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Deset riznych odrid jeémene a jejich odpovidajicich sladli bylo analyzovano na obsah monomernich a oligomernich flavan-3-ol(i me-
todou HPLC-UV-ESI-MS. Pro stanoveni celkovych flavan-3-oll byla pouzita vanilinova metoda, pro stanoveni celkovych polyfenolt me-
toda Folin-Ciocalteu a pro méreni antioxidac¢ni kapacity byly aplikovany metody DPPH a FRP. Katechin a prodelfinidin B3 byly stano-
veny jako hlavni monomerni a dimerni flavan-3-oly. Mimoto prodelfinidin B3 nejvice pfispiva k antioxidaéni kapacité jak je€émene, tak
i sladu. U stejnych vzorkl byly stanoveny jednotlivé frakce, a to volné, esterifikované a vazané polyfenoly. Nejvétsi podil na obsahu cel-
kovych polyfenolli méla frakce vazana. Katechin a kyselina ferulova, stanovené pomoci HPLC-DAD, byly nejvice zastoupené fenolové
slouceniny jak ve volné, tak ve vazané formé. Antioxidacni kapacita jednotlivych frakci byla méfena metodou DPPH a FRP. Dale byla
aplikovana extrakce horkou vodou, abychom se co nejvice pfriblizili pivovarské technologii. Vzorky byly analyzovany z hlediska antioxi-
dacni kapacity a obsahu jednotlivych polyfenoll. Pro méfeni antioxidaéni kapacity byly porovnany nasledujici metody DPPH, FRAP a ITT.
Obsah celkovych polyfenoll, méfeny metodou Folin-Ciocalteu, byl pozitivné korelovan se vSemi pouzitymi metodami pro méfeni anti-
oxidaéni kapacity. Volné polyfenoly byly stanoveny metodou HPLC s elektrochemickou detekci, z nichz nejdominantnéjsi byla kyselina
ferulova.

Dvorakova, M. — Dostalek, P. — Skulilova, Z. — Jurkova, M. — Kellner, V. — Guido, L. F.: Barley and malt polyphenols and their an-
tioxidant properties. Kvasny Prum. 56, 2010, No. 3, p. 160—163.

Ten different barley cultivars and their corresponding malts were analysed for monomeric and oligomeric flavan-3-ols content by us-
ing high-performance liquid chromatography ultraviolet detection-electrospray ion trap mass spectrometry. The Folin-Ciocalteau and the
vanillin spectrophotometric assays were used for the assessment of the total polyphenol and total flavan-3-ol content respectively, and
the antioxidant activity was determined by DPPH and FRP. Catechin and prodelphinidin B3 were respectively the major monomeric and
dimeric flavan-3-ols. Moreover, prodelphinidin B3 was shown to be the main contributor for the radical scavenging activity both for bar-
ley and malt. The same samples were used to obtain different fractions. The contribution of bound phenolics to the total polyphenol con-
tent was significantly higher than that of free and esterified fractions. Catechin and ferulic acid, quantified by HPLC-DAD, were the most
abundant phenolics in the free and bound fractions, respectively. The antioxidant activities of phenolic fractions were investigated using
the radical scavenging assay (DPPH) and the ferricyanide reducing power (FRP). Further the hot water extracts of barley cultivars and
corresponding malts were analyzed. The ferric reducing antioxidant power (FRAP) and radical scavenging activity (ABTS) and indicator
time test (ITT) were compared. The total polyphenol content, as measured according to Folin-Ciocalteu’s method, was positively corre-
lated with all antioxidant methods used. Free phenolic compounds were measured by HPLC with CoulArray detector. The dominant phe-
nolic compound was ferulic acid.

Dvorakova, M. — Dostalek, P. — Skulilova, Z. — Jurkova, M. — Kellner, V. — Guido, L. F.: Die Gersten- und Malzpolyphenole und ihre
Antioxidationseigenschaften. Kvasny Prum. 56, 2010, Nr. 3, S. 160-163.

Durch Methode HPLC-UV-ESI-MS wurden zehn verschiedenen Gersten- und Malzsorten an Gehalt von Monomer- und Oligomerfla-
van-3-ols analysiert. Fir die Bestimmung von gesamten Flavan-3-ols wurden eine Vanilin Methode, fir die Bestimmung von gesamten
Polyphenolen die Folin-Ciocalteu Methode, flir die Messung der Antioxidationsaktivitat die DPPH und FRP Methoden angewandt. Als
die Hauptmonomer- und Dimer Flavan-3-ols wurden Katechin und Prodelfinidin B3 bestimmt. Prodelfinidin B3 ferner am meisten zur
Antioxidationsaktivitdt sowohl der Gerste als auch des Malzes beitragt. Die einzelne Fraktion und zwar freien, esterifizierten und ge-
bundenen Polyphenole wurden an den gleichen Mustern festgestellt. Der groBte Anteil an gesamten Polyphenolgehalt wies die gebun-
dene Fraktion aus. Die meist vertretene Phenolverbindungen in der sowonhl freier als auch in gebundener Form wurden durch die HPLC-
DAD festgestellten Katechin und Ferulasaure. Durch die DPPH und FRP Methoden wurde die Antioxidationskapazitat von einzelnen
Fraktionen gemessen. Um die Brautechnologie zu kopieren, wurde eine Extraktion mit HeiBwasser appliziert. Aus dem Gesichtspunkt
der Antioxidationskapazitéat und des Gehalts an einzelnen Polyphenolen wurden die Muster analysiert. Fir die Messung der Antioxida-
tionskapazitat wurden die Methoden DPPH, FRAP und ITT verglichen. Der durch die Folin-Ciocalteu Methode gemessene Gehalt an
gesamtem Polyphenolen wurde positiv mit allen fiir die Messung der Antioxidationskapazitat angewandten Methoden korreliert. Durch
die Methode HPLC mit elektrochemischer Detektion wurden die freien Polyphenole festgestellt, die meist dominante wurde Ferulaséure.

Kliéova slova: jec¢men, slad, pivo, polyfenoly, antioxidacni kapacita, Keywords: barley, malt, polyphenols, antioxidant capacity, catechin,
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1 UvVOD 1 INTRODUCTION
Je znamo, Ze pivo obsahuje Sirokou paletu fenolovych sloucenin, Beer is known to contain a wide variety of phenolic compounds,

z kterych vétSina pochazi z pivovarskych surovin — je€ného sladu  most of which originate from the raw materials of brewing, that is bar-
a chmele. Asi 80 % fenolovych slou¢enin pochazi ze sladu a zbyva-  ley malt and hop. About 80 % of phenolic compounds originate from
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jicich 20 % pfichazi s chmelem [1,2,3]. Nicméné antioxidanty nebo
antioxidanty se strukturou polyfenoll jsou také obsazeny v je¢meni
a sladu a soucasné studie ukazuji, ze obilniny obsahuiji vice fyto-
chemikalii, nez se puvodné myslelo [4].

U téchto fenolovych slou¢enin v je€meni je znamé, Ze maiji antio-
xidaéni a antiradikalové vlastnosti. Tyto vlastnosti pfispivaji k inhibici
oxidaéni deteriorace piva [4]. Fenolové slougeniny hraji dulezitou roli
rovnéz pfi stanoveni stability piva a jeho senzorickych charakteristik.

Vzhledem k vlivu fenoll na kvalitu piva jsou metody analyzy feno-
lovych slougenin velmi dlezité pro pivovarniky [5]. Rada metod pro
stanoveni fenolovych sloucenin jiz byla publikovana [6].

Cilem této prace bylo analyzovat pivovarské suroviny — je€men
a slad — z hlediska jejich antioxida¢ni kapacity a obsahu jednotlivych
polyfenolld a vztahu obsahu téchto latek a antioxidaéni kapacity. Ana-
lyzy je€mene a sladu zahrnovaly analyzu volnych, rozpustnych es-
terové vazanych a nerozpustnych vazanych fenolovych frakci. Stu-
dium jejich vzajemnych vztahl a jejich prispévk( k antioxidaéni
kapacité bylo vyvolano zajmem o tuto problematiku. Stanoveni mo-
nomernich a oligomernich proanthokyanidind ndm umoznilo najit sou-
vislost jejich obsahu s celkovym obsahem polyfenolu a také s antio-
xidaénimi vlastnostmi. VétSina védcl souhlasi s tvrzenim, Ze
proanthokyanidiny hraji hlavniroli v tvorbé nebiologickych zakalli piva
[3]. Pro extrakci, separaci a stanoveni polyfenold byly testovany rizné
techniky a byla pouzita HPLC-UV, -CoulArray, a -ESI-MS detekce.

2 JECNE A SLADOVE POLYFENOLY

Obilna zrna obsahuji komplexni smés fenoll a polyfenoll. Je¢né
zrno a slad byly z tohoto hlediska jiz zkoumany, stejné tak jako fe-
noly z ¢iroku. Zda se, ze jeCmen a Cirok jsou jediné obiloviny, ve kte-
rych se nachazi polymerni flavanoly [7].

V je€ném zrnu byla nalezena $iroka paleta sloucenin s fenolovou
strukturou, které maji antioxidaéni ucinky (derivaty kyseliny benzo-
ové, skoficové, proanthokyanidiny, kyanidiny, chinony, flavonoly, chal-
kony, flavony, flavanony a aminofenolové slou¢eniny [8,9,10].

Fenolové slou€eniny byly v ceredliich nalezeny jak ve volné, tak
i vazaneé formé. Obvykle volné fenolové slouceniny jsou proanthoky-
anidiny nebo flavonoidy, zatimco vazané slouceniny jsou esterové va-
zané do polymerl bunécné stény (arabinoxylany, lignin). Ve vazanych
polymerech je nejvice zastoupena kyselina ferulova a jeji dehydrodi-
mer [8].

Flavan-3-oly predstavuji hlavni tfidu fenolt jeémene. Vyskytuji se
v monomerni formé, jako (+)—katechin (C) and (-)—epikatechin, a po-
lymerniformé, které se skladaji hlavné z jednotek katechinu a (+)—gal-
lokatechinu (GC). NejCastéji a v nejvyssich koncentracich vyskytujici
se dimer je prodelfinidin B3 (GC-C) a prokyanidin B3 (C-C) [8]. Hlav-
nimi trimery jsou prokyanidin C2, proanthokyanidin T4 (C-C-C) a tri-
merni proanthokyanidiny T1, T2 a T3, které se skladaji ze dvou jed-
notek katechinu (C) a jedné jednotky gallokatechinu (GC) spojené
spolu C4-C8 vazbami. Obsah monomernich, dimernich a trimernich
flavan-3-ol0 ¢ini 58—68 % celkového obsahu polyfenoll [11]. Nejvétsi
zastoupeni maji trimerni flavan-3-oly. Monomerni flavan-3-oly jsou
bezbarvé, v kontrastu s tim polymerni flavan-3-oly po zahfati v ky-
selém butanolu na vzduchu tvofi anthokyanové pigmenty. Diky znac-
nému vylepSeni analytickych metod byla nalezena cela fada slouce-
nin z této skupiny. V jedné studii bylo odliSeno sedm dimerd,
devatenact trimer(, dvacet tfi tetramer( a sedm pentamerd [12]. Ve
sladu je pfitomen z flavan-3-old katechin 25—75 mg/kg, prodelfinidin
B3 186-372 mg/kg, prokyanidin B3 130-276 mg/kg [13]. Fenolové
kyseliny pfitomné v jemeni mizeme rozdélit do dvou skupin — sub-
stituované derivaty kyseliny benzoové a substituované derivaty ky-
seliny skoficové [7,8,14]. Hydroxybenzoova a hydroxyskoficova ky-
selina jsou také pritomné ve formé glykosidickych esteri v je€ném
zrnu [15]. Trans-ferulova kyselina je hlavni latkou vedle p-kumarové
a vanilové kyseliny, které byly také detekovany [9]. Jsou pfitomné
hlavné v aleuronové vrstvé a endospermu. Jejich glykosidické estery
byly nalezeny v pluchéach, stitku a aleuronovych burikach. Endosperm
obsahoval pouze stopy vazanych nerozpustnych fenolovych kyselin
[15]. Kyseliny hydroxyskoficova a hydroxybenzoova jsou znamé jako
primarni antioxidanty pUsobici jako akceptory volnych radikald [9]. Fe-
rulova kyselina se ¢asto vyskytuje jako volna a vazana na arabino-
sova rezidua v pentosanech a uvolfiuje se do sladiny béhem rmuto-
vani pfi optimalni teploté 45 °C. Béhem varu nebo u¢inkem nékterych
bakterii a divokych kvasinek se urcita ¢ast ferulové kyseliny dekar-
boxyluje za vzniku 4-vinylguajakolu, latky, ktera ve vétSiné piv zpu-
sobuje nezadouci prichut [16]. Nicméné u pSenicnych piv je pfitom-
nost této latky zadouci.

barley malt, and remaining 20 % come from hop [1,2,3]. However,
antioxidants or phenolic structured antioxidant compounds are also
detected in barley and malt, and recent studies have shown that ce-
reals contain more phytochemicals than previously considered [4].
Those phenolic compounds in barley are known to possess antioxi-
dant and antiradical properties. Therefore to inhibit the oxidative de-
terioration of beer, natural antioxidants of barley need to be protected
[4]. Phenolic compounds play an important role in determination of
beer stability and flavour characteristic. Because of their effect on
beer quality, methods of analysis of phenolic compounds are of
a great importance to brewers [5]. A number of methods for the ana-
lysis of phenolic compounds in beer and brewing materials have been
reported [6].

The scope of this work was to analyze brewing raw materials, such
as barley and malt from the point of their antioxidant activity and the
content of individual phenolics and their relationship. Barley and malt
analysis comprises the determination of free, soluble ester and in-
soluble-bound phenolic fractions. Study of their relationship and con-
tribution on antioxidant capacity evoke a possible interest. The de-
termination of monomeric and oligomeric proanthocyanidins enables
us to find their relation with total polyphenol content as well as an-
tioxidant properties. Most investigators agree in attributing to proan-
thocyanidins the main role in the formation of non-biological hazes
in beer [3]. Various techniques for polyphenols extraction and purifi-
cation from different matrices have been tested and different mea-
surement of individual phenolics, such as HPLC-UV, -CoulArray, and
-ESI-MS detection were used.

2 BARLEY AND MALT POLYPHENOLS

Cereal grains contain a complex mixture of phenols and polyphe-
nols. Barley grain and malt have been the most studied, but sorghum
phenols in special cultivars have been studied as well. Barley and
sorghum seem to be alone among the cereals in possessing poly-
meric flavanols [7].

A wide range of antioxidant compounds with a phenolic structure
has been found in barley grain, such as benzoic, cinnamic acid deriva-
tives, proanthocyanidins, quinones, flavonols, chalcones, flavones,
flavanones, and amino phenolic compounds [8,9,10]. Phenolic com-
pounds are found in both free and bound form in cereals. Generally,
the free phenolic compounds are proanthocyanidins or flavonoids,
while the bound phenolic compounds are ester-linked to cell-wall poly-
mers (arabinoxylans, lignin), ferulic acid and its dehydrodimer deriva-
tives being the major phenolic compound present [8].

Flavan-3-ols constitute the major class of phenolics in barley. They
appear in monomer form, (+)—catechin (C) and (-)—epicatechin, and
polymer forms constituted mainly by units of catechin and (+)—gallo-
catechin (GC). The most abundant dimers are prodelphinidin B3 (GC-
C) and procyanidin B3 (C-C) [8]. The main trimers are procyanidin
C2, so-called trimeric proanthocyanidin T4 (C-C-C) and trimeric
proanthocyanidins T1, T2 and T3 constituted by two units of C and
one unit of GC linked together by C4-C8 bonds. Monomeric, dimeric
and trimeric flavan-3-ols accounted for 58-68 % of the total phenolic
content [11], with a predominance of trimeric flavan-3-ols. The
monomeric flavan-3-ols are colorless. In contrast, polymeric flavan-
3-ols materials give rise to anthocyanin pigments when heated in
acidic butanol in air. As analytical methods have improved, so the
great complexity of this group of substances has been recognized.
In recent study dimers (7), trimers (19), tetramers (23), and pentamers
(7) were recognized [12]. Concentration of some flavan-3-ols in bar-
ley malts are catechin 25-75 mg/kg, prodelphinidin B3 186-372
mg/kg, procyanidin B3 130-276 mg/kg [13].

The phenolic acids presentin barley can be divided into two groups,
the substituted benzoic acid and the substituted cinnamic acid
[7,8,14]. Hydroxybenzoic and hydroxycinnamic acids are also present
as free forms and as glycosidic esters in barley grains [15]. Trans-fer-
ulic acid is the major compound besides p-coumaric and vanillic acids
which have also been detected [9]. They were mainly present in aleu-
rone layer and endosperm. Their glycosidic esters were detected in
the husk, test and aleurone cells. Endosperm contained only trace
amounts of insoluble-bound phenolic acids [15]. Hydroxycinnamic
and hydroxybenzoic acids are known equally as primary antioxidants
acting as free radical acceptors and chain breakers [9]. Ferulic acid
occurs free and attached to some arabinose residues in pentosans
and it is released into wort during mashing, with an optimum tem-
perature about 45 °C. During boiling or under the influence of some
bacteria and wild yeast some ferulic acid is decarboxylated to yield
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3 VYSLEDKY

Bylo studovano deset odrid jemene (jarni je¢men — sklizer 2005)
vypéstovanych na dvou pokusnych polnich plochach (Kroméfiz, Zab-
¢ice, Ceska republika) a z nich vyrobenych odpovidajicich sladi. Amu-
let, Bojos, Jersey, Prestige, Malz, Sebastian a Tolar byly sladafské
odrudy a Merlin, KM 1910 a KM 2084 byly bezpluché odrady. VSechny
vzorky je€mene byly sesladovany ze stejnych podminek [17].

Pomoci vysokoucinné kapalinové chromatografie s UV a hmot-
nostni detekci (elektrosprej, iontova past) byly kvantifikovany mo-
nomerni a oligomerni flavan-3-oly v 10 odridach je¢mene
a odpovidajicich sladech. Metoda Folin—Ciocalteau a vanilinova
spektrofotometrickd metoda byly pouzity pro zhodnoceni celkového
obsahu polyfenoll a flavan-3-old. Antioxidaéni aktivita byla stanovena
metodou DPPH (2,2-difenyl-1-pikrylhydrazyl) a FRAP. Katechin byl
hlavnim monomernim a prodelfinidin B3 byl hlavnim dimermim fla-
van-3-olem. Mimo to, prodelfinidin B3 byl hlavni latkou s nejsilnéjsi
antioxida¢ni kapacitou v je€meni a sladu [18].

Deset rliznych odrid jeémene a jejich odpovidajicich slad(i bylo
pouzito ke ziskani riiznych frakci. Extrahované fenoly byly rozdéleny
do tfi frakei — volné, rozpustné estery a nerozpustné vazané fenoly.
Celkovy obsah fenolli (TPC) téchto tfi frakci méfeny Folin-Ciocalteu
metodou byl od 37,7 do 167,2 mg ekvivalentu kyseliny galové/kg su-
Siny (GAE/kg sus.) pro jeémen a od 34,1 do 72,3 mg GAE/kg sus.
pro slad. Obsah vazanych fenoll byl od 210,3 do 320,5 GAE/kg sus.
pro jeémen a od 81,1 do 234,9 mg GAE/kg sus. pro slad. Pfispévek
vazanych fenoll k TPC byl vyznamné vyS88i nez pfispévek volnych
nebo esterifikovanych frakci fenolt. Katechin a ferulova kyselina,
které byly kvantifikovany pomoci vysokoucinné kapalinové chroma-
tografie s detekci diodovym polem (HPLC-DAD), byly nejvice za-
stoupené fenoly ve volnych a vazanych frakcich. Obsah kyseliny
p-kumarové byl nizsi v bezpluchych odriidach ve srovnani s odra-
dami obsahujicimi pluchy, coz znamena, Ze jeji obsah je vazany na
oblast pluchy. Antioxidaéni aktivity fenolovych frakci byly zkoumany
pomoci DPPH a FRAP metod. Vazané fenoly vykazovaly znatelné
vy$Si antioxidaéni kapacitu ve srovnani s volnymi a esterifikovanymi
fenoly. BEhem sladarského procesu bylo zaznamenano znatelné sni-
zeni vazanych polyfenolll a naopak do$lo ke zvy$eni esterifikované
frakce [19].

Extrakty horkou vodou (45 °C) deseti odrld jemene a jejich od-
povidajicich sladd byly analyzovany na antioxida¢ni kapacitu. Antio-
xida¢ni kapacity méfené metodami FRAP (ferric reducing antioxidant
power) a ABTS se pohybovaly mezi 0,23-0,45 mg GAE/g susiny pro
slad a 0,12-0,25 mg GAE/g susiny pro jeémen. Bezpluchy slad KM
1910 byla odrida s nejlepsimi antioxidaénimi vlastnostmi, zatimco
nejvyssi antioxidacni kapacita pro je€men byla zjisténa u odrady Mer-
lin. Byla zjiSténa pozitivni korelace mezi metodami FRAP, ABTS a ITT
(p < 0,01). Byl studovan vliv hnojeni (20 kg N/ha) na antioxida¢ni ka-
pacitu je€mene. Ziskané vysledky ukazuji, Zze vliv hnojeni na antioxi-
dacni vlastnosti neni zfejmy a Ze zavisi hlavné na odridé. Obsah cel-
kovych polyfenoll, méfeny metodou Folin-Ciocalteu, se pohyboval
mezi 0,6-2,9 mg GAE/g susiny a pozitivné koreloval s vysledky zis-
kanymi v§emi metodami na méreni antioxida¢ni kapacity (p < 0,01).
Volné fenolové slouceniny byly stanoveny pomoci HPLC s CoulArray
detektorem. Dominantni fenolova slou¢enina byla kyselina ferulova
a jeji obsah byl 12,5-21,9 mg/g susiny pro je€émen a 7,8-56,1 mg/g
susiny pro slad. Obsah katechinu byl 11,0-17,0 mg/g susiny pro je¢-
men a 0,9-12,1 mg/g suSiny pro slad [20].

Podékovani

Prace byla podporovana projektem 1M0570 (Vyzkumné centrum
pro studium obsahovych latek je€mene a chmele) a vyzkumnym za-
mérem MSM6046137305 — Ministerstvo Skolstvi, mladeze a télovy-
chovy Ceské republiky.

4-vinyl guaiacol, a substance which in most beers confers an unde-
sirable flavour [16]. However, in wheat beers the presence of this sub-
stance is desirable.

3 RESULTS

Ten barley (spring barley — harvest 2005) varieties grown in the
same field trial (Kromé&fiz, Zabg&ice, Czech Republic) and the corre-
sponding malts were studied. Amulet, Bojos, Jersey, Prestige, Malz,
Sebastian, and Tolar were the representative malting barley varieties
and Merlin, KM 1910 and KM 2084 were hulless varieties. All barley
samples were malted using the same standard malting conditions
[17].

The pattern of the monomeric and oligomeric flavan-3-ols for 10
barley varieties and the corresponding malts were identified and
quantified using high-performance liquid chromatography—ultraviolet
detection—electrospray ion trap mass spectrometry. The Folin—Cio-
calteau and the vanillin spectrophotometric assays were used for the
assessment of the total polyphenol and total flavan-3-ol content, re-
spectively, and the antioxidant activity was determined as the 2,2-
diphenyl-1-picrylhydrazyl radical scavenging activity and the ferri-
cyanide reducing power. Catechin and prodelphinidin B3 were
respectively the major monomeric and dimeric flavan-3-ols. Moreover,
prodelphinidin B3 was shown to be the main contributor for the rad-
ical scavenging activity both for barley and malt [18].

Ten different barley cultivars and their corresponding malts were
used to obtain different fractions. Phenolics extracted belonged to
free, soluble esters and insoluble-bound fractions. Total phenolic con-
tent (TPC) of the free fraction, as measured according to the Folin-
Ciocalteu method, ranged from 37.7 to 167.2 mg gallic acid equiv/kg
of dried material (GAE/kgdw) for barley and between 34.1 and
72.3 mg GAE/kgdw for malt. The bound phenolic content ranged from
210.3 to 320.5 and between 81.1 and 234.9 mg GAE/kgdw for bar-
ley and malt, respectively. The contribution of bound phenolics to the
TPC was significantly higher than that of free and esterified fractions.
Catechin and ferulic acid, quantified by high performance liquid chro-
matography with diode array detector (HPLC-DAD), were the most
abundant phenolics in the free and bound fractions, respectively. The
p-coumaric acid content was lower in hulless genotypes, as com-
pared to hulled genotypes, showing that it is mainly concentrated in
the hull. The antioxidant activities of the phenolic fractions were in-
vestigated using the radical scavenging assay (DPPH) and ferri-
cyanide reducing power. The bound phenolics demonstrated a sig-
nificantly higher antioxidant capacity compared to the free and
esterified phenolics. During the malting process, a significant de-
crease of the bound phenolics was observed with a corresponding
increase of the esterified fraction [19].

Hot water (45 °C) extracts of ten barley varieties and their corre-
sponding malts were analyzed in terms of antioxidant activity. The fer-
ric reducing antioxidant power (FRAP) and radical scavenging activ-
ity (ABTS), ranged from 0.23-0.45 mg GAE/gdw for malt and
0.12-0.25 mg GAE/gdw for barley. The hulless malt KM 1910 was
the variety with the best antioxidant properties, whereas the highest
antioxidant capacity for barley was detected for the variety Merlin.
A significant positive correlation between the methods FRAP, ABTS
and ITT was found (p < 0.01). The influence of fertilization (20 kg
N/ha) on barley antioxidant capacity was studied. The results obtained
suggest that the impact of fertilization was not evident and that it de-
pends significantly on barley genotype. The total polyphenol content,
as measured according to Folin-Ciocalteu’s method, ranged from
0.6-2.9 mg GAE/gdw and correlated positively with all the antioxi-
dant methods used (p < 0.01). Free phenolic compounds were mea-
sured by HPLC with a CoulArray detector. The dominant phenolic
compound was ferulic acid and its content ranged from 12.5-21.9
and 7.8-56.1 mg/gdw for barley and malt, respectively. The content
of catechin ranged from 11.0-17.0 mg/gdw in barley and 0.9-12.1
mg/gdw in malt [20].
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Jurkova, M. — Horak, T. — Culik, J. — éejka, P. — Kellner, V.: Sou¢asné stanoveni iso-alfa kyselin ve formé jejich cis- a trans- fo-
rem a tetrahydroiso-alfa kyselin. Kvasny Prum. 56, 2010, ¢. 3, s. 163-166.

Vypracovana metoda umoznuje i bez pouziti komplikovanych mobilnich fazi velice Setrnym zplsobem bez pouziti pufr( vedle sebe
stanovit stereocisomerni formy iso-alfa kyselin a zaroven stanovit koncentraci pripadné pfitomnych tetrahydroiso-alfa kyselin jejich se-
paraci na koloné s reverzni fazi C18. Jednotlivé skupiny latek se eluuji v oddélenych skupinach. Zbytky alfa kyselin, které nepresly na

iso-alfa kyseliny, stanoveni v podstaté nerusi.

Jurkova, M. — Horak, T. — Culik, J. — éejka, P. — Kellner, V.: Simultaneous determination of iso-alpha acids in their cis- and trans-
forms and tetrahydroiso-alpha acids. Kvasny Prum. 56, 2010, No. 3, p. 163—166.

The elaborated method enables the simultaneous determination of stereoisomer forms of iso-alpha acids and tetrahydroiso-alpha
acids using very modest way of separation on reverse phase on C18 column mobile phase without buffers. The groups of analysed com-
pounds elute separately. The rests of untransformated alpha acids to iso-alpha acids do not obstruct the analysis.

Jurkova, M. — Horak, T. — Culik, J. — Cejka, P. — Kellner, V.: Die zeitgenossische Bestimmung der Iso-Alfa Sauren in der Cis- und
Trans- Formen und Tetra Hydro Iso-Alfa Sauren. Kvasny Prum. 56, 2010, Nr. 3, S. 163—-166.

Die ausgearbeitete Methode erméglicht auch ohne Anwendung von komplizierten Mobilphasen und ohne Pufferanwendung auf einer
sehr schonenden Weise die Stereo Isomer Formen der Iso-Alfa S&duren zu bestimmen und gleichzeitig durch die Separation auf der Ko-
lonne mit Reversphase C 18 die Konzentration von zuféllig anwesenden Tetrahydroiso-Alfa Sauren festzustellen. Die einzelnen Stoff-
gruppen werden in den separaten Gruppen eluirt. Die Reste von Alfa—S&uren, die auf Iso—Alfa Sauren nicht Uberstiegen sind, das Mes-

sen im Grunde nicht storen.



