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Pro hodnoceni antioxidaénich vlastnosti chmele a chmelovych vy-
robkd bylo zkouSeno nékolik postupll pfipravy vzorkl a metod sta-
noveni. K extrakci antioxidantli byla pouzita horka voda nebo met-
hanol. Antioxida¢ni aktivita byla stanovena postupy vychazejicimi
z metod publikovanych Chaponem (fotometrické stanoveni pomoci
dipyridil-Zzelezitého komplexu), Kanedou (stanoveni pomoci volného
radikalu DPPH) a Ushidou (stanoveni hodnoty EPR-T150). Postup
dle Ushidy je omezené pouzitelny pro malé diference redukénich ak-
tivit jednotlivych vzorkud. Postup dle Chapona je v principu pouzitelny,
ale méné citlivy v porovnani s metodou dle Kanedy (DPPH). Stano-
veni s DPPH bylo provedeno fotometrickou i EPR detekci, vysledky
obou zpusobu detekce dobre korelovaly. Bylo zjisténo, Ze redukéni
aktivita methanolovych vyluhll je vy$si nez redukéni aktivita vyluht
horkovodnich. Dlivodem je odlisné spektrum extrahovanych latek. Pro
dalsi studium antioxida¢nich vlastnosti riznych chmelt a chmelovych
vyrobku byl zvolen zplsob extrakce vrouci vodou z divodu simulace
podminek chmelovaru a postup stanoveni redukéni aktivity s DPPH.
Byly prokazany velké rozdily redukénich aktivit mezi ¢eskymi odri-
dami chmele. Nejlep$i hodnoty redukéni aktivity byly zjistény pro Za-
tecky polorany ¢ervenak. Mezi hybridnimi odr{idami nebyly nalezeny
podstatné rozdily v hodnotach redukénich aktivit.

Mikyska, A. — Krofta, K. — Haskova, D.: Evaluation of Antioxidant
Properties of Hop and Hop Products. Kvasny Prum. 52, 2006, No.
7-8, p. 214-225.

Several techniques of sample preparation and assessment met-
hods were tested for evaluation of antioxidant properties of hop and
hop products. Hot water or methanol was used for extraction of anti-
oxidants. The antioxidant activity was determined using the techni-
ques based on the methods already published by Chapon (photo-
metric determination with dipyridyl-ferric complex), Kaneda
(determination with free radical DPPH) and Ushida (determination of
the EPR-T150 value). The method according to Ushida is limitary
usable due to small differences of reducing activities of individual
samples. The method according to Chapon is basically usable but it
is less sensitive in comparison with the method according to Kaneda
(DPPH). Determination with DPPH was performed using photome-
tric and EPR detections, results of both detection methods were in
a good correlation. The reducing activity of methanol extracts was
found to be higher than the reduction activity of hot water extracts. It
is due to a different spectrum of extracted substances. Hot water ex-
traction was used for further study of the antioxidant properties of va-
rious hops and hop products for simulation of conditions of hop boi-
ling and the method of determination of the reducing activity
with DPPH. Significant differences in reducing activities were proved
among Czech hop varieties. Best results of reducing activity were
found out for Saaz hops. No significant differences in reduction acti-
vities were found among hybrid varieties.

Mikyska, A. — Krofta, K. — Haskova, D.: Die Auswertung von An-
tioxidationseigenschaften von Hopfen und Hopfenerzeugnis-
sen. Kvasny Prum. 52, 2006, Nr. 7-8, S. 214-225.

Fur eine Auswertung von Hopfen und Hopfenerzeugnissen wurden
mehrere Verfahren der Mustervorbereitung und einige Methoden der

Ermittlung gepruift. Zur Extraktion von Antioxidanten wurden ein Heiss-
wasser oder Methanol angewandt. Die Antioxidationsaktivitat wurde
durch mehrere Verfahren festgestellt, die in der Literatur angefuhrt
sind, laut Chapon (photometrische Ermittlung mittels Dipyridil — Ei-
senkomplex), weiter laut Kaneda (Ermittlung mittels Freiradikal
DPPH) und schliesslich laut Ushida (durch die Ermittlung des EPR
— T 150 Wertes). Das Verfahrung laut Ushida ist aus dem Grund der
geringsfugigen Unterschiede von Reduktionsaktivitdten der einzel-
nen Muster praktisch unverwendbar. Das Verfahren laut Chapon ist
im Prinzip schon einsetzbar, aber im Vergleich mit dem Kanedas-
verfahren (DPPH) ist jedoch weniger empfindlich. Die Ermittlung mit
DPPH verfolgte mit photometrischer — und EPR Detektion, die ge-
wonnene Ergebnisse gut miteinander korrelierten. Es wurde fest-
gestellt, daB3 die Reduktionsaktivitdt von Methanolauslaugen héher
wurde als die von Heisswasserauslaugen. Der Grund dafir ist ein un-
terschiedliches Spektrum von extrahierten Stoffen. Fiir weiteres Stu-
dium der Antioxidationseigenschaften von verschiedenen Hopfen-
sorten und Hopfenerzeugnissen wurde aus dem Grund einer
Simulation des Wirzerkochens in der Wiirzepfanne die Extraktion mit
dem Heisswasser ausgewahlt. Es wurden eine grosse Unterschiede
von Reduktionsaktivitdten unter tschechischen Hopfensorten fest-
gestellt. Eindeuting die beste Resultate wies die tschechische Hop-
fensorte ,Zatecky polorany &ervenak® aus. Unter Hybridsorten
konnten keine wesentliche Unterschiede der Reduktionsaktivitat fes-
tegestellt werden.

Mukunwka, A. - Kpodra, K. - TlawkoBa, [A.: OueHka
AHTMOKUCIIUTESIbHbIX CBONCTB XMENA U XMeJieBbIX MPOAYKTOB.
Kvasny Prum. 52, 2006, Ho. 7-8, cTp. 214-225.

Heckonbko MeToA0B NMOATOTOBKM MPO4 M METOA0B aHanusa 6bino
MPOBEPEHO AN OLUEHKU aHTUMOKMCIIMTENbHBIX CBOWCTB XMens U
XMeNEeBbIX MPOAYKTOB. [NA SKCTpakuuMm aHTUOKUCIUTENEN npu-
MeHsifacb ropsidas Boga Uiy MeTUIoBbIN CNUPT. AHTUOKUCTITENBHASA
aKTVMBHOCTb 6bina onpegeneHa cnocob6aMm 0CHOBaHHbLIMM HA METOAaX
ony6nunkoBaHHbIX LLlanoHom (choTomeTpuyeckoe onpegefieHve ¢
noMoLblO  aunupuaun-eppuToro Komnnekca), KaHegon (onpe-
LeneHne ¢ NoMoLLblo HecBsA3aHHOro pagukana DPPH) u Ywnugon
(onpepenenve BemuuuHbl EPR-T150). Metog Ywnuabl vmeet
OrpaHM4eHHOe MPUMEHEHNE 13-3a Hebomnbwux AnddepeHumnin Boc-
CTaHOBUTENbHOW aKTUBHOCTM OTAENbHbIX NpoAd. Bo3moxHo npu-
MeHuTb MeToz LLlanoHa, Ho no cpaeHeHuto ¢ MeTogon Kaneapl (DPPH)
OH MeHee 4yBcTBUTENXHbIN. OnpegenexHne ¢ DPPH 6bino caenaHo
Kak poTomeTpryeckum, Tak n EPR meTogom obHapyxeHus, pesy-
nbTaTbl 060MX METOAOB XOPOLIO KOoppenvpytoTcs. Bbissunoch, 4To
BOCCTaHOBUTEMbHAA aKTUBHOCTb 3KCTPaKTOB METbISIOBbIM CIPTOM
60sbLle, YeM SKCTPaKTOB ropsyen BoAon. puumHou sABnsSeTcst
pasnn4HbIN CNEKTP 3KCTparnpoBaHHbIX BelecTs. [lna nocneaytoLero
MCCNefoBaHNA aHTUOKUCIIUTESBbHBIX CBOWCTB pasHbIX XMenen u
XMeNEeBbIX NPOAYKTOB Oblnn 13bpaHbl METOA SKCTPakuum ropsyen
BOAON — ANS MOAENMPOBaHWS YCIOBWIA BapKu cycrna — U MeToq
onpefeneHnss BOCCTaHOBUTENbHOM akTuBHocTM ¢ DPPH. Beina
£0Ka3aHa 60/1bLUIasA pasH1LA BOCCTaHOBNTEbHON aKTUBHOCTU MEXAY
YeLlucKMMK copTammn xmens. Jlydwmm sisnsietcs copt ,Zatecky polo-
rany Gervenak”. Mexxay rmbpuaHbiMu copTamu He 6bina obHapy>xeHa
3HauMTeNbHas pasHvLUa B BENMYMHAX BOCCTAHOBATESIbHOM aKTUB-
HOCTW.
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1 UvoD

Antioxidanty pfitomné ve sladu a chmelu maji v pivovarstvi dvoji
vyznam. Jednak plsobi v pribéhu vyroby a skladovani piva jako
ochrana pfed vznikem nezadoucich senzoricky aktivnich latek staré
chuti, jednak maji pfi konzumaci piva pfiznivy vliv na zdravi. Kli¢o-
vou roli v antioxidaéni aktivité chmele hraji polyfenoly. Polyfenoliim
Vv pivu jsou pfisuzovany ucinky antioxidacni, antimutagenni, antikar-
cinogenni, antimikrobialni, antitrombotické, antiflogistické (protiza-
nétlivé), imunomodulaéni, dale reguluji krevni tlak a hladinu glukosy
v krvi [1].

Zajem odborné verejnosti v medicing, farmacii i potravinarstvi pfi-
tahuji Jlapaée” radikald, protoze jsou schopny chranit lidsky organis-
mus pred nepfiznivymi U¢inky volnych radikald, které mohou zpuso-
bit vznik fady onemocnéni v€etné rakoviny, a vedou k akceleraci
procesu starnuti. Bylo zjisténo, Ze rizné antioxidanty fenolické povahy,
jako jsou flavonoidy a taniny, eliminuji volné radikaly, a tak preventivné
zabranuji poskozeni bunék. Fenolické latky jsou v Siroké mife distri-
buovany v rostlinné Fisi a nalézaji se v mnohém ovoci a zeleniné. Vy-
vazena dieta muze byt pfirozenym zdrojem antioxidant(, schopnych
chrénit lidsky organismus pfed vznikem nékterych onemocnéni, vzni-
kajicich jako dlsledek radikalovych reakci. Schopnost latek fenolické
povahy eliminovat volné radikdly je zavisla na davce a mize se mé-
nit v zavislosti na jejich strukture, substituentech a stupni polymerace.
V8eobecné je akceptovano, Ze reaktivni kyslikové radikaly (ROS — re-
active oxygen species) mohou mit velmi nepfiznivé ucinky v podmin-
kach ,in vivo“. Mohou atakovat lipidy, proteiny a DNA a vyvolat oxi-
daci. Oxidaéni poskozeni je povazovano za hlavni pfi€inu starnuti
a nékolika degenerativnich onemocnéni, jako jsou srde¢né-cévni cho-
roby a rakovina. Dietarni antioxidanty jsou povazovany za dullezity fak-
tor, ktery mize G¢inek ROS v podminkach ,in vivo* eliminovat. Nej-
dulezitgjSimi dietarnimi antioxidanty jsou polyfenoly. Rada studii
prokazala, ze rostlinné polyfenoly vykazuji silnou antioxidacni aktivitu
diky jejich schopnosti potla¢ovat tvorbu volnych radikald [2, 3].

U ¢etnych flavonoidd byla prokdzana ochrana tzv. low-density li-
poproteinll pfed oxidaci katalyzovanou médnatymi ionty [4, 5, 6]. Fla-
vonoidy véetné chalkonu jsou skupinou fenolickych sloucenin Siroce
roz§ifenou v rostlinné isi. Antioxida¢ni vlastnosti flavonoidud jsou da-
vany do vztahu s jejich schopnosti vazat kovové ionty do chelatovych
vazeb, eliminovat singletovy kyslik, superoxidové, peroxidové a hyd-
roxilové radikaly a peroxynitrity [7, 8]. Antioxida¢ni vlastnosti byly pro-
kazany i u prenylovanych flavonoidl a prenylchalkonl jako schop-
nost inhibovat oxidaci lidskych low-density lipoproteind v podminkach
in vitro. Oxidace LDL byla hodnocena tvorbou reaktivnich latek z kon-
jugovanych dienu a thiobarbiturové kyseliny (TBARS) a oxidace de-
rivata tryptofanu [9].

VSeobecné se uznava platnost radikalové teorie senzorického star-
nuti piva, podle niz se pfi starnuti piva uplatiuji zejména radikaly or-
ganickych a anorganickych slou€enin nebo slou€eniny, které podpo-
ruji prabéh radikalovych procest. Zvlastni vyznam pfitom maji
slouceniny kysliku a jeho excitované stavy, kyslikové volné radikaly,
a obecnéji aktivni formy kysliku [10, 11]. Jedna se o zna¢né kompli-
kovany systém vzajemné provazanych enzymaticky i neenzymaticky
katalyzovanych reakci, na jejichz priibéhu a kinetice se podileji latky
pusobici jako ,antioxidanty“ a ,prooxidanty“. Zakladni reakce vedouci
k tvorbé nezadoucich senzoricky aktivnich karbonylovych latek ,staré
chuti jsou podle Wackenbauera [12] nasledujici: oxidace vysSich al-
koholU, oxidativni odbouravani isohumulonli, Maillardovy reakce,
Streckerovo odbouravani, autooxidace nenasycenych mastnych ky-
selin a ethylester(i nenasycenych mastnych kyselin, fotooxidace ne-
nasycenych mastnych kyselin, aldolova kondenzace aldehydt s krat-
kym Fetézcem a sekundarni autooxidace aldehydu.

V pivovarské technologii je za dulezity marker vzniku senzoricky
nezadoucich chuti a viini povazovana autooxidace lipidd [11]. Chmel
a nékteré chmelové vyrobky jsou schopny tento proces inhibovat. Ler-
musieau prokazal velké rozdily antioxidacni aktivity mezi odrlidami
chmele. Chmeleni peletami zvysilo redukéni aktivitu mladiny, chme-
leni chmelovym extraktem na bazi oxidu uhli¢itého nemélo na kvalitu
mladiny patrny vliv vzhledem k velmi nizkému obsahu polyfenolt [13].

Dulezitym faktorem pro potlaceni procest vedoucich ke koloidnimu
i senzorickému starnuti piva béhem skladovani je i pouzita technolo-
gie vyroby piva. Mimo diskusi je nutnost dusledné eliminace pro-
vzdusnéni piva ve finalnich fazich vyroby, pfi filtraci a sta¢eni do tran-
sportnich oballl, kdy se jiz neuplatni redukéni viiv kvasinek. Je vSak

Keywords: antioxidants, reducing activity, hop, hop products, polyp-
henols

1 INTRODUCTION

Antioxidants contained in malt and hops have two tasks in the bre-
wing industry. Firstly, they act in the course of beer production and
storage and as a protection against undesirable sensorial active sub-
stances of stale flavor; secondly, they affect health favorably when
beer is consumed. The key role in the hop antioxidant activity is played
by polyphenols. Polyphenols in beer are deemed to have antioxidant,
antimutagenic, anticarcinogenic, antimicrobial, antithrombotic, anti-
flogistic (anti-inflammatory), immunomodulatory effects, further they
regulate blood pressure and glucose level in blood [1].

Professional public in medicine, pharmacy and food industry has
been attracted by “traps” of radicals as they are able to protect the hu-
man organism against unfavorable effects of free radicals that can in-
duce a number of diseases, including cancer, and lead to accelera-
tion of the aging process. Various antioxidants of a phenolic nature,
such as flavonoids and tannins, eliminate free radicals and thus pre-
vent cell damage. Phenolic substances are widely distributed in the
plant kingdom and occur in a lot of fruit and vegetables. Balanced diet
can be a natural source of antioxidants capable to protect the human
organism against the origin of some diseases originating as a con-
sequence of radical reactions. Capacity of phenolic substances to eli-
minate free radicals is dosage-dependant and can vary in dependence
on their structure, substituents and level of polymerization. It is gene-
rally accepted that reactive oxygen radicals (ROS — reactive oxygen
species) can have unfavorable effects under the ,in vivo“ conditions.
They can attack lipids, proteins and DNA and induce oxidation. Oxi-
dative damage is considered the major cause of aging and several
degenerative disorders as heart and vascular diseases and cancer.
Dietary antioxidants are considered to be an important factor that can
eliminate the ROS effect under the “in vivo” conditions. The most im-
portant dietary antioxidants are polyphenols. Numerous studies have
proved that plant polyphenols exhibit a strong antioxidant activity due
to their ability to inhibit production of free radicals [2, 3].

Protection of so-called low-density lipoproteins against by cupric
ions catalyzed oxidation [4, 5, 6] was proved in many flavonoids. Fla-
vonoids, including chalcones, are a group of phenolic compounds wi-
despread in the plant kingdom. The antioxidant properties of flavo-
noids are connected with their ability to bind metal ions to chelate
links, eliminate singlet oxygen, superoxide, peroxide and hydroxyl ra-
dicals and peroxynitrites [7, 8]. Antioxidant properties were also de-
monstrated in prenylflavonoids and prenylchalcones as the capacity
to inhibit oxidation of human low-density lipoproteins (LDL) under the
in vitro conditions. LDL oxidation was assessed by the production of
reactive substances from conjugated dienes and thiobarbituric acid
(TBARS) and oxidation of tryptophan derivates [9].

Validity of the radical theory of sensorial beer aging according to
which mainly the radicals of organic and inorganic compounds or com-
pounds supporting the course of radical processes play an important
role at beer aging, is generally acknowledged. Compounds of oxygen
and its excited states, free oxygen radicals and more generally active
oxygen forms are of a special significance [10, 11]. This is a conside-
rably complicated system of mutually linked enzymatically and non-
enzymatically catalyzed reactions in the course and kinetics of which
the substances acting as “antioxidants” and “prooxidants” participate.
The basic reactions leading to generation of undesirably sensorial ac-
tive carbonyl substances of “stale flavor” according to Wackenbauer
[12]: oxidation of higher alcohols, oxidative degradation of isohumu-
lones, Maillard’s reactions, Strecker’s degradation, auto oxidation of
unsaturated fatty acids and ethylesters of unsaturated fatty acids,
photo oxidation of unsaturated fatty acids, aldol condensation of al-
dehydes with short chain and secondary auto oxidation of aldehydes.

In the brewing technology, auto oxidation of lipids is considered to
be an important marker of generation of sensorially undesirable fla-
vors and odors [11]. Hop and some hop products are able to inhibit
this process. Lermusieau proved great differences of antioxidant ac-
tivity among hop varieties. Hopping by hop pellets enhanced effecti-
vely antioxidant activity of wort, hopping by CO, hop extract did not
have the effect on the quality of wort due to a very low content of po-
lyphenols [13].

Technology used for beer production is also an important factor for
suppressing the processes leading to colloidal and sensorial beer
aging during storage. Necessity to eliminate beer aerating consi-
stently during the final production phases, filtration and filling into the
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pravdépodobné, Ze srovnatelné vyznamny je vliv varniho postupu a pfi-
tomnosti chmelovych polyfenolli na antioxidaéni aktivitu a senzorickou
stabilitu piva [14, 15, 16, 17]. Oxidace béhem rmutovani a chmelovaru
je klicovym krokem v rozvoji nezadoucich cizich chuti v pivu [16, 18].

Pro stanoveni antioxidaéni aktivity v pivovarskych surovinach i pivu
bylo v uplynulych deseti letech publikovano mnoho analytickych me-
tod. Rada analytickych postupl byla s modifikacemi pfevzata z jinych
potravinarskych oborl (oleje, tuky, maso, mléko), nebo farmaceutic-
kého vyzkumu. Pivovarské suroviny a meziprodukty pivovarské tech-
nologie jako jsou slad, chmel a chmelové produkty, karamel, mladina
a mladé pivo jsou slozité matrice, které obsahuji mnoho latek podié-
hajicich vice ¢i méné snadno oxidaci. Podrobny souhrn analytickych
metod stanoveni antioxida¢ni aktivity pivovarskych surovin, mezipro-
duktd pivovarské technologie a piv publikoval Moll [19]. Analytické
metody jsou rozdéleny do dvou skupin na chemicko-biochemické a fy-
zikalni metody. Rada chemicko-biochemickych metod je zalozena na
fotometrickém stanoveni dynamiky a intenzity vzniku zabarveni ¢i od-
barveni zkoumaného prostredi v disledku zmény koncentrace sta-
bilnich radikald. Fyzikalni metody vyuzivaji napf. méfeni oxidaéné-re-
dukéniho potencialu roztokl. Mnozstvi antioxidantd se stanovuje také
kapalinovou chromatografii s elektrochemickou nebo coulometrickou
detekci. Kaneda popsal chemiluminiscenéni metodu stanoveni anti-
oxidacéni aktivity piva [20].

Vhodnymi sloueninami pro studium antioxidaéni aktivity rliznych
latek v procesu peroxidace lipid( v podminkach in vitro, které gene-
ruji volné radikaly, jsou azo-slou€eniny. Jako zdroj alkylperoxylovych
volnych radikal( pouZil Liégeois et al.[21] ve vodé rozpustny 2,2’-azo-
bis(2-aminopropan)dihydrochlorid (AAPH) pfi studiu antioxida¢nich
vlastnosti mladiny, sladu a chmele prostfednictvim oxidace vodnich
disperzi kyseliny linoleové. Antioxidaéni aktivita byla definovana jako
inhibi¢ni ¢as potlaceni oxidace kyseliny linoleové plisobenim antioxi-
dantl ve zkoumanych vzorcich. Metoda prokazala vyznamné antioxi-
daéni vlastnosti pivovarskych surovin, pfedevsim chmele. Stejny oxi-
daéné-redukéni systém vyuzili i Lermusieau et al. [13] pfi studiu
redukujici aktivity rdznych odriid chmele. Velké rozdily redukénich ak-
tivit mezi odridami zdlvodriuji odliSnym obsahem chmelovych flavo-
noidd. Odrady s nizkym obsahem alfa-horkych kyselin maji podstatné
vy§Si antioxida¢ni aktivitu a zaroven nékolikanasobné vys$si obsah po-
lyfenoll, na rozdil od horkych odriid a CO,-extraktl. Pfidavek chmele
do sladiny vyrazné zvysil celkovou redukujici aktivitu mladiny.

K méfeni senzorické stability piva pouzil Kaneda [14] jiny typ sta-
bilniho radikalu, 1,1-dipyridyl-2-pikryl hydrazil (DPPH). Neparovy elek-
tron na hydrazylovém dusiku (obr. 1) je odpovédny za intenzivni fialo-
vé zabarveni radikalu. Po pfidavku piva do roztoku DPPH dochazi
k okamzitému odbarvovani reakéniho prostfedi vlivem plsobeni anti-
oxidant pfitomnych v pivu. DPPH-redukéni aktivita ¢erstvého piva
prokézala pozitivni korelaci se senzorickou stabilitou piva skladova-
ného pfi 37 °C po dobu 5 dni. Z toho Ize usuzovat, Ze senzorickou sta-
bilitu piva Ize predikovat z irovné DPPH-redukujici aktivity Cerstvého
piva, které zohlednuje procesni vlivy pfi vyrobé i vliv surovin.

V poslednich zhruba deseti letech se v potravinafském vyzkumu
i praxi objevuji moderni metody stanoveni volnych radikall resp. sta-
noveni antioxida¢ni aktivity rznych matric pomoci techniky elektro-
nové paramagnetické rezonanéni spektrometrie (EPR), zvané téz
elektronova spinova rezonance (ESR). Principem techniky je méfeni
energetickych zmén volnych elektron( radikali zménou orientace
(spinu) elektronu vyvolanych pusobenim magnetického pole.

Antioxidaéni, antiradikalova aktivita je stanovovana na zakladé re-
dukce volnych radikali (generovanych ve vzorku teplem ¢i chemicky
nebo pfidavkem modelového stabilniho radikélu ke vzorku) antioxi-
danty pfitomnymi v analyzované matrici. V praxi nékterych velkych
evropskych i svétovych pivovarl se pouzivda metoda stanoveni en-
dogenni antioxida¢ni kapacity piva (lag-time) pomoci tepelné de-
strukce piva a stanoveni radikal(i elektronovou spinovou rezonanéni
spektrometrii. Ve sladiné a mladiné je stanovena hodnota T150, sig-
nal volnych radikalt po 150 minutach termické destrukce vzorku [22,
23]. Publikované vysledky ukazuji, ze takto stanovena antioxidacni
kapacita koreluje s obsahem oxidu sifi¢itého a provzdusnénim piva
ve finalnich fazich vyroby, Spatné vSak koresponduje s obsahem dal-
Sich antioxidantud, zejména polyfenolll [24, 25, 26,27].

Kazda z publikovanych metod stanoveni antioxidac¢ni aktivity po-
stihuje jiné spektrum antioxidantt. V nasi praci jsme se zaméfili na
vypracovani metodiky stanoveni antioxidaénich vlastnosti chmele
tfemi postupy. Jednalo se o metodu podle Chapona [29] zaloZzenou
na redukci Zelezitych komplexd, stanoveni hodnoty T150 podle Us-
hidy [23] a konecné stanoveni antioxida¢ni aktivity pomoci volného
radikalu DPPH [14], kde jsme pouzili jak spektrofotometrické stano-
veni, tak stanoveni EPR.

transport containers when the reducing effect of yeasts does no lon-
ger apply is out of any discussion. But presumably, effects of the bre-
wing process and the presence of hop polyphenols on the antioxi-
dant activity and beer sensorial stability are comparably significant
[14, 15, 16, 17]. Oxidation during mashing and hopping is a key step
in the development of undesirable off-flavors in beer [16, 18].

A number of analytical methods for determination of the reducing
activity in brewing raw materials and beer have been published over
the last decade. Many analytical methods were adopted with modifi-
cations from other food branches (oils, fats, meat, and milk) or phar-
maceutical research. Brewing raw materials and intermediate products
of brewing technology, such as malts, hop and hop products, caramel,
wort and green beer are complex matrices that contain many sub-
stances subjecting less or more to oxidation. A detailed survey of ana-
lytical methods for determination of the reducing activity of brewing
materials, intermediate products of brewing technology and beers
have been published by Moll [19]. The analytical methods are split into
two groups: chemical and biochemical, and physical methods. A num-
ber of chemical and biochemical methods are based on the photo-
metrical determination of dynamics and intensity of formation of co-
loration or decoloration of the investigated environment as a result of
a change in the concentration of stable radicals. The physical methods
use for example measurement of redox potential of solutions. Many
antioxidants are also determined by liquid chromatography with elect-
rochemical or coulometrical detection. Kaneda described chemilumi-
nescence method of reducing activity measurement of beer [20].

Azo-compounds are suitable compounds for studying the antioxi-
dant activity of various substances in the process of peroxidation of
lipids under the “in vitro” conditions that generate free radicals. As
a source of alkylperoxyl free radicals, Liégeois et al. [21] used in wa-
ter soluble 2,2"-azobis (2-aminopropan) dihydrochloride (AAPH)
when studying antioxidant properties of wort, malt and hop by me-
ans of oxidation of aqueous dispersions of linoleic acid. Antioxidant
activity was defined as an inhibition time for suppression of oxidation
of linoleic acid by operation of antioxidants in the samples explored.
The methods proved significant antioxidant properties of brewing raw
materials, mainly hop. The same redox-system was also used by Ler-
musieau et al. [13] when studying the reduction activities of different
hop varieties. They explain great differences of reduction activities
among varieties by the different content of hop flavonoids. The vari-
eties with low content of alpha bitter acids have a substantially hig-
her reducing activity and at the same time multiply higher polyphe-
nol content unlike the bitter varieties and CO,-extracts. Addition of
hop to wort increased the total reduction activity of wort significantly.

Kaneda [14] used another type of stable radical, 1,1-dipyridyl-2-
pikryl hydrazyle (DPPH) to measure beer sensorial stability. Unpai-
red electron on hydrazyle nitrogen (Fig. 1) is liable for intensive vio-
let colour of radical. Upon addition of beer to the DPPH solution,
immediate discolouring of the reaction environment occurs due to the
operation of antioxidants presented in beer. DPPH-reduction activity
of fresh beer proved positive correlation with sensorial stability of beer
stored at 37 °C for 5 days. This suggests that beer sensorial stability
can be predicted from the level of DPPH-reducing activity of fresh
beer that takes into account the process effects during production as
well as the effects of raw materials.

Over the last decade, modern methods for determination of free
radicals or determination of the antioxidant activity of different matri-
xes with the technique of electron paramagnetic resonance spectro-
metry (EPR), also called electron spin resonance (ESR), have ap-
peared in food research and practice. The principle of the technique
is the measurement of energetic changes of free electrons of radi-
cals by change of orientation (spin) of an electron induced by the
operation of the magnetic field.

The antioxidant, antiradical, activity is determined on the basis of
the reduction of free radicals (generated in a sample by heat or che-
mically or by the addition of model stable radical to the sample) by
the antioxidants presented in the analyzed matrix. In practice of some
big European and world breweries assessment of endogenous anti-
oxidant capacity of beer (lag-time) is used, using thermal beer de-
struction and determination of radicals with electron spin resonance
spectrometry. In wort and unhopped wort the T150 value is determi-
ned. It is a signal of free radicals after 150 minutes of heat destruc-
tion of a sample [22, 23]. Published results show that the determined
antioxidant capacity correlates with the content of sulphur dioxide and
aerating of beer in the final production phases but it does not cor-
respond well with the content of further antioxidants, mainly polyp-
henols [24, 25, 26, 27].

Each of the published methods for determination of the reducing
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2 EXPERIMENTALNI CAST
2.1 Material a metody
2.1.1 Chemikalie a pristroje

Siran zelezito-amonny a 1-o,o0-dipyridyl p.a., DPPH, N-tert-butyl-
a-phenylnitrone (PBN), 4-oxo-TEMPO dodala Sigma-Aldrich, kyse-
linu sirovou dodala LachNer Neratovice. Methanol o HPLC ¢istoté pro
extrakce chmele byl od firmy Merck. Rozpousténi DPPH bylo prova-
déno v ultrazvukové lazni Powersonic PSO 2000A. Acetatovy pufr byl
pfipraven smisenim roztoku kyseliny octové (c = 0,1 mol/l) a octanu
sodného (c = 0,1 mol/l) v poméru 2:1. Pfesna hodnota pH = 4,30 se
nastavi pfidavkem prvniho ¢i druhého roztoku.

K mleti chmeld byl pouzit ultraodstfedivy mlynek Retsch ZM1 a sito
1,5 mm. K homogenizaci vzorku byl pouzit rota¢ni déli¢ sypkych a gra-
nulovanych material( (Retsch). Voda pro fedéni byla pfipravena na
zafizeni pro pfipravu ultracisté vody (Millipore). Chmelové vyluhy byly
filtrovany membranovym filtrem Macherey Nagel (Némecko). Pro
vodné extrakty byla pouzita celul6zova membrana Chromafil A —
45/25, 0,45 um, pro methanolové extrakty byla pouzita membrana
PTFE, Chromafil O — 45/25, 0,45 um. Prabéh kolorimetrickych re-
akci byl méfen na UV-VIS spektrofotometru SHIMADZU UV-1601.
Méreni volnych radikalt bylo provedeno na zafizeni Spectrometer Mi-
niscope MS 200 s pfislusenstvim (Magnettech GmbH).

2.1.2 Extrakce antioxidanti ze chmele a chmelovych vyrobku

K experimenttm byly pouzity eské odriidy chmele Zatecky polo-
rany ervenak, Sladek, Premiant, Agnus a Harmonie ze sklizni 2004
a 2005 v hlavkové a granulované formé. Chmele byly pfed extrakci
antioxidantd rozemlety na ultraodstfedivém mlynku Retsch ZM 1 na
situ 1,5 mm. Pro pfipravu vzork(, tj. pfevod antioxidantt chmele do
roztoku, byly porovnavany tfi postupy: pfimy var mletého chmele ve
vodé pod zpétnym chladi¢em za stalého michani po dobu 30 minut,
zahfivani vodni suspenze chmele na vodni lazni pfi 100 °C po dobu
2 hodin a extrakce chmele methanolem za studena. Horkovodni vy-
luhy se nejvice blizi redlnym podminkam pfi zpracovani chmele v pi-
vovarech. Do varné bariky o objemu 1000 ml se pfida 5 gramu mle-
tého chmele a 700 ml destilované vody. Obsah bariky se pfivede pod
zpétnym chladiéem do varu za neustéalého michani magnetickym mi-
chadlem. Doba varu 30 minut. Alternativné se barnka se suspenzi
chmele umisti na 2 hodiny do vodni Iazné udrzované na bodu varu.
Po ukonéeni varu se obsah bariky zchladi a kvantitativné prelije do
odmérné banky o objemu 1 litru a doplIni destilovanou vodou po rysku.
Pfipraveny vyluh se nejprve Zfiltruje pres filtracni papir a poté pres
celul6zovy membranovy filtr 0,45 um. Cisty filtrat se pouzije pro mé-
feni redukéni aktivity.

Extrakce methanolem byla provedena nasledujicim postupem: pét
gram( mletého chmele bylo tfikrat extrahovano 30 ml methanolu po
dobu 15 minut v tfepacce a 5 minut sonikaci v ultrazvukové 1azni. Po
kazdém kroku byla ¢ira organicka faze odpipetovana do 100 ml od-
mérné banky. Do extrakéni nadoby bylo pfidano dalSich 30 ml met-
hanolu a cely postup se opakoval. Po ukonéeni extrakce byl vyextra-
hovany chmel promyt na frit¢ malym mnozstvim methanolu a objem
extraktu v odmérné barce doplnén po rysku. Pfed vlastnim stano-
venim redukujici aktivity byl organicky vyluh Zfiltrovan pres nylonovy
membranovy filtr a nafedén desetkrat methanolem.

2.1.3 Stanoveni redukcni aktivity
2.1.3.1 Stanoveni redukéni aktivity dle Chapona [28]

Principem metody je katalyza redukce prakticky bezbarvého kom-
plexu trojmocného Zeleza s dipyridylem. Komplex trojmocného Ze-
leza s 2,2’dipyridylem ma silné oxida¢ni ucinky. PFi redukci se méni
z bezbarvé DPFe3* formy na DPFe?* ervené barvy. Prabéh vybar-
vovaci reakce se méfi pfi 510 nm a teploté 25 °C. Pro chmel a chme-
lové vyrobky byla metoda modifikovana. Oproti originalnimu postupu
se provedla Uprava mnozstvi pfidavku chmelového vyluhu na dvoj-
nasobek a prabéh reakce se sledoval 10 minut proti ptivodnim 3 mi-
nutam. K provedeni analyzy se pfipravi pracovni roztoky a dipyridylu
(roztok A: 150 mg siranu Zelezito-amonného se rozpusti v 5 ml de-
stilované vody, pfida se 0,2 ml koncentrované kyseliny sirové a po
rozpusténi se doplni v 50 ml odmérné bance po rysku, roztok B: 50
mg dipyridylu se rozpusti v 45 ml destilované vody, pfidaji se 4 ml fe-
déné kyseliny sirové (c = 0,1 N) a doplIni na objem 50 ml).

V kyveté se smicha 2,8 ml roztoku dipyridylu a 0,1 ml roztoku si-

activity covers a different spectrum of antioxidants. In our study we
focused on designing the methodology of determination of hop antio-
xidant properties with three methods. It was the method according to
Chapon [29] based on the reduction of ferric complexes, determina-
tion of the T150 value according to Ushida [23] and finally determi-
nation of reducing activity with free DPPH radical [14], where we used
both the spectrophotometric determination and EPR determination.

2 EXPERIMENTAL
2.1 Materials and methods
2.1.1 Chemicals and instruments

Iron ammonium sulphate and 1-a,a-dipyridyl p.a., DPPH, N-tert-
butyl- o-phenylnitrone (PBN), 4-oxo-TEMPO were purchased from
Sigma-Aldrich, sulphuric acid was obtained from LachNer Nerato-
vice. Methanol HPLC grade for hop extractions was purchased from
Merck. Dissolving of DPPH was carried out in an ultrasonic bath Po-
wersonic PSO 2000A. Acetate buffer was prepared by blending the
solution of acetic acid (c = 0.1 mol/l) and sodium acetate (¢ = 0.1
mol/l) in proportion 2:1. The exact value of pH=4.30 is adjusted by
addition of the first or the second solution.

An ultracentrifugal mill Retsch ZM1 and sieve (1.5 mm) were used
for milling hops. A rotary divider of bulk and granulated materials
(Retsch) was used for sample homogenization. Water after dilution
was prepared on the equipment for preparation of ultra clear water
(Millipore). Hop extracts were filtered by a membrane filter Macherey
Nagel (Germany). Water extracts were filtered through a cellulose
membrane Chromafil A — 45/25, 0,45 um, methanol extracts were fil-
tered through a PTFE membrane Chromafil O — 45/25, 0,45 um.
Course of colorimetric reactions was measured by the use of UV-VIS
spectrophotometer SHIMADZU UV-1601. Measuring of free radicals
was performed on the equipment Spectrometer Miniscope MS 200
with the accessories (Magnettech GmbH).

2.1.2 Extraction of antioxidants from hop and hop products

Hops and hop pellets of Czech hop varieties Saaz, Sladek, Pre-
miant, Agnus, and Harmonie from harvests 2004 and 2005 were used
for the experiment. Before the extraction of antioxidants, the hops
were milled on the ultracentrifugal mill Retsch ZM 1 with the sieve
1.5 mm. Three methods for sample preparation, i.e. transfer of hop
antioxidant to the solution were compared: direct boiling of milled hop
in water under a reverse cooler and constant mixing for 30 minutes,
heating water suspension of hop in aqueous bath at 100 °C for 2
hours and cold extraction of hop with methanol. Hot extraction nears
best the real conditions for hop processing in breweries. 5 grams of
milled hop and 700 ml of distilled water were added to a boiling flask,
volume 1000 ml. The content of the boiling flask is boiled under the
reverse cooler while constantly stirred with a magnetic stirrer. Time
of boiling is 30 minutes. Alternatively, the flask with hop suspension
can be placed for 2 hours into an aqueous bath kept on boiling po-
int. After boiling, the content of flask is cooled down and quantitati-
vely poured into a 1l graduated flask and distilled water is added to
a scale line. At first the prepared extracts is filtered through a filter
paper and then through a cellulose membrane filter (0.45 pum). Pure
filtrate is used for measurement of the reduction activity.

Extraction with methanol was carried out as follows: five grams of
milled hop was extracted three times with 30 ml of methanol for 15
minutes in a shaker and 5 minutes by sonication in an ultrasound bath.
After each step a pure organic phase was pipetted to a 100 ml volu-
metric flask. Another 30 ml of methanol was added to an extraction
dish and the whole method was repeated. After completing the action,
the extracted hop was washed out on the frit with a small amount of
methanol and the volume of extract was added to a scale line. Before
determination of the reduction activity, the organic extract was filtered
through a nylon membrane filter and diluted 10 times with methanol.

2.1.3 Determination of the reducing activity

2.1.3.1 Determination of the reducing activity according to Chapon [28]
Principle of this method is the catalysis of reduction of practically

colourless complex of trivalent iron with dipyridyl. The complex of tri-

valent iron with 2,2’dipyridyle has strong oxidative effects. During the
reduction it is changed from a colourless DPFe®* form to DPFe?* of
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ranu zelezito-amonného. Po uplynuti 2 minut se proméfi absorbance
pfi vinové délce 510 nm (nulova hodnota A,) a ve stejném okamziku
pfida 100 pul vzorku. Pribéh vybarvovaci reakce se sledoval po dobu
10 minut podobné jako u metody DPPH. Odecitala se hodnota ab-
sorbance reakéniho prostfedi po 10 minutach od pfidavku vzorku
(Avz). Redukeni kapacita vzorku se vypocte ze vztahu (1).

RAchapon = AVZ - Ao (1)

2.1.3.2 Spektrofotometrické stanoveni redukcni aktivity s DPPH dle
Kanedy [14]

Metoda je zalozena na reakci barevného radikalu 1,1-difenyl-2-pik-
ryl-hydrazylu (DPPH) s antioxidanty v méfeném roztoku. Intenzivni
fialové zabarveni pfi 525 nm je zpusobeno neparovym elektronem
na hydrazylovém dusiku. Reakce s redukujicimi latkami ma za na-
sledek postupné snizovani koncentrace radikalu, coz se projevuje od-
barvovanim reakéniho prostfedi, snizovanim absorbance roztoku.
Rozdil absorbanci na pocatku reakce a po 10 minutach kvantifikuje
redukéni aktivitu (RA) zkoumaného vzorku. Cinidlo, tj. roztok DPPH
0 koncentraci ¢ = 1,8Q.1O'4 mol/l, se pfipravi ve smési ethanol-ace-
tatovy pufr (2:1 obj.). Cinidlo se rozpousti nejprve michanim a poté
umisténim v ultrazvukové lazni. Rozpousténi se kontroluje prabéz-
nym méfenim absorbance roztoku az do konstantni hodnoty po do-
plnéni odmérné barky po rysku. Pfi vy$e uvedené koncentraci by ab-
sorbance roztoku ¢inidla méla Cinit pfiblizné 1,6 abs. jednotek. Roztok
se uchovava ve tmé a chladu, za téchto podminek je stabilni nékolik
dni, pro praci v priibéhu jednoho dne je mozno stanovit slepy pokus
na ¢inidlo jen jednou.

PFi vlastnim stanoveni (hodnota A,,) se smicha v kyveté 2,8 ml &i-
nidla DPPH 0,2 ml vzorku. Smés se promicha a po 10 minutach pro-
méfi absorbance pfi vinové délce 525 nm. Stejnym zplsobem se po-
stupuje u stanoveni slepého vzorku (As.), kdy je smichan vzorek se
smeési ethanol-acetatovy pufr. Pfi stanoveni slepé hodnoty ¢inidla
(Ag), se smicha 2,8 ml ¢inidla a 0,2 ml destilované vody a po 10 mi-
nutach se proméfi absorbance. Redukéni aktivita RApppy S€ vypocte
ze vztahu (2), vysledky se udavaji na tfi desetinna mista. Rovnéz je
mozno antioxidaéni aktivitu vyjadfit v procentech Ubytku koncentrace
DPPH podle vztahu (3)

RApppr = Ac + AsL — Avz (2)
RApppH o = 100 (Ag + AgL — Avz)/(Ag + Agy) 3)
T(CsHs)z
NI
NO NO,

1,1-diphenyl-2-picrylhydrazyl
NO (volny radikal/free radical)
2

Obr. 1/ Fig. 1 Strukturni vzorec volného radikélu 1,1-difenyl-2-pikryl-
hydrazylu / Structural formula of free radical 1,1-diphenyl-2-picryl-
hydrazyle

2.1.83.3 Stanoveni redukcni aktivity s DPPH technikou EPR

Principem metody je degresivni kinetické méreni, metoda je zalo-
zena na reakci stabilniho volného radikalu 1,1-difenyl-2-pikryl-hydra-
zylu (DPPH) s antioxidanty v mé&Feném roztoku. Ubytek koncentrace
radikalu je méren technikou elektronové paramagnetické rezonance.
Pfipravi se slepy pokus na ¢inidlo (14 ml ¢inidla a 1 ml dest. vody).
Kyveta se vlozi do karuselu spektrometru a spusti pfislusny program
nastaveni nulového bodu.V kyveté se smisi 14 ml inidla s 1 ml vzorku,
promicha a vlozi do karuselu spektrometru. Sou¢asné s promicha-
nim se spusti start programu méfeni. Reakéni smés je nasavana po
dobu 10 minut v minutovych intervalech do méfici cely spektrometru,
kde probiha méfeni hodnoty signalu volného radikalu DPPH.

Po ukonéeni méfeni se v prislusném dialogovém okné fidiciho po-
CitaCe vybere spektralni vina odpovidajici volnému radikalu DPPH
a provede se vyhodnoceni naméfenych dat pomoci matematického
aparatu spektrometru.

Vysledkem je ¢asova zavislost hodnoty signalu DPPH. Pocitaji se
nasledujici parametry:

a red colour. Course of the colouring reaction is measured at 510 nm
and temperature of 25 °C. The method was modified for hop and hop
products. Compared to the original method, quantity of the hop ex-
tract addition was adjusted to a double quantity and course of the re-
action was followed for 10 minutes versus original 3 minutes. For the
analysis, operational solutions of iron ammonium sulphate and dipy-
ridyl are prepared (solution A: 150 mg of iron ammonium sulphate is
dissolved in 5 ml of distilled water, 0.2 ml of concentrated sulphuric
acid is added and after dissolution it is replenished in a 50 ml volu-
metric flask to a scale line; solution B: 50 mg of dipyridyl is dissolved
in 45 ml of distilled water, 4 ml of diluted sulphuric acid is added
(c = 0.1 N) and replenished to a volume of 50 ml.

2.8 ml of dipyridyl solution and 0.1 ml of iron ammonium sulphate
solution are blended in a cuvette. After 2 minutes the absorbance is
measured at the wavelength of 510 nm (zero value A,) and at the
same time 100 ul of a sample is added. Course of a coloring reac-
tion was followed for 10 minutes similarly as in the DPPH method.
The absorbance value of the reaction environment was read after 10
minutes from the addition of the sample (Ayz). Reduction capacity of
the sample is calculated from the equation (1).

RAchapon = AVZ - Ao (1)

2.1.83.2 Spectrophotometric determination of the reducing activity
with DPPH according to Kaneda [14]

The method is based on the reaction of colored radical 1,1-diphe-
nyl-2-picryl-hydrazyle (DPPH) with antioxidants in the measured so-
lution. Intensive violet coloring at 525 nm is caused by an unpaired
electron on hydrazyle nitrogen. Reaction with reduction substances
results in gradual reduction of concentration of the radical, which is
shown in discolouring the reaction environment, reduction of solution
absorbance. The difference in absorbance at the beginning of the re-
action and after 10 minutes quantifies the reduction activity (RA) of
the explored sample. The agent, i.e. DPPH solution with concentra-
tion ¢ = 1.86.10* mol/l, is prepared in the mixture of ethanol-acetate
buffer (2:1 vol.). The agent is initially dissolved by mixing and then by
placing in an ultrasound bath. Dissolving is checked by running me-
asurement of solution absorbance up to a constant value after filling
the volumetric flask to a scale line. At the above given concentration,
absorbance of the agent solution should be about 1.6 abs. units. The
solution is kept in dark and cold, under these conditions it is stable
for several days, for work in the course of one day a blind experiment
for an agent can be established only once.

When performing determination (value A,,), the DPPH agent (2.8
ml) is blended in the cuvette with 0.2 ml of the sample. The mixture
is stirred and after 10 minutes absorbance is measured at wavelength
of 525 nm. The zero sample (Ag,) is determined in ;the same man-
ner the sample is blended with the mixture of ethanol-acetate buffer.
Zero value of the agent (Ag) is determined by blending 2.8 ml of agent
and 0.2 ml of distilled water and after 10 minutes absorbance is me-
asured. Reduction activity RApppy is calculated from the equation (2),
results are given to three decimal positions. The antioxidant activity
can also be expressed in percents of decline of DPPH concentration
according to the equation (3)

RApppH = Ac + AsL — Avz (2
RAppet e = 100 (Ac + AgL — Avz)/(Ac + AgL) (3)

2.1.3.3 EPR determination of the reducing activity with DPPH

Principle of the method is digressive kinetic measurement, the met-
hod is based on the reaction of stable free radical 1,1-diphenyl-2-pic-
ryl-hydrazyle (DPPH) with antioxidants in the measured solution. Dec-
line in the radical concentration is measured with the technique of
electron paramagnetic resonance. Zero value of reagent is prepared
(14 ml of the agent and 1 ml of distilled water). The cuvette is inser-
ted into a carousel of the spectrometer and an appropriate program
for setting zero-point is initiated. 14 ml of the agent is blended in the
cuvette with 1 ml of the sample, stirred and inserted into a carousel
of the spectrometer. Together with stirring, start of the measuring pro-
gram is triggered. The reaction mixture is sucked for 10 minutes in
one-minute intervals into the measuring cell of the spectrometer
where the signal value of the free radical DPPH is measured.

When the measuring is completed, a spectral wave corresponding
to a free radical DPPH is chosen in a relevant dialog window of the
controlling computer and the measured data are evaluated using mat-
hematic apparatus of the spectrometer.
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EPR-RP1 (%) — Redukéni potencidl 1, ubytek hodnoty DPPH po 1.

minuté reakce

EPR-RP2 (%) — Redukéni potencial 2, ubytek hodnoty DPPH mezi

2. a 10. minutou reakce

EPR-RADPPH (%) — Redukeni aktivita, sou¢et RP1 + RP2.
Vysledky jsou vyjadfeny v procentech ubytku hodnoty DPPH na

pocatku reakce.

2.1.3.4 Stanoveni antioxidacni aktivity (T150) pomoci EPR dle Us-
hidy [23]

Principem metody je progresivni kinetické méfeni, kdy hydroxylové
radikaly, generované ve zkoumaném vzorku, termicky reaguji s anti-
oxidanty. Nezreagované volné radikaly jsou vazany na vhodné cinidlo
— spin-trap (PBN- N-terc-butyl- o-fenylnitrone), méfen je signél tohoto
adduktu pomoci EPR. Po vyCerpani antioxidantli méfeny signal vol-
nych radikall stoupa. U piva je stanovena doba, po kterou antioxi-
danty eliminuji volné radikaly v prabéhu reakce (hodnota lag-time),
u analyt(, kde neni stanovitelny tento bod (sladina, mladina), je vy-
sledkem hodnota signélu v uzan¢éni dobé 150 minut od zacatku re-
akce (T 150).

2.1.3.5 Analyzy chmele

Celkové polyfenoly, flavanoidy a hofké kyseliny byly stanoveny
podle Analytiky EBC [29]. Anthokyanogeny byly stanoveny podle Pi-
vovarsko-sladarské analytiky [30]. Obsah xanthohumolu byl stano-
ven metodou vypracovanou v Chmelafském institutu v Zatci [31].

2.2 Vysledky a diskuse
2.2.1 Porovnani postupu pripravy vyluhu chmele vodou za horka

Byly testovany dva postupy pfipravy vodného vyluhu za horka. Pro-
vedeni bylo nasledujici: Postup A — pfimy var mletého chmele ve vodé
na topné desce pod zpétnym chladi¢em za stdlého michani po dobu
30 minut. Postup B — zahfivani suspenze mletého chmele ve vodé
na vodni lazni pfi 100 °C po dobu 2 hodin bez michani. Zahfivani na
vodni 1azni se doporucuje z dlivodu lep$i filtrovatelnosti vyluhl. Na
stup prvni. K porovnani bylo pouzito 10 vzorkl éeskych odriid chmele
v hlavkové formé. Chmele byly pfed pFipravou vyluhl rozemlety a ho-
mogenizovany. Redukéni aktivita deseti vzorkd chmele odriid Zatecky
Cervenak, Sladek, Premiant, Bor a Agnus byla stanovena metodou
DPPH s fotometrickou detekci (tab. 7).

Tab. 1 Porovnani reduéni aktivity vodnych chmelovych vyluht pfipra-

The result is a time dependence of the value of DPPH signal. The
following parameters are calculated:
EPR-RP1 (%) — Reducing potential 1, decline of DPPH value after
the 1st minute of the reaction
EPR-RP2 (%) — Reducing potential 2, decline of DPPH value bet-
ween the 2nd and 10th minute of the reaction
EPR-RApprH (%) — Reducing activity, sum of RP1 + RP2

The results are expressed as in percents of decline in the DPPH
value at the beginning of the reaction.

2.1.3.4 EPR determination of the antiradical activity (T150) according
to Ushida [23]

The principle of this method is a progressive kinetic measurement
when the hydroxylradicals generated in the explored sample react
thermally with antioxidants. Non-reacted free radicals are bound to
a suitable agent — spin-trap (PBN- N-tert-butyl-c-phenylnitrone), sig-
nal of this adduct is measured with EPR. When antioxidants are de-
pleted, the measured signal of free radicals increases. In beer the
time for which the antioxidants eliminate free radicals during the re-
action (lag-time value) is determined, in analytics where this point is
not determinable (wort, unhopped wort) the result is the value of the
signal in the period of 150 minutes from the beginning of the reac-
tion (T 150).

2.1.3.5 Hop analyses

Total polyphenols, flavanoids and bitter acids were accessed accor-
ding to Analytica EBC [29]. Anthocyanogens were accessed accor-
ding to Pivovarsko-sladarska analytika [30]. Content of xanthohumol
was accessed by the method elaborated at the Hop Research Insti-
tute in Zatec [31].

2.2 Results and discussion

2.2.1 Comparison of the techniques for preparation of hot water
hop extract

Two techniques for preparation of hot water extract were compa-
red. Performance was following: Method A — Direct boiling of milled
hop in water on a heating plate under the reverse cooler and con-
stantly stirred for 30 minutes. Method B — Heating the suspension of
the milled hop in water in a water bath at 100 °C for 2 hours without
stirring. Heating in a water bath is recommended for better filterabi-

Tab. 2 Porovnani redukéni aktivity vodnych a methanolovych chme-
lovych vyluhti/ Comparison of reducing activity of hop water and met-
hanol extracts

venych za tepla dvéma postupy / Comparison of reducing activity of | Vzorek /| Sample Redukéni aktivita (RApppr)
hop hot water extracts prepared by two procedures Reducing activity (RApppr)
Vzorek / Sample Redukeéni aktivita (RApppp) Postup A | Postup C| Rozdil
Reducing activity (RApppr) (% rel.)
Postup A [ Postup B| Rozdil (odrida, lokalita / variety, locality) | Procedure| Procedure | Difference
(0/° reI.) A C (% rel.)
(odrtida, lokalita / variety, locality) | Procedure| Procedure | Difference Zatecky polorany gerveiidk / Saaz,
A B (% rel.) G 45, 2005 1.249 1.365 8.5
Zatecky polorany &erveridk / Saaz, Zatecky polorany &ervenak / Saaz,
Chotinéves 1.416 1.410 0.4 Racice 1.094 1.396 21.6
Zatecky polorany &erveiiak / Saaz, Zatecky polorany éervenak / Saaz,
Libésice u Zatce 1.501 1.492 0.6 Pochvalov 1.223 1.392 12.1
Zatecky polorany Cervefak / Saaz, Zatecky polorany éerveiak / Saaz,
Libésice u Ustéka 1.410 1.407 0.2 Ocihov 1.020 1.345 24.2
Sladek, Brozany 1.347 1.317 2.3 Sladek, Nesuchyné 0.776 1.254 38.1
Sladek, Blsany 1.043 1.113 -6.3 Sladek, Oc¢ihov 0.816 1.177 30.7
Premiant, Brozany 0.936 0.921 1.6 Sladek, Cernéice 0.836 1.292 35.3
Premiant, Steknik 0.857 0.929 -7.8 Premiant, Tuchofrice 0.808 1.212 33.3
Bor, Steknik, Anglicka 0.815 0.830 -1.8 Premiant, Steknik 0.557 1.107 49.7
Bor, Steknik, Pivovarska I 0.825 0.820 Harmonie, Knézeves 1.137 1.386 18.0
Agnus, Steknik 0.597 0.613 -2.6 Agnus, Steknik 0.627 1.172 46.5
Postup A — Pfimy var, 30 minut, michani / Procedure A — Direct boiling, Agnus, Nesuchyné 0.721 1.145 37.0

30 minutes, stirring
Postup B — Vodni lazen, 100 °C, 2 hodiny / Procedure B — Water bath,
100 °C, 2 hours

Postup A — PFimy var, 30 minut, michani / Procedure A — Direct boiling,
30 minutes, stirring
Postup C — Methanol / Procedure C — Methanol
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Tab. 3 Porovnani obsahu polyfenolovych latek ve vodnych a methanolovych chmelovych vyluzich / Comparison of polyphenols content of

water and methanol hop extracts

Polyfenoly / Polyphenols (mg/l) TP ANT F

Vzorek / Sample Postup A Postup C Postup A Postup C Postup A Postup C
(odrada, lokalita / variety, locality) Procedure A | Procedure C | Procedure A | Procedure C | Procedure A | Procedure C
Zatecky polorany &ervenak / Saaz, G 45, 2005 263 192 78.1 116.3 21.2 21.7
Zatecky polorany &ervenak / Saaz, Radice 226 192 88.5 134.1 27.5 27.2
Zatecky polorany erveridk / Saaz, Pochvélov 230 192 85.4 132.7 28.4 27.8
Zatecky polorany &ervenak / Saaz, O&ihov 214 184 74.6 112.7 23.7 214
Sladek, Nesuchyné 115 106 47.4 77.2 8.7 10.3
Sladek, Ocihov 135 81 57.4 63 11.0 9.0
Sladek, Cerndice 126 121 46.8 72.8 9.8 10.0
Premiant, Tuchofice 138 99 32.2 78.1 6.5 7.8
Premiant, Steknik 98 75 5583 62.8 3.1 5.4
Harmonie, Knézeves 166 176 61 127 19.7 17.8
Agnus, Steknik 100 57 31.8 36.5 2.8 3.3
Agnus, Nesuchyné 105 98 42.5 55.6 6.9 5.5
Korelaéni koeficient s RApppy / Correlation

coefficient RApppy 0.929 0.943 0.890 0.925 0.925 0.918

Postup A — Pfimy var, 30 minut, michani / Procedure A — Direct boiling, 30 minutes, stirring

Postup C — Methanol / Procedure C — Methanol
TP — Celkové polyfenoly / Total polyphenols
ANT — Anthokyanogeny / Anthocyanogens

F — Flavanoidy / Flavanoids

Statistické vyhodnoceni parovym t-testem (QC-Expert, TriloByte
Pardubice) prokazalo, Ze rozdily mezi obéma testovanymi postupy
jsou statisticky nevyznamné. Z diivodu ¢asové Uspornosti byl pro pii-
pravu horkovodnich vyluhd chmele pouzit postup pfimého varu s mi-
chanim. Filtrovatelnost vyluht chmele necinila vazné potize.

2.2.2 Porovnani postupu pripravy vyluhu chmele vodou a met-
hanolem

Dalsi série testll byla zamérfena na porovnani redukéni aktivity
chmelovych vyluhll pfipravenych pfimym varem ve vodé a extrakci
methanolem za studena. K porovnani byly pouzity vzorky ¢eskych
odrd chmele v hlavkové a granulované formé ze sklizné 2005. Ch-
mele byly pfed pfipravou vyluht rozemlety a homogenizovany. Re-
dukéni aktivita byla stanovena metodou DPPH s fotometrickou de-
tekci. Vysledky paralelniho stanoveni dvanacti vzorki chmele odrid
Zatecky Cervenak, Sladek, Premiant, Harmonie a Agnus jsou uve-
deny v fab. 2.

Vysledky ukazuiji, ze redukéni aktivita vyluh pfipravenych extrakei
methanolem za studena byla ve vSech pfipadech podstatne vyssi nez
aktivita horkovodnich vyluht. Prikaznost zjisténych rozdilt potvrdilo
i statistické hodnoceni provedené parovym t-testem (QC-Expert, Tri-
loByte Pardubice). Nejvy$si hodnoty redukénich aktivit byly naméfeny
u Zateckého poloraného ¢ervendku, hybridni odridy maji vesmés re-
dukéni aktivitu podstatné mensi. Meziodrlidova variabilita aktivit met-
hanolovych vyluht je podstatné nizsi nez vyluht horkovodnich. Met-
hanolem ¢i vodou za horka je extrahovano rozdilné spektrum latek
chmele. Vyluh horkou vodou obsahuje vétSi mnozstvi celkovych po-
lyfenold, men$i mnoZstvi anthokyanogent a srovnatelné mnozstvi fla-
vanoidl v porovnani s extrakci methanolem (tab. 3). Redukéni akti-
vita silné korelovala s obsahem vSech sledovanych skupin
polyfenolovych latek jak ve vodnych, tak v methanolovych vyluzich
(tab. 3). Nejvice polyfenolii obsahuje Zatecky erveridk, 4-5 % hm.,
obsah celkovych polyfenolt v hybridnich odriidach je pfiblizné polo-
viéni, 2-3 % hm. [32]. Dalsim divodem rozdild redukénich aktivit hor-
kovodnich a methanolovych vyluht je rozdilna rozpustnost latek ob-
sazenych v lupulinu (chmelové pryskyfice, silice a prenylflavonoidy).
Pro hybridni odrady byly zjistény vétsi rozdily redukéni aktivity mezi
vyluhy vodou a methanolem, nezli pro Zatecky polorany ¢ervenak
s podstatné niz§im obsahem horkych latek.

Pres relativné nizsi hodnoty RApppy horkovodnich vyluhl se tento
zplsob pfipravy vzorkl jevi vhodnéjsi. Zasadnim hlediskem pro hod-
noceni chmele a tudiz i preferenci horkovodnich vyluht je simulace
podminek zpracovani chmele v pivovarském procesu. Vyluh horkou
vodou zaroven lépe postihuje rozdily jak mezi odridami, tak mezi lo-
kalitami.

Analogické porovnani pfipravy vzorkd pro stanoveni redukéni akti-

lity of extracts. On the other hand it is substantially more time and
power demanding than the first method. For comparison 10 samples
of Czech hop varieties (hop cones) were used. Prior to the extract
preparation the hops were milled and homogenized. Reduction acti-
vity of ten samples of hop varieties Saaz, Sladek, Premiant, Bor, and
Agnus was established using the DPPH method with photometric de-
tection (Tab. 1).

Statistical evaluation using the pair t-test (QC-Expert, TriloByte Par-
dubice) proved that the differences between the two tested techni-
ques are statistically non-significant. The method of direct boil with
stirring was used for preparation of hot water hop extracts due to sa-
ving of time. Filterability of hop extracts did not cause any serious
problems.

2.2.2 Comparison of the techniques of preparation of hop ex-
tracts with water and methanol

Another series of tests focused on the comparison of reduction ac-
tivity of hop extracts prepared by a direct boil in water and cold met-
hanol extraction. For comparison, samples of Czech varieties in the
form of hop cones and pellets from harvest 2005 were used. Prior to
the extract preparation the hops were milled and homogenized. Re-
duction activity was established using the DPPH method with pho-
tometric detection. The results of the parallel determination of twelve
samples of hop varieties Saaz, Sladek, Premiant, Harmonie and Ag-
nus are given in the Tab. 2.

The results show that the reducing activity of the extracts prepa-
red with cold methanol extraction was in all cases substantially hig-
her than the activity of hot water extracts. The significance of the de-
termined differences was also confirmed by statistical evaluation
performed by the pair t-test (QC-Expert, TriloByte Pardubice). The
highest values of the reducing activities were measured in Saaz hops;
generally, the hybrid varieties have substantially lower reducing acti-
vity. Intervarietal variability of the activities of methanol extracts is
substantially lower than that of hot water extracts. Methanol or hot
water extracts provide a different spectrum of hop substances. Hot
water extract contains a higher quantity of total polyphenols, lower
quantity of anthocyanogens and a comparable quantity of flavanoids
compared to the methanol extraction (7ab. 3). Reducing activity strong
correlated with the content of all the studied groups of polyphenolic
substances both in water and methanol extracts (Tab. 3). Most po-
lyphenols are contained in Saaz hops, 4 to 5% of weight; the volume
of the total polyphenols in hybrid varieties is approximately half, 2 to
3 % of weight [32]. Different solubility of substances contained in lu-
pulin (hop resin, oil and prenylflavonoids) is another reason of the dif-
ferences of reducing activities of hot water and methanol extracts.
Higher differences of reducing activities between water and metha-
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Tab. 4 Obsah horkych kyselin a redukéni aktivita chmelovych extraktl odridy Agnus / Bitter acids content and reducing activity of hop ex-

tracts of Agnus variety

o~kyseliny B-kyseliny Xanthohumol RApppH RApppH
o-acids B-acids Postup A Postup C
(% hm.) (% hm.) (% hm.) Procedure A Procedure C
Ethanolovy extrakt / Ethanolic extract 32.0 15.9 2.62 0.301 1.455
CO,-extrakt / CO,-extract 40.1 23.7 0.26 0.116 1.392

Postup A — Pfimy var, 30 minut, michani / Procedure A — Direct boiling, 30 minutes, stirring

Postup C — Methanol / Procedure C — Methanol

vity metodou DPPH bylo provedeno i pro chmelové extrakty odriidy
Agnus ze sklizné 2005. K dispozici byl pryskyfi¢ny alkoholovy extrakt
(Hopsteiner, Némecko) a CO,-extrakt (Flaveko Pardubice). V tab. 4
jsou uvedeny obsahy a- a B-horkych kyselin, xanthohumolu a hod-
noty redukujicich aktivit pro oba postupy v alkoholovém i CO,-ex-
traktu.

Z hodnot uvedenych v tab. 4 jsou nejvice prekvapivé velké roz-
dily redukénich aktivit horkovodnich a methanolovych vyluhl. Re-
dukéni aktivity horkovodnich vyluhl jsou velmi nizké, podstatné nizsi
nez u hlavkovych chmell. Toto zjisténi odpovida skute¢nosti, ze
pryskyficné chmelové extrakty obsahuji nepatrné mnozstvi po-
lyfenoll. Pouze v alkoholovém extraktu jsou pfitomny prenylflavo-
noidy, zejména xanthohumol, které vykazuji vysokou redukéni ak-
tivitu [9]. Pfitomnost prenylflavonoidd v alkoholovych extraktech
vysvétluje rozdil redukéni aktivity v porovnani s CO, extraktem. Vy-
soké redukéni aktivity methanolovych vyluhl Ize vysvétlit znaénou
antioxidacni kapacitou chmelovych pryskyfic a horkych kyselin,
které tvofi zna¢ny podil chmelovych extraktd. V methanolu se rychle
a beze zbytku rozpousti. Ve vodé i za varu se horké kyseliny roz-
pousti ve velmi omezeném mnozstvi a dale izomeruji napf. na iso-
a-hofké kyseliny a dalsi transformacéni produkty. Lermusieau [13]
zjistil jen nizkou redukéni aktivitu komerénich chmelovych extraktd
rozpusténych v methanolu. Redukéni aktivitu vSak hodnotil jinou
metodou — AAPH [13]. Z toho vyplyva, Ze postup pfipravy vzork
a metoda stanoveni redukéni aktivity jsou velmi dalezité pfi inter-
pretaci vysledka.

2.2.3 Opakovatelnost stanoveni antioxidacni aktivity DPPH

Opakovatelnost méfeni redukéni aktivity RApppy byla vyhodnocena
na zakladé provedeni celého analytického postupu s homogennim
vzorkem chmele a se spektrofotometrickou detekci. Statistické hod-
noceni bylo provedeno analyzou jednorozmérnych dat v programu
QC-Expert (TriloByte Pardubice). Vysledky méreni jsou uvedeny
v tab. 5. Vysledky prokazaly moznost méfit redukéni aktivitu s dob-
rou opakovatelnosti a variaénim koeficientem 3,1 % rel. Byla zjisténa
dobra korelace na hladiné pravdépodobnosti 99 % mezi spektrofo-
tometrickym stanovenim redukéni aktivity chmelovych vyluht a sta-
novenim technikou EPR (r = 0,878, n = 28).

2.2.4 Meze detekce stanoveni antioxidacni aktivity DPPH

Detekéni meze a linearita koncentraéni zavislosti méreni redukéni
aktivity pomoci DPPH byly vyhodnoceny na zakladé méfeni EPR-
DPPH koncentraénich fad vyluhu chmele s dvojnasobnou navazkou
(10 g/l) oproti vySe uvedenému postupu pripravy vyluhu. Vzorek byl
pro stanoveni fedén odplynénou deionizovanou vodou. Jak je patrné
z obr. 2, byl zjistén linearni prlibéh zavislosti redukéni aktivity na kon-
centraci antioxidantd ve vzorku v rozmezi RA =90 % rel. az 10 % rel.

Nad hranici pfiblizné RApppy = 90 % rel. se projevila limitace ¢i-

nol extracts were found for hybrid varieties than for Saaz variety with
substantially lower content of bitter substances.

In spite of relatively lower values of RApppy Of hot water extracts,
this method for the sample preparation seems to be more suitable.
The basic view for hop evaluation and thus also for preference of hot
water extracts is the simulation of conditions of hop processing in the
brewing process. At the same time hot water extract better covers the
differences both between the varieties and localities.

Analogous comparison of sample preparation for determination of
reduction activity with the DPPH method was also performed for hop
extracts of the variety Agnus from the harvest 2005. Hop resin alco-
hol extract (Hopsteiner, Germany) and CO,-extract (Flaveko Pardu-
bice) were used. Tab. 4 gives the contents of a- and B- bitter acids,
xanthohumole and values of reduction activities for both the methods
in alcohol and CO,-extract.

Of the values presented in Tab. 4, great differences of reducing ac-
tivities of hot water and methanol extracts are the most surprising.
Reducing activities of hot water extracts are very low, significantly lo-
wer than in cone hops. This finding corresponds to the fact that hop
resin extracts contain a negligible amount of polyphenols. Prenylfla-
vonoids, mainly xanthohumol, exhibiting a high antioxidant activity,
are found only in the alcohol extract [9]. The presence of prenylfla-
vonoids in alcohol extract explains the difference in reducing activity
in comparison with CO, extract. High reducing activities of methanol
extracts can be explained by a considerable antioxidant capacity of
hop oils and bitter acids that form a considerable portion of hop ex-
tracts. They dissolve quickly and without residues in methanol. In wa-
ter, even boiling, bitter acids dissolve in a very limited amount and
further they isomerize for example to iso-o-bitter acids and other
transformation products. Lermusieau [13] found only low ;reducing
activity of commercial hop extracts dissolved in methanol he asses-
sed reducing activity with another method — AAPH [13]. It suggests
that the technique of the sample preparation and the method of the
determination of reducing activity are very important for interpreta-
tion of results.

2.2.3 Repeatability of determination of the reducing activity
DPPH

Repeatability of the measurement of reducing activity RApppy Was
evaluated on the basis of performance of the whole analytical met-
hod with a homogeneous sample of hop and spectrophotometric de-
tection. Statistical evaluation was preformed with the analysis of one-
dimensional data in program QC-Expert (TriloByte Pardubice).
Results of the measurement are given in Tab. 5. The results proved
the possibility to measure the reducing activity with good repeatabi-
lity and variation coefficient 3.1 % rel. Good correlation was found on
the probability level 99 % between spectrophotometric determination
of reducing activity of hop extracts and determination with the ESR
technique (r = 0.878, n = 28).

Tab. 5 Opakovatelnost stanoveni redukéni aktivity chmele / Repeatability of hop reducing activity measurement

Méreni / Measurement 1. 2. 3. 4. 5.
RADPPH 1.0915 1.1135 1.1159 1.1227 1.1063
Méreni / Measurement 6. 7. 8. 9. 10.
RADPPH 1.2115 1.0876 1.1013 1.1157 1.1346
Aritmeticky pramér / Arithmetic mean 1.121

Smérodatna odchylka / Standard deviation 0.035

Variaéni koeficient / Variation coefficient (%) 3.1

Median / Median 1.115
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Obr. 2 / Fig. 2 Zavislost redukéni aktivity EPR-DPPH na Fedéni vzorku
| Dependence of reducing activity EPR-DPPH on sample dilution

nidlem. Jak je patrné z obr. 3, obsah rychle redukujicich latek ve
vzorku nad hranici pfiblizné RP1=40 % rel. mliZe za pfitomnosti srov-
natelného obsahu pomalu redukujicich latek (RP2) vést ke zkresleni
vysledku. Pfi stanoveni RP1 nad hranici pfiblizné 40 % rel. je nutno
provést fedéni vzorku.

2.2.5 Porovnani metod stanoveni antioxidacni aktivity dle Cha-
pona a Kanedy

Porovnani vysledk(i obou metod bylo provedeno na vzorcich ¢es-
kych odriid chmele (Zatecky polorany Cervendk, Sladek, Premiant,
Agnus). Vybér vzorku byl proveden tak, aby zahrnoval v§echny pés-
titelské oblasti v Ceské republice. Antioxidaéni vlastnosti byly hod-
noceny v horkovodnich vyluzich fotometrickymi metodami dle Kanedy
(DPPH) a Chapona. Priibéh kolorimetrickych reakci pro odridu Pre-
miant je uveden na obr. 4 a 5. Nejvy$si redukeni aktivita podle me-
tody DPPH byla naméfena u vzorkl Zateckého poloraného Cerve-
fnaku se stfedni hodnotou 1,277 (aritmeticky prlimér) a rozmezim
experimentalnich hodnot 1,226 az 1,315. Hybridni odrtdy vykazaly
vesmeés nizSi redukéni aktivitu v pofadi Premiant (0,859) a Sladek
(0,757), povazujeme-li za stfedni hodnotu aritmeticky prdmeér. Hod-
noceni redukéni aktivity chmeld metodou dle Chapona poskytlo ob-
dobné vysledky. NejvySSi aktivita byla rovnéz prokdzana ve vzorcich
Zateckého poloraného &erveiaku. Aktivita hybridnich odrid je zfe-
telné nizsi. Mezi odridami Premiant a Sladek nebyl nalezen zasadni
rozdil. Kromé& ZPC byla u ostatnich odrtid zji§téna Siroka rozmezi hod-
not redukéni aktivity ve vzorcich z riznych lokalit. Napfiklad obé me-
tody prokazaly vy$si redukéni aktivitu ve vzorcich odridy Premiant

Obr. 3/ Fig. 3 Zavislost redukéni aktivity EPR-DPPH na Fedéni vzorku
— limitace ¢inidlem / Dependence of reducing activity EPR-DPPH on
sample dilution — reagent limit

2.2.4 Limits of detection of DPPH reducing activity determina-
tion

Detection limits and linearity of concentration dependence of me-
asuring reducing activity with DPPH were evaluated on the basis of
measuring EPR-DPPH of concentration lines of extract of hop with
a double weigh (10 g/l) versus the above presented method of the
extract preparation. The sample was for determination diluted by de-
gassed deionized water. As evident from Fig. 2, linear course of de-
pendence of the reduction activity on concentration of the antioxi-
dants in a sample in the range of RA = 90 % rel. to 10 % rel.

Above the limit of approximately RApppy = 90 % rel. limitation by
the agent was manifested. As evident from Fig. 3, content of quickly
reducing substances in the sample above the limit of approximately
RP1 =40 % rel. can in the presence of comparable content of slowly
reducing substances (RP2) lead to distortion of the result. When RP1
above the limit of about 40 % rel. is carried out, sample must be di-
luted.

2.2.5 Comparison of the methods of determination of the redu-
cing activity according to Chapon and Kaneda

Comparison of both methods was carried out on the samples of
Czech hop varieties (Saaz, Sladek, Premiant, Agnus). Selection of
the samples was done so that it included all growing areas in the
Czech Republic. Antioxidant properties were evaluated in hot water
extracts with colorimetric methods according to Kaneda (DPPH) and
Chapon. Course of the colorimetric reactions for the variety Premi-
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Obr. 4 / Fig. 4 Prlibéh stanoveni redukéni aktivity s DPPH chmelt od-
ridy Premiant z riznych péstebnich lokalit / Course of assesment of
DPPH reducing activity of hop variety Premiant of different growing
localities

Obr. 5/ Fig. 5 Pribéh stanoveni redukéni aktivity dle Chapona chmell
odrlidy Premiant z riiznych péstebnich lokalit / Course of assesment
of Chapon reducing activity of hop variety Premiant of different gro-
wing localities
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Obr. 6 / Fig. 6 Stfedni hodnoty a rozpéti hodnot redukéni aktivity Ces-
kych odrid chmele stanovené metodou DPPH, sklizert 2005 / Mean
values and range of reducing activity of Czech hop varieties acces-
sed by DPPH method, crop 2005

z Kozojed a Knézevsi. Toto zjiSténi naznacuje, Ze redukéni aktivita
chmele je vyznamné ovlivnéna péstebni lokalitou. Na druhé strané
se z vysledkl jevi nezavislost redukéni aktivity na péstebni oblasti
(Zatecka, Ustécka, Trsickd). Stfedni hodnoty a rozpéti hodnot re-
dukénich aktivit ¢eskych odrid chmele ze sklizné 2005 stanovené
metodami DPPH a dle Chapona jsou uvedeny v tab. 6a v obr. 6a 7.

Porovnani testovanych analytickych metod ukazalo, Zze vysledky
obou metod silné koreluji (r = 0,973, n = 15). Postup dle Chapona je
pro chmele pouzitelny, ale méné citlivy nezli stanoveni pomoci DPPH.
Prakticky veSkera stanoveni redukéni aktivity vSech odrdd byla v in-
tervalu 0,240 az 0,460 absorbancnich jednotek, coz je pro postizeni
rozdild mezi odriddami a dal$imi faktory nedostacujici. Interval ab-
sorbanci u metody DPPH ¢inil pro srovnani 0,320 az 1,170 absor-
banénich jednotek.

Redukéni aktivity chmelll stanovené obéma diskutovanymi postupy
korelovaly s obsahem polyfenolovych latek. Pro soubor hodnocenych
chmell byla stanovena silna korelace, prikazna na hladiné pravdé-
podobnosti 99 % RApppr | RPchapon @ V8emi stanovenymi skupinami
polyfenolovych latek (tab. 7).

2.2.6 EPR stanoveni antioxidacni aktivity (T150) dle Ushidy [23]

Vysledky méfeni chmelovych vyluht ukazaly, Zze pribéh reakce
u chmeld je zcela odli$ny, neZli tomu je u mladin &i piv. Hodnota sig-
nélu prudce stoupne v prvnich minutach po za¢atku reakce (prud-
kého ohfevu vzorku). Poté mnozstvi volnych radikal( klesa az do

Tab. 6 Stfedni hodnoty redukéni aktivity eskych odrid chmele / Mean values of reducing

activity of Czech hop varieties

Obr. 7 / Fig. 7 Stfedni hodnoty a rozpéti hodnot redukéni aktivity Ces-
kych odrid chmele dle Chapona, sklizefi 2005 / Mean values and
range of reducing activity of Czech hop varieties accessed by Cha-
pon method, crop 2005

ant is shown in Fig. 4 and 5. The highest reducing activity according
to the DPPH method was measured in the samples of Saaz hops
with a medium value 1.277 (arithmetic average) and range of expe-
rimental values 1.226 to 1.315. The hybrid varieties showed gene-
rally lower reducing activity in the order Premiant (0.859) and Sladek
(0.757), in case that the arithmetic average is taken as the middle va-
lue. Evaluation of the reducing activity of hops with the method accor-
ding to Chapon provided similar results. The highest activity was as
well proved in the samples of Saaz hops from Zatec. Activity of the
hybrid varieties is significantly lower. No significant difference was
found between the varieties Premiant and Sladek. Except of Saaz va-
riety, a wide range of reducing activity values was found in the other
varieties in samples from different localities. For example both met-
hods proved a higher reducing activity in samples of the variety Pre-
miant from Kozojedy and Knézeves. This finding suggests that redu-
cing activity of hop is significantly affected by a growing locality. On
the other hand, the results show independence of reducing activity
on the growing area (Zatecka, Ustécka, TrSicka). Middle values and
range of values of reduction activities of Czech hop varieties from the
harvest 2005 determined with the methods DPPH and according to
Chapon are given in the table 6 and Fig. 6 and 7.

Comparison of the tested analytical methods showed that the re-
sults of both methods strongly correlate (r = 0.973, n = 15). The met-
hod according to Chapon is usable for hops but it is less sensitive
than determination with DPPH. Practically all determination of the re-
ducing activity of all varieties was in the interval of 0.240 to 0.460 ab-
sorbance units which is not sufficient for
distinguishing the differences between
the varieties and other factors. For com-
parison, the interval of absorbances in the

DPPH method was 0.320 to 1.170 of ab-

ZPC/Saaz | Sladek | Premiant .
sorbance units.
RAppen (Kaneda, 1995) Antioxidant activities of hops determi-
Aritmeticky primér / Arithmetic mean 1.277 0.757 0.859 ned with both the studied methods corre-
Median / Median 1.289 0.773 0.785 lated with the content of polyphenolic sub-
e, (Chapon, 1571 stance, oI Seto i sagssed g
Aritmeticky primér / Arithmetic mean 0.445 0.307 0.281 ficantg on the level of probability’999 %
Median / Median 0.439 0.294 0.241 RAope as well as RPgnapon and with all

Tab. 7 Korelace mezi redukéni aktivitou a polyfenoly / Correlation between reducing activity

determined groups of polyphenolic sub-
stances (tab. 7).

TP — Celkové polyfenoly / Total polyphenols
ANT — Anthokyanogeny / Anthocyanogens
F — Flavanoidy / Flavanoids

—b—

and polyphenols
2.2.6 EPR determination of the antira-
Polyfenoly / Polyphenols (mgft) dical activity (T150) according to
n=15 TP ANT F Ushida [23]
RADPPH 0.947 0.818 0.956
RAChapon 0.912 0.752 0.966 The results of measurement of hop ex-
tracts showed that the course of the re-

action in hops is totally different than that
in worts or beers. The value of a signal
sharply rises in the first minutes after the
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Obr. 8 / Fig. 8 Typicky prabéh stanoveni EPR-T150 pro rizné pivo-
varské matrice / Typical course of EPR-T150 assesment of different
brewing matrix

konce méreni. Pokles ma pfiblizné linearni pribéh. Typické pribéhy
méfeni chmele, sladiny, mladiny a piva pfiblizuje obr. 8.

Na rozdil od sladiny ¢i piva, které obsahuji podstatné Sirsi spekt-
rum latek (sacharidy, polysacharidy, proteiny, polyfenoly a dalsi), je
vyluh chmele tvofen pfedev&im horkymi latkami a polyfenoly a méa
skokem vytvori volné radikaly, které jsou postupné eliminovany pfi-
tomnymi antioxidanty. Rozdily hodnot T150 mezi vzorky jedné hod-
nocené odrldy byly malé, pohybovaly se v fadu desetin jednotky ESR
signalu. Hodnoceni je obtizné, pfi takto atypickém prubéhu reakce
selhava vyhodnocovaci software ESR spektrometru, odecet je nutno
provést ruéné. V rdmci jedné odrldy je patrny trend k vy$$im hod-
notdm T150 (niz$i antiradikalové aktivité) pro chmele odridy Agnus
s niz8i hodnotou EPR-DPPH.

Za zjednodusujiciho predpokladu linearniho pribéhu reakce a ma-
xima volnych radikald na po¢atku meéreni jsou patrné urcité rozdily
mezi odridami v primérnych hodnotach méfeni. Hybridni odridy Ag-
nus a Premiant s vysokym obsahem horkych latek maji oproti Za-
teckému ¢ervendaku a hybridni odriidé Sladek s niz§im obsahem hot-
kych latek vy$8i pocateéni i kone€nou hodnotu volnych radikalu.
Rozdily v pribéhu reakce mohou tedy souviset s obsahem horkych
latek ve chmelu (obr. 9).

Testovana metoda stanoveni antiradikalové aktivity chmele se jevi
pro hodnoceni chmell jako omezené pouzitelna.

3 ZAVER

Pro hodnoceni antioxidacnich vlastnosti chmele a chmelovych vy-
robkd bylo zkouseno nékolik po-
stupy pfipravy vzork(l a metod
stanoveni. K extrakci antioxidantd

beginning of the reaction (sharp heating of the sample). Afterwards
the amounts of free radicals decline until the end of the measure-
ment. The decline has approximately a linear course. Typical courses
of the measurement of hop, wort, unhopped wort and beer are shown
in Fig. 8.

Unlike wort or beer that contain a substantially wider spectrum of
substances (saccharides, polysaccharides, proteins, polyphenols
and others) hop extract is formed mainly by bitter substances and po-
lyphenols an thus it has a lower buffer capacity. After the sample of
extract is heated, free radicals are formed practically at a jump; they
are gradually eliminated by the present antioxidants. The differences
of T150 values among the samples of one evaluated variety were
small, they moved within the order of tenths of the EPR unit of a sig-
nal. Evaluation is difficult; the evaluation of software of ESR spectro-
meter fails with this atypical course of the reaction, reading has to be
carried out manually. Within one variety there is an evident trend to-
wards higher values of T150 (lower antiradical activity) for hops of the
variety Agnus with a lower value of EPR-DPPH.

With a simplifying prerequisite of a linear course of the reaction
and maximum free radicals at the beginning of the measurement,
certain differences between the varieties are evident in the average
values of measurement. The hybrid varieties Agnus and Premiant
with high content of bitter substances have in comparison with the
Saaz hops and hybrid variety Sladek with a lower content of bitter
substances higher initial and final value of free radicals. Differences
in the course of the reaction can therefore be connected with con-
tent of bitter substances in hop (Fig. 9).

The tested method of determination of antiradical activity of hop
seems to be limitary usable for evaluation of hops.

3 CONCLUSION

We tested several techniques of sample preparation and assess-
ment methods for evaluation of antioxidant properties of hop and hop
products. Hot water or methanol was used for extraction of antioxi-
dants. For hot water extracts direct (30 minutes) and indirect (2 hours)
heating was used. It was found that reduction activity of methanol ex-
tracts is higher than that of hot water extracts. The reason for it is
a different spectrum of extracted substances. Hot water extraction
was chosen for further study of reducing activities of different hops
and hop products due to simulation of wort boiling conditions. The
heating procedure did not significantly affect reducing activity of ex-
tracts, for time saving reasons the extracts were prepared with direct
boiling.

The reducing activity was determined with the methods following
the methods according to Ushida (determination of the value of EPR-
T150), Chapon (photometric determination with dipyridil — ferric com-
plex) and Kaneda (determination with free radical DPPH). Determi-
nation with DPPH was performed with photometric and EPR
detection, results of both manners of detection correlated well. The
technique according to Ushida is limitary usable due to slight diffe-
rences of reducing activities of individual samples. The method accor-
ding to Chapon is basically usable but less sensitive in comparison
with the method according to Ka-
neda (DPPH). Both these met-
hods correlate together well. For
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Bylo zjisténo, ze redukéni aktivita

lity of the designed analytical

methanolovych vyluhd je vyS$si
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= method was 3.1% rel.. Significant
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dem je odlisné spektrum extra-

among Czech hop varieties were

hovanych latek. Pro dal$i studium

proved. Definitely the best results

redukénich  aktivit  rdznych

were determined for Saaz hops.
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Redukéni aktivita byla stano-
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Obr. 9 / Fig. 9 Linearizovany prubéh stanoveni EPR-T150 ¢eskych
odrid chmele / Linearized course of EPR-T150 assesment of Czech

the framework of the solution
of the research project NAZV
1B44061
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noty EPR-T150), dle Chapona (fotometrické stanoveni pomoci dipyridil-zele-
zitého komplexu) a Kanedy (stanoveni pomoci volného radikalu DPPH). Sta-
noveni s DPPH bylo provedeno fotometrickou i EPR detekci, vysledky obou
zpUsobU detekce dobre korelovaly. Postup dle Ushidy je omezené pouZitelny
pro malé diference redukénich aktivit jednotlivych vzorkd. Postup dle Chapona
je v principu pouzitelny, ale méné citlivy v porovnani s metodou dle Kanedy
(DPPH). Obé tyto metody spolu dobre koreluji. Pro hodnoceni redukénich ak-
tivit riznych chmell a chmelovych vyrobkl byl zvolen postup s DPPH. Opa-
kovatelnost vypracované analytické metody byla 3,1 % rel. Byly prokazany
velké rozdily redukénich aktivit mezi ¢eskymi odrlidami chmele. Jednoznaéné
nejlepsi vysledky byly zjistény pro Zatecky polorany &ervefiak. Mezi hybrid-
nimi odrtidami, Sladek, Premiant a Agnus nebyly nalezeny podstatné rozdily
redukénich aktivit.

Vysledky byly ziskany v ramci feSeni vyzkumného projektu NAZV
1B44061
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