeno vySe, ve
sklizni 2013 byl obsah polyfenolovych latek ve chmelech oproti roku
2012 nizsi.

Sumarni obsah isoflavonoidl (sou¢et obsahu daidzeinu, genis-
teinu, formononetinu, biochaninu A) ve chmelech sledovanych odrad
stoupal v pofadi Premiant (20 pg/g), ZPC (39 pg/g), Sladek (53 pg/g)
a Agnus (102 pg/g). Ve skupiné analyzovanych isoflavonoiddl kromé
chmelll odridy Agnus pfevazoval genistein. Obsah isoflavonoid( byl
znaéné nevyrovnany, relativni smérodatné odchylky pro jednotlivé
latky u jednotlivé odridy byly nékolik desitek procent. Sumarni ob-
sah isoflavonoidd ve sklizni 2013 byl u vSech odrid s vyjimkou Ag-
nus vyrazné nizsi oproti sklizni 2012 a srovnatelny se sklizni 2011
(tab. 5).

Ve skupiné prenylflavonoidid je dominantni xanthohumol. Nejvy$si
pramérny obsah byl stanoven u chmell Agnus (7,73 mg/g), nésle-
hodnoty byly stanoveny pro ZPC (2 59 mg/g). Obsah xanthohumolu
u chmelu jednotlivych odrid byl pomérné vyrovnany (RSD 8,0 % az
15,9 %). V porovnani se sklizni 2012 byl stanoven vyznamné nizsi
pramérny obsah u odridy ZPC (o 24,3 %) a Premiant (0 15,2 %)
(tab 5). Pomér xanthohumolu k a- kyseliném je nejvyéél' u odrﬂd ZPC
odrhdé, me2| skliznémi byly zjistény vyznamne rozdily pouze u skliz-
ni Premiant 2011/2012 a Agnus 2012/2013(obr. 4).

Odlisna situace je u 8- a 6-prenylnaringeninu. Primérny obsah
8-prenylnaringeninu byl ve sklizni 2013 u chmell Sladek, Premiant
a Agnus na Urovni 29 az 33 ug/g, nizsi obsah byl u odrady ZPC (22
pg/g). Obsah 6-prenylnaringeninu ve sklizni 2013 byl 81 pg/g (ZPC)
az 139 pg/g (Sladek) a koreloval s obsahem 8-prenylnaringeninu
(r = 0,758, n = 52). Obsah diskutovanych latek je pravdépodobné
znacéné zavisly na roéniku. V porovnani s rokem 2012 byl zjiStén
vyrazné nizsi obsah u odriid ZPC (o 38 %), Sladek (0 30 %) a Agnus
(024 %), v roce 2011 byly stanoveny hodnoty niz§i v porovnani s ro-
kem 2012 i 2013 (obr. 5).

Chmele obsahuji i uréité mnozZstvi iso-xanthohumolu, jeho hlavni
podil vzniké izomeraci xanthohumolu az pfi chmelovaru. Obsah iso-
-xanthohumolu slabé koreloval s obsahem xanthohumolu (r = 0,458,
n = 52). Obsah iso-xanthohumolu je pravdépodobné znaéné roéni-
kové zavisly, rozdily mezi ro€niky korespondovaly s rozdily v obsahu
8- a 6-prenylnaringeninu. V porovnani se sklizni 2012 byl obsah iso-
xanthohumolu u sledovanych odrlid o 22 % (ZPC) az 60 % (Premi-
ant) nizsi, avSak v porovnani s rokem 2011 byl vyrazné vysSsi (obr. 6).
Je zjevné, Ze obsah 8- prenylnaringeninu, 6-prenylnaringeninu i iso-
-xanthohumolu znaénou mérou zavisi na ro€niku sklizné.

The evaluation of the true contribution of the hops polyphenols to
the total polyphenols content in beer must also consider the content
of a-acids in the hops, as this sets the hops ratio for wort boiling.
From this point of view, the Saaz variety has undoubtedly the high-
est values for the relative content of polyphenols and for the ratio
of TP/a-acids (average of 0.98 g/g) as well as for the ratios of other
polyphenolic compounds to a-acids. The relative contents of poly-
phenols for the Sladek and Premiant varieties were similar. The low-
est values were found in the bitter Agnus variety (Fig. 3).

When compared with 2012, the content of polyphenols in hops
harvested in 2013 was lower but at about the same ratio due to the
decrease in the a-acids content. Therefore, the relative content of
polyphenolic substances in both years was not significantly different.

According to common knowledge, the content of a-acids in hops
strongly depends on the year of the harvest and on the course of the
growing season. The contents of polyphenolic substances in the har-
vested hops are not routinely estimated. Table 5 shows the average
values for TP, anthocyanogens and flavonoids in the hops varieties
evaluated, from the harvests of 2011 to 2013. The total amounts of
polyphenols in hops harvested in 2011 and 2012 were very similar.
The hops harvested in 2013 have less polyphenols. The content of
anthocyanogens was also about 18% lower in hops harvested in 2013
when compared with the hops harvested in 2012. The contents of fla-
vonoids in the 2013 harvest were slightly lower (by 5 to 12%) when
compared with the hops from 2012. The exception was the Agnus
variety. The average values of antiradical activity for hops harvested
in 2013 were lower by about 15% in the Saaz, Premiant and Agnus
varieties and by about 25% in the Sladek variety when compared with
the values determined in 2012. The value of the antiradical activity in
hops depends on its content of polyphenolic substances (Krofta et al.,
2008). As indicated above, the content of polyphenolic substances
was lower in 2013 than in 2012.

The sum of all the isoflavonoids, (daidzein, genistein, formonon-
etin and biochanin A) in the selected hops varieties increased in the
order Premiant (20 pg/g), Saaz (39 pg/g), Sladek (53 pg/g), Agnus
(102 pg/g). In the group of the isoflavonoids analysed, genistein was
the most common in all varieties except the Agnus variety. The con-
tents of isoflavonoids were very unbalanced. The RSDs of the single
compounds in any single variety were several tens of percent. The to-
tal content of isoflavonoids in 2013 was for all varieties, except Agnus,
significantly lower than in 2012 and comparable with 2011 (Tab. 5).

The dominant compound in the prenylflavonoids group is xan-
thohumol. The highest average content was found in the Agnus
variety (7.73 mg/g) followed by Sladek (5.21 mg/g) and Premiant
(3.54 mg/g). The lowest values were determined for the Saaz va-
riety (2.59 mg/g). The contents of XN from any single variety were
quite similar. The RSDs varied from 8.0% to 15.9%. When compared
with the 2012 harvest 2012, the average content was significantly
lower in the Saaz variety (by 24.3%) and in the Premiant variety (by
15.2%) (Tab. 5). The ratio of XN to a-acids is highest in the Saaz
and Sladek varieties and lowest in the Premiant variety. The values
depend mainly on the variety. Significant differences were only found
between the harvests of Premiant in 2011 and 2012 and Agnus in
2012 and 2013 (Fig.4).

However, 8- and 6-prenylnaringenin show a different picture.
The average content of 8-prenylnaringenin varied between 29 and
33 pg/g in the Sladek, Premiant and Agnus varieties harvested in
2013. A lower content of 22 pg/g was determined for the Saaz varie-
ty. The contents of 6-prenylnaringenin in hops harvested in 2013 var-
ied from 81 pg/g in the Saaz variety to 139 pg/g in the Sladek variety
and were in good correlation with the content of 8-prenylnaringenin
(r = 0.758, n = 52). The contents of 8- and 6-prenylnaringenin are
probably dependent on the year of the harvest. In hops harvested in
2013, significantly lower contents were found than in 2012, namely
in the Saaz variety by 38%, in the Sladek variety by 30% and in the
Agnus variety by 24%. In 2011, even lower values than in the two
following years were determined (Fig. 5).

Hops also contain a certain amount of isoxanthohumol. The main
part is produced by the isomerization of XN during wort boiling. The
content of isoxanthohumol correlated weakly with the XN amount
(r = 0.458, n = 52). The differences between the years matched the
differences in the contents of 8- and 6-prenylnaringenin. In 2013,
the content of isoxanthohumol was 22% lower in the Saaz hops and
even 60% lower in the Premiant hops when compared with 2012,
however, significantly higher when compared to the year 2011
(Fig. 6). It is obvious that the contents of isoxanthohumol as well as
those of 8- and 6-prenylnaringenin depend strongly on the course of
the growing season.
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4 ZAVER

Studie provedena na sklizni 2013 poskytla data pro tfileté kontinu-
alni hodnoceni obsahu polyfenolovych latek s potencialnim zdravot-
nim benefitem ve chmelu. }

Obsah celkovych polyfenolll vyznamnych z hlediska CHZO Ces-
ké pivo, a rovnéz tak obsah anthokyanogenu a flavanoidd zavisi na
odridé chmele, variabilita v rdmci sklizné ¢ini pfiblizné 20 az 30 %
(RSD = +10 az 15 %), obdobnou variabilitu je mozno oéekavat v za-
vislosti na ro€niku. Nejvy$si obsah celkovych polyfenold ma odriida
se v tomto parametru vyrazné nelisi. Pomér celkovych polyfenoll
k a-kyselindm klesa v radé ZPC (rok 2013 — 0,98 g/g) — Sladek —
Premiant — Agnus (rok 2013-0,21 g/g), vyrazny je pouze rozdil mezi
ZPC a hybridnimi odridami. V roéniku 2013 byl pomér TP/ a-kyseli-
ny srovnatelny se sklizni 2012.

Dosavadni vysledky ukazuiji, Ze obsah isoflavonoidl ve chmelech
konkrétni odrddy ve sklizni zna¢né kolisa, rozdily mezi testovanymi
odrGdami nebyly prokazany.

Prenylflavonoidy jsou spolu s pryskyficemi a silicemi obsazeny
v lupulinovych zrnech. Jejich obsah ve chmelu je primarné dan odri-
dou. Obsah majoritni slozky, xanthohumolu je u chmell jednotlivych
odrtd pomérné vyrovnany (RSD 8,0 % az 15,9 %) a klesda v poradi
Agnus — Sladek — Premiant- ZVPC. Pomér xanthohumol/a-kyseliny je
nejvy$si u odrid Sladek a ZPC, nejnizsi u odridy Premiant.

Obsah dal$ich prenylflavonoidli, 8-prenylnaringeninu, 6-prenyl-
naringeninu (fytoestrogeny) a iso-xanthohumolu je v porovnani
s xanthohumolem fadové niz§i a jejich obsah ve chmelu jevi velkou
variabilitu v zavislosti na ro¢niku. Tomuto aspektu bude vénovana
pozornost v dal$i praci.
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4 CONCLUSIONS

The study performed on the hops harvested in 2013 provides data
for the continuous evaluation of contents of the polyphenolic sub-
stances with potential health benefits over the last three years.

The contents of total polyphenols, which are very important in
terms of the PGl for Czech beer as well as the contents of anthocy-
anogens and flavonoids depend on the hops variety. The variability
within the harvest was about 20 to 30% (RSD = +10-15%). A simi-
lar variability can be expected, independent of the year of harvest.
The Saaz variety has the highest amount of total polyphenols and
the Sladek variety the lowest. However, regarding this parameter,
the Sladek, Premiant and Agnus varieties are very similar. The ra-
tio of TP to a-acids analysed in 2013 decreases in the order the
Saaz variety with a value of 0.98 followed by the varieties Sladek and
Premiant and the Agnus variety a value of 0.21. The only significant
difference is between the Saaz variety and the other hybrid varieties.
The ratio of TP to a-acids was comparable with the values from the
2012 harvest.

The current results indicate a considerable variability in the con-
tents of isoflavonoids in the single varieties. Nevertheless, no signifi-
cant differences were proven in the varieties evaluated.

Prenylflavonoids along with resins and essential oils are present in
the lupulin corns. Their content in hops is primary set by the variety.
The content of xanthohumol, which is the most common compound
in this group, is quite similar in the single varieties. The RSDs var-
ied from 8.0 to 15.9%. The content decreases in the order Agnus,
Sladek, Premiant and Saaz. The ratio of XN to a-acids is highest in
the Sladek and Saaz varieties and lowest in the Premiant variety.

The contents of other prenylflavonoids in hops such as the phy-
tooestogens 8-prenylnaringenin and 6-prenylnaringenin, and isoxan-
thohumol when compared with XN are significantly lower and more
variable. They depend strongly on the year of the harvest. This as-
pect will be the subject of a following study.
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