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Prispévek jednotlivych slouc¢enin chmele k jeho celkové antioxidaéni aktivité byl sledovan metodou HPLC s CoulArray detekci v Sirokém
rozsahu potencialti 250-900 mV. Latky se stejnym elektrochemickym chovanim jako epikatechin a katechin a od nich odvozené oligomerni
proanthokyanogeny (OPC) bylo mozné na zakladé nizsich reakénich potencialt (500 mV) odliSit od ostatnich elektrochemicky aktivnich
sloucenin. Celkovy obsah téchto OPC véetné katechinu a epikatechinu byl stanoven jako ekvivalent koncentrace katechinu uzitého jako
externiho standardu. Vysledky byly korelovany jednak s hodnotami skupinovych analyz pro stanoveni celkovych polyfenolli a pro stanoveni
anthokyanogend, jednak s vysledky ziskanymi moderni metodou elektronové spinové resonance (ESR — DPPH).

Jurkova, M. — Kellner, V. — Hagkova, D. — Culik, J. — Cejka, P. — Horak, T. — Dvorak, J.: Hops — an abundant source of antioxidants.
Methods to assessment of antioxidant activity of hop matrix. Kvasny Prum. 57, 2011, No. 10, p. 366—370.

The contribution of individual hop compounds to the total antioxidant activity was studied by HPLC method with CoulArray detection
in broad scale of the potentials 250-900 mV. The compounds with the same electrochemical manners as epicatechin and catechin and
oligomeric proanthocyanogens (OPCs) related to catechin were distinguished from the other compounds according to their electrochem-
ical responses on lower potential (500 mV). The total content of these OPCs including catechin and epicatechin was determined as an
equivalent of concentration of the catechin used as an external standard. The results were correlated partly with the results obtained by
using of the group analysis for determination of the total polyphenol and for the determination of the anthocyanogens, partly with results
obtained by using of the modern method electron spin resonance (ESR) for determination of the antioxidant activity.

Jurkova, M. — Kellner, V. — Haskova, D. — Culik, J. - Cejka, P.—Horak, T. — Dvorak, J.: Hopfen — eine reiche Quelle von Antioxidanten.
Methoden zur Beurteilung der Antioxidantenaktivitat von Hopfenmatrizen. Kvasny Prum. 57, 2011, Nr. 10, S. 366-370.

Durch die Methode HPLC mit CoulArray Detektion wurde der Einfluss der einzelnen Hopfenverbindungenzugaben auf die gesamte
Antioxidantenaktivitat des Hopfens im breiten Potentialsbereich 250-900 mV festgestellt. Die Stoffe mit identischem elektrochemischen
Verhalten wie z.B. Epikatechin und Katechin und aus denen entwickelte oligomerische Proanthokyanogene (OPC) auf Grund einer nied-
rigeren Reaktionspotenzialen (500 mV) von anderen aktiv elektrochemischen Verbindungen absondern werden konnten. Der gesamte
Gehalt an diesen OPC einschlieBlich Katechin und Epikatechin wurde als ein Aquivalent der Konzentration des als externer Standard
angewandten Katechins festgestellt. Die Ergebnisse wurden erstmals mit den Werten von fiir Gruppenanalysen angewandten zur Be-
stimmung von Gesamtpolyphenolen und dann mit den durch moderne Methode Elektron-Spin-Resonnance (ESR — DPPH) erworbenen

Werten korreliert.

Kliéova slova: oligomerni proanthokyanogeny (OPC), HPLC-Coul-
Array, ESR — DPPH

1 UVOD

Chmel (Humulus lupulus L.), rostlina z Celedi Cannabinaceae,
kromé zakladnich latek dodavajicich vyrobenému pivu zakladni sen-
zorické charakteristiky (horkost, vlni a plnost) obsahuje i fadu dalSich
latek se zdravotnim vyznamem. Jedna se zejména o skupinu dimer(
a trimer(l, antioxidantt [1] odvozenych od katechinu a epikatechinu,
tzv. oligomerni proanthokyanogeny (OPC), a skupinu prenylovanych
flavonoidd [2,3], z nichZ nejvice zastoupeny je xanthohumol (tvofi
0,25-1,1 % hm.).

Obé skupiny latek maji schopnost 1é¢ivé plsobit na lidské zdravi
tencialy potfebnymi pro probéhnuti jejich oxidace chrani zejména bu-
nécnou DNA pred jeji oxidaci, a tim brani organismus pfed vznikem
fady civiliza¢nich chorob, zejména nadorovych onemocnéni [4]. Sku-
pina prenylflavonoid(l se chova predevsim tak, Ze je vnimana recep-
tory v lidském organismu jako hormon estrogen, tyto latky tedy maji
estrogenni Ucinky [5, 6]. Estrogenni aktivita téchto latek je vyuzivana
zejména ke zmirnéni zdravotnich potizi zen v obdobi klimakteria,
vraci organismus do normalniho stavu, dale jsou tyto latky u¢inné pfi
|é¢bé osteopordzy. Tyto latky na rozdil od OPC maji vyssi oxidaéni
potencidl, takze se na antioxida¢nich procesech podileji mensi mérou
(daidzein a genistein) a jejich tézisté spociva spise v interakcich s tka-
flovymi receptory [7] ovliviiujicimi estrogenni U€inky a bunééné dé-
leni.

Elektrochemickd detekce CoulArray detektoru umoznuje rozlisit
skupiny elektrochemicky aktivnich latek na zakladé jejich voltametric-
kého chovani, a tak docilit dostate¢né selektivity a sledovat jen urcitou

Keywords: oligomeric proanthocyanogens (OPCs), HPLC-CoulAr-
ray, ESR — DPPH

1 INTRODUCTION

The hop plant (Humulus lupulus L.) from Cannabinaceae family
contains beside primary compounds responsible for basic sensory
features (bitterness, fragrance and fullness) also many compounds
of health importance. There are especially a group of dimers and
trimers, antioxidants [1] derived from catechin and epicatechin, so-
called oligomeric proanthocyanogens (OPCs) and a group of preny-
lated flavonoids in hops [2.3], of which xanthohumol is the most abun-
dant 0.5-1.1 %).

The both groups of these compounds have healing ability and pro-
tect human organism against development of many civilization dis-
eases. The group of antioxidants OPCs with lower potentials to their
oxidation shields the organism against oxidation of DNA and so protect
human organism against tumor diseases [4]. Flavonoids are perceived
by human receptors like hormon oestrogen, thus these compounds
show the oestrogenic effect [5,6]. The oestrogenic activity of these
compounds is using to the menopause anesis and thus return the or-
ganism to normal state. These compounds are also very effective for
osteoporosis therapy. Prenylflavonoids are oxidized by higher potential
(daidzein, genistein) so their contribution to antioxidant processes is
lower and their main activities are interactions with tissue receptors
influencing the oestrogenic activities and regulation of cell division [7].

The electrochemical detection of CoulArray detector enables a res-
olution of the electrochemically different groups of compounds based
on their voltametric behavior.

The selectivity of this detection enables to analyze the target group
of compounds [8] and we can distinguish analytes with lower oxidative
potential 400-500 mV ( catechin and from it derived OPCs) from an-
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tencialy (400-500 mV), napf. katechin a od néj odvozené OPC od
latek vyzaduijicich vy$Si oxidacni potencial, napf. kyselina ferulova
(700 mV) nebo kyseliny p-hydroxybenzoova a 4-hydroxyfenyloctova
(900 mV) [8].

Tato studie byla zaméfena na stanoveni antioxida¢ni aktivity oligo-
mernich proanthokyanidin chmelu metodou kapalinové chromato-
grafie s CoulArray detekci a porovnani ziskanych vysledk( s hodno-
tami stanovenymi jednak moderni metodou elektronovou spinovou
rezonanci (ESR), jednak klasickymi metodami pro stanoveni celko-
vych polyfenoll a stanoveni anthokyanogenu.

2 MATERIAL A METODY

Pfedmétem studie byly chmely Harmonie, Rubin a nové odrudy
chmelll oznac¢ené 4816, 4849 a 5008.Vzhledem k dostate¢né polarité
oligomernich proanthokyanidind a jejich dobré rozpustnosti ve vodg,
byly pouzity studené vyluhy chmele.

Z davodu komplikovanosti a dosud neznamé chemické struktury
jednotlivych sloZek frakce oligomernich proanthokyanidin(i ve chme-
lu byla zvolena pro hodnoceni technika fingerprintu, kde spole¢nym
jmenovatelem vSech slozek je stejny oxidaéni potencial (500 mV)
s vymezenim oblasti, v niz se tyto latky eluuji mezi 20. a 40. minutou
(obr. 1). Koncentrace véech OPC byla vyjadrena jako ekvivalent od-
povidajici koncentraci katechinu, pfipadné epikatechinu, které byly
pouzity pro kalibraci. Takto zjisténé hodnoty byly korelovany s hod-
notami zméfenymi pro antioxidaéni aktivitu metodou (ESR — DPPH)
a klasickymi metodami pro stanoveni celkovych polyfenolll a stano-
veni anthokyanogen(.

alytes with higher oxidative potential, e.g. ferulic acid (700 mV) or 4-
hydroxybenzoic acid or 4-hydroxyphenylacetic acid (900 mV) [9].

The aim of this study was the determination of antioxidant activity
of hop oligomeric proanthocyanogens by the method of liquid chro-
matography with CoulArray detection and comparison with results ob-
tained partly by modern method electron spin reverberation (ERS),
partly by classical methods for determination of total polyphenols and
determination of anthocyanogens.

2 MATERIAL AND METHODS

The objects of this study were hop varieties Harmonie, Rubin and
new varieties code-named 4816, 4849 and 5008.

With regard to sufficient polarity of oligomeric proanthocyanogens
and good water solubility, we used the cold hop leaches in this study.

Due to complexity and unknown chemical structures of particular
components of hop oligomeric proanthocyanogens so far, the finger-
print technique was chosen for evaluation. All OPCs components elu-
ated in range from 20 to 40 min. were evaluated on potential 500 mV
(Fig. 1). The sum of concentrations of all OPCs was expressed using
of the concentration of the catechin used for the calibration. The values
obtained in this way were correlated with values obtained by other
methods: modern ESR-DPPH and classical methods for determina-
tion of total polyphenols and determination of anthocyanogens.

The samples for all analytical methods were prepared by cold leach-
ing: 5 g of milled hops were agitated in 250 ml of distilled water at
laboratory temperature for 30 minutes. The leach was centrifuged (15
minutes, 10 000 rpm) and stored by freezing before analysis.
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Obr. 1 Chromatogram mérené frakce OPC / Fig. 1 Chromatogram of measured fraction of OPCs
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Pro vS8echny zkouSené metody byl pfipraven studeny vyluh: 5 g na-
mletého chmele michanim v 250 ml destilované vody za laboratorni
teploty po dobu 30 minut. Vyluh byl odstfedén (15 min, 10 000 ot/min)
a uchovan zamrazenim pro analyzy.

HPLC
Priprava vzorku k analyze

Chmelovy vyluh se zfedi v poméru 1:1 s mobilni fazi A (viz chro-
matograficka separace) a prefiltruje pfes celulosovy filtr 0,20 pum
(Chromafil RC-20/25 Macherey Nagel) protlaéenim vzorku injekéni
stfikackou do vialek pro analyzu.

Chromatografické podminky

Zakladem mobilnich fazi A a B byl 0,005M octan amonny (Fluka)
v ultragisté vodé, TOC< 5 ppb (Millipore). Faze A obsahovala 5 %
acetonitrilu (pro gradient, Sigma Aldrich), faze B obsahovala 50%
acetonitrilu stejné kvality. Obé faze byly prefiltrovany pfes filtr o veli-
kosti pérd 0,2 um a kyselinou mravenci (Fluka) bylo upraveno pH na
hodnotu 3,00. Cistota chemikalii byla pro MS aplikace.

Kolona

Purospher STAR RP-18e (5 um), 250 x 4,6 mm (Merck).

Gradient: 0—-10 min. 0% B, 10—18 min. 0—-8% B, 18-40 min. 8-10 %
B, 40-77 min. 10—21% B 77—120 min. 21-85% B. Poté zvySeni na
100% B, vy¢isténi cel a 15 min. ekvilibrace.

Teplota kolony: 35 °C

Pritok: 0,8 ml/min

Nastrik 10 pl

Nastavené potencidly: 250, 300, 400, 500, 600, 700, 800, 900 mV.

Kalibrace

Katechin byl zvolen jako ekvivalent pro vyjadfeni koncentrace
vSech antioxida¢nich latek se stejnou aktivitou, tj. reagujicich na stej-
ném potencidlu (500 mV). Byla provedena externi kalibrace standard-
nimi roztoky katechinu o koncentracich 0,01; 0,1; 0,5; 1,0 a 5,0 mg/I
na zakladé méfeni vysek pikd. Stanoveni OPC bylo provedeno na
zakladé mérfeni a seéteni vySek v8ech pikd odpovidajicich elektro-
chemickymi vlastnostmi katechinu ve sledovaném intervalu. Koncent-
race OPC byla pak vyjadfena jako koncentrace katechinu (mg/l).

Stanoveni antioxidaéni aktivity DPPH
Antioxida¢ni aktivita jednotlivych chmeld byla stanovena technikou

HPLC
Sample preparation

Hop leach was diluted in ratio of 1:1 with mobile phase A used for
chromatography separation and filtrated through cellulose syringe fil-
ter 0.20 um (Chromafil RC-20/25, Macherey Nagel) into chromato-
graphic vials.

Chromatographic conditions

The buffer 0.005 M ammonium acetate in ultraclean water, TOC <
5ppb was used for preparation of both phases A and B. The phase
A contained 5 % acetonitrile (gradient grade, Sigma Aldrich), the
phase B contained 50 % acetonitrile of the same quality. Both phases
were filtered through membrane filter Nylon 66, 0,2 um (Supelco) and
pH was adjusted to 3.00 by formic acid (Fluka). All chemicals were
for MS application.

Column

Purospher STAR RP-18e (5 um) 250 x 4.6 mm (Merck)

Gradient: 0-10 min. 0% B, 10—18 min. 0-8 % B, 18—40 min. 8-10 %
B, 4077 min. 1021 % B, 77-120 min 21-85 % B. The content of
mobile phase B was increased to 100 %. The measuring cells were
cleaned and the 15 min equlibration by phase A was applied after-
wards.

Temperature of column: 35 °C

Flow: 0.8 ml/min.

Injection of the sample: 10 pl.

The measuring potentials setting in turn 250, 300, 400, 500, 600, 700,
800 and 900 mV.

Calibration

Tthe catechin was chosen as the equivalent to express the con-
centration of all compounds with the same antioxidant activity on re-
action potential 500 mV The standard solutions of catechin 0.01; 0.1;
0.5; 1.0 and 5.0 mg/l were used for the external calibration. The de-
termination of all OPCs was realized by the measuring and check-
ing-out of heights of all peaks with the same electrochemical features
like catechin. The concentration of OPCs was expressed as catechin
(mg/l) according to external calibration.

Determination of the antioxidant activity DPPH
The antioxidant activity of individual hops was determined using
the technique of electron spin resonance (ESR). The method is based
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potencialu matrice chmelu / Fig. 3 Comparison of electrochemical method with CoulArray detection and method for determination of total

polyphenols as a rate of antioxidative potential hop matrix

elektronové spinové rezonance (ESR). Metoda je zaloZzena na reakci
stabilniho volného radikélu 2,2-difenyl-1-pikrylhydrazylu (DPPH) s an-
tioxidanty pfitomnymi v méfeném vzorku. Antioxidaéni aktivita vzork(
(ARA 2) je vyjadfena jako relativni pokles koncentrace DPPH po 10
minutéach reakce.

V8echna méreni volnych radikall byla provedena na spektrometru
MiniScope MS 200 firmy Magnettech GmbH, Germany.

Vlastni stanoveni: ke 14 ml ¢inidla DPPH se pfida 1 ml vzorku,
smeés se okamzité promicha, vlozi do autosampleru vyhfatého na
30 °C. lhned se spusti pfislusny méfici program, ktery fidi transport
reakéni smési v minutovych intervalech do méfici kyvety spektro-
metru. Hodnota signélu volného radikélu DPPH je zazhamenavana
po dobu 10 minut. Po ukonéeni analyzy jsou naméfené hodnoty zpra-
covany pomoci matematického programu spektrometru. Vysledkem
je Casova zavislost hodnoty ESR-signalu DPPH. Antioxidaéni aktivita
ARA2 je vyjadfena v procentech Ubytku hodnoty DPPH po 10 minu-
tach reakce.

Stanoveni celkovych polyfenolt
Celkové polyfenoly byly stanoveny podle Analytiky EBC [10].

Stanoveni anthokyanogent
Anthokyanogeny byly stanoveny podle Pivovarsko-sladarské ana-
lytiky [11].

" 3 VYSLEDKY A DISKUSE

Byla zjiSténa korelace vysledkl stanovenych popsanou metodou
HPLC s elektrochemickou detekci pro skupinu latek oligomernich pro-
anthokyanidind a vysledkd zméfenych metodami: ESR — DPPH pro
antioxidaéni aktivitu (R = 0,9412), pro celkové polyfenoly (R? =
0,9867) a pro anthokyanogeny (R? = 0,991). Grafické vyjadreni ko-
relaci se srovnavanymi metodami podavaji obr. 2, 3, 4. Koeficienty
determinace R2 byly vypocitany statistickym programem Microsoft
Office Excel 2003.

Nové vypracovand chromatografickd metoda s elektrochemickou
detekci mize byt pouzita pro porovnani antioxidaéni aktivity chmelt
a chmelovych preparatt vedle jiz pouzivané moderni ESR-DPPH pro
stanoveni antioxida¢ni aktivity a klasickych metod pro stanoveni cel-
kovych polyfenolt a anthokyanogent pro hodnoceni antioxidaéni ak-
tivity komplexnich matric. Nejtésnéjsi shody (R2= 0,991) bylo dosa-
zeno s metodou pro stanoveni anthokyanogen(, tedy skupiny
sloucenin svou strukturou i povahou substituentd na benzenovém
jadre velmi podobnych katechinim a jejich oligomerdm. Korelaéni ko-
eficienty s ostatnimi metodami svéd¢i o uplatnéni i jinych struktur

on the reaction of the stable radical of the 2,2-diphenyl-1-picrylhy-
drazyl (DPPH) with antioxidants present in the sample.

The antioxidant activity of samples (ARA 2) is expressed as the
decline of the concentration of DPPH after 10 minutes of the reaction.

All the measurements of the free radicals were performed on the
Spectrometer MiniScope MS 200, Magnettech GmbH, Germany.

The assay: the aliquot of 14 ml of the DPPH stock solution is mixed
with 1 ml of the sample in the test tube without delay. The tube is then
inserted into the autosampler which is tempered to 30 °C. The mea-
suring program controlling the transport of the reaction mixture in the
interval of 1 minute is then immediately triggered. The value of the
free radical DPPH signal is then monitored during the following 10
minute interval. After completion of the analysis the measured values
are processed by the particular analytical software of the spectrom-
eter. The result of these calculations is a dependence of the value of
the DPPH signal of the sample on time. The antioxidant activity ARA2
is expressed in the percent proportion of the DPPH value decline after
the 10 minute reaction.

Determination of the total polyphenol
Total polyphenols were determined according to EBCAnalytica [10].

Determination of the anthocyanogens
Anthocyanogens were determined according to ,Pivovarsko-
sladarska analytika“ [11].

"7 3 RESULTS AND DISCUSSION

The correlations of results obtained by described electrochemical
method with CoulArray detection and results obtained using methods:
ESR — DPPH (R 2= 0,9412), determination of total polyphenols (R?
= 0,9867) and determination of anthocyanogens (R?= 0,991) were
found. These correlations are shown in Fig. 2, 3, 4. Coefficients of de-
termination were calculated using of statistical programme Microsoft
Office Excel 2003.

The newly developed chromatographic method with electrochem-
ical detection can be used to comparison of hops and similar materials
with antioxidant activity. This method can be used for evaluation of
antioxidant activity like the modern ESR-DPPH method and the clas-
sical methods for determination of total polyphenols and for determi-
nation of anthocyanogens.

But the best match (R?= 0,991) was achieved with the method for
determination of anthocyanogens, this group of compounds is similar
to catechins and their oligomers due to structures and substituents
on benzene ring. The correlative coefficients with other methods re-
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Obr. 4 Elektrochemick&d metoda metoda s CoulArray detekci v porovnani s metodou pro stanoveni anthokyanogenu jako mira antioxidaéniho
potencialu matrice chmelu / Fig. 4 Comparison of electrochemical method with CoulArray detection and method for determination antho-

cyanogens as a rate of antioxidative potential hop matrix

s antioxidaéni povahou, presto hodnoty jejich korelace 0,9867
a 0,9412 vypovidaji o pomérné dobré shodé. Z toho Ize usuzovat, ze
latkami zodpovédnymi za antioxidacéni vlastnosti chmele jsou kate-
chiny, oligomery katechind a anthokyanogeny. Ostatni struktury v di-
sledku vyssich oxidac¢nich potencialli antioxidacni aktivitu ovlivni
méné vyrazné, napt. jiz zminéné kyseliny ferulova, p-hydroxybenzo-
ova nebo 4-hydroxyfenyloctova.
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De Keukeleire, D.: Identification of a potent phytoestrogen in hops
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flect the enforcement other compounds with antioxidant activity, nev-
ertheless their values 0.9867 and 0.9412 confirm a good agreement.
It can be concluded that the main groups responsible for the hop an-
tioxidant features are catechins, their oligomers and anthocyanogens.
Other structures like ferulic acid, p-hydroxybenzoic and 4-hydroxy-
phenylacetic acids have the lower contribution to the antioxidant ac-
tivity due to their higher oxidative potentials.
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