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Pokusné celosladové dekokéni varky (200 I) 12% svétlého lezackého piva s jednim opakovanim variant byly chmeleny Skalou péti
chmelli od jemné aromatické odriidy (ZPC) po odriidu vysokoobsaZnou (Magnum) a chmelovy CO, extrakt. Antioxidaéni vlastnosti byly
hodnoceny tfemi metodami, RC-DCPI, ESR-DPPH a ESR-T150 (lag time). Senzoricka stabilita byla hodnocena po tepelném stareni
i tfimeési¢nim skladovani. MnoZstvi chmelovych antioxidantd, polyfenoll i volnych fenolovych latek davkovanych pfi chmeleni prudce kle-
salo od aromatickych po vysokoobsazné odrldy. Dllezity je pomér horkych kyselin a polyfenoli ve chmelu. Piva chmelena ZPC obsa-
hovala o 60 % vice celkovych polyfenolli a o 80 % vice volnych fenolovych latek, zejména flavanoidli a flavonoidt v porovnani s nulo-
vou variantou, chmelovym extraktem. Redukéni schopnost ESR-DPPH mladin a redukéni schopnost piv ESR-DPPH i RC-DCPI vyznamné
zévisela na chmeleni, klesala od piv chmelenych aromatickymi chmely po piva chmelena hofkymi odriidami. Pro piva chmelena ZPC
byla stanovena hodnota o 38 % a pro Sladek o 27 % vySsi v porovnani s chmelovym extraktem. Hodnota antiradikalove aktivity ESR-
T150 mladin ¢aste¢né zavisela na chmeleni, u mladin chmelenych odrlidami Zatecky ¢ervenak, Sladek, Premiant a Agnus byla srov-
natelna (T150 = 6,5-6,7), hodnota u varek chmelenych chmelem Magnum (T150 = 7,5) a chmelovym extraktem (T150 = 9,5) byla méné
prizniva. Obsah skupiny markert karbonylovych latek vznikajicich z aminokyselin a vysSich alkohold a rovnéz tak obsah 2-furfuralde-
hydu ve starém pivu zavisel na chmeleni, to jest na redukéni aktivité (ESR-DPPH, RC-DCPI) a klesal od piv chmelenych chmelovym
extraktem po piva chmelena aromatickymi odriidami Zatecky &ervenak a Sladek. Jednoznagny vliv na skupinu markerd karbonylti vzni-
kajicich z mastnych kyselin nebyl prokazan. Senzorické starnuti piv, at jiz hodnocené zhorSenim celkového subjektivniho dojmu, nebo
intenzitou oxidacni, sklepni (zatuchlé) a staré chuti a viing, bylo rychlejsi u piv chmelenych horkymi odrddami chmele Agnus a Magnum
&i chmelovym extraktem v porovnani s pivy chmelenymi odriidami Zatecky erveridk, Sladek a Premiant. Pokusy prokézaly nezane-
dbatelny vliv typu chmele, mnozstvi chmelovych antioxidant na antioxidaéni vlastnosti a zpomaleni senzorického starnuti piv.

Mikyska, A. — Haskova, D. — Horak, T. — Jurkova, M.: Impact of hop raw material type on antioxidant behaviour of beer. Kvasny
Prum. 56, 2010, No. 7-8, p. 294-302.

Trial all malt decoction brews (200 L) of 12% pale lager beer were hopped by a series of five hops from fine aroma variety (Saaz hops)
to high-alpha variety and CO, hop extract. Antioxidant properties were assessed by three methods, RC-DCPI, ESR-DPPH a ESR-T150
(lag time). Sensorial stability was assessed after heat ageing and three months’ storage. The amount of hop antioxidants, polyphenols
and free phenol compounds supplied by hopping strongly dropped from the aroma to the high-alpha variety. An important factor is the
bitter acids/polyphenols ratio in hops. Beer hopped by Saaz hops contained 60 % more total polyphenols and 80 % more free pheno-
lics, flavonoids and flavanoids in comparison with the zero variant, i.e.hop extract. ESR-DPPH reducing power of worts and both ESR-
DPPH and RC-DCPI reducing power of beers significantly depended on hopping, decreasing from beers hopped by aroma hops to beers
hopped by bitter varieties. In comparison with beers hopped by hop extract, beers hopped by Saaz hops showed a 38 % higher value,
those hopped with Sladek a 27 % higher value. Antiradical activity ESR-T150 value of worts depended partially on hopping, and was
comparable in worts hopped by Saaz hops, Sladek, Premiant and Agnus varieties (T150 = 6.5-6.7). The value for brews hopped by
Magnum variety (T150 = 7.5) and by hop extract (T150 = 9.5) was less satisfactory. The content of a group of markers of carbonyl com-
pounds formed from amino acids and higher alcohols, as well as 2-furfuraldehyde content in aged beer depended on hopping, i.e. on
reducing activity (ESR-DPPH, RC-DCPI), and decreased from beers hopped by hop extract to beers hopped by aroma varieties Saaz
hops and Sladek. Explicit influence of hopping on a group of carbonyl markers formed from fatty acids was not proved. Sensory aging
of beers, ratedeither by deterioration of the overall impression or by intensity of oxidized, moldy (musty) and stale flavour, was faster for
beers hopped by bitter hop varieties Agnus and Magnum or hop extract than for beers hopped by Saaz hops, Sladek and Premiant. The
experiments proved a significant effect of the type of hop and amounts of hop antioxidants on antioxidant properties and a slowing down
of beer sensory aging.

Mikys$ka, A. — Haskova, D. — Horak, T. — Jurkova, M.: Der Einfluss des Typs von Hopfenrohstoffe auf die antioxidative Eigen-
schaften des Bieres. Kvasny Prum. 56, 2010, No. 7-8, S. 294-302.

Die Gesamtmalzprobesude (200 Liter) fur die Lagerhellbierherstellung (Stammwiurze 12%), mit einer Wiederholung wurden mit einer
Scala von fiinf verschiedenen Hopfen von einer feinaromatischen Saazer halbfriihen Rotenhopfen (ZPC) bis zu der hochhaltigen Hopfen-
sorte (Magnum) und CO, Hopfenextrakt. Die Antioxidationseigenschaften wurden mittels drei Methoden RC-DCPI, ESR-DPPH a ESR-
T150 (lag time) ausgewertet. Die sensorische Stabilitdit wurde nach der Warmalterungsbehandlung und nach der Lagerung des Bieres
von drei Monaten festgestellt. Die Menge an Hopfenantioxidants, -Polyphenols und freien Phenolstoffen, die wahrend der Hopfenzugabe
dosiert wurden, nahm von feinen aromatischen halbfriihen Rotenhopfensorte (ZPC) bis zu den hochhaltigen Hopfensorten sehr schnell
ab. Wichtig war das Verhaltnis von Bitterstoffen zum Gehalt an Polyphenol im Hopfen. Die Biere, die durch mit feinem aromatischen
Saazer halbfriih Rotenhopfen (ZPC) gehopft wurden, wiesen im Vergleich mit der Nullvariante (das durch Hopfenextrakt gehopftem Bier)
an gesamten Polyphenolen um 60% Prozent mehr und an gesamten freien Polyphenols um 80% mehr, insbesondere an Flavanoiden
auf. Die Reduktionsféhigkeit ESR-DPPH von den Wirzen und Reduktionsféhigkeit ESR-DPPH vom Bier und RC-DCPI war abhangig
von der Hopfensorte, diese Fahigkeit nahm von den Bieren, gehopften mit feinem aromatischen Saazer halbfrih Rotenhopfen (ZPC)
bis zu den Bieren gehopften mit hochhaltigen Hopfensorten ab. Fir Biere, die mit feinem Hopfen (ZPC) gehopft wurden, wurde ein Wert
um 38% hoher und flr die mit der Hopfensorte Sladek gehopftes Bier der Wert um 27% hdéher als fir das Bier, das mit Hopfenextrakt
gehopft wurde. Der Wert an Antiradikalwirzeaktivitdt ESR — T150 héngte teilweise von der Hopfensortezugabe ab, diese Aktivitaten von
den mit Hopfensorten Saazer halbfrith Rotenhopfen (ZPC), Sladek, Premiant und Agnus gehopften Wiirzen wurden vergleichbar, bei
der durch Hopfensorte Magnum gehopften Wurze wurde (T150 = 7,5) und die Wiirze mit dem Hopfenextrakt wies die wenig glnstigere
Aktivitat (T150 = 9,5) auf. Der Gehalt an Markersgruppem von aus den Aminosauren und héheren Alkohols entstehenden Karbonyl Stof-
fen und der Gehalt an 2-Furfuraldehyd in den alten Bieren hangte von der Hopfenzugabe, d.h. von der Reduktionsaktivitat (ESR-DPPH,
RC-DCPI) ab, die héchste Aktivitat wurde bei der durch Hopfenextrakt gehopften Wirze und die niedrigste ist bei der mit feinem aro-
matischen Saazer Halbfriihrothopfen (ZPC) gehopften Wiirze gewesen. Ein eindeutiger Einfluss auf die aus den aus den Fettsduren
entstehenden Marker“s Gruppe von Karbonylen wurde jedoch nicht nachgewiesen. Die durch Verschlechterung des gesamten subjek-
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tiven Eindrucks oder durch die Intensitat des Oxidations-, Kellers (Muffig)-, Altengeschmacks und Geruches ausgewertete sensorische
Bieralterung war bei den mit hochhaltigen Hopfensorten oder mit Hopfenextrakt gehopften Bieren schneller als bei den Bieren die mit
Hopfensorten feinem aromatischen Saazer halbfriih Rotenthopfen (ZPC), Sladek und Premiant gehopft wurden. Die Versuche haben
einen erheblichen Einfluss des Hopfentyps, der Menge an Hopfenoxidants auf die Bierantioxidationseigenschaften und auf die Min-

derung der sensorischen Alterung des Bieres nachgewiesen.

Kli¢ova slova: antioxidanty, antiradikalova aktivita, chmel, polyfenoly,
pivo, senzoricka stabilita

1 UVOD

Polyfenolové latky, cukerné reduktony, melanoidiny a v pribéhu
kvaseni tvoreny oxid sifiCity jsou bezesporu nejdulezitéjSimi pfiroze-
nymi antioxidanty (reduktony) plsobicimi pFi vyrobé a skladovanipiva.
Hlavnimi antioxidanty ve chmelu jsou polyfenolové a fenolové latky,
slaba redukéni schopnost byla prokazana i u hofkych kyselin [1]. Ob-
sah celkovych polyfenold ve chmelu je pfiblizné 2 az 6 % hm. a za-
visi na odr(idé chmele [1-3]. Polyfenolové latky chmele ovliviuji an-
tioxidacni aktivitu piva a tim potencialné i senzorickou stabilitu piva
[4—6]. Senzorické starnuti piva je zplsobeno oxidativnimi zménami.
Karbonylové latky staré chuti jsou tvofeny v fetézci radikalovych re-
akci, kde vznikaji plisobenim aktivnich forem kysliku na nékteré latky,
jako jsou mastné kyseliny, aminokyseliny, vy$si alkoholy a sacharidy
[7]. Pribéh reakci zavisi na redukénim potencidlu reagujicich latek
v fetézci reakci, nékteré polyfenoly mohou proto v nékterych reak-
cich byt i prooxidanty [8].

Polyfenoly mohou pusobit tfemi mechanismy [9]:

1. Jako lapace kyslikovych volnych radikall, reaktivnich forem kys-
liku (ROS).

2. Jako inhibitory lipoxygenas, katalyzujicich oxidaci mastnych kyselin.

3. Jako chelataéni ¢inidlo omezujici pfenos kovovych iontd, kataly-
zator(l oxidacnich reakci (Zelezo, méd).

Neéktefi autofi usuzuji, ze zpomaleni nezadoucich procesu v pra-
béhu skladovani piva je ovlivnéno zejména oxidem sifiCitym tvore-
nym pfi kvaseni a vyznam polyfenolovych a cukernych antioxidant(
je podstatné mensi [10-14]. Jini autofi nalezli jasné zavislosti mezi
antioxidanimi vlastnostmi pivovarskych surovin, piva a tvorbou kar-
bonyld staré chuti i senzorickou stabilitou piva [4—6, 15-18]. Na roz-
dil od sladu mé pro hodnoceni polyfenolovych antioxidant(i ve chmelu
zasadni vyznam pomér obsahu a-horkych kyselin a polyfenold.

Pro hodnoceni redukéni (antioxidacni, antiradikalové) schopnosti
je pouzivana fada chemickych metod zalozenych na redukci speci-
fického Cinidla. Kazda z metod stanovuje ponékud odlisné spektrum
antioxidant(l v zavislosti na hodnoté redukéniho potencialu cinidla.
Pouzili jsme tfi v pivovarstvi ¢asto citované a pouzivané metody, sta-
noveni pomoci 2,6-dichlofenolindofenolu (RK-DCPI), stanoveni po-
moci volného radikalu 1,1-difenyl 2-pikryl hydrazylu (ESR-DPPH)
a stanoveni endogenni antiradikalové kapacity (ESR-lag time, ESR
T150). Redukéni kapacita RK-DCPI (redukéni potencial -0,67 V) za-
hrnuje zejména cukerné reduktory a melanoidiny. Redukéni aktivita
ESR-DPPH (redukéni potencial -1,2 V) zahrnuje zejména pomalu re-
dukujici latky, pfedevsim polyfenoly. Stanoveni endogenni antiradika-
lové kapacity piv, hodnoty lag-time postihuje pfedevsim redukéni
schopnost oxidu sifi¢itého (sifi¢itant) [9, 10, 19, 20, 21]. Davodem je
pH piva. Nakamura et al. [13] nalezli pfi pH = 7 antiradikalovou akti-
vitu proti hydroxylovému a superoxidovému radikalu jak u sifi¢itanu,
tak témér u vSech testovanych polyfenolll a fenolovych kyselin. Pfi
pH = 4,3 mél tuto antiradikalovou aktivitu pouze sifi¢itan.

Cilem této studie bylo pfinést vice poznatkdl o dopadu chmeleni
rozdilnymi typy chmelovych odrid na obsah polyfenold a volnych fe-
nolovych latek, antioxidacéni aktivitu a tvorbu karbonylovych latek ve
skladovaném pivu.

2 MATERIAL A METODY

2.1 Poloprovozni varni pokusy

Byly provedeny varni pokusy na zafizeni s objemem horké mladiny
240 |, ve kterych bylo pfipraveno Sest variant varek 12% svétlého le-
zaku s opakovanim. Sladina byla vyrobena dvourmutovym dekoké-
nim postupem ze sladu odrady Tolar.

Varky byly chmeleny 100 % testované suroviny, chmelovych pelet
(P90) z péti rozdilnych odrid — Zatecky ¢erveridk (jemna horka od-

Key words: antioxidants, antiradical activity, hops, polyphenols, beer,
sensorial stability

1 INTRODUCTION

Polyphenol compounds, sugar reductons, melanoidins and sul-
phure dioxide formed in the course of fermentation are without ques-
tion the most important natural antioxidants (reductons) acting by
a production and a storage of beer. The main antioxidants in hops
are polyphenolic and phenolic substances, the weak reducing ability
was demonstrated even in bitter acids [1]. Content of total polyphe-
nols in hops is approximately 2—-6 % w. and depends on the variety
of hops [1-3]. Polyphenolic substances in hops affect the antioxidant
activity of beer, and thus potentially sensory stability of beer [4—6].
Sensory aging of beer is caused by oxidative modifications. Carbonyl
substances of stale flavour are formed in the chain of radical reac-
tions, where are created by active oxygen species action on certain
substances such as fatty acids, amino acids, higher alcohols and car-
bohydrates [7]. Reaction path depends on the reducing potential of
reactive substances in the chain reaction. Some polyphenols may
therefore be prooxidants in some reactions [8].

Polyphenols can act via three mechanisms [9]:

1. As traps for oxygen free radicals, reactive oxygen species (ROS).

2. Inhibitors of lipoxygenas, catalyzing the oxidation of fatty acids.

3. As a chelating agent, limiting the transfer of metal ions, oxidation
reactions of catalysts (iron, copper).

Some authors conclude that the slowdown undesirable process dur-
ing beer storage is particularly affected by sulfur dioxide formed dur-
ing fermentation and the importance of polyphenol antioxidants and
sugar is much smaller [10—14]. Other authors found a clear depen-
dence between the antioxidant properties of brewing raw materials
and beer and stale flavour carbonyls forming and sensory stability of
beer [4-6, 15-18]. Unlike malt for evaluation of polyphenol antioxi-
dants in hops is fundamental ratio of a-bitter acids and polyphenols.

Many chemical methods based on reducing of specific reagent are
used for the evaluation of reducing (antioxidant, antiradical) capabil-
ity. Each method determines a somewhat different spectrum of an-
tioxidants, depending on the value of the reducing potential of agents.
We used three in the brewing industry often cited and used methods
of determination, assay using 2,6-dichlorphenol indofenol (RC-DCPI),
assay using free radical 1,1-diphenyl 2-picryl hydrazyl (ESR-DPPH)
and determination of endogenous antiradical capacity (ESR- lag time,
ESR T150). Reducing capacity of the EC-DCPI (reducing potential -
0.67 V) includes, in particular sugar reductons and melanoidins. Re-
ducing aktivity ESR-DPPH (reducing potential -1.2 V) includes, in par-
ticular slowly reducing substances, especially polyphenols.
Determination of endogenous antiradical capacity of beers, the value
of the lag-time, mainly affects reducing ability of the sulphure dioxide
(sulphite) [9, 10, 19, 20, 21]. The reason is the pH of beer. Nakamura
et al.[13] found at pH = 7 antiradical activity against hydroxyl and su-
peroxid radical as the sulphite, and almost all tested polyphenols and
phenolic acids. At pH = 4.3 was the only sulfite antiradical aktivity
found out.

The aim of this study was to generate more knowledge about the
impact of hopping by different types of hop varieties on polyphenols
and free phenolic compounds content, antioxidant activity and the
formation of carbonyl compounds in stored beer.

2 MATERIAL AND METHODS

2.1 Pilot brewing trials

Brewing experiments were performed on equipment with hot wort
volume 240 L, in which options have been prepared, batches of 12%
pale lager beer with repetition. Wort was produced by two mash de-
coction process of malting barley variety Tolar.

Brews were hopped by 100% of testing raw materials, hop pellets
(P90) of five different varieties — Saaz hops (fine aroma variety),
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r(ida), Sladek (aromaticka odrida), Premiant (jemna horka odriida),
Agnus (horka odruda), Magnum (vysokoobsazna odrlida) a chmelo-
vym CO, extraktem z odrddy Agnus. Chmelovar trval 90 min, davka
chmele byla 10,0 g a-kyselin na 1 hl sladiny. Pelety byly aplikovany ve
tfech davkach: 20 % 10 min po zavareni, 60 % po 30 min varu a 20 %
20 min pfed koncem chmelovaru. Chmelovy extrakt byl aplikovan
v prvni davce. Horkost piv se pohybovala v rozmezi 27 az 32 j.h.

Hlavni kvaeni probéhlo v cylindrokénickych tancich (CKT). Mla-
diny byly po odkaleni v sedimenta¢ni nadobé a zchlazeni provzdus-
nény na obsah rozpusténého kysliku 8-9 mg/l a zakvaseny davkou
210 g/hl lisovanych nasadnich kvasnic kmene €. 95 sbirky VUPS. Tep-
lota hlavniho kva$eni byla nastavena na 9,5 °C + 0,1 °C. Po prokva-
Seni 60 % zdanlivého extraktu bylo mladé pivo sudovano. Ke konci
hlavniho kvaSeni byla snizovana teplota rychlosti 1,5 °C / 24 h na
5 °C, pfi niz bylo mladé pivo sudovano do lezackych tank(. Dokva-
Sovani pfi teploté 1 az 2 °C trvalo 40 dni. Piva byla sto¢ena do lahvi
na plni¢i s dvojitou evakuaci pod ochrannou atmosférou oxidu uhlici-
tého. Stocené pivo bylo pasterovano na uroveri 20 PU.

2.2 Analyzy chmele a piva

Bézné analyzy chmele, sladin, mladin a piv v€etné stanoveni cel-
kovych polyfenolt byly provedeny podle Analytiky EBC [22], obsah
anthokyanogent byl analyzovan postupem podle Pivovarsko-sladar-
ské analytiky [23]. Antioxida¢ni vlastnosti byly hodnoceny tfemi me-
todami. Stanovenim redukéni kapacity s 2,6-dichlofenolindofenolem
(RK-DCPI) spektrofotometrickou metodou podle analytiky MEBAK
[24] (mladina, pivo), stanovenim redukéni aktivity pomoci volného ra-
dikalu 1,1-difenyl 2-pikryl hydrazylu (ESR-DPPH) (1,1-Diphenyl-2-
picryl-hydrazyl) metodami vypracovanymi na VUPS [19,20] (chmel,
mladina, pivo) a endogenni antiradikalové kapacity piv (ESR- lag-
time), chmell a mladin (ESR-T 150) metodou publikovanou Ushidou
et al [25, 26]. Déleni a stanoveni volnych fenolovych latek (gallova
kyselina, protokatechova kyselina, p-hydroxybenzoova kyselina,
eskulin, 4-hydroxyfenyloctova kyselina, vanilova kyselina, katechin,
chlorogenova kyselina, kavova kyselina, syringova kyselina, vanilin,
salicylova kyselina, p-kumarova kyselina, umbelliferon, skopoletin,
epikatechin, ferulovéa kyselina, sinapova kyselina, 4-hydroxykumarin,
rutin, kvercetin-3-arabinosid, naringin, myricetin, kvercetin, apigenin)
bylo provedeno metodou HPLC s CoulArray detektorem [27]. Obsah
polyfenolll ve chmelu a stejné tak antioxidacni vlastnosti chmeld byly
stanoveny v extraktech chmelové suroviny vrouci vodou podle po-
stupU popsanych drive [19].

Karbonylové latky (12 markerd — 2-methylpropanal, 2-methylbuta-
nal, 3-methylbutanal, benzaldehyd, fenylacetaldehyd, (E)-2-nonenal,
(E)-2-oktenal, (E)-butenal, hexanal, heptanal, oktanal, 2-furfural) byly
v Cerstvém pivu, tepelné stafeném pivu a tfi mésice skladovaném
pivu stanoveny plynovou chromatografii [28, 29]. Senzoricka stabilita
pfipravenych piv byla testovana jak zrychlenym stafenim piv pfi tep-
loté 45 °C po dobu Sesti dn(, tak skladovanim lahvového piva v la-
boratofi v pfepravkach pfi teploté 20 °C , tedy za podminek blizkych

Sladek (aroma variety), Premiant (fine bitter variety), Agnus (bitter
variety), Magnum (high-alpha variety) and CO, hop extract variety
Agnus. Wort boiling lasted 90 min, hops dose was 10.0 g of a-acids
per 1 hl of wort. Pellets were applied in three doses: 20 % 10 min. af-
ter the start of boiling, 60 % after 30 min. of wort boil and 20 % 20
min. before the end of the wort boiling. Hop extract was applied in the
first dose. Bitterness of beers ranged from 27-32 BU.

The main fermentation was carried out in cylinder — conical tanks
(CCT). Wort were after chill removing in the sedimentation tank and
aeration on dissolved oxygen level 8-9 mg/L inoculated by a dose of
210 g/hl pitching pressed yeast of strain No. 95 RIBM collections. The
temperature of fermentation was set at 9.5 °C + 0.1 °C. After fer-
mentation 60 % of the apparent extract was green beer transferred
into lager tanks. At the end of fermentation the temperature was low-
ered, rate was 1.5 °C/24 hours at 5 °C, in which the young beer was
pumped in lager tanks. The secondary fermentation at the tempera-
ture of 1-2 °C lasted 40 days. Beer was bottled in the filler with dou-
ble evacuation under a protective atmosphere of carbon dioxide. Bot-
tled beer was pasteurized at the level of 20 PU.

2.2 Hop and beer analyses

Routine analysis of hops, malt, wort and beer, including the deter-
mination of total polyphenols were performed according to Analytica
EBC [22], anthocyanogens content was analyzed according to Pivo-
varsko-sladarska analytika [23]. Antioxidant properties were evaluated
by three methods. Determination of reducing capacity with 2.6-
dichlophenol indophenol (RC-DCPI) by spectrophotometric method ac-
cording to Analytica MEBAK [24] (wort, beer), determination of reduc-
ing activity by free radical 1,1-Diphenyl 2-picryl hydrazyl (ESR-DPPH)
by methods developed at RIBM [19.20] (hops, wort, beer) and en-
dogenous antiradical capacity of beers (ESR-lag-time), hops and wort
(ESR T-150) using metod published by Ushida et al [25.26]. Separa-
tion and identification of free phenolic compounds (Gallic acid, Proto-
catechuic acid, p—Hydroxybenzoic acid, Esculin, 4—Hydroxypheny-
lacetic acid, Vanillic acid, Catechin, Chlorogenic acid, Caffeic acid,
Gentisic acid, , Syringic acid, Vanillin, Salycilic acid, Coumaric acid,
Umbelliferon, Scopoletin, Epicatechin, Ferulic acid, Sinapic acid, 4—-Hy-
droxycoumarin, Rutin, Quercetin-3-arabinoside, Naringin, Myricetin,
Quercetin, Apigenin) was performed by HPLC coupled with CoulArray
detector [27]. Content of polyphenols in hops, as well as antioxidant
properties of hops were determined in extracts of hops raw material
with boiling water according to procedures described previously [19].

Carbonyl substances (12 markers: 2-methylpropanal, 2-methylbu-
tanal, 3-methylbutanal, benzaldehyde, phenylacetaldehyde, (E)-2-
nonenal, (E)-2-octenal, (E)-butenal, hexanal, heptanal, octanal, 2-fur-
fural) were in fresh beer, heat forced aged beer and three months
stored beer determined by gas chromatography [28,29]. Sensory sta-
bility of beer prepared was tested as an accelerated aging of beer at
45 °C for six days, and storage of bottled beer in crates in the labo-
ratory at 20 °C, ie under conditions close to conditions at retail out-

Tab. 1 Vysledky rozboru chmelovych surovin / Results of hop raw material analyses

Odruada / Variety ZPC SLA PRE | AGN | MAG | E-CO2
Alfa-kyseliny / Alpha-acids (%) 3.9 4.5 7.6 12.1 16.1 48.0
Celkové polyfenoly / Total polyphenols (mg/qg) 55.2 28.6 32.2 23.8 24.4 1.4
Anthokyanogeny / Anthocyanogens (mg/g) 28.6 12.1 13.7 9.8 12.7 1.7
Volné fenolové latky / Free phenolic compounds (mg/g) 6.4 2.7 3.3 3 2.3 0.2
ESR-DPPH* (% rel.) 83 47 57 52 54 2
ESR-T150* 1.98 2.12 2.52 2.88 3.05 0.10

ZPC: Zatecky &ervenak / Saaz hops ~ AGN: Agnus

SLA:  Sladek MAG: Magnum

PRE: Premiant E-CO2:  chmelovy extrakt / hop extract

SW:  Sladina / Sweet wort * ve vyluhu 5 g/l

Tab. 2 Volné fenolové latky chmell (ve vyluhu 5 g/l) / Free phenolic compounds of hops (in water extract 5 g/l)
Odruada / Variety ZPC SLA PRE | AGN | MAG | E-CO2
A — Flavanoidy / Flavanoids (mg/l) 20.4 5.1 6.5 6.5 2.3 0.0
B — Flavonoidy / Flavonoids (mg/l) 5.22 3.03 3.1 2.88 2.91 0.33
C — Hydroxy skoficové kyseliny / Hydroxy cinnamic acids (mg/l) 2.1 117 0.91 0.86 0.79 0
D — Hydroxybenzoové kyseliny / Hydroxy benzoic acids (mg/l) 0.54 0.96 2.84 1.2 0.64 0
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podminkam v obchodni siti. Senzoricka analyza Cerstvého piva,
zrychlené stafeného piva a piva po 3 mésicich skladovani byla pro-
vedena devitiélennou degustaéni komisi VUPS deskriptivni metodou
a stanovenim celkového dojmu [30].

3 VYSLEDKY A DISKUSE

3.1 Chmel

Skala typt odriid chmele byla zvolena s cilem pokryt celé spekt-
rum od jemné aromatické odriidy (ZPC) po vysokoobsaznou odridu
(Magnum) a chmelovy CO, extrakt. Vyrazné nejvyssi obsah celko-
vych polyfenold, anthokyanogent i sumy volnych fenolovych latek byl
stanoven v Zateckém &ervenaku. Rozdily mezi dalsimi odriidami byly
podstatné mensi (fab. 7). Rozdily mezi chmely byly nalezeny i v ob-
sahu rliznych skupin volnych fenolovych latek. Nejvy$si obsah latek
ze skupiny flavanoid( (katechin, epikatechin) i flavonoid (rutin, kver-
cetin, kvercetin-3-arabinosid, myricetin) byl stanoven pro Zatecky cer-
venak. Obsah flavanoid(l a flavonoidd u ¢eskych odrid Sladek, Pre-
miant a Agnus byl podobny, u odriddy Magnum bylo stanoveno
vyrazné niz&i mnozstvi flavanoid. Chmel odridy Premiant mél rela-
tivné vysoky obsah latek ze skupiny hydroxiskoficovych kyselin (chlo-
rogenova kyselina, kavova kyselina, kumarova kyselina, ferulova ky-
selina, sinapova kyselina). Chmelovy extrakt obsahoval fadové nizsi
mnozstvi volnych fenolovych latek oproti peletam (tabulka 2). Nazory
na vyznam volnych fenoll jako antioxidantd se r{izni, jednim z du-
vod( mohou byt i metody stanoveni redukéni aktivity pouzité pfi ex-
perimentech. Pascoe et al. [31] zjistili, ze 45-61 % rozdili mezi vy-
sledky metod ABTS a FRAP zavisi na obsahu ferulové, vanilové
a chlorogenové kyseliny a katechinu. Walters et al. [16,17] ve varnich
pokusech s pridavky katechinu a ferulové kyseliny prokazali vliv
téchto latek na antioxidacni aktivitu a senzorickou stabilitu piva, Go-
iris et al. [32] zjistili zlepSeni senzorické stability piv po aplikaci ex-
traktu chmelovych polyfenol s vyznamnym podilem volnych fenolo-
vych latek ve varné.

Redukéni aktivita ESR-DPPH chmell reflektovala rozdilny obsah
polyfenolovych latek ve chmelech. Vyrazné nejvyssihodnota byla sta-
novena pro Zatecky &erveiiak (ESR-DPPH = 83 %), vzorky ostatnich
odrlid se navzajem odlisovaly méné (ESR-DPPH = 47-57 %), za-
nedbatelna hodnota byla nalezena pro chmelovy extrakt (fab. 2). An-
tiradikalova aktivita ESR-T150 mirné klesala od Zateckého Cerve-
fidku po chmel Magnum, u kterého byla naméfena nejvyssi, nejhorsi
hodnota. Reakéni kinetika stanoveni ESR-T150 chmele se liSi od sta-
noveni ve sladiné ¢i mladiné (obr. 7). Ve sladiné obsah termicky ge-
nerovanych volnych radikal v pribéhu stanoveni stoupa. Ve vyluhu
chmele vrouci vodou, ve kterém jsou pritomny prakticky jen polyfe-
noly a horké latky, po po¢ate¢nim nartstu obsah volnych radikal
klesa plisobenim ,lapacu* volnych radikald. Atypicky prabéh mélo sta-
noveni ESR-T150 chmelového CO, extraktu, signal volnych radikald
byl od poéatku do konce méfeni nizky, na limitu detekce.

Pro hodnoceni chmelt z hlediska obsahu antioxidantu je zasadni
pomér obsahu téchto latek a obsahu horkych kyselin ve chmelu. Na
obrazku 2 je zndzornéna hmotnostni bilance polyfenoll pfi chme-
leni testovanymi typy chmeld. Mnozstvi chmelovych polyfenol dav-
kovanych pfi chmeleni Zateckym Cervenakem je srovnatelné s ob-

Tab. 3 Vysledky rozboru mladin / Results of hopped wort analyses

lets. Sensory analysis of fresh beer, forced aged beer and beer after
3 months of storage was performed by nine-member panel of trained
tasters of the RIBM by the use of descriptive method and determi-
nation of the overall impression [30].

3 RESULTS AND DISCUSSION

3.1 Hops

Range of different types of hop varieties were chosen to cover the
entire spectrum from fine aroma varietiy (Saaz hops) to high-alpha
variety (Magnum) and CO, hop extract. Significantly highest content
of total polyphenols, anthocyanogens and the sum of free phenolics
was determined in Saaz hops. Differences among the other varieties
were significantly smaller (Tab. 7). Differences between the hops were
found in the content of the various groups of free phenolics. The high-
est content of substances from the group of flavanoids (catechin, epi-
catechin) and flavonoids (rutin, quercetin, quercetin-3-arabinosid,
myricetin) was determined for Saaz hops. Content of flavanoids and
flavonoids in the Czech varieties Sladek, Premiant and Agnus were
similar in the variety Magnum was determined much lower quantities
of flavanoids. Hop variety Premiant had a relatively high content of
substances from the group of hydroxicinnamic acids (chlorogenic
acid, caffeic acid, coumaric acid, ferulic acid, sinapic acid). Hop ex-
tract contained much lower amounts of free phenolics in comparison
with hop pellets (Tab. 2). Views on the importance of free phenols as
antioxidants vary; one reason may be the method of determining re-
ducing activities used in the experiments. Pascoe et al. [31] found
that 45-61% of the difference between the results of the ABTS and
FRAP methods depends on the content of ferulic, chlorogenic and
vanilic acids and catechin. Walters et al. [16, 17] in the brewing ex-
periments with additions of catechin and ferulic acid showed the in-
fluence of these substances on the antioxidant activity and sensory
stability of beer, Goiris et al. [32] found improved sensory stability of
beer extract after addition of hop polyphenols extract with a signifi-
cant proportion of free phenolic compounds in the brewhouse.

Reducing activity ESR-DPPH of hop reflects the different content
of polyphenol compounds in hops. Significantly the highest value was
accessed for Saaz hops (ESR-DPPH = 83 %), samples of other va-
rieties are mutually differed less (ESR-DPPH = 47-57 %), marginal
value was found for the hop extract (Tab. 2). Antiradical activity, ESR-
T150 decreased slightly from the Saaz hops to Magnum hops, in
which was measured the highest, the worst value. Reaction kinetics
of the ESR-T150 determination of hop is different from the determi-
nation of sweet wort or wort (Fig. 7). Content of thermally generated
free radicals in the wort increases in the course of ESR-T150 deter-
mination. In boiling water extract of hops, in which are present prac-
tically polyphenols and bitter substances after the initial increase free
radicals content decreases by the action of “traps” of free radicals.
Atypical course had determination ESR-T150 of CO, hop extract. The
signal of free radicals from the beginning to the end of the measure-
ment was low, on the detection limit.

For the evaluation of hops in terms of content of antioxidants ratio
of these substances content and the contents of bitter acids in hops
is essential. Fig. 2 shows the mass balance of hop polyphenols in the

Odruada / Variety ZPC SLA PRE | AGN | MAG | E-CO2
Celkové polyfenoly / Total polyphenols (mg/l) 252 206 153 160 160 141
Anthokyanogeny/ Anthocyanogens (mg/l) 54.6 55.7 51.9 41.2 37.6 33.1
Volné fenolové latky / Free phenolic compounds (mg/l) 35.6 36.1 25.8 28.5 23.5 19.6
ESR-DPPH (%) 95 84 77 76 70 69
RK-DCPI (%) 70 75 73 77 73 72
ESR-T150 6.6 6.8 6.5 6.7 7.5 9.50
Tab. 4 VoIné fenolové latky v mladiné / Free phenolic compounds in hopped wort

Odruada / Variety ZPC SLA PRE | AGN | MAG | E-CO2
A — Flavanoidy / Flavanoids (mg/l) 15.4 13.2 10.4 9.8 6.4 7.8
B — Flavonoidy / Flavonoids (mg/l) 9.2 8.8 2.5 4.1 0.3 0.5
C — Hydroxy skoficové kyseliny / Hydroxy cinnamic acids (mg/l) 6.1 6.3 6.1 8.4 8.8 6.2
D — Hydroxybenzoové kyseliny / Hydroxy benzoic acids (mg/l) 1.6 2.7 4.2 2.5 1.8 1.4
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sahem sladovych polyfenolu ve slading, pfidavek chmelovych poly-
fenoll prudce klesa od aromatickych odrid po vysokoobsazné od-
ridy a pfi chmeleni chmelovym CO, extraktem je pridavek polyfe-
noll zanedbatelny.

3.2 Mladina a pivo

V priibéhu chmelovaru se ¢ast chmelovych a sladovych polyfenold
vylouéi z roztoku ve formé kald, tfislobilkovinnych komplex(. Obsah
celkovych polyfenolli, anthokyanogen(i a volnych fenolovych latek
v mladinach klesal od varek chmelenych Zateckym &ervenidkem po
chmeleni chmelovym extraktem (tab. 3). Procentické zvyseni obsahu
polyfenolovych latek aplikaci testovanych typd chmeld v porovnani
s nulovou variantou, chmelenim chmelovym CO, extraktem doku-
mentuje obr. 3. Obsah celkovych polyfenoll a sumy volnych fenolo-
vych latek byl u varianty chmelené ZPC o 80 % vy3si. Zavislost na
typu chmele byla patrna u skupin flavanoidt a flavonoid(, obsah 1a-
tek ze skupin skoficové a p-hydroxybenzoové kyseliny na chmeleni
nezavisel (tab. 4). Derivaty skoficové kyseliny (ferulova, kumarova,
chlorogenova, sinapova kyselina) se vyskytuji pfedevsim ve sladu.

Redukéni aktivita ESR-DPPH mladin (tab. 3) klesala od Zateckého
Cervenaku (ESR-DPPH = 95 %) po varky chmelené chmelovym ex-
traktem (ESR-DPPH = 69 %). Hodnota ESR-DPPH byla u varianty
chmelené ZPC o 38 %, u varianty chmelené odr(idou Sladek o 22 %
vy$Si v porovnani s nulovou variantou (obr. 3). Redukéni aktivita mla-
din silné korelovala s obsahem celkovych polyfenolll (r = 0,906,
n = 12), slabéji s obsahem anthokyanogena (r = 0,718, n = 12). Z vol-
nych fenolovych latek s hodnotou ESR-DPPH silné koreloval obsah
flavanoidd a flavonoidl (r = 0,925, r = 0,887, n = 12). Prikazné ko-
relace nebyly nalezeny pro skupinu latek odvozenych od skoficové
(r = 0,478) hydroxybenzoové kyseliny (r = 0,019). Antiradikélova ak-
tivita EST-T150 varek chmelenych chmely Zatecky éervenak, Sladek,
Premiant a Agnus byla srovnatelna (T150 = 6,5-6,7), hodnota u va-
rek chmelenych chmelem Magnum (T150 = 7,5) a chmelovym ex-
traktem byla méné pfizniva (T150 = 9,5). Rozdil mezi variantou chme-
lenou ZPC a nulovou variantou byl 30 %. Redukéni kapacita DCPI
nejevila zadnou zdvislost na chmeleni.

K dalSimu snizeni obsahu polyfenolovych latek dochazi pfi zrani
piva. Vylou€eny jsou hlavné zakalotvorné polyfenoly ze skupiny ant-
hokyanogenu. Obsah celkovych polyfenold, anthokyanogen( a vol-
nych fenolovych latek klesal od varek chmelenych Zateckym Cerve-
fidkem po varky chmelené chmelovym extraktem, piva chmelena
aromatickymi odrtidami Zatecky &ervenak a Sladek obsahovala vy-
razné vy$$i mnozstvi téchto latek v porovnani s pivem chmelenym
chmelovym extraktem (tab. 5, obr. 4).

Stanoveni redukéni aktivity ESR-DPPH piv ukazalo vyznamnou za-
vislost tohoto parametru na chmeleni, hodnota ESR-DPPH klesala
od Zateckeého Cervenaku po piva chmelena chmelovym extraktem (ta-
bulka 5). Pro Zatecky ¢ervendk byla stanovena hodnota o 38 % a pro
Sladek o 27 % vysSi v porovnani s chmelovym extraktem (obr. 4).
Redukéni aktivita ESR-DPPH piv korelovala s obsahem polyfenold
(Celkové polyfenoly r = 0,961, n = 12). Slaby trend k obdobnému po-
klesu méla hodnota redukénikapacity RK-DCPI. Hodnoty ESR-DPPH
a RC-DCPI vzajemné korelovaly (r = 0,796). Zadny trend ve vztahu
ke chmeleni nebyl zjistén pro endogenni antiradikalovou kapacitu

Tab. 5 Vysledky rozboru piv / Results of beer analyses

tested types of hops. Dosed quantity of hop polyphenols in Saaz hop
is comparable with the malt content of polyphenols in wort, the ad-
dition of hop polyphenols deceases intensely from aromatic varieties
to high-alpha varieties of hops and addition of polyphenols with CO,
hop extract is negligible.

3.2 Worts and beers

In the course of wort boiling the part of hop and malt polyphenols
is eliminated from the solution in the form of break, tannin-protein
complexes. Content of total polyphenols, anthocyanogens and free
phenolic compounds in worts decreased from brews hopped by Saaz
hops hop to hopping by the hop extract (Tab. 3). Percentage increases
in the polyphenolic compounds content by applications of tested types
of hops compared to the zero variant, hopping by CO, hop extract
are documented in Fig. 3. Content of total polyphenols and total free
phenolics was for variant hopped by Saaz hops in 80 % higher. De-
pending on the type of hops was evident in groups of flavanoids and
flavonoids, content of substances in groups of cinnamic and p-hy-
droxybenzoic acid did not depend on the hopping (Tab. 4). Deriva-
tives of cinnamic acid (ferulic, coumaric, chlorogenic, sinapic acid)
are found mainly in the malt.

Reducing activity ESR-DPPH of wort ( Tab. 3) decreased from Saaz
hops (ESR-DPPH = 95 %) to brews hopped by the extract (ESR-
DPPH = 69 %). The value of ESR-DPPH was in variant hopped with
Saaz hops 38% higher, in variat hopped by Sladek 22% higher com-
pared with the zero variat (Fig. 3). Reducing activity of wort strong
correlated with the total polyphenol content (r=0.906, n = 12), weaker
with the anthocyanogens (r = 0.718, n = 12). From the free phenolic
compounds content of flavanoids and flavonoids strongly correlated
with a value of ESR-DPPH (r = 0.925, r = 0.887, n = 12). Conclusive
correlations have been not found for a group of substances derived
from cinnamic acid (r = 0.478) and hydroxybenzoic acid (r = 0.019).
Antiradical activity ESR-T 150 of brews hopped by Saaz hops, Sladek,
Premiant and Agnus was comparable (T150 = 6.5 to 6.7), the value
of brews hopped by Magnum hops (T150 = 7.5) and the extract was
less favorable (T150 = 9.5). The different between Saaz hop and zero
variant was 30%. Reducing capacity DCPI showed no dependence
on the hopping.

To further reduce of the content of polyphenolic substances occur
in the maturation of beer. Haze-active polyphenols from the group of
anthocyanogens are mostly excluded. Content of total polyphenols,
and anthocyanogens free phenolics decreased from brews hopped
by Saaz hops to the brew hopped by extract, beer hopped by aroma
varieties Saaz hops and Sladek contained significantly higher levels
of these substances compared with beer hopped by hop extract
(Tab. 5, Fig. 4).

Determination of the ESR-DPPH reducing activity of beers showed
a significant dependence of the hopping parameter, the value of ESR-
DPPH decreased from Saaz hops to beer hopped by hop extract
(Tab. 5). The value 38 % higher for Saaz hops and 27 % higher for
Sladek was determined compared with the hop extract (Fig. 4). Re-
ducing activity ESR-DPPH of beers correlated with polyphenol con-
tent (total polyphenols r = 0.961, n = 12). Weak trend to a similar de-
crease in value should the reducing capacity of RC-DCPI. The values

Odrada / Variety ZPC | SLA | PRE | AGN | MAG | E-CO2
Celkové polyfenoly / Total polyphenols (mg/l) 210 189 151 142 131 130
Anthokyanogeny / Anthocyanogens (mg/l) 38.1 32 33.7 32.2 31.7 31.1
Volné fenolové latky / Free phenolic compounds (mg/l) 46.0 34.4 28.9 29.1 20.6 254
ESR-DPPH (%) 76 70 60 58 50 55
RK-DCPI (%) 83 86 81 81 77 77
ESR lag-time (min) 13 20 13 37 10 20
Oxid sificity (mg/l) / Sulphur dioxide 0.7 1.4 1.8 3.7 0.4 1.8
Tab. 6 Volné fenolové latky v pivu / Free phenolic compounds in beer

Odruada / Variety ZPC SLA PRE | AGN | MAG | E-CO2
A — Flavanoidy / Flavanoids (mg/l) 15.4 15.2 9.6 10.5 8.4 5.9
B — Flavonoidy/ Flavonoids (mg/l) 7.9 6.7 5.0 3.0 2.6 0.4
C — Hydroxy skoficové kyseliny / Hydroxy cinnamic acids (mg/l) 16.2 11.3 11.9 12.5 5.6 8.3
D — Hydroxybenzoové kyseliny / Hydroxy benzoic acids (mg/l) 3.4 3.2 1.5 2.1 2.1 1.9
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Obr. 1 Reakeni kinetika stanoveni EST-T150 / Fig. 1 Reaction kine-
tics of ESR-T150 assessment
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Obr. 3 Rozdily v obsahu polyfenolli a redukéni akivity v mladiné / Fig. 3
Differences in polyphenols and reducing activity in hopped wort
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5 Comparison of carbonyls content in force-aged beer (E-CO2 = 100 %)
CA: Karbonyly A — 2-methylpropanal, 2-methylbutanal, 3-methylbutanal, benzalde-
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Obr. 7 Senzoricka kvalita urychlené stafenych piv (vybrané para-
metry, Skéla 0-5 / Fig. 7 Sensory stability of beers (selected descrip-

tors, scale 0-5)
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Obr. 2 Bilance mnozstvi polyfenolli ve chmelni na varku a ve sladiné
(9) / Fig. 2 Balance of polyfenols content in a hop dose of a brew and
in a sweet wort (g)

CP — Celkové polyfenoly / Total polyphenols; ANT — Anthokyanogeny / Anthocya-
nogens; FP — Volné fenolové latky / Free phenolic compounds; ZPC — Zatecky Cer-
venak / Saaz hops; SLA — Sladek; PRE — Premiant; AGN — Agnus; MAG — Mag-
num; E-CO2 — Chmelovy extrakt / Hop extract; SW — Sladina / Sweet wort
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Obr. 4 Rozdily v obsahu polyfenolli a redukéni akivity v pivu / Fig. 3 Dif-
ferences in polyphenols and reducing activity in beer (E-CO2 = 100 %)
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Obr. 6 Porovnani obsahu karbonyll v pivech po 3 mésicich sklado-
vani/ Fig. 6 Comparison of carbonyls content in beers after 3 months
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ESR — lag time. Hodnota lag time je zavisla kromé jiného na obsahu
oxidu sifi¢itého v pivu, coz bylo potvrzeno i v téchto pokusnych var-
kach (r = 0,842). Oxid sificity vznika v prlibéhu kvaseni, jeho tvorba
je zavisla predevsim na kmenu kvasinek a jejich fyziologickém stavu.
Obsah oxidu sifi¢itého v pokusnych pivech byl relativné nizky (0,7-3,7
mg/l) a kolisal.

3.3 Senzoricka stabilita piv

Pokusna piva byla pfipravena z odrid chmele velmi odli$nych v po-
méru a- a B-hofkych kyselin i mnozstvi a slozeni chmelovych silic.
V senzorickém profilu piv se tak mohl projevit i vliv téchto faktora.
Senzoricka stabilita piv byla proto chemicky hodnocena na zakladé
rozdild v obsahu markerd karbonylovych latek ve skladovanych pi-
vech a pivech tepelné stafenych. Senzorické hodnoceni stability piv
bylo provedeno na zakladé stanoveni vybranych cizich chuti a vlani
v pivu — oxidac¢ni, staré, sklepni/zatuchlé a zhorSeni celkového sub-
jektivniho dojmu.

Karbonylové latky, které jsou pfitomny v pivu a dale se tvofi nebo
uvolniuji ze senzoricky neaktivnich komplext s oxidem sifiCitym v pra-
béhu skladovani piva, jsou pokladany za hlavni pfi€inu senzorického
starnuti piva. Pro hodnoceni surovinovych a technologickych vlivl na
tvorbu karbonyld a senzorické starnuti jsme jiz dfive rozdélili stano-
vované markery karbonyll staré chuti podle pfislusnych prekurzord.
Do skupiny Karbonyly A — karbonyly z aminokyselin a vy$Sich alko-
holU“ byly zafazeny 2-metylpropanal, 2-metylbutanal, 3-metylbutanal,
benzaldehyd a fenylacetaldehyd. Do skupiny Karbonyly B — ,karbo-
nyly z mastnych kyselin“ byly zafazeny aldehydy vznikajici z nena-
sycenych — (E)2-nonenal, (E)2-oktenal, (E)2-butenal a nasycenych
— hexanal, heptanal, oktanal mastnych kyselin. Prekurzorem 2-furfu-
ralu jsou sacharidy, tento marker je indikatorem tepelné zatéze. Pro
vétsinu jmenovanych marker nejnovéji potvrdili jejich vztah k sen-
zorické stabilité Malfliet et al. [33].

Obsah markerl karbonylovych latek skupiny A ve zrychlené stafe-
ném pivu i pivu po 3 mésicich skladovani klesal od piv chmelenych
CO; extraktem po piva chmelena aromatickymi odridami. Ve sklado-
vanych pivech z odrid Zatecky ¢ervendk a Sladek byl obsah karbo-
nyl A o pfiblizné 30 % niz§iv porovnani's nulovou variantou (obr. 5, 6).
Obsah karbonyl(i skupiny B jevil obdobny, ale slab$i trend k poklesu
u skladovanych piv, pro tepelné stafena piva byl trend opacny. Vliv
chmeleni, chmelovych antioxidant(i na potlaceni tvorby 2-furfuralde-
hydu byl zjistén jak u tepelné stafenych, tak i skladovanych piv.

ZhorSeni celkového subjektivniho dojmu u skladovanych i tepelné
stafenych piv bylo vétsi pro varianty chmelené horkymi odradami
chmele a chmelovym extraktem (tab. 7). Rovnéz tak se v zavislosti
na chmeleni zvy$ovala intenzita tfi hodnocenych cizich viini a chuti.
U tepelné stafenych piv bylo nalezeno pomérné plynulé zvySeni in-
tenzity oxidacni, staré a sklepni chuti a viné v fadé piv od chmeleni
Zateckym Cervendkem po piva chmelena chmelovym extraktem
(obr. 7). U skladovanych piv se vydglily dvé skupiny, piva chmelena
odridami Zatecky Cervenak, Sladek, Premiant a piva chmelena od-
ridami Agnus, Magnum a chmelovym extraktem. Hodnoty stanovené
pro druhou skupinu byly pfiblizné dvojnasobné (obr. 8).

Tab. 7 Senzoricka stabilita piv / Sensorial stability of beer

of ESR-DPPH and RC-PCPI cross correlated (r = 0.796). No trend
in relation to the hopping was found for endogenous antiradical ca-
pacity ESR — lag time. The value of the lag time is dependent, inter
alia, on the sulfur dioxide content in beer, which was confirmed in
these experimental brews (r = 0.842). Sulphure dioxide is produced
in the course of fermentation; its formation is mainly dependent on
the strain of yeast and their physiological state. Sulfur dioxide con-
tent in the experimental beers was relatively low (0.7 to 3.7 mg/l) and
fluctuated.

3.3 Sensorial stability

Experimental beers were prepared from hop varieties a very dif-
ferent in the ratio of a-and B-bitter acids, the quantity and composi-
tion of hop oils. So the influence of these factors could show impact
in the sensory profile of beers. Sensory stability of beer was there-
fore chemical assessed on the base of differences in the content of
markers of carbonyl compounds in stored beers and heat aged beers.
Sensory evaluation of the stability of beer was made on the basis of
the determination of selected off-flavors in beer — oxidized, moldy-
musty and stale and deterioration of overall subjective impression.

Carbonyl substances which are present in beer and then formed
or released from sensory inactive complexes with sulphure dioxide
during storage of beer are considered the main cause of sensory ag-
ing beer. For the evaluation of raw material and technological influ-
ences on carbonyls forming and sensory aging, we have previously
divided the accessed carbonyls markers of stale flavor according to
their precursors. The group of carbonyls A —“carbonyls of amino acids
and higher alcohols,” were included 2-metylpropanal, 2-methylbu-
tanal, 3-methylbutanal, benzaldehyde and phenylacetaldehyde. To
the carbonyl group B — “carbonyls of fatty acids” have been included
aldehydes arising from unsaturated — (E) 2-nonenal, (E) 2-oktenal,
(E) 2-butenal and saturated — hexanal, heptanal, octanal fatty acids.
Precursors of 2-furfural are carbohydrates, this marker is an indica-
tor of heat charge. For the most appointed markers recently confirm
their relationship to physiological stability Malfliet et al. [33].

The content of carbonyl markers compounds of group A in forced
aged beer and beer after 3 months of storage decreased from beers
hopped by CO, extract to beers hopped by aroma hop varieties. The
content of carbonyls in stored beers from varieties Saaz hops and
Sladek was about 30 % lower compared with the zero variant (Fig. 5,
6). Content of carbonyl group B appeared to be similar, but weaker
trend to a decrease in stored beer, the opposite trend was in heat-aged
beer. Effect of hopping, hop antioxidants to inhibition the formation of
2-furfuraldehyde was detected in both heat aged and stored beers.

Deterioration in the overall subjective impression of the stored as
well as heat aged beer was greater for variant hopped by bitter vari-
eties of hops and hop extract (Tab. 7). Similarly, depending on the
hopping increased intensity of three investigated off-flavors. The rel-
atively smooth increase in the intensity of oxidized, moldy-musty and
stale flavor was found out for heat aged beers in a scale of beers
from Saaz hops hop to the beer hopped by extract (Fig. 7). The stored
beer divided in the two groups, beer hopped by varieties Saaz hops

Odruada / Variety

ZPC SLA PRE AGN | MAG | E-CO2

Zrychlené stafené pivo / Forced-aged beer *

1.6 1.6 1.6 2.4 2.2 2.3

Pivo skladované 3 mésice / Beer stored for 3 months *

0.9 1.1 1.1 1.3 1.3 1.2

Koloidni stabilita (mésice) / Colloidal stability (months)

3.7 3.2 3.2 5.8 4.2 5.1

*Senzoricka stabilita — nartist hodnoty celkového dojmu/ Sensorial stability — increase of overall impression value
Sestupna $kala kvality 1-9 bod(l / Decreasing scale of quality 1-9 points

Tab. 8 Korelace antiradikalové aktivity s obsahem karbonyl a senzorickou stabilitou piv / Correlation of antiradical activity with carbonyls con-

tent and sensorial stability of beer

Starené pivo / Force—aged beer Skladované pivo / Stored beer

RC-DCPI ESR-DPPH |ESR-Lag-time| RC-DCPI ESR-DPPH |ESR-Lag-time
Karbonyly / Carbonyls A -0.54 -0.57 0.19 -0.78 -0.70 -0.29
Karbonyly / Carbonyls B 0.46 0.55 -0.34 -0.41 —-0.31 0.03
2—Furfuraldehyde / 2—Furfuraldehyde —-0.48 -0.58 0.27 -0.69 -0.42 -0.27
Senzoricka stabilita / Sensorial stability -0.56 -0.67 -0.15 -0.05 -0.52 -0.10

Tuéné: korelace vyznamna na hladiné a = 0,05 / Bold: correlation significant on the level a = 0,05

Senzoricka stabilita: nartst hodnoty celkového dojmu / Sensorial stability: increase of overall impression value



Vliv typu chmelové suroviny na antioxidacni vlastnosti piva

KVASNY PRUM.
ro€. 56 / 2010 — &islo 7-8

301

Statistické vyhodnoceni vysledk( senzorické analyzy piv a analyz
karbonylovych latek ve starych pivech prokazalo vztah antioxidant(
chmele a senzorického starnuti piv (tab. 8). Obsah karbonylovych la-
tek A v tepelné stafenych i skladovanych pivech koreloval s redukéni
aktivitou ESR-DPPH a redukéni kapacitou DCPI ¢erstvych piv. Ob-
dobny zavér je mozno ugdinit pro 2-furfuraldehyd a tepelné stafené
pivo. Hodnota ESR-DPPH silné korelovala s obsahem polyfenol(
v pivu, chmelenim rliznymi typy chmeld. Hodnota ESR-lag time ne-
zavisela na chmeleni, korelovala s obsahem oxidu sifi¢itého v pivu
(r=0,83, n=12). Pro tepelné stafena piva byla nalezena slaba pfimo
umérna korelace mezi hodnotou karbonyl(i B a hodnotou ESR-DPPH,
u skladovanych piv byla zavislost nepfimo Umérna, ale nepriikazna
na hladiné a = 0,05. Plsobeni antioxidantll na bazi polyfenold a vol-
nych fenol na tvorbu karbonyll a senzorické starnuti piv je odlisné
u pfirozené starnouciho, skladovaného piva a piva zrychlené stafe-
ného pusobenim tepla [16, 17].

Senzorickd stabilita piv hodnocena nartstem hodnoty celkového
dojmu mezi Cerstvym a starym pivem nepfimo umeérné korelovala
s redukéni aktivitou ESR-DPPH. Vztah redukéni kapacity DCPI a sen-
zorickeé stability piv byl prikazny pouze u tepelné stafenych piv. Vztah
mezi hodnotou ESR-lag time a senzorickou stabilitou nebyl v této sé-
rii pokusnych piv priikazny.

Zvys$eni antiradikélové aktivity piv a zpomaleni senzorického star-
nuti aplikaci vy$siho mnozstvi chmelovych polyfenolt se ovéem od-
razilo ve zhorSeni pfirozené koloidni stability piv (fab. 7). Vysledky jiné
nasi prace ukazuiji, Ze stabilizaci piva sorbentem polyfenoll je snizen
pfedevs§im obsah zakalotvornych polyfenoll bez vyrazného dopadu
na antioxida¢ni vlastnosti piva [34]. V praxi je proto nutno volit suro-
viny a technologii s ohledem na ekonomiku vyroby a pozadované ga-
rance koloidni a senzorické stability.

4 ZAVER

Varni pokusy zaméfené na zjisténi vlivu typu chmelové suroviny,
odridy chmele na antioxidaéni vlastnosti a senzorickou stabilitu piva
byly provedeny na $iroké Skale chmell od jemné aromatické odruidy,
Zateckého éervefidku po vysokoobsaznou odridu Magnum a chme-
lovy CO, extrakt. Vysledky je mozno shrnout nasledovné:

*Mnozstvi chmelovych antioxidant(, polyfenoll i volnych fenolovych
latek davkovanych pfi chmeleni prudce klesa od aromatickych po
vysokoobsazné odrudy. Dulezity je pomér horkych kyselin a polyfe-
nol ve chmelu.

*Redukeni aktivita ESR-DPPH mladin klesala od varek chmelenych
aromatickymi odriidami (Zatecky éerveridk — ESR-DPPH = 95 %)
po varky chmelené chmelovym extraktem (ESR-DPPH = 69 %).

eHodnota antiradikélové aktivity ESR-T150 mladin do urgité miry za-
visela na chmeleni, u mladin chmelenych chmely Zatecky Serveriak,
Sladek, Premiant a Agnus byla srovnatelna (T150 = 6,5-6,7), hod-
nota u varek chmelenych chmelem Magnum (T150 = 7,5) a chme-
lovym extraktem byla méné pfizniva (T150 = 9,5).

*Redukeni aktivita ESR-DPPH piv vyznamné zavisela na chmeleni,
hodnota ESR-DPPH klesala od piv chmelenych aromatickymi
chmely po piva chmelena chmelovym extraktem. Pro Zatecky cer-
venak byla hodnota o 38 % a pro Sladek o 27 % vy$§i v porovnani
s chmelovym extraktem. Obdobna, ale slabsi zavislost byla stano-
vena pro redukéni kapacitu DCPI piv.

*Obsah skupiny marker( karbonylovych latek vznikajicich z amino-
kyselin a vy$Sich alkoholl a rovnéz tak obsah 2-furfuraldehydu ve
starém pivu zavisel na chmeleni, redukéni aktivité (ESR-DPPH, RC-
DCPI) a klesal od piv chmelenych chmelovym extraktem po piva
chmelena aromatickymi odriidami Zatecky Cervendk a Sladek. Ko-
relace mezi redukéni aktivitou a obsahem karbonyll byly prikazné
na hladiné a = 0,05, le¢ slabé. Na tvorbu karbonyld ve starém pivu
maji vliv i dalSi faktory, obsah oxidu sifi¢itého, zatizeni piva kyslikem.

* Senzoricka stabilita (zhor§eni subjektivniho dojmu) slabé korelovala
s redukéni aktivitou ESR-DPPH skladovanych (r = —-0,52) a zrych-
lené starenych piv (r = —0,67). Senzorické starnuti piv, at jiz hodno-
cené zhorSenim celkového subjektivniho dojmu, nebo intenzitou oxi-
dacéni, sklepni a staré chuti a viné, bylo rychlejSi u piv chmelenych
hotkymi odriidami chmele Agnus a Magnum ¢&i chmelovym extrak-
tem v porovnani s pivy chmelenymi odridami Zatecky Gerveriak,
Sladek a Premiant.

* Pokusy prokazaly nezanedbatelny vliv typu chmele, mnozstvichme-
lovych antioxidantl na antioxida¢ni vlastnosti a zpomaleni senzo-
rického starnuti piv.

hop, Sladek, Premiant and beers hopped by varieties Agnus, Mag-
num and hop extract. The values accessed for the second group were
approximately twice (Fig. 8).

Statistical evaluation of the results of sensory analysis of beer and
analysis of carbonyl compounds in the age beers showed the rela-
tionship of hop antioxidants and sensory aging beers (7ab. 8). Car-
bonyl substances content of the heat aged and stored beers corre-
lates with reducing activity ESR-DPPH and reducing capacity DCPI
of fresh beers. A similar conclusion can be made for 2-furfuraldehyde
and heat-aged beer. The ESR-DPPH value strongly correlated with
the content of polyphenols in beer, hopping by different types of hops.
ESR lag-time value was independent of the hopping, correlated with
the sulfur dioxide content in beer (r = 0.83, n = 12).. Weak directly
proportional correlation between the amount of carbonyls B in beer
and ESR-DPPH value was found for heat-aged beers, the stored beer
had inversely proportional relationship, but inconclusive at the level
o = 0.05. Effect of antioxidants on the basis of free phenols and
polyphenols on the formation of carbonyls and sensory aging of beers
is different for the natural aging, the stored beer and beer forced aged
by the heat [16, 17].

Sensory stability of beers assessed by the increase in overall im-
pression value between fresh and age beer inversely correlated with
ESR- DPPH reducing activity. Relationship DCPI reducing capacity
and sensory stability of beer was significantly only in the heat-aged
beers. Relationship between the value of the ESR -lag time and sen-
sory stability was not conclusive in this series of experimental beers.

Increase of antiradical activity of beers and sensory aging decel-
eration by application of a higher amount of hop polyphenols, how-
ever, resulted in the deterioration of natural colloidal stability of beer
(Tab. 7). Results of our other study show that the stabilization of beer
by polyphenols sorbent mainly haze active polyphenol content is re-
duced without any significant impact on the antioxidant properties of
beer [34]. In practice, it is therefore necessary to choose the raw ma-
terials and technology with regard to the economics of production
and required guarantees of colloidal and sensory stability.

4 CONCLUSIONS

Brewing experiments aimed at determining the influence of the type
of hop raw material, hop varieties on the antioxidant properties and
sensorial stability of beer were performed on a wide range from fine
aroma hop variety Saaz hops to high-alpha variety Magnum and CO,
hop extract. The results can be summarized as follows:

* Quantity hop antioxidants, polyphenols and free phenolic com-
pounds in the hop dose have intensely decreased from aroma va-
rieties to high-alpha varieties. Important is the ratio of bitter acids
and polyphenols in hops.

* Reducing activity ESR-DPPH of worts decreased from brews
hopped by aroma varieties (Saaz hops — (ESR-DPPH = 95 %) to
brews hopped by CO, hop extract (ESR-DPPH = 69 %).

* The antiradical activity ESR-T150 of worts dependent on the hop-
ping to a certain extent, the worts hopped by Saaz hops, Sladek,
Premiant and Agnus was comparable (T150 = 6.5 — 6.7), value of
brews hopped by Magnum hops (T150 = 7.5) and the hop extract
was less favorable (T150 = 9.5).

* Reducing activity ESR-DPPH of beers significantly depended on
the hopping, the value of ESR-DPPH decreased from beer hopped
by aroma varieties to beer hopped by hop extract. The value of Saaz
hops was in 38% and of Sladek in 27 % higher compared with the
hop extract. A similar but weaker relationship was established for
the reducing capacity DCPI of beers.

* The content of carbonyl markers substances of group generated
from amino acids and higher alcohol, as well as the content of 2-
furfuraldehyde of age beers depended on the hopping, reducing ac-
tivity (ESR-DPPH, RC-DCPI) and decreased from beer hopped by
hop extract to beers hopped by aroma varieties Saaz hops and
Sladek. Correlation between reducing activity and carbonyl content
were evident at the level « = 0.05, but weak. The creation of car-
bonyls in the age beer affects likewise other factors e.g. sulfur diox-
ide and oxygen charge of beer.

 Sensorial stability (worsening of the subjective impression) weakly
correlated with the reducing activity ESR -DPPH of stored beers
(r = — 0.52) and heat-aged beers (r = — 0.67). Sensorial aging of
beers either rated by the deterioration of the overall subjective im-
pact or intensity of oxidized, moldy-musty and stale flavor was faster
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