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Prace byla vénovana nalezeni rozdili v mnozstvi a zastoupeni nékterych vyznamnych polyfenolovych latek ve vzorcich jemene pés-
tovaného v Ceské republice a v Cinské lidové republice. Zminéné vzorky se liSily ve vy$8im celkovém mnozstvi sledovanych polyfenold
v Cinskych jeémenech i v zastoupeni nékterych vybranych skupin polyfenold. Zde nejvétsi rozdil spocival ve vyrazné vysSim (témeér
dvojnasobném) zastoupeni prokyanidinu B3 a katechinu ve volné frakci a kyselin p-kumarové a ferulové ve frakci vazané. Je tedy mozno
konstatovat, Zze specifické podminky péstovani, stejné jako odriidova odliSnost jeément mohou byt zdrojem nékterych technologicky
vyznamnych odliSnosti, které by mohly mit vliv na kvalitu piva vyrobeného za pouziti konkrétni suroviny.
Karabin, M. — Halama, S. — Jelinek, L. — Wang, D. — Dostalek, P.: A comparison of Czech and Chinese varieties of barley with
regards to technologically important polyphenolic substances. Kvasny Prum. 59, 2013, No. 12, p. 346-351

The aim of this study was to find differences in the quantity and presence of selected polyphenolic substances in barley grown in the
Czech Republic and in the People’s Republic of China. The barley samples from China had a higher total amount of the polyphenols
studied and a significantly higher amount of some specific groups of polyphenols. The most distinct differences were the significantly
higher amount of procyanidin B3 and catechin in the free fractions (almost double) and of p-coumaric and ferulic acids in the bound frac-
tions. Therefore, the specific conditions of cultivation’s well as dissimilarity of barley varieties could be the source of the technologically
significant differences that could have an impact on the beer quality.

Karabin, M. — Halana, S. - Jelinek, L. —Wang, D. — Dostalek, P.: Der Vergleich von tschechischen und chinesischen Gerstensorten
mit Riicksicht auf die bedeutende Polyphenolstoffe. Kvasny Prum. 59, 2013, Nr. 12, S. 346351

Der Artikel befasst sich mit dem Vergleich der Menge und Vertretung einiger bedeutenden Polyphenolsubstanzen in der Tschechi-
schen Republik und in der Volksrepublik China aufgewachsen Gerstenmustern. Die erwahnten Muster unterschieden sich in der héheren
Gesamtmenge an verfolgte Polyphenole in den chinesischen Gersten und in der Vertretung von einigen ausgesuchten Polyphenolgrup-
pen. Da der gréBte Unterschied war in einer bedeutend héheren (fast doppelt) Vertretung des Prokyanidins B3 und Katechins in der
freien Fraktion und p-Cumar- und Ferulasaure in der gebundenen Fraktion. Also es ist moglich zu konstatieren, dass die spezifische
Bedingungen der spezifischen Anbaubedingungen und die Gerstensortenverschiedenheit eine Quelle von einigen technologisch be-
deutenden Differenzen mit Einfluss auf die Qualitat des unter Anwendung des konkreten Rohstoffs hergestellten Bieres seien kénnten.
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1 UvoD

Polyfenolové latky jsou rozsahlou skupinou sekundarnich meta-
bolitl rostlin, které se do piva dostavaji prostfednictvim dvou za-
kladnich surovin, je€émene (sladu) a chmele. Spektrum jejich viast-
nosti, tykajicich se pivovarské technologie a zejména vlastnosti
hotového produktu, je velice Siroké. V minulosti se studium polyfe-
nolovych sloucenin soustfedovalo zejména na jejich roli v procesu
tvorby polyfenol-bilkovinnych komplexu, a tim i na vliv polyfenold
na koloidni stabilitu piva (McMurrough et al., 1996a; McMurrough
et al., 1996b; Parker, 2007, Aron a Shellhammer, 2010; Rehma-
nji et al., 2005) a moznosti selektivniho odstrarovani prekursort
vzniku zékalu (Leiper et al., 2005). Po zavedeni modernich stabi-
lizaénich postupu, schopnych odstranit z piva velkou ¢ast polyfe-
nold, byla tato problematika pomérné dlouhou dobu povazovéana
za vyfeSenou a pozornost se posunula smérem k antioxidaénim
vlastnostem polyfenoli (Rice-Evans et al., 1996; Pietta, 2000;
Dvorékova et al., 2008a), at uz s ohledem na tvorbu senzoricky
nezadoucich produktl, zejména karbonyld (Vandehaegen et al.,
2006; Mikyska et al., 2011), nebo na antikancerogenni vlastnosti
této skupiny latek (Gerhauser, 2005; Ramos, 2007). Moderni ana-
lytické postupy také umoznily identifikaci a pfesnou kvantifikaci
konkrétnich polyfenold (Dvofakova et al., 2008b). Vyznamny po-
krok v této oblasti znamenal znaény posun od snahy odstrafiovat
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1 INTRODUCTION

Polyphenolic substances froma diverze group of secondary me-
tabolites of plants that pass into the beer from two raw materials:
barley (malt) and hops. The range of their properties with regards
to beer technology and especially to the quality of the final prod-
uct is wide. In the past, polyphenols were often studied mainly
with regards to their significance in the process of the formation of
polyphenols-protein complexes which influence the colloidal stabil-
ity of beer (McMurrough et al., 1996a; McMurrough et al., 1996b;
Parker, 2007; Aron and Shellhammer, 2010; Rehmaniji et al., 2005)
and to the possible a selective removal of these haze-active pre-
cursors from beer (Leiper et al., 2005). This matter was considered
as solved with the introduction of modern stabilization methods able
to remove a large part of the polyphenols. Lately, the antioxidation
properties of polyphenols gained interest (Rice-Evans et al., 1996;
Pietta, 2000; Dvorékova et al., 2008a), particularly with regard to the
formation of sensory undesirable compounds (Vandehaegen et al.,
2006; Mikyska et al., 2011) as well as anticancerogenic properties
of polyphenols (Gerh&user, 2005; Ramos, 2007). Moreover, the ad-
vanced analytical methods enabled the identification and a precise
quantification of particular polyphenols (Dvorakova et al., 2008b).
The development in this field caused a shift away from efforts to
remove as much of the polyphenols as possible during the stabi-
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Tab. 1 Seznam analyzovanych odrid / The list of varieties analysed

Seznam odrud / List of
varieties analysed
Aksamit, Blanik, Bojos, Jersey,
Kangoo, Malz, Sebastian

Hua 2759, Chuannong Da 73,
Ken 7, Kong Yiu 13-01

Misto péstovani /
Region of cultivation

CR-Kromé¥iz / CZ-Kromeriz

Cina/ China

Tab. 2 VIinové délky pouzité pro kvantifikaci jednotlivych polyfenold
/ The wavelenths used for the quantification of single polyphenols

Vinova délka / Polyfenol / Polyphenols

Wavelength

(nm)

253 protokatechova k., p-hydroxybenzoova
k., vanilova k., ellagova k. / procatechuic
acid, p-hydroxybenzoic acid, vanillic acid,

ellagic acid

280 gallova k., prodelfinidin B3, prokyanidin
B3, katechin, vanilin, trans-skoficové k. /
gallic acid, prodelphinidin B3, procyanidin
B3, catechin, vanillin, trans-cinnamic acid

306 p-kumarova k. / p-coumaric acid

330 kavova k., ferulova k., sinapova k. / caffeic

acid, ferulic acid, sinapic acid

béhem stabilizace co mozna nejvétsi podil polyfenolovych latek.
Nejnoveéjsi prace (Steiner et al., 2011; Aron a Shellhammer, 2010)
na toto téma se vénuji studiu vlastnosti konkrétnich chemickych
slou¢enin (polyfenoll i bilkovin), odpovédnych za vznik koloidniho
zakalu, tak, aby bylo mozno jeho vzniku pfedchazet za souéas-
ného zachovani ostatnich pozitivnich technologickych vlastnosti
polyfenold.

Prestoze jecné, respektive sladové polyfenoly tvofi vétSinu poly-
fenold obsazenych v pivu (Gerhauser, 2005; Vanderhaegen et al.,
2006), v minulosti byly studovany zejména polyfenoly izolované
z chmele. Obé skupiny polyfenoll obsahuji sice az na vyjimky tytéz
latky, jejich relativni zastoupeni se v8ak ve chmelu a sladu znag-
né lisi. Kromé toho existuji nékteré vyznamné skupiny polyfenoll
(prenylované flavonoidy), které se vyskytuji jen ve chmelu (Stevens
a Page, 2004), nebo je jich naopak vyrazné vice ve sladu, coz se
tyka napfiklad kyseliny ferulové nebo nékterych proanthokyanoge-
n0 (Hernanz et al., 2001; Dvorakova et al., 2008a). Vyznamny podil
sladovych polyfenoll se navic vyskytuje ve vazané formé, nejcastéji
jako glykosidy (Ferreres et al., 2009), fenolové kyseliny jsou také
Casto vazany na ostatni slozky zrna esterovou vazbou (Verardo et
al., 2008). Proto je také izolace a purifikace je¢nych polyfenoll ve
srovnani s chmelovymi vyrazné obtiznéjsi. Cely proces je znacné
Casove narocny, spociva nejcastéji v alkalické hydrolyze nebo vice-
nasobné extrakci organickymi rozpoustédly, vyzaduje fadu nasled-
nych purifikacnich krokd, které umoznuji oddéleni problematickych
latek, jako jsou polysacharidy, lipidy a bilkoviny (Ehrenbergerova
et al., 2012; Dvorakova et al., 2008b). Na druhou stranu umozriuji
nékteré tyto postupy stanoveni podilu konkrétnich polyfenold v jed-
notlivych dfive zmifiovanych frakcich (volné, vazané, esterifikované)
a tim poskytuji, ve srovnani s chmelovymi, SirSi spektrum informaci
o této vyznamné skupiné latek.

Lze pfedpokladat, ze mnozstvi a zastoupeni jednotlivych polyfe-
nold a jejich skupin v jeémeni bude z velké ¢asti uréeno odridou,
mistem a zplGsobem jejich péstovani (Mikyska et al., 2010). Vzhle-
dem k tomu, Ze nékteré skupiny polyfenolovych slou¢enin, zejména
flavan-3-oly a proanthokyanogeny, jsou spoluodpovédné za zhor$o-
vani koloidni stability piva (McMurrough et al.,1996a; McMurrough et
al., 1996b; Parker, 2007; Aron a Shellhammer, 2010), mohla by zna-
lost vztahu mezi odrGdou, agrotechnickymi parametry a obsahem
polyfenolovych sloucenin v budoucnu vyznamné pfispét k zajisténi
vysokeé kvality vyrabéného produktu.

2 MATERIAL A METODY

2.1 Analyzované vzorky jeémene
Byly analyzovany 4 ¢inské odridy a 7 odrdd tuzemskych ze skliz-
né 2011, seznam odrlid je uveden v tab. 1. Vzorky tuzemskych odrtd

lization process. The latest studies from Steiner et al. (2011) and
Aron and Shellhammer (2010) are focused on particular haze-active
substances such as polyphenols and proteins with the intention of
finding a way to avoid the haze and simultaneously preserving other
positive technological properties of the polyphenols.

In the past, polyphenols from hops were primarily studied despite
the fact that most of the polyphenols in beer originate from barley
or malt (Gerh&user, 2005; Vanderhaegen et al., 2006). With a few
exceptions both raw materials contain the same compounds but
their relative contents in hops differ considerably from those in malt
or barley. Furthermore, hops alone contains an important group of
polyphenols namely the prenylated flavonoids (Stevens and Page,
2004). On the other hand, malt contains significantly more ferulic
acid and some proanthocianidins (Hernanz et al., 2001; Dvorakova
et al., 2008a). A significant part of malt polyphenols are bound, most-
ly to glycosides (Ferreres et al., 2009). The phenolic acids are often
bound to other parts of barley grain by an ester bonds (Verardo et
al., 2008). Therefore, the separation and purification of barley poly-
phenols is more difficult when compared with hops polyphenols. The
whole procedure is rather time consuming beginning with an alkali
hydrolysis or multiple extractions with organic solvents followed by
a number of purification steps which allow the removal of interfer-
ing substances such as polysaccharides, lipids and proteins (Ehren-
bergerova et al., 2012; Dvofakova et al., 2008b). On the other hand,
some of these procedures allow a quantitative determination of par-
ticular polyphenols in previously mentioned fractions (free, bound
and esterified). This provides a wider range of information about this
important group of compounds when compared with hops polyphe-
nols.

It can be assumed that the presence and quantity of particular
polyphenols and their groups will largely depend on the barley vari-
ety and the method of cultivation (Miky$ka et al., 2010). Considering
the fact that different groups of polyphenolic compounds (particularly
flavan-3-ols and proanthocianidins) have a negative impact on the
colloidal stability of beer (McMurrough et al., 1996a; McMurrough et
al., 1996b; Parker 2007; Aron and Shellhammer, 2010), knowledge
about the relationship between the variety, the agrotechnological pa-
rameters and the contents of polyphenols in barley could add consid-
erably to a higher quality of the product.

2 MATERIAL AND METHODS

2.1 Barley analysed

Four Chinese barley varieties and seven Czech barley varieties
from the 2011 crop were analysed. The list of the varieties is given in
Tab. 1. The Czech barley was grown in the Krom FiZ region and the
barley samples were provided by the Agricultural Research Institute
Kromeriz, Ltd.

2.2 Separation of the individual polyphenols fractions

For the separation of the free, bound and esterified fractions of
polyphenols a modified method, originally used for the separation
of phenolic acids from oil seeds, was used (Krygier et al., 1982).
Firstly, the lipids were removed from the ground sample of barley
or from malt by extraction with hexane. Secondly, the sample was
repeatedly extracted with a mixture of acetone and water. The liquid
part was collected in a heart shaped flask and used for the isolation
of the free and esterified polyphenols. The residue was used for the
isolation of bound polyphenols.

Isolation of the free polyphenols

The acetone was removed from the liquid extract in an evaporator
at 35 °C and the water soluble part was extracted several times with
ethyl acetate. The organic phase was collected in a heart shaped
flask and dried in the evaporator at 35 °C. The remaining water solu-
ble phase was used for the isolation of the esterified polyphenols.

Isolation of the esterified polyphenols

The water soluble part was subjected to an alkaline hydrolysis with
NaOH at room temperature and then acidified with HCI to a pH < 2.
Subsequently, the solution was extracted several times with ethyl
acetate. The organic phase was dried in the evaporator under the
same conditions as for the free polyphenols.

Isolation of the bound polyphenols
The residue from the primary extraction was subjected to an al-
kaline hydrolysis with NaOH, then acidified with HCI to a pH = 2
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byly vypéstovany v oblasti Kroméfiz a byly dodany ze Zemédélského

vyzkumného ustavu Kroméfiz s.r.o.

2.2 Izolace jednotlivych frakci polyfenolt

Pro izolaci volnych, vazanych a esterifikovanych polyfenold byla
pouzita modifikovana metoda, ktera byla plivodné navrzena pro izo-
laci fenolovych kyselin z olejnatych semen (Krygier et al., 1982). Ze
vzorku namletého je¢mene (sladu) byly nejprve odstranény lipidové
slozky extrakci hexanem. Nasledné byl vzorek opakované extraho-
van smési aceton:voda a odstfedén. Kapalny podil (hruby extrakt)
byl shromazdén v barice a pouZzit k izolaci volnych a esterifikovanych
polyfenold, reziduum bylo pouzito k izolaci vazanych polyfenold.

Izolace volnych polyfenoli

Z hrubého extraktu byl na vakuové odparce pfi 35 °C odstranén
aceton a zbyly vodny podil byl opakované extrahovan etylacetatem.
Organicka faze byla shromazdéna v srdcové barice a odparena na
vakuové odparce pfi 35 °C do sucha. Zbyly vodny podil byl pouzit
k izolaci esterifikovanych polyfenold.

Izolace esterifikovanych polyfenolti

Zbyly vodny podil po izolaci volnych polyfenold byl alkalicky hyd-
rolyzovan pomoci NaOH za pokojové teploty a nasledné okyselen
HCI na pH < 2. Takto upraveny roztok byl opakované extrahovan
etylacetatem. Organicka faze byla poté za stejnych podminek jako
volné polyfenoly odpafena do sucha.

Izolace vazanych polyfenoli

Reziduum po primarni extrakci bylo podrobeno alkalické hydroly-
ze pomoci NaOH. Hydrolyzat byl poté okyselen HCI na pH 2 a od-
stfedén. Ziskany kapalny podil byl opakované extrahovan etylace-
tatem za vzniku emulze, kterou bylo nutné odstredit. Organicka faze
byla po kazdé extrakci odebirana pomoci pipety a shromazdéna
v srdcové barice. Obsah srdcové banky byl za stejnych podminek
jako pfi izolaci volnych a esterifikovanych polyfenolt odpafen do
sucha.

2.3 Stanoveni obsahu polyfenolii metodou HPLC-DAD

Pro stanoveni polyfenold byl vyuzit kapalinovy chromatograf s de-
tektorem diodového pole (HPLC-DAD) Agilent 1100 Series. Vzorky
jednotlivych frakci byly pfipraveny vySe uvedenym postupem a po
odpareni byl obsah banék pomoci ultrazvuku rozpustén v 1 ml oky-
seleného methanolu a prefiltrovan pfes PTFE mikrofiltr do vialek. Pro
déleni latek byla pouzita kolona Eclipse XDB (150x4,6 mm, 5 pm)
s pouzitim binarni gradientové eluce, pfi¢emz mobilni faze sestavala
z methanolu (5 az 50 obj. %) a demineralizované vody. Obé slozky
mobilni faze byly okyseleny pomoci kyseliny octové na pH 3. Objem
nastriku vzorku byl 20 pl, teplota kolony 40 °C a prutok mobilni faze
1 mi/min.

Detekce pomoci DAD detektoru byla provedena v celé &ifi UV
spektra a identifikace jednotlivych polyfenoll vychazela z retenénich
¢asu zjiSténych analyzou Cistych standardi jednotlivych polyfenoli
a jejich charakteristickych absorpénich spekter. Kvantifikace byla
provadéna pomoci vnéjsi kalibrace, pfi vinovych délkach 253, 280,
306 a 330 nm v zavislosti na absorpénim maximu jednotlivych poly-
fenolu (tab. 2). Celkem bylo v rGznych frakcich nalezeno a kvantifiko-
vano 13 polyfenolovych slouéenin (tab. 3).

3 VYSLEDKY A DISKUSE

Vysledky stanoveni jednotlivych polyfenolovych sloucenin ve tfech
frakcich (volné, vazané, esterifikované) jsou uvedeny v tab. 4 a 5.
U v8ech vzorkUl jsou jasné patrné rozdily v zastoupeni nékterych po-
lyfenolll v jednotlivych frakcich. Volna frakce je tvofena pfedevsim
flavan-3-oly (katechin) a proathokyanogeny (prodelfinidin B3 a pro-
kyanidin B3), obsah fenolovych kyselin je v této frakci velmi nizky
a pohybuje se i v pfipadé dominantni ferulové kyseliny maximalné
v rozmezi 0,2-0,3 mg/100g u vzorkUd tuzemskych odrid, ve vzorcich
jemene péstovaného v Ciné je obsah vétsiny analyzovanych kyse-
lin v této frakci o néco vyssi. Esterifikovana frakce je podle pfedpo-
kladu tvorena prakticky vyhradné fenolovymi kyselinami. Vyjimkou
je katechin, u kterého existuje pfedpoklad, Ze se na esterovych vaz-
bach podili svymi hydroxylovymi skupinami za vzniku struktur typu
gallokatechin(, katechingalat(i pfipadné katechinferulatd, jejichz vy-
skyt byl prokazan v je€meni i dalSich rostlinach (Whittle et al., 1999;
Sanz et al., 2010; Yesil-Celiktas et al., 2009). Vazana frakce zkou-
manych vzorku je tvofena prevazné glykosidy jednotlivych polyfeno-

Tab. 3 Zkratky polyfenolovych slouéenin pouzivané v nasledujicich
tabulkach / Abbreviations for the polyphenolic compounds used in
the following tables

Polyfenol / Polyphenols Zkratka /
Abbreviation
protokatechova k. / procatechuic acid prot
para-hydroxybenzoova k. /
para-hydroxybenzoic acid p-hyd
vanilova / vanillic acid va
ellagova k. / ellagic acid ella
gallova k. / gallic acid gal
prodelfinidin B3 / prodelphinidin B3 prod B3
prokyanidin B3 / procyanidin B3 prok B3
katechin / catechin kat
trans-skoficova k. / trans-cinnamic acid t-sko
kavova k. / caffeic acid kav
ferulova k. / ferulic acid fer
sinapova k. / sinapic acid sin
para-kumarova k. / para-coumaric acid p-kum

and centrifuged. The liquid part obtained was extracted several times
with ethyl acetate. An emulsion was formed which must have been
centrifuged. The organic phase was sampled after each extraction
with a pipette, collected in a heart shaped flask and dried in the
evaporator under the same conditions as for the free and esterified
polyphenols.

2.3 Determination of the polyphenols content by HPLC-DAD

For the determination of the polyphenols a high-performance liquid
chromatograph equipped with a diode array detector (HPLC-DAD) Agi-
lent 1100 Series and a column Eclipse XDB; 150 cm x 4.6 mm i.d. and
5 pum film thickness (all Agilent Technologies, Santa Clara, CA, USA)
was used. Samples of the individual fractions were prepared accord-
ing to the methods described above. The contents of the heart shaped
flasks were dissolved in 1 ml of acidified methanol using an ultrasonic
bath and filtered through a PTFE micro filter into vials. For the separa-
tion binary gradient elution was used. The mobile phase consisted of
methanol (5 to 50% vol.) and deionized water. Both components of the
mobile phase were acidified with acetic acid to a pH = 3. The injection
volume was 20 pl, the column temperature was 40 °C and the flow rate
of the mobile phase was 1 ml/min. The detection with DAD accommo-
dated the entire UV/VIS spectrum. The identification of the individual
polyphenols was based on their retention times and their characteristic
absorption spectrums found from the analysis of polyphenols stand-
ards. For the quantification an external calibration at wavelengths 253,
280, 306 and 330 nm depending on the absorption maximum of individ-
ual polyphenols was used (Tab. 2). In total 13 polyphenolic compounds
from different fractions were detected and quantified (Tab. 3).

3 RESULTS AND DISCUSSION

The results for the determination of the polyphenolic compounds in
all three fractions are given in Tab. 4 and 5. All samples clearly show
differences in the contents of individual polyphenols in the fractions
analysed. The free fraction contains mainly flavan-3-ols (catechins)
and proanthocyanidins (prodelphinidin B3 and procyanidin B3). The
content of phenolic acids in this fraction is very low. Even the content
of the dominant ferulic acid in the home-grown varieties was only
0.2 to 0.3 mg/100 g. The content of the acids analysed in samples
of barley grown in China is slightly higher. The esterified fraction
contains almost solely phenolic acids with exception of catechin. As
assumed, catechin forms ester bonds through its hydroxyl groups to
make compounds with structures such as gallocatechins, catechin
gallates or catechin ferulates which were found in barley and in other
plants (Whittle et al., 1999; Sanz et al., 2010; Yesil-Celiktas et al.,
2009). The bound fractions contained mainly glycosides of the in-
dividual polyphenols. Predominant were the phenolic acids such as
ferulic, sinapic and p-coumaric acids.

The amount of flavonoids analysed in the samples made up about
20-30% rel. of the total polyphenols content. The previous studies
of Goupy et al. (1999) mention a significantly higher amount of these
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Tab. 4 Obsah polyfenoll ve vzorcich odriid jeémene z péstebni oblasti Kroméfiz, roénik 2011 (mg/100g) /
The contents of polyphenols in the samples of the barley varieties grown in the Kromeriz region in 2011 (mg/100g)

Jeémen 2011 Kromé¥iz / Barley Kromeriz 2011
Frakce / Polyfenol / Aksamit Blanik Bojos Jersey Kangoo Malz Sebastian
Fraction Polyphenols
Volna / Free p-hyd n.d. 0.05 0.05 0.05 0.05 n.d. 0.05
va 0.05 0.07 0.06 0.05 0.05 0.04 0.06
prod B3 2.70 2.77 2.02 1.70 2.22 2.25 2.28
prok B3 9.44 6.97 9.01 6.51 7.07 7.06 6.08
kat 4.50 1.44 2.28 1.98 1.75 2.04 1.16
van 0.07 0.14 0.10 0.09 0.10 0.07 0.12
fer 0.16 0.28 0.23 0.25 0.20 0.21 0.24
p-kum 0.07 0.10 0.11 0.10 0.11 0.14 0.09
Esterifikovana/ | prot 0.05 0.06 0.05 0.04 0.04 0.04 0.06
Esterified p-hyd 0.11 0.15 0.13 0.13 0.13 0.15 0.14
va 0.23 0.20 0.20 0.17 0.20 0.11 0.17
kat 0.58 0.40 0.38 0.45 0.44 0.53 0.48
t-sko n.d. 0.02 n.d. 0.02 0.02 n.d. 0.02
kav n.d. n.d. 0.10 n.d. 0.12 0.13 n.d.
fer 0.61 0.93 0.76 1.23 1.15 1.09 1.29
sin 0.33 0.46 0.60 0.60 0.63 0.80 0.54
p-kum 0.09 0.13 0.10 0.27 0.15 0.13 0.14
Vazana / Bound | prot 0.09 0.05 0.05 0.06 0.05 0.06 0.06
p-hyd 0.12 0.10 0.10 0.12 0.12 0.13 0.11
va 0.29 0.27 0.21 0.22 0.26 0.19 0.24
kat 0.62 0.26 0.54 0.52 0.47 0.43 0.27
van 0.27 0.23 0.28 0.30 0.35 0.29 0.23
kav n.d. n.d. n.d. n.d. n.d. n.d. n.d.
fer 23.56 27.26 20.89 25.69 28.72 23.00 30.94
sin 3.41 3.25 3.98 3.89 4.33 3.95 3.67
p-kum 6.35 410 3.25 6.14 4.34 5.81 4.54
X polyfenolid / 53.7 49.8 45.5 50.6 53.2 48.6 53.1
Z polyphenols

n.d. — nebyl detekovan / n.d. — not detected

I0. Dominantnimi zastupci jsou fenolové kyseliny ferulovd, sinapova
a p-kumarova.

Podil sledovanych flavonoid( ve vzorcich predstavuje pfiblizné 20
az 30 rel. % z celkového mnozstvi polyfenoll, v dfivéjSich pracich
(Goupy et al., 1999) se uvadi vyrazné vyssi podil téchto slou€enin
(60-70 rel. %), nicméné vétsina téchto studii vychazi z izolacnich
technik, vhodnych primarné pro izolaci polyfenolli volné frakce, coz
ziskané vysledky znacné ovlivriuje. Obsah ferulové kyseliny je oproti
dfive publikovanym udajim (Ehrenbergerova et al., 2012; Bélakova
liSily v pouzité metodice pfipravy vzorku. Podil dominantnich kyselin
vazané frakce naproti tomu pomérné pfesné odpovida dfive publiko-
vanym vysledkim (Dvorakova, 2008b).

V ramci souboru vzork(l ¢eskych odriid byly nalezeny jen malé
rozdily v zastoupeni jednotlivych polyfenoll. Odriidy Bojos a Aksa-
mit se odliSovaly vyrazné vy$Sim obsahem prokyanidinu B3 (9,01
respektive 9,44 mg/100g), coz predstavuje oproti ostatnim zkou-
manym odriddam hodnoty vy$si pfiblizné o polovinu. Obé odriidy
obsahovaly ve volné frakci také vy§Si koncentrace katechinu, v pfi-
padé odrlidy Aksamit vice nez dvojnasobné ve srovnani s prime-
rem. Naproti tomu obsahovaly vzorky téchto odriid nizké mnozstvi
ferulové kyseliny v esterifikované (Bojos — 0,76 mg/100g; Aksamit
— 0,61 mg/100g; pramér — 1,00 mg/100g ) i vazané frakci (Bojos —
23,56 mg/100g; Aksamit — 20,89 mg/100g; primér 25,81 mg/100g).
Urcité rozdily byly zjistény i v obsazich p-kumarové kyseliny. Zatim-
co je€meny odrud Blanik, Bojos, Kangoo a Sebastian obsahovaly
tohoto polyfenolu maximalné 4,5mg/100g, v ostatnich tfech odru-
dach (Aksamit, Jersey a Malz) byly zjistény obsahy okolo 6 mg/100g
nebo vyssi.

Pri srovnani vzork(i ¢eskych odrlid s ¢inskymi je na prvni pohled pa-
trny rozdil uz v celkovém obsahu sledovanych polyfenoll. Primérny

compounds, namely 60-70% rel. Nevertheless, in the majority of
these studies the isolation technique used is primarily appropriate
for the isolation of polyphenols from the free fractions, which influ-
ences the results considerably. The content of ferulic acid is lower
when compared with results previously published by Ehrenberger-
ova et al., (2012) and Bélakova et al., (2010). The reason could be
the different technique used for sample preparation. The amount of
acids from the bound fraction is in good agreement with the results
previously published by Dvorakova (2008b).

The amount of single polyphenols in the samples of the Czech
barley varieties varied only slightly. The Bojos and Aksamit varieties
contained significantly larger amounts of procyanidin B3, 9.01 and
9.44 mg/100 g respectively. It was about 50% more than in other va-
rieties analysed. The free fraction from both varieties also contained
a higher concentration of catechin: the Aksamit variety even had twice
the amount of catechin in comparison to the average amount of the
all varieties. Then again, these varieties contained a low amount of
ferulic acid in both, the esterified and the bound fractions: namely 0.76
mg/100 g for Bojos and 0.61 mg/100 g for Aksamit when compared
to an average of 1.00 mg/100 g for the esterified fraction and 23.56
mg/100 g for Bojos and 20.89 mg/100 g for Aksamit when compared
to an average of 25.81 mg/100 g for the bound fraction. Some differ-
ences were also found in the contents of p-coumaric acid. The Blanik,
Bojos, Kangoo and Sebastian barley varieties contained a maximum
of 4.5 mg/100 g. The other varieties, Aksamit, Jersey and Malz con-
tained about 6 mg/100 g of p-coumaric acid or more.

When comparing the samples of the Czech and Chinese varieties,
the main difference is the total amount of polyphenols studied. The av-
erage content in the Chinese varieties was 75.1 mg/100 g and in the
Czech varieties 50.6 mg/100 g. The most significant differences were in
the contents of the proanthocyanidins and the flavan-3-ols (catechin). In
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Tab. 5. Obsahy polyfenold ve vzorcich ¢inského jeémene, roénik 2011 (mg/100g) / The contents of polyphenols in the samples of the bar-

ley varieties grown in China and harvested in 2011 (mg/100g)

Frakce / Polyfenol / 2011
Fraction Polyphenols Hua 2759 Chuannong Da 73 Kong Yiu 13-01 Ken 7
Volna / Free p-hyd 0.11 0.11 0.11 0.08
va 0.11 0.10 0.16 0.09
prod B3 412 3.21 2.92 2.50
prok B3 14.60 11.20 10.20 12.40
kat 5.25 6.38 3.88 5.38
van 0.24 0.17 0.26 0.18
t-sko n.d. n.d. n.d. n.d.
kav n.d. n.d. 0.11 n.d.
fer 0.33 0.21 0.28 0.42
p-kum 0.20 0.14 0.22 0.19
Esterifikovana / prot 0.13 0.09 0.07 0.08
Esterified p-hyd 0.26 0.21 0.30 0.21
va 0.52 0.57 0.77 0.46
prok B3 1.65 0.68 1.32 1.36
kat 0.78 0.31 0.35 0.30
t-sko n.d. n.d. 0.02 0.03
kav 0.16 0.29 0.24 0.13
fer 1.21 1.47 1.58 1.31
sin 0.70 0.65 0.76 0.59
p-kum 0.59 0.59 0.63 0.19
Vazana / Bound prot 0.06 0.05 n.d. 0.06
p-hyd 0.20 0.16 0.09 0.09
va 0.33 0.22 0.29 0.23
kat 1.67 1.05 0.85 0.76
van 0.39 0.39 0.34 0.25
kav 0.12 0.11 n.d. n.d.
fer 37.90 35.60 33.90 25.70
sin 2.97 3.69 3.43 3.32
p-kum 15.9 9.61 6.03 7.51
Z polyfenolt / 90.5 77.2 69.1 63.8
X polyphenols

n.d. — nebyl detekovan / n.d. — not detected

obsah v ¢inskych odriidach byl 75,1 mg/100g, v ¢eskych 50,6 mg/100g.
Nejvyznamnéjsi rozdily jsou v obsazich proanthokyanogent a flavan-
-3-0ll (katechin). Mnozstvi prokyanidinu B3 bylo ve vzorcich ¢inskych
odrld oproti ¢eskym v priméru témér dvojndsobné, vyskyt této latky
byl v pomérné velkém mnozstvi (0,68 az 1,65 mg/100g) prokazan do-
konce v esterifikované frakci, ve které se u ¢eskych odriid nevysky-
toval viibec. Také katechinu ve volné frakci bylo nalezeno v ¢inskych
odridach vice nez dvojnasobné mnozstvi. Jedinym jednoznacnym
rozdilem, tykajicim se zastoupeni sledovanych polyfenolll v esterifi-
kované frakci, byl vice nez dvakrat vy$Si obsah p-hydroxybenzoové
kyseliny. Ve vazané frakci se soubory vzorkd lisily nejvice v obsahu
p-kumarové kyseliny, ktery u tfi ze Etyf vzorkl pfesahoval hranici 7,5
mg/100g, u odrlidy Hua dosahoval dokonce téméf 16 mg/100g, coz
odpovida trojnasobku priméru u éeskych odriid. Také obsah ferulové
kyseliny byl v ¢inskych vzorcich pfiblizné o tretinu vyssi.

Celkové hodnoceni vyznamu zjisténych rozdill na technologické
parametry sledovanych odrlid je znaéné obtizné. Ke vzork(im ¢inské-
ho je€mene nebyl ziskan odpovidajici vzorek sladu ani zadné vysled-
ky zékladnich stanoveni, neni tedy mozné posoudit, zda se jednalo
o jeCmen sladovnické kvality. V dusledku vyrazné vyssiho obsahu
anthokyanogenu a zfejmé i dalSich latek flavonoidniho charakteru,
které jsou spoluodpovédné za problémy souvisejici s koloidni stabili-
tou piva, je mozno predpokladat, Ze stabilita a trvanlivost piva vyrobe-
ného ze sladll odrid s podobnym profilem polyfenolovych slouc¢enin
bude nizsi. Bohuzel takova piva nebyla k dispozici, takze nebylo moz-
no tento pfedpoklad ovéfit. Vy§Si mnozstvi polyfenolovych latek v je¢-
meni by naopak mohla pfinaset vyhody ve vztahu k senzorické kvalité
piva, pokud by bylo dosazeno vétSiho mnozstvi polyfenoll i ve sladu.

the Chinese varieties almost double the amount of procyanidin B3 was
found. Unlike the esterified fractions of the Czech barley samples which
did not contain any procyanidin B3 the esterified fractions of the Chi-
nese varieties contained quite a large amount of this compound, namely
from 0.68 to 1.65 mg/100 g. The amount of catechin in the free fraction
of the Chinese barley samples was also more than double. A further
significant difference between the esterified fractions from the Czech
and from the Chinese barley was the content of p-hydroxybenzoic acid;
more than double in the Chinese samples. The bound fractions from
the Chinese samples differ mainly in the content of p-coumaric acid.
Three out of four samples contained more than 7.5 mg/100 g and the
variety Hua even contained 15.9 mg/100 g of this compound. This is
three times the average of the Czech varieties. The contents of ferulic
acid in the Chinese samples were also approximately one third higher.
A general evaluation of differences between the Czech and the Chi-
nese barley varieties and their impact on the technological parameters
is very difficult. The Chinese samples did not include any correspond-
ing samples of malt nor any results from basic analysis. Therefore, it
was impossible to evaluate whether the Chinese barley varieties were
suitable for beer production. Due to the significantly higher content of
anthocyanogens and probably also other flavonoids responsible for
lower colloidal stability of the beer it could be assumed that the stability
and the shelf life of the beer made with the use of these varieties will
be lower. Nevertheless, this assumption could not be verified since no
beers produced from the investigated barley varieties were available.
On the contrary, the higher total amount of polyphenolic substances in
barley could be favourable for the sensory quality stability of the beer,
as long as higher content of polyphenols should be reached in malt.



Porovnani ¢eskych a c¢inskych odriid jecmene s ohledem na technologicky vyznamné polyfenolové latky

KVASNY PRUM.
59/2013 (12)

351

4 ZAVER

Byly provadény srovnavaci analyzy vybranych odrid je¢ment
péstovanych v Ceské republice a v Cinské lidové republice. Tyto
testy byly zaméreny na nalezeni pfipadnych rozdill v mnozstvi a za-
stoupeni vybranych polyfenoll a jejich skupin ve tfech frakcich — vol-
né, vazané a esterifikované.

Vzorky ¢inského je€émene se vyznacovaly vyS$Sim pramérnym cel-
kovym obsahem sledovanych polyfenolli (75,1 mg/100g oproti 50,6
mg/100g u ¢eskych odrdd). Tento rozdil byl zplsoben zejména vy-
razné vy$8im obsahem prokyanidinu B3 a katechinu ve volné frak-
ci, p-hydroxybenzoové kyseliny v esterifikované frakci, a zejména
ferulové a p-kumarové kyseliny ve frakci vazané. V ramci souboru
¢eskych odrlid, které byly péstovany ve stejné oblasti, byly rozdily
pomérné malé, vyznamné se odliSovaly pouze odriidy Bojos a Aksa-
mit, opét zejména v dlsledku odlinosti v zastoupeni prokyanidinu
B3 ve volné frakci.

Tento screening pomérné Sirokého spektra polyfenolovych latek,
které se v obilce vyskytuji v riznych formach, je tfeba vnimat jako
uvodni praci, ktera by v budoucnu mohla pfinést fadu cennych in-
formaci tykajicich se vztahl mezi odr(dou, podminkami péstovani
a obsahem polyfenolovych slouc¢enin a tim pfispét ke zlepSeni orga-
noleptickych vlastnosti piva.
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4 CONCLUSIONS

The comparative analyses of specific barley varieties cultivated in
the Czech Republic and the People’s Republic of China were car-
ried out. The aim of this study was to find possible differences in
the quantity and the relative contents of selected polyphenols and
their groups in three fractions, namely in free, bound and esterified
fractions.

The average total average content of the studied polyphenols in
the samples of Chinese barley was higher, (75.1 mg/100 g compared
to 50.6 mg/100 g for the Czech barley). This difference was due to
a significantly higher content of procyanidin B3 in the free fractions,
of p-hydroxybenzoic acid in the esterified fractions and primarily of
ferulic and p-coumaric acids in the bound fractions. The differences
between the samples of Czech barley cultivated in the same region
were relatively small. Significant differences especially in the amount
of procyanidin B3 were only found in the free fractions from the Bojos
and Aksamit varieties.

This screening of rather a wide range of polyphenolic compounds
found in different forms in caryopsis is the introductory study which
should bring an amount of valuable information about the relation-
ship between the variety, the cultivation conditions and the content
of polyphenols. This knowledge should contribute to an improvement
in the organoleptic properties of beer.
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