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Polyfenolové latky sladu maji vliv na antioxidaéni aktivitu, senzorickou i koloidni stabilitu piva. Polyfenolové antioxidanty jsou vyznamné
nejen z hlediska senzorického starnuti piva, ale i z hlediska pfiznivého zdravotniho dopadu na konzumenty. Jeémen predstavuje potencial
pro ve vodé rozpustné polyfenolové antioxidanty i dalsi redukuijici latky, jejich uvolnéni a tvorba probiha pfi sladovani. Na kompletnim
souboru vzorkil Sesti odriid jeémene doporuéenych pro vyrobu Ceského piva ze &tyf lokalit (pokusnych stanic) byla provedena studie
obsahu polyfenolovych latek a antioxidacni kapacity v laboratornich sladech pripravenych jednotnym postupem. V laboratorni sladiné
byl stanoven obsah polyfenolovych latek, redukéni kapacita pomoci 2,6-dichlofenolindofenolu (RK-DCPI) a antiradikalova aktivita pomoci
radikalu 1,1-difenyl 2-pikryl hydrazylu (ESR-DPPH). Vysledky ukazaly jak odridové rozdily, tak vyznamny vliv padné klimatickych pod-
minek lokality na sledované vlastnosti. Nejvyssi hodnoty celkovych polyfenol, flavanoidl a relativné nizky obsah anthokyanogent (nej-
vy$§i index polymerace) stejné jako nejvys$si hodnoty ESR-DPPH a RK-DCPI byly stanoveny pro odridu Aksamit. Odrddy Blanik, Bojos
a Advent byly z hlediska obsahu polyfenolovych latek i redukénich viastnosti srovnatelné. Pro starsi odrddu Tolar byl zjistén relativné

DPPH-ARP nejsilngji koreloval s obsahem celkovych polyfenol, RK-DCPI nejsilnégji korelovala s obsahem flavanoidl ve sladiné. Obsah
polyfenolovych latek ve slading i jejich slozeni zavisely na péstebni lokalité. Relativné nejvyssi obsah anthokyanogent byl zjistén u sladu

Mikyska, A. — Hartman, |. — Haskova, D.: Polyphenol compounds and antioxidative properties of barley varieties recommended
for Czech beer. Kvasny Prum. 57, 2011, €. 7-8, p. 182—-189.

Polyphenol compounds in malt affect the antioxidative activity, sensorial and colloidal stability of beer. Polyphenol antioxidants play an
important role in the sensorial aging of beer and also in the beneficial effects of beer drinking. Barley is a primary source of water-soluble
polyphenol antioxidants and other reducing compounds, which are released and/or formed during malting. A set of six barley varieties
recommended for the production of Czech beer collected from four localities (experimental stations) was used to study the content of
polyphenol compounds and antioxidative capacity of laboratory malts prepared by a standardized process. In laboratory worts, we de-
termined the content of polyphenol compounds, reductive capacity by the procedure using 2,6-dichlorophenolindophenol (RC-DCPI) and
antiradical activity by using the radical 1,1-diphenyl-2-picrylhydrazyl (ESR-DPPH). The results revealed varietal differences and a signif-
icant effect of soil and climatic conditions on the parameters under study. The highest values of total polyphenols, flavanoids and a relatively
low content of anthocyanogens (the highest polymeration index), as well as the highest values of ESR-DPPH and RC-DCPI, were found
in the variety Aksamit. The varieties Blanik, Bojos and Advent were comparable in terms of the content of polyphenol compounds and
reducing properties. The older variety Tolar exhibited a relatively low content of total polyphenols and low ESR-DPPH values but a high
value of RC-DCPI. The lowest content and the least convenient composition of polyphenol compounds, as well as the lowest values of
ESR-DPPH a RC-DCPI were determined in the variety Radegast. The antiradical potential ESR-DPPH-ARP showed the strongest cor-
relation with the content of total polyphenols, RC-DCPI correlated most closely with the content of flavanoids in the wort. The content
and composition of polyphenolics in the wort were locality-dependent. The highest content of anthocyanogens was determined in malts
from the locality Krasné Udoli, the lowest in the locality Stupice.

Miky$ka, A. — Hartman, |. — Hakova, D.: Die Polyphenolstoffe mit Antioxidation Eigenschaften der fiir die Herstellung des Bier-
types ,,Tschechisches Bier* (,,Ceské pivo*“) empfohlenen Braugerstensorten. Kvasny Prum. 57, 2011, Nr. 7-8, S. 182—189.

Die Malzpolyphenolstoffe wirken auf die Antioxidationsaktivitét, sensorische und kolloidal Stabilitat des Bieres aus. Vom Gesichtspunkt
der sensorischen Alterung des Bieres und auch aus der giinstigen gesundheitlichen Sicht des Konsuments beim Verbrauch sind die
Polyphenol Antioxidant sehr bedeutend. Die Gerste stellt ein Potential fir die im Wasser l6sliche Polyphenol Antioxidante und fir die
weitere reduzierende Stoffe, ihre Auslésen und Bildung ablauft beim Malzen dar. Aus der kompletten Mustergruppe von sechs fur die
Herstellung des ,Tschechischen Bieres“ empfohlenen Gerstensorten aus vier Lokalitdten (Versuchstationen) wurde unter Laborbedin-
gungen eine Studie des Gehalts an Polyphenolstoffen und der Antioxidationskapazitat im durch ein einheitliches Verfahren hergestellten
Labormalz durchgefuhrt. In der Laborwirze wurde ein Gehalt an Polyphenolstoffe, durch 2,6-Dichlofenolindophenol (RK-DCPI) Reduk-
tionskapazitat und durch Radikal 1,1-Diphenyl 2-Pikryl Hydrazyl (ESR-DPPH) eine Anti-Radikalaktivitat festgestellt. Die gewonnen Re-
sultate haben nicht nur auch die Sortenunterschiede, sondern auch einen bedeutenden EinfluB der Bodenklimatischenbedingungen der
Lokalitat auf die verfolgte Eigenschaften aufgewiesen. Der héchste Gehalt an gesamte Polyphenole, Flavanoide und relativ niedriger
Gehalt an Anthokyanogene (der héchste Polymerisationsindex) und die héchste ESR-DPPH und RK-DCPI Werte wies die Gerstensorte
Aksamit aus. Bei den anderen Gerstensorten Blanik, Bojos und Advent wurde der Gehalt an Polyphenolstoffen und Reduktionseigen-
schaften vergleichbar. Fir die altere Sorte Tolar wurde ein relativ niedrigerer Gehalt an gesamte Polyphenolstoffe und ESR-DPPH Werte
aber ein hoher Gehalt an RK-DCPI Werte festgelegt. Fir die Sorte Radegast wurden der niedrigste Gehalt, die ungiinstigste Polyphe-
nolzusammensetzung, die niedrigste ESR-DPPH und RK-DCPI Werte festgestellt. Das Antiradikalpotential hat am starkste mit dem Ge-
samtpolyphenolgehalt korreliert, die RK-DCPI| Werte haben am beste mit dem Flavanoidsgehalt in der Stisswiirze korreliert. Der Gehalt
an Polyphenole in der Sisswiirze und Polyphenolszusammensetzung waren abhéngig von dem Anbaulokalitét. Der relative héchste Ge-
halt an Antokyanogene wurde im Malz aus der Lokalitat Krasné Udoli und der relative niedrigste Gehalt an Antokyanogene wurde im
Malz aus der Lokalitat festgestellt.

Kli¢ova slova: antioxidanty, antiradikdlova aktivita, odrida jecmene,  Keywords: antioxidants, antiradical activity, barley variety, polyphe-
polyfenoly, slad nols, malt
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1 UVOD

Polyfenolové latky sladu [1, 2, 3, 4] i chmele [5, 6, 7, 8] maji vliv na
antioxidac¢ni aktivitu a senzorickou stabilitu piva. V literatufe se uvadi,
Ze priblizné 70 az 80 % polyfenoll piva pochazi ze sladu, 20 az 30 %
pfipada na chmelové polyfenoly [9]. Antioxida¢ni aktivita piva zavisi
jak na mnozstvi, tak skladbé polyfenolt [10,11].

Polyfenolové antioxidanty jsou vyznamné nejen z hlediska senzo-
rického starnuti piva, pfi konzumaci piva mohou mit pfiznivy vliv na
zdravi. Polyfenollim jsou pfisuzovany ucinky antioxida¢ni, antimuta-
genni, antikarcinogenni, antimikrobialni, antitromboticke, protizanét-
livé, dale reguluji krevni tlak a hladinu glukosy v krvi [12,13].

Senzorické starnuti piva je zpusobeno oxidativnimi zménami. Kar-
bonylové latky staré chuti jsou tvofeny v fetézci radikalovych reakci,
kde vznikaji pdsobenim aktivnich forem kysliku na nékteré latky, jako
jsou mastné kyseliny, aminokyseliny, vy$si alkoholy a sacharidy [14].
Pribéh reakci zavisi na redukénim potencialu reagujicich latek v fe-
tézci reakci, nékteré polyfenoly mohou proto v nékterych reakcich
pusobit jako prooxidanty [15].

Polyfenoly mohou plisobit tftemi mechanismy [16]: Jako lapace kys-
likovych volnych radikald, reaktivnich forem kysliku (ROS). Jako in-
hibitory lipoxygenas, katalyzujicich oxidaci mastnych kyselin. Jako
chelataéni ¢inidlo omezujici pfenos kovovych iontl, katalyzator( oxi-
dacnich reakci (Zzelezo, méd).

Polyfenolové latky jeEmene jsou vazany v bunéénych sténach s pro-
teiny a polysacharidy. Nachazeji se zejména v obalovych ¢astech obilky.
Déli se na dvé velké skupiny, flavonoidy a fenolové kyseliny. Flavonoidy
jsou v pfirodé nejrozsifenéjsi skupinou polyfenolll, v soucasnosti je
znamo pfiblizné 9000 latek [17]. V pivovarskych surovinach a pivu jsou
nékteré skupiny téchto polyfenolli pfitomny jak v monomerni, tak v po-
lymerni formé. Fenolové kyseliny jsou déleny na skupinu derivatd ky-
seliny skoficové, v pivovarstvi nejzndméjsi z nich je kyselina ferulova
a derivaty kyseliny p-hydroxybenzoové [18]. Dle Boivina [1] obilka je¢-
mene obsahuje 100 az 400 mg/kg polyfenolovych latek, pfiblizné 80 %
tvofi flavanoly, 13 % flavonoly, 5 % fenolové kyseliny a 2 % nepolarni
slou€eniny. Je€men predstavuje potencial pro ve vodé rozpustné poly-
fenolové antioxidanty i dal$i redukuijici latky. V prabéhu kli¢eni je¢mene
dochazi enzymovou ¢innosti k uvolfiovani polyfenoll, zastoupeni jed-
notlivych frakci vodou extrahovatelnych polyfenoll v je€meni a sladu je
rozdilné [20]. Proto je z pivovarského hlediska dllezité sledovani obsahu
a vlastnosti latek, které prechazeji ze sladu do roztoku v pribéhu rmu-
tovani. Dle specifikace analytickych parametrl lezacké pivo s oznace-
nim ,Ceské pivo“ musi obsahovat 130 aZ 230 mg/! celkovych polyfenol.
Cast polyfenolovych latek sladiny je v prib&hu chmelovaru, kvaseni
a zrani piva vyloucena z roztoku, dalSi ¢ast je odstranéna koloidni sta-
bilizaci piva sorbenty polyfenold. Obsah rozpustnych polyfenolt ve sladu
je tak nezanedbatelnym faktorem pro kvalitu piva.

Cilem této studie je pfinést dalSi poznatky o antioxidaéni aktivite,
obsahu a skladbé polyfenolovych latek ve sladech ze $kaly odrid je¢-
mene v soucasnosti doporuéenych pro vyrobu Ceského piva. Ve stati
jsou uvedeny vysledky z roku 2010, v roce 2011 pokus pokracuje.

2 MATERIAL A METODY

2.1 Jeémeny a slady

Studie eskych odrud je€mene z hlediska obsahu polyfenolovych
latek a antioxida¢ni kapacity ve sladu byla provedena na kompletnim
souboru $esti odriid doporugenych pro vyrobu Ceského piva [20]: Ad-
vent, Aksamit, Blanik, Bojos, Radegast a Tolar. Vzorky jeCmene ze
sklizné 2010 pochazely z pokusnych stanic ve ¢tyfech lokalitach, z ni-
chz tfi (Pusté Jakartice, Stupice a Vérovany) jsou v feparské vyrobni
oblasti, nejvhodnéjsi pro péstovani sladovnického je€émene a jedna
(Krasné Udoli) je v picninafské vyrobni oblasti, nejméné vhodné pro
sladovnicky je¢men.

Je€meny byly pfed sladovanim skladovany po dobu $esti tydnu pro
zajisténi poskliziiového dozrani. Slady byly pfipraveny v mikroslado-
vné VUPS nasledujicim postupem: Maceni s odsavanim CO,  délka
namacek 1. den 4 hodiny, 2. den 6 hodin. Treti den byl obsah vody
ve vymaceném jeEmeni upraven namackou nebo dokropenim tak,
aby jeémen s obsahem bilkovin do 12,0 % obsahoval 45,0 % vody
a jeémen s obsahem bilkovin nad 12,1 % obsahoval 46,5 % vody.
Celkova doba maceni a kli¢eni 6 dn(, teplota kliceni 14 °C. Hvozdéni
22 hodin, pfedsuseni 55 °C, dotahovani 4 hodiny pfi 80 °C.

2.2 Analyzy
Stanoveni kli¢ivosti a energie kliceni je€mene, extraktu sladu, roz-
dilu extraktu, barvy sladiny, Kolbachova &isla a friability bylo podle

1 INTRODUCTION

Polyphenol compounds of malt [1,2,3,4] and hop [5,6,7,8] affect the
antioxidative activity and sensorial stability of beer. According to the
literature some 70 to 80 % polyphenols in beer arrive from malt, 20
to 30 % are hop polyphenols [9]. Antioxidative activity of beer depends
on both the amount and composition of polyphenols [10,11].

Polyphenol antioxidants exert significant effects on the sensorial
aging of beer and contribute to the beneficial effects of beer drinking.
They have been reported to exert antioxidative, antimutagenic, anti-
carcinogenic, antimicrobial, antithrombotic, and antiinflammatory ac-
tions, regulate blood pressure and blood glucose level [12,13].

Sensorial aging of beer is caused by oxidative changes. Carbonyl
compounds of stale taste arise in a sequence of radical reactions in-
volving the action of reactive oxygen species on some substances
such as fatty acids, amino acids, higher alcohols and saccharides
[14]. The course of these reactions depends on the redox potential
of the reactants in the sequence of reactions; some polyphenols can
therefore in some reactions act as prooxidants [15].

Polyphenols can act via three mechanisms [16]: as quenchers of
free oxygen radicals - reactive oxygen species (ROS) as inhibitors of
lipoxygenases catalyzing the oxidation of fatty acids, and a s chelating
agents suppressing the transport of metal ions, which catalyze ox-
idative reactions (iron, copper).

Polyphenol compounds of barley are bound in cell walls with pro-
teins and polysaccharides. They are localized chiefly in caryopsis
coat. They can be divided into two large groups, flavonoids and phe-
nolic acids. Flavonoids are the most widespread group of polyphenols
in nature and their number is currently reaching about 9000 [17].
Some groups of these polyphenols are present in brewery raw ma-
terials and in beer in both monomeric and polymeric form. Phenolic
acids contain the group of cinnamic acid derivatives. The best known
acids in brewing are ferulic acid and derivatives of p-hydroxybenzoic
acid [18]. According to Boivin [1] the barley caryopsis contains 100
to 400 mg/kg polyphenolic compounds, out of which some 80 % are
formed by flavanols, 13 % flavonols, 5 % phenolic acids and 2 % non-
polar compounds. Barley is the primary source of water-soluble
polyphenol antioxidants and other reducing substances. In the course
of barley germination enzyme activities bring about the release of
polyphenols; the proportions of individual fractions of water-ex-
tractable polyphenols in barley and malt are different [Dvofakova et
al. 2008]. An important tenet of brewing industry is the monitoring of
the content and properties of compounds that are transferred from
malt into the solution during mashing. Based on the specification of
analytical parameters the lager beer denoted “Czech beer” has to
contain 130 to 230 mg/l total polyphenols. During wort boiling, fer-
mentation and beer maturation, part of the wort polyphenolics is ex-
cluded from the solution and another part is removed during the col-
loidal stabilization of beer by polyphenol sorbents. The content of
soluble polyphenols in malt is thus a factor important for beer qual-
ity.

This study aims at bringing new data on the antioxidative activity,
content and composition of polyphenol compounds in malts prepared
from a set of barley varieties recommended for production of Czech
beer. The results are from 2010 and the experiments are continuing
also in 2011.

2 MATERIALS AND METHODS

2.1 Barleys and malts

The content of polyphenol compounds and antioxidative activity of
malt were examined in a set of six varieties of barley recommended
for the production of Czech beers [20]: Advent, Aksamit, Blanik, Bojos,
Radegast and Tolar. Barley samples from the 2010 harvest were ob-
tained from experimental stations in four localities. Three of these lo-
calities (Pusté Jakartice, Stupice and Vérovany) are in the sugar beet
production area, which is most suitable for growing malting barley,
the fourth (Krasné Udoli) is located in a fodder growing area, which
is the least convenient for growing malting barley.

Prior to malting, the barley samples were stored for six weeks to
ensure after-harvest ripening. The malts were prepared in the RIBM
micromalting plant as follows: Steeping with CO, exhaustion duration
of steeping periods on 15t day 4 hours, on 2" day 6 hours. On day 3
the water content in the steeped barley was adjusted by post-steeping
or spraying so that barley with protein content up to 12.0 % should
contain 45.0 % water and barley with protein content above 12.1 %
should contain 46.5 % water. The total steeping and germination time
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Analytiky EBC [21]. Hodnota relativniho extraktu pfi 45 °C byla sta-
novena podle metodiky MEBAK [22]. Pro hodnoceni polyfenolovych
latek a antioxidacénich vlastnosti byla ze sladu pfipravena sladina kon-
gresnim postupem rmutovani s navazkou sladového Srotu zvySenou
z 50 g na 60 g. Celkové polyfenoly a flavanoidy byly stanoveny podle
Analytiky EBC [21], obsah anthokyanogenu byl analyzovan postupem
podle Pivovarsko-sladarské analytiky [23].

Pro hodnoceni redukéni (antioxidaéni, antiradikalové) schopnosti
je pouzivana fada chemickych metod zalozenych na redukci speci-
fického Cinidla. Kazda z metod stanovuje ponékud odliSné spektrum
antioxidant( v zavislosti na hodnoté redukéniho potencialu &inidla.
Pro hodnoceni sladli jsme pouzili dvé ¢asto citované metody, stano-
veni pomoci 2,6-dichlofenolindofenolu (RK-DCPI) a stanoveni po-
moci volného radikalu 1,1-difenyl 2-pikryl hydrazylu (ESR-DPPH). Re-
dukéni kapacita RK-DCPI (redukéni potencial -0,67 V) zahrnuje podle
literatury zejména cukerné reduktony a melanoidiny, zatimco antira-
dikalova aktivita ESR-DPPH (redukéni potencial -1,2 V) detekuje ze-
jména pomalu redukujici latky, pfedevsim polyfenoly [2]. Hodnota RK-
DCPI byla méfena spektrofotometrickou metodou podle analytiky
MEBAK [22]. Stanoveni ESR-DPPH elektronovou spinovou rezo-

was 6 days, germination temperature 14 °C. Darrening 22 hours, pre-
drying at 55 °C, kilning 4 hours at 80 °C.

2.2 Analyses

Germinating ability and germination power of barley, malt extract,
extract difference, wort color, Kolbach index and friability were deter-
mined according to Analytica EBC [21]. The relative extract value at
45 °C was determined according to MEBAK [22] methodology. For
assessing polyphenol compounds and antioxidative properties, the
malts were used to prepare wort by congress mashing with grist in-
creased from 50 g to 60 g. Total polyphenols and flavanoids were de-
termined according to [21], the content of anthocyanogens was an-
alyzed according to Brewing and Malting Analytics [23].

The reductive (antioxidative, antiradical) capacity is determined by
a number of chemical methods based on the reduction of a specific
agent. Each of the methods determines a somewhat different spectrum
of antioxidants depending on the redox potential of the agent. Two fre-
quently cited methods were used for evaluating the malts, namely the
determination using 2,6-dichlorophenolindophenol (RC-DCPI) and the
method using the free radical 1,1-diphenyl-2-picrylhydrazyl (ESR-

Tab. 1 Vybrané vysledky rozboru jeémen( a sladll / Selected results of barley and malt analyses

Odrida / Variety | Advent | Aksamit| Blanik | Bojos |Radegasi Tolar
Pusté Jakartice (PUJ)

Kli¢iva energie / Germination power 4 ml (%) 99.5 94.0 98.0 99.5 99.0 98.5
Kli¢iva energie / Germination power 8 ml (%) 68.0 63.5 79.5 61.0 44.0 36.5
Kli¢ivost / Germination capacity (H,05) (%) 99.8 99.5 100.0 99.8 99.0 99.0
Extrakt sladu / Malt extract (%) 82.3 82.7 82.8 82.5 83.6 82.0
Rozdil extraktu / Extract difference DLFU (%) 1.1 1.2 1.6 1.1 1.7 1.4
Barva / Color EBC G- 3.9 5.6 4.4 4.2 3.9 3.7
Rel. extrakt / Rel. extract 45 °C (%) 38.5 47.4 41.6 42.7 43.7 39.5
Kolbachovo ¢&islo / Kolbach index (%) 44.6 50.0 51.2 50.9 51.1 471
Friabilita / Friability (%) 90.1 85.0 86.5 89.0 80.9 86.0
Stupice (STU)

Kli¢iva energie / Germination power 4 ml (%) 98.0 99.0 97.0 99.5 97.5 98.0
Kli¢iva energie / Germination power 8 ml (%) 85.5 81.0 87.0 91.0 63.5 78.5
Kli¢ivost / Germination capacity (H0,) (%) 99.5 98.3 97.5 98.5 99.5 98.0
Extrakt sladu / Malt extract (%) 82.3 81.9 81.7 81.3 82.9 80.7
Rozdil extraktu / Extract difference DLFU (%) 1.7 1.7 1.5 1.5 1.4 2.1
Barva / Color EBC (.) 2.8 2.8 2.7 2.7 2.7 2.7
Rel. extrakt / Rel. extract 45 °C (%) 35.5 32.4 32.3 32,5 35.5 31.0
Kolbachovo ¢&islo / Kolbach index (%) 37.2 37.3 39.0 41.7 46.4 36.7
Friabilita / Friability (%) 82.2 80.6 80.7 85.0 79.6 80.9
Vérovany (VER)

Kli¢iva energie / Germination power 4 ml (%) 98.0 99.0 97.0 99.5 97.5 98.0
Kli¢iva energie / Germination power 8 ml (%) 85.5 81.0 87.0 91.0 63.5 78.5
KliCivost / Germination capacity (H,0,) (%) 99.5 98.3 97.5 98.5 99.5 98.0
Extrakt sladu / Malt extract (%) 81.3 81.1 81.5 80.7 81.4 79.6
Rozdil extraktu / Extract difference DLFU % 1.2 1.3 1.3 1.1 0.9 1.3
Barva / Color EBC (.) 2.9 2.6 2.8 2.7 2.7 2.7
Rel. extrakt / Rel. extract 45 °C (%) 39.0 35.9 35.7 36.1 37.9 35.2
Kolbachovo ¢islo / Kolbach index (%) 42.4 38.9 43.5 44.8 47.2 411
Friabilita / Friability (%) 79.9 76.9 79.0 82.3 75.4 82.1
Krasné Udoli (KUD)

Kli¢iva energie / Germination power 4 ml (%) 90.0 68.5 85.5 91.0 70.5 80.5
Kli¢iva energie / Germination power 8 ml (%) 30.0 14.0 44.0 375 9.5 8.5
Kli¢ivost / Germination capacity (H,0,) (%) 99.8 99.5 97.5 99.0 96.8 97.5
Extrakt sladu / Malt extract (%) 80.9 80.9 82.6 81.5 82.1 80.6
Rozdil extraktu / Extract difference DLFU %o 1.5 2.1 1.5 1.4 3.1 2.2
Barva / Color EBC (.) 2.9 2.7 2.7 2.7 2.8 2.9
Rel. extrakt / Rel. extract 45 °C (%) 35.3 32.5 36.3 34.6 34.4 33.8
Kolbachovo ¢islo / Kolbach index (%) 40.8 40.2 46.1 46.5 40.2 39.7
Friabilita / Friability (%) 78.8 72.6 84.1 89.3 73.0 82.0
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nanéni spektrometrii bylo provedeno metodou vypracovanou na
VUPS [24]. Vypoéteny jsou nasledujici parametry: ARA1 (%) — anti-
radikalova aktivita 1, Ubytek hodnoty DPPH po 1 minuté reakce. ARA
2 (%) — antiradikalova aktivita 2, ubytek hodnoty DPPH po 10 minu-
tach reakce. ARP (%) — Antiradikalovy potencial. Integrovana plocha
ubytku hodnoty DPPH od poc¢atku do 10 minut reakce.

3 VYSLEDKY A DISKUSE

KliCivost byla vyrovnana na vsech lokalitach. Vzorky jeCmene z lo-
kalit Vérovany, Krasné Udoli a Pusté Jakartice mély nizsi kli¢ivou
energii v 8 ml, ovSem bez vyraznéjsiho vlivu na vlastnosti vyrobeného
sladu ve srovnani s lokalitou Stupice. Slad vyrobeny ze vzorku lokality
Pusté Jakartice mél vy3si stuperi proteolytického i cytolytického roz-
lusténi (vyssi hodnoty relativniho extraktu pfi 45 °C, Kolbachova €isla
a friability). OdliSnost této lokality v kvalitativnich ukazatelich sladu,
muze byt zplsobena agrometeorologickymi podminkami stanovisté
v pribéhu dozravani a jejich vlivu na strukturu endospermu obilky. To
mohlo byt pfi¢inou vy8Siho rozlusténi pfi sladovani.

Meziodridové rozdily v kli¢ivosti byly rovnéz nevyrazné. U odrud
Radegast, Tolar a Aksamit byly v porovnani se zbyvajicimi odridami
zaznamenany niz§i hodnoty kli¢ivé energie v 8 ml. Slad z téchto odrid
mél vyS§Si rozdil extraktu v jemném a hrubém mleti, tzn. nizsi cytoly-
tické rozlusténi a u odrid Radegast a Aksamit i nizsi hodnoty friabi-
lity.

Obsah celkovych polyfenold ve sladinach se pohyboval v rozmezi
74 az 124 mg/l. Variabilita obsahu anthokyanogen a flavanoid( byla
jesté vyssi, hodnoty se pohybovaly v rozpéti 10,6 az 25,5 mg/ re-
spektive 8,3 az 18,6 mg/l.

Vysledky rozboru sladl pfipravenych jednotnym postupem slado-
vani ukazaly rozdilnou proteolytickou, sacharolytickou i cytolytickou
modifikaci pro jeémeny pochazejici z riznych péstebnich lokalit. Fri-
abilita, Kolbachovo ¢€islo, extrakt sladu i relativni extrakt pfi 45 °C
sladu z lokality Pusté Jakartice byly v porovnani s ostatnimi lokalitami
vyrazné vy$8i (tab. 1). U sladl pfipravenych z jeémend z této lokality
byl stanoven i vy$si primérny obsah celkovych polyfenoll, anthoky-
obsah sledovanych skupin polyfenolovych latek ve sladinach byl sta-
noven pro lokalitu Stupice, slady z jeémenl pochazejicich z této lo-
pfi 45 °C. Slady z jeément odrid Aksamit, Blanik, Bojos a Radegast
pochazejicich z lokality Stupice mély vyrazné vysSi hodnotu poméru
obsahu celkovych polyfenoll a anthokyanogenl ve slading, indexu
t&na pro slady z lokality Krasné Udoli (priimér v8ech odriid IP=3,7).
Tato lokalita lezi v picninafské produkéni oblasti s drsnéjsimi klima-
tickymi podminkami. Leukoanthokyanidiny a katechiny jsou latky,
které v rostlinach maji rizné, napfiklad ochranné funkce. ,Celkové
polyfenoly“ jsou latky schopné redukovat Zelezité ionty a zahrnuiji Si-
rokou skupinu latek od fenolovych kyselin po slozité struktury.

Obsah celkovych polyfenold ve sladiné pfimo umérné koreloval
s hodnotami Kolbachova €isla, relativniho extraktu pfi 45 °C a friability.

Obr. 1 Vliv odrtdy jeémene a péstebni lokality na obsah polyfenolovych latek ve sladiné
/ Fig. 1 Effect of barley variety and growing locality on the content of polyphenol com-

pounds in wort

DPPH). According to the literature, the reducing capacity C-DCPI (re-
dox potential -0,67 V) covers chiefly sugar reductones and
melanoidins, whereas the ESR-DPPH antiradical activity assay (redox
potential -1,2 V) detects mostly slowly reducing compounds, especially
polyphenols [2]. The RC-DCPI value was measured spectrophotomet-
rically according to MEBAK [22]. ESR-DPPH was determined by elec-
tron spin resonance assay using the method developed at RIBM [24].
The following parameters were computed: ARA1 (%) — antiradical ac-
tivity 1, decrease in the DPPH value after 1-min reaction; ARA2 (%)
— antiradical activity 2, decrease in the DPPH value after 10-min re-
action; ARP (%) — antiradical potential, i.e. total area of DPPH value
drop from the onset of the 10-min reaction.

3 RESULTS AND DISCUSSION

Germination capacity of barley samples was about equal in all lo-
calities. Samples from Vérovany, Krasné Udoli and Pusté Jakartice
showed a lower germination power in 8 ml than those from Stupice,
yet without any marked effects on the properties of the produced malt.
The malt prepared from Pusté Jakartice samples had a higher degree
of proteolytic and cytolytic modification (higher values of relative ex-
tract at 45 °C, Kolbach index and friability). The difference in these
malt quality parameters from this locality can be due to soil and cli-
matic conditions at the site during ripening and to their effect on the
structure of caryopsis endosperm. This could give rise to the higher
modification during malting.

Intervarietal differences in germination capacity were likewise not
significant. Relative to the other varieties, the varieties Radegast, Tolar
and Aksamit exhibited lower germination power in 8 ml. The malt from
these varieties had a higher extract difference between fine and
coarse milling in fine and coarse grind, i.e. lower cytolytic modification;
Radegast and Aksamit evinced also lower friability.

The content of total polyphenols in worts was in the range of 74 to
124 mg/l. The variability in the content of anthocyanogens and fla-
vanoids was even higher, the respective ranges being 10.6-25.5 mg/I
and 8.3-18.6 mg/l.

The results of analysis of malts prepared by a unified malting pro-
cedure pointed to differences in proteolytic, saccharolytic and cytolytic
modification for barley samples from different localities. Malts from
Pusté Jakartice showed markedly higher friability, Kolbach index, malt
extract and relative extract at 45 °C than those from the other localities
(Tab. 7). They also exhibited higher mean content of total polyphenols,
anthocyanogens and flavanoids in worts (Tab. 2, Fig. 1). The lowest
mean content of these groups of polyphenol compounds in worts was
determined for the Stupice locality; malts from barley samples from
this locality had the lowest values of Kolbach index and relative extract
at 45 °C. Malts from Aksamit, Blanik, Bojos and Radegast barley va-
rieties grown in Stupice exhibited significantly higher values of the
wort ratio of total polyphenols to anthocyanogens, polymeration index
(IP =6.3-7.2).On the other hand, the highest IP value was determined
for malts from Krasné Udoli (mean IP for all varieties 3.7). This locality
is in a fodder growing region with a harsher climate. Leukoanthocyani-
dins and katechins are compounds with diverse,
mostly protective, functions in plants. “Total polyphe-
nols” are compounds capable of reducing ferric ions
and comprise a broad range of compounds from

phenolic acids to compounds with complex struc-
45 tures.
40 [T _ The content of total polyphenols in wort directly
35 T ] ] correlated with the Kolbach index, relative extract at
M 45°C and friability. The content of flavanoids corre-
_ 30 — lated only with the value of relative extract at 45°C
S 25+ while anthocyanogens did not show any significant
3 20 relationship to the parameters of proteolytic and a
cytolytic modification (Tab. 3). It is therefore likely
151 that the increasing modification of the caryopsis dur-
10 BcPr3 ing germination affects chiefly the content of simple
5 EANT | polyphenols from the group of phenolic acids while
o BFELA th? cotntent of flavonoids in wort is affected to a lesser
extent.
ISP - SV NP P The highest mean malt content of total polylphe-
@‘0 \?gf-‘{b F & &00? “«° N ° N8 nols was found in the variety Aksamit, followed by
< Bojos, Blanik, Advent, Tolar and Radegast. Though

legenda / legend:

PUJ — Pusté Jakartice, STU — Stupice, VER — Vé&rovany, KUD — Krasné Udoli
CP — celkové polyfenoly / total polyphenols, ANT — anthokyanogeny / anthocyanogens, Fla —

flavanoidy / flavanoids

the content of total polyphenols, anthocyanogens
and flavanoids in worts prepared from most varieties
was 20-30 % depending on geographical origin,
some varietal differences were found (7ab. 4). The
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Obsah flavanoidl koreloval pouze s hodnotou relativniho extraktu pfi
45 °C a pro anthokyanogeny nebyl stanoven vyznamny vztah k pa-
rametrim proteolytického a cytolytického rozlusténi (tab. 3). Je tak
pravdépodobné, ze rostoucim rozlusténim obilky pfi kliceni je ovliv-
nén zejména obsah jednoduchych polyfenoll ze skupiny fenolovych
kyselin a v mensi mife obsah flavonoidu ve sladiné.

Nejvys$si primérny obsah celkovych polyfenoll byl zjistén u sladl
z odrlidy Aksamit, nasledovaly odridy Bojos, Blanik, Advent, Tolar
a Radegast. Pres to, Ze u vétsiny odriid byl v zavislosti na plvodu
jeEmene stanoven obsah celkovych polyfenoll, anthokyanogenu i fla-
vanoid(ll ve sladiné v rozpéti pfiblizné 20 az 30 %, byly prokazany od-
rdové rozdily (tab. 4). Nejmensi odridovy vliv byl stanoven pro ant-
hokyanogeny, jejich obsah ve sladiné byl ze 70 % ovlivnén plvodem
jeEmene a pouze z 11 % odrldou. Podstatné vy$si mérou byl odridou
ovlivnén obsah celkovych polyfenoll (38 %) a flavavoidl (47 %) ve
sladiné. Pod oznaéenim ,vliv lokality“ jsou v tomto pfipadé zahrnuty
jak ptdné klimatické podminky, tak fyziologicky stav obilky je¢émene
pfi sladovani.

Polyfenolové latky jsou zakladnimi stavebnimi kameny bunécénych
struktur obilky jeémene. Je zfejmé, ze vedle genetické dispozice jec¢-

least effect of variety was found with anthocyanogens, whose content
in wort was affected from 70 % by the origin of the barley and from
a mere 11 % by the variety. The effect of variety on total polyphenols
and flavanoids in wort was substantially higher (38 % and 47 %, re-
spectively). The term “effect of locality” covers both the soil and cli-
matic conditions and the physiological state of the barley caryopsis
during malting.

Polyphenolics are basic building blocks of cellular structures of bar-
ley caryopsis. In addition to the genetic features of the barley, the con-
tent and composition of polyphenol compounds, which are transferred
to wort during mashing, is obviously significantly affected by soil and
climatic conditions and the physiological state of the barley caryopsis
during malting.

Among the tested varieties, the highest content of total polyphenols
and flavanoids was found in the variety Aksamit. This variety also
showed the lowest relative proportion of anthocyanogens and the
highest value of polymeration index (mean IP = 5.4). Except for the
barley samples from Pusté Jakartice, the high polyphenol content
was achieved at a proteolytic modification that does not exceed the
limit set for malts for the production of Czech beer according to the

Tab. 2 Vysledky stanoveni polyfenolovych latek a redukénich vlastnosti ve sladiné / Polyphenol compounds and reductive properties in wort

Odrada / Variety | Advent | Aksamit| Blanik | Bojos |Radegasi Tolar
Pusté Jakartice (PUJ)
Extrakt / Extract (% hm.) 10.56 10.67 10.58 10.53 10.76 10.55
Celkové polyfenoly / Total polyphenols (mg/l) 1083 124 109 118 92 91
Anthokyanogeny / Anthocyanogens (mg/l) 24.0 24.0 20.3 25.2 19.7 18.2
Index polymerace / Polymeration index 4.3 5.2 5.4 4.7 4.7 5
Flavanoidy / Flavanoids (mg/l) 14.5 18.6 14.8 16.2 12.3 13.1
RK-DCPI / RC-DCPI ) 15 17 15 16 13 14
ESR-DPPH ARA1 ) 18.3 20.9 20.8 20.6 16.3 18.7
ARA2 ) 36.8 41.9 41.5 41.0 33.7 36.4
ARP ) 271 30.6 30.5 30.1 24.3 26.9
Stupice (STU)
Extrakt / Extract (% hm.) 10.29 10.45 10.55 10.4 10.61 10.33
Celkové polyfenoly / Total polyphenols (mg/l) 82 93 80 84 74 79
Anthokyanogeny / Anthocyanogens (mg/l) 19 12.9 12.6 124 10.6 17.9
Index polymerace / Polymeration index 4.3 7.2 6.3 6.8 7 4.4
Flavanoidy / Flavanoids (mg/l) 11.6 12.8 9.6 10.4 8.3 14.8
RK-DCPI / RC-DCPI ) 11 15 12 12 11 16
ESR-DPPH ARA1 ) 13.9 17.2 15.1 15.7 11.3 13.7
ARA2 ) 27.2 32.5 29.0 30.9 24.6 26.5
ARP ) 20 24.2 21.5 22.8 17.8 19.7
Vérovany (VER)
Extrakt / Extract (% hm.) 10.39 10.36 10.41 10.29 10.48 10.31
Celkové polyfenoly / Total polyphenols (mg/l) 91 96 90 99 81 80
Anthokyanogeny / Anthocyanogens (mg/l) 21.2 18.5 19.2 21 19.2 17.3
Index polymerace / Polymeration index 4.3 5.2 47 4.7 4.2 4.6
Flavanoidy / Flavanoids (mg/l) 15.8 17.7 15.9 16.8 13.8 14.2
RK-DCPI / RC-DCPI ) 15 14 13 16 14 15
ESR-DPPH ARA1 ) 15.9 13.4 14.2 13.9 12.9 13.6
ARA2 ) 31.3 28.2 28.9 28.8 26.3 27.4
ARP ) 23.2 20.5 21.2 21.0 19.2 20.3
Krasné Udoli (KUD)
Extrakt / Extract (% hm.) 10.44 10.35 10.38 10.28 10.46 10.31
Celkové polyfenoly / Total polyphenols (mg/l) 89 101 93 86 75 86
Anthokyanogeny / Anthocyanogens (mg/l) 25.1 24.9 25.5 22.9 19.8 26.1
Index polymerace / Polymeration index 3.5 41 3.6 3.8 3.8 3.3
Flavanoidy / Flavanoids (mg/l) 12 16.4 13.3 12.3 10.1 121
RK-DCPI / RC-DCPI (%) 15 16 15 15 11 19
ESR-DPPH ARA1 %) 18 17.7 17.2 16.6 14.6 15.4
ARA2 %) 33.1 32.9 33.4 31.6 28.6 28.6
ARP %) 25.0 24.7 24.8 23.6 211 214
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Tab. 3 Korelaéni koeficienty vztahu vybranych analytickych parametrl sladu, obsahu polyfenolovych latek a redukénich viastnosti sladin (n
= 24) / Correlation coefficients of relationships of selected malt analytical parameters, content of polyphenolics and reductive properties of

worts (n = 24)

ARP DCPI CP A F RE45 KC FRI BAR

ARP 1 0.521 ° 0.851° 0.480 @ 0.395 @ 0.663 ° 0.589 © 0.561 ° 0.826 ©
DCPI 0.521° 1 0.660 © 0.607 ® 0.749° 0.259 0.229 0.287 0.371
CP 0.851° 0.660 ° 1 0.529 © 0.725° 0.693 © 0.545 © 0.427 2 0.786 °
A 0.480 @ 0.607 0.529 © 1 0.499 ° 0.354 0.288 0.169 0.327
F 0.395 2 0.749° 0.725° 0.499 1 0.418 2 0.215 0.071 0.391 @
RE45 0.663 © 0.259 0.693 © 0.354 0.418 @ 1 0.828 © 0.401 0.870°
KC 0.589 © 0.229 0.545 0.288 0.215 0.828 © 1 0.485 @ 0.678 ©
FRI 0.561° 0.287 0.427 @ 0.169 0.071 0.401 @ 0.485 @ 1 0.495°
BAR 0.826 © 0.371 0.786 © 0.327 0.391 @ 0.870° 0.678 ° 0.495 1

a vyznamné na hladiné p< 0,05 / significant at p< 0.05 level F flavanoidy / flavanoids

b vyznamné na hladiné p< 0,01 / significant at p< 0.01 level RE45 relativni extrakt / relative extract 45 °C

ARP redukéni aktivita ESR-DPPH / antiradical activity ESR-DPPH KC  Kolbachovo &islo / Kolbach index

DCPI redukéni kapacita DCPI / reducing capacity DCPI FRI  friabilita / friability

CP  celkové polyfenoly / total polyphenols BAR barva sladiny / wort color

A anthokyanogeny / anthocyanogens

mene je obsah a slozeni polyfenolovych latek, které pfechazeji do sla-
diny pfi rmutovani, vyznamné ovlivnén pudné klimatickymi podmin-
kami pfi vegetaci a fyziologickym stavem obilky je¢mene pfi sladovani.

Z testovanych odrud byl nejvy$si obsah celkovych polyfenoll a fla-
vanoidu zjistén pro odridu Aksamit. Pro tuto odrddu bylo zjisténo
dexu polymerace (prdmér IP = 5,4). Vysoky obsah polyfenoll byl,
s vyjimkou jeCmene z lokality Pusté Jakartice, dosazen pfi proteoly-
tickém rozlusténi nepresahujicim hranici pro slady k vyrobé Ceského
piva dle CHZO (Kolbachovo ¢&islo < 42). Na druhém konci $kaly ob-
sahu polyfenolovych latek byly slady z jeémenl odriidy Radegast.
Pro starsi odrGdu Tolar byl zjistén nizky primérny obsah celkovych
polyfenoll, na trovni sladll z odriidy Radegast. Obsahem flavanoid(i
a anthokyanogentl se odrida Tolar fadila k odriddam Blanik, Bojos
a Advent (obr. 1, tab. 4).
primérna hodnota byla u sladu pfipravenych z je¢menu z lokality Stu-
pice. Slady z ostatnich tfi lokalit se z hlediska hodnot RK-DCPI nelisily
(obr. 2, tab. 4). Primérné hodnoty pro jednotlivé odridy stoupaly v po-
fadi Radegast, Blanik, Advent, Bojos, Aksamit a Tolar. Vyznamny roz-
dil byl zjistén pouze mezi odridou Radegast a odriidami Bojos, Ak-
samit a Tolar. Mira vlivu odriidy na hodnotu RK-DCPI ve sladiné (39 %)
byla vy$si nezli mira vlivu lokality (22 %).

Redukéni kapacita sladin nebyla pfimo zavisla na mife proteolytic-
kého a cytolytického rozlusténi, hodnoty RK-DCPI nekorelovaly s Kol-
bachovym &islem, relativnim extraktem pfi 45 °C ani friabilitou (tab. 3).

Protected Geographical Indication (Kolbach index < 42). The lowest
content of polyphenol compounds was found in malts from the variety
Radegast. The older variety Tolar featured a low mean content of total
polyphenols, about equal to that in Radegast, while its content of fla-
vanoids and anthocyanogens was near those found in Blanik, Bojos
and Advent (Fig. 1, Tab. 4).

The DCPI reductive capacity of worts was 11-19 %. The lowest av-
erage value was found in malts prepared from Stupice barley. The
malts from the other three localities did not differ in RC-DCPI (Fig. 2,
Tab. 4). The mean values for individual varieties increased in the se-
quence Radegast < Blanik < Advent < Bojos< Aksamit < Tolar. A sig-
nificant difference was found only between the variety Radegast and
varieties Bojos, Aksamit and Tolar. The extent of the effect of variety
on the RC-DCPI value in wort (39 %) was higher than the effect of
locality (22 %).

The reductive capacity of worts was not directly dependent on the
degree of proteolytic and cytolytic modification, the values of RC-
DCPI did not correlate with Kolbach index, relative extract at 45 °C
or friability (7ab. 3). Relatively strong correlations, at the p<0.01 sig-
nificance level, were determined for the relationship between RC-
DCPI and the content of polyphenolcs. The highest correlation coef-
ficient was determined for flavanoids the content of which in wort
dependent to a large extent (47 %) on barley variety. The weakest
dependence was established for anthocyanogens with the lowest de-
gree of vas nejmensi mérou odridového vlivu (11 %).

These data can provide the basis for assessing the varietal depen-

Tab. 4. Mira vlivu odrady a plvodu jeémene na polyfenolové latky a redukéni vlastnosti sladin / Effect of barley variety and origin on wort

polyphenol compounds and reductive properties

Parametr / Parameter Vliv / Effect (%)
Celkové polyfenoly / Total polyphenols

Lokalita / Locality STU KUD | VER PUJ 52
Odrdda / Variety RAD TOL ADV BLA BOJ AKS 38
Anthokyanogeny / Antocyanogens

Lokalita / Locality STU VER KUD PUJ 70
Odrdda / Variety RAD BLA TOL AKS BOJ ADV 11
Flavanoidy / Flavanoids

Lokalita / Locality STU KUD PUJ VER 35
Odriida / Variety RAD BLA ADV TOL BOJ AKS 47
RK-DCPI

Lokalita / Locality STU VER KUD PUJ 22
Odrdda / Variety RAD BLA ADV BOJ AKS TOL 39
DPPH-ARP

Lokalita / Locality VER STU KUD PUJ 71
Odriida / Variety RAD TOL ADV BOJ BLA AKS 19

legenda / legend:

PUJ — Pusté Jakartice, STU — Stupice, VER — Vérovany, KUD — Krasné Udoli

ADV — Advent, AKS — Aksamit, BLA — Blanik, BOJ — Bojos, TOL — Tolar
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Obr. 2 Vliv odrddy jeémene a péstebni lokality na redukéni vlastnosti sladiny / Fig. 2
Effect of barley variety and growing locality on the reductive properties of wort

dence of RC-DCPI values (the effect of variety on
the malt set under study was high, 39 %) as well as
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the relationship of flavanoid content to reducing
properties. The varieties Tolar and Aksamit with the
highest RC-DCPI values were also those with the
highest content of flavanoids. Polyphenols deter-
mined as “flavanoids” in the reaction with p-dimethy-
laminocinnamaldehyde are flavan-3-ols (catechins).

The wort antiradical potential (DPPH-ARP) was
in the range of 17.8 —30.6 % for individual wort com-
ponents. The highest values were found with malts
from Pusté Jakartice, followed by Krasné Udoli. The
lowest values belonged to localities Stupice and
Vérovany (Fig. 2, Tab. 4). The highest antiradical po-
tential was measured in worts from malts produced
from barley varieties Aksamit, Blanik, Bojos and Ad-
vent, followed in the descending order by Tolar and
Radegast.

The values of DPPH-ARP of the set of malts under
study were very significantly affected by locality (71
%) and to a lesser extent by variety (19 %). The an-

ORK-DCPI
@O DPPH-ARP

legenda / legend:

PUJ — Pusté Jakartice, STU — Stupice, VER — Vérovany, KUD — Krasné Udoli
RK-DCPI — redukéni kapacita / reduction capacity (2,6-dichlofenolindofenol)

DPPH-ARP — antiradikalovy potencial / antiradical potential

Pomérné silné korelace, na hladiné pravdépodobnosti p<0,01 byly zjis-
tény pro vztah RK-DCPI a obsahu polyfenolovych latek. Nejvyssi ko-
relacni koeficient byl stanoven pro flavanoidy, jejichz obsah ve sladiné
zavisel ve znac¢né mife (47 %) na odridé je¢mene. Nejslabsi zavislost
byla pro anthokyanogeny s nejmensi mérou odridového vlivu (11 %).

Z diskutovanych poznatk( je mozno vyvodit jak odridovou zavislost
hodnot RK-DCPI (mira vlivu odrady pro studovany soubor sladt byla
vysokd, 39 %), i vztah k obsahu flavanoidli s redukénimi vlastnostmi.
Odrldy Tolar a Aksamit s nejvy$simi hodnotami RK-DCPI mély i nej-
vys$si obsah flavanoidu. Polyfenoly stanovené jako ,flavanoidy“ reakci
s ¢inidlem p-dimethylaminocinnamaldehydem jsou flavan-3-oly (ka-
techiny).

Stanoveny antiradikalovy potencial sladin (DPPH-ARP) byl pro jed-
notlivé sladiny v rozpéti 17,8 az 30,6 %. NejvySSi hodnoty byly zjistény
pro slady z jeémend z lokality Pusté Jakartice, nasledovala lokalita
rovany (obr. 2, tab. 4). Nejvyssi antiradikalovy potencial byl naméfen
u sladin ze sladi z jeément odriid Aksamit, Blanik, Bojos a Advent.
V sestupné fadé nasledovaly odriidy Tolar a Radegast.

Hodnoty DPPH-ARP testovaného souboru slad(i byly velmi vy-
znamné ovlivnény lokalitou (71 %) a v mensi mife odrudou (19 %).
Antiradikalovy potencial sladin silné pfimo umeérné koreloval s hodno-
tami obsahu celkovych polyfenold (p<0,01), slabsi vztah na hladiné
pravdépodobnosti p<0,05 byl zjistén pro obsah antho-
kyanogen( a flavanoidli (tab. 3). Jak bylo uvedeno

tiradical potential of worts correlated strongly and di-
rectly with the values of total polyphenols (p<0.01),
while a weaker relation at the significance level of
p<0.05 was found for the content of anthocyanogens
and flavanoids (Tab. 3). As stated above, the content
of total polyphenols in the wort depended on the degree of proteolytic
and cytolytic modification, which was associated with the locality
(physiological state of the barley). This is also responsible for the
higher effect of locality on the antiradical potential of worts that we
have found.

The antiradical activity of “fast reductones” (DPPH-ARA 1) in worts
from all varieties with the exception of Radegast slightly exceeded
the antiradical activity of “slow reductones” (the difference between
DPPH-ARA2 and ARA1); a mild trend towards a higher proportion of
ARA1 was obvious in varieties Advent and Tolar (Fig. 3). Regarding
the locality, a higher contribution of “fast reductones” was recorded
in malts from barley samples from Krasné Udoli. This locality, similarly
to the varieties Advent and Tolar, exhibited a relatively high content
of anthocyanogens, i.e. low polymeration index. This points to the abil-
ity of part of the compounds determined as anthocyanogens (i.e.
leukoanthocyanidins and catechins) to reduce rapidly the free radical
DPPH.

The antiradical potential of worts correlated with the RC-DCPI at
the significance level od p<0,01.This implies that part of the spectrum
of reductons in wort is determined by both methods. The RC-DCPI
thus probably involves a part of the flavanoid polyphenol reductons
while reductons both from the group of flavonoids and from the group
of phenolic acids contribute to the value of DPPH-ARP.

Obr. 3 Vliv odridy jeémene a péstebni lokality na antiradikalovou aktivitu rychlych a po-

vy$e, obsah celkovych polyfenolt ve sladiné zavisel na malych reduktonl sladiny / Fig. 3 Effect of barley variety and growing locality on the
mife proteolytického a cytolytického rozlusténi, ktera antiradical activity of fast and slow reductones in wort

byla vazana na lokalitu (fyziologicky stav je€mene). To

vysvétluje i vétsi zjistény vliv lokality na antiradikalovy 20,0
potencial sladin. 1901
Antiradikalova aktivita ,rychlych reduktond“ (DPPH- ’
ARA 1) sladin ze v§ech odrld s vyjimkou odridy Ra- 18,0
degast mirné prevySovala antiradikalovou aktivitu ,,po- £ 170 o
malych reduktond“ (rozdil hodnot DPPH-ARA2 g ’
a ARA1), slaby trend k vy§Simu podilu ARA1 byl pa- | & 16,0
trny u odrid Advent a Tolar (obr. 3). Z pohledu lokality & 15.0 11 M
byl vy$Si pfispévek ,rychlych reduktond“ zaznamenan | ¢
u sladt z jeément pochazejicich z Krasného Udoli. | 3 14,01
Tato lokalita se obdobné jako odriidy Advent a Tolar 13.0 ODPPH-ARA1
vyznacovala relativné vysokym obsahem anthokyano- ' B DPPH (ARA2-ARA1)
gend, tj. nizkym indexem polymerace. Z toho je mozno 12,0
usoudit na schopnost ¢asti latek stanovenych jako ant- 1104
hokyanogeny (tj. leukoanthokyanidiny a katechiny) '
rychle redukovat volny radikal DPPH. 10,0+
Antiradikélovy potencial sladin koreloval s hodnotou A O QK Q
RK-DCPI na hladiné pravdépodobnosti p<0,01. Z toho ?g‘o\@’?"& 3 Q,O\o 60&6 <3 TP
plyne, Zze ¢ast ze spektra redukton( sladiny je stano- ¥ &

vena obéma metodami. Je pravdépodobné, ze RK-
DCPI zahrnuje ¢ast flavanoidnich polyfenolovych re-
duktonl a k hodnoté DPPH-ARP pfispivaji jak
reduktony ze skupiny flavonoidu, tak ze skupiny feno-

lickych kyselin. activity 2 and 1

legenda / legend: )

PUJ — Pusté Jakartice, STU — Stupice, VER — Vérovany, KUD — Krasné Udoli

DPPH ARA1 — antiradikalova aktivita 1 / antiradical activity 1

DPPH (ARA2 - ARA1) —rozdil hodnot antiradikalové aktivity 2 a 1/ difference of antiradical
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4 ZAVER

Studium obsahu polyfenolovych latek a antioxida¢nich vlastnosti
sladin z pokusnych sladd pfipravenych jednotnym postupem ze Sesti
odrid jeémene v sou¢asnosti doporu¢enych pro vyrobu Ceského piva
prokazalo jak odriidové rozdily, tak vyznamny vliv pddné klimatickych
podminek lokality na sledované vlastnosti.

Nejvys$si hodnoty celkovych polyfenol(, flavanoidu a relativné nizky
obsah anthokyanogent (nejvy$si index polymerace) stejné jako nej-
vy88i redukéniho (antiradikalového) potencialu byly stanoveny pro
odrddu Aksamit. Odrtdy Blanik, Bojos a Advent byly z hlediska ob-
sahu polyfenolovych latek i redukénich vlastnosti srovnatelné.

zjistény pro odrddu Radegast.

Sladiny ze starsi odr(idy Tolar (registrovana od roku 1997) mély re-
lativné nizky obsah celkovych polyfenolli a antiradikalovy potencial
ESR-DPPH ARP a zaroven nejvyssi redukéni kapacitu RK-DCPI.

Odrady Advent, Aksamit, Bojos a Blanik registrované v CR v letech
2007 az 2009 mély v porovnani s odrddou Tolar vy$si obsah celkovych
polyfenolll a antiradikalovy potencial.

Antiradikalovy potencial ESR-DPPH ARP nejsilnéji koreloval s ob-
sahem celkovych polyfenoll, redukéni kapacita RK-DCPI nejsilngji
korelovala s obsahem flavanoidl ve sladiné.

Obsah polyfenolovych latek i jejich slozeni, pomér celkovych poly-
fenol a anthokyanogen( zavisel na péstebni lokalité. Relativné nej-
vy$§i obsah anthokyanogenl s potencialnim negativnim dopadem
na koloidni stabilitu byl zji§t&n u slad z lokality Krasné Udoli, relativné
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