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Byla stanovena antioxida¢ni aktivita vitaminu E a obsah jeho jednotlivych izomerd tokoferolt a tokotrienoll v souboru 12 odrad/linii
zrna jeémene jarniho. Pokus, z néhoz byly odebirany vzorky zrna k analyzam, probihal na dvou stanovistich — v Zabgicich a v Kroméfizi
v letech 2005 a 2007-2008. Sledovan byl také vliv zpUsobu oSetfeni porostu (s aplikaci pesticidi a bez aplikace pesticid(l) na stanovisti
Zabgice. Pokusy na stanovisti Kromékiz probihaly bez chemické aplikace, tj. bez pouziti pesticidd. Byl zjistén statisticky priikazny vliv
odrdd/linii, roéniku a zplsobu o$etreni na aktivitu vitaminu E. Bezplucha linie KM 1057 (15,71 mg.kg') méla prikazné vyssi aktivitu vi-
taminu E oproti celému souboru (10,23-13,74 mg.kg') neoSetfenych variant péstovani. Odrudy Prestige, Merlin, Sebastian a Amulet
(13,42-13,74 mg.kg™") mely také vysokou aktivitu vitaminu E a vyznamné se neliSily od sladovnické odridy Malz (13,20 mg.kg'") dopo-
ruéené pro vyrobu Ceského piva.

Brezinova Belcredi, N. — Ehrenbergerova, J. — Benesova, K. — Vaculova, K.: Variability of activity of vitamin E and its isomers in
a barley grain. Kvasny Prum. 56, No. 2, p. 88-92.

Antioxidant activity of vitamin E and content of its individual isomers, tocopherols and tocotrienols, were determined in the set of 12
varieties/lines of barley grain. from which Grain samples for the analyses were collected from the experiments performed in two locali-
ties — Zabcice and Kroméfiz in 2005 and 2007-2008. The effect of the method used for the grouthreatment (with the application of pes-
ticides and without pesticides) was studied in the locality of Zabéice. The experiments in the locality of Kroméfiz were carried out with-
out chemical application, i.e. without the use of the pesticides. A statistically significant effect of the varieties/lines, year and treatment
method on the activity of vitamin E was determined. The hull-less line KM 1057 (15.71 mg.kg™") had significantly higher vitamin E activ-
ity compared to the whole set (10.23-13.74 mg.kg™') of the non-treated variants of growing. The varieties Prestige, Merlin, Sebastian,
and Amulet (13.42—-13.74 mg.kg™) also had a high vitamin E activity and they did not differ significantly from the malting variety Malz
(13.20 mg.kg") recommended for the production of Czech Beer.

Brezinova Belcredi, N. — Ehrenbergerova, J. — Benesova, K. — Vaculova, K.: Variabilitat der Vitamin E-Aktivitat und seinen Iso-
meren im Gerstenkorn. Kvasny Prum. 56, Nr. 2, S. 88-92.

Es wurde die Antioxidationsaktivitat des Vitamin E und Gehalt an einzelnen Isomeren der Tokopherolen und Tokotrienolen in der Kol-
lektion von 12 Sorten/Linien des Sommergerstenkornes festgestellt. Der Versuch, aus dem die Kornmuster entnommen worden sind,
fand im Zeitraum 2005 und 2007—2008 an zwei Orten Zabg&ice und KroméFiz statt. Weiterhin wurde es auch der Einfluss des Pflanzen-
bestandbehandlungsverfahrens (mit und ohne Applikation von Pestiziden) im Ort Zabgice verfolgt. Im Ort KroméFiz verfolgen die Ver-
suche ohne Applikation von Pestiziden. Es wurde ein statistisch erweisbar Einfluss der Sorten/Linien, des Jahrganges und Behand-
lungsverfahrens auf die Vitamin E-Aktivitat festgestellt. Die spelzenlose Sorte KM 1057 (15,71 mg.kg™") wies eine erweisbare Vitamin
E-Aktivitat gegenliber den nicht behandelten Varianten der gesamten Kollektion (10,23-13,74 mg.kg™") auf. Die Sorten Prestige, Merlin,
Sebastian und Amulet (13,42—13,74 mg.kg™) wiesen auch eine hohe Vitamin E-Aktivitat auf und waren von der zur Bierherstellung des
Tschechisches Bier empfohlenen Sorten Malz (13,20 mg.kg™") nicht wesentlich verschieden.

Klicova slova: odridy, vitamin E, tokoferoly, tokotrienoly, lokality,
osetfeni porostu

1 UVOD

Antioxidaéni aktivita je¢émene je zpUsobena tfemi hlavnimi feno-
lickymi typy sloucenin: flavan-3-oly (vice jak 85 %), hydroskoficovymi
kyselinami (asi 10 %) a flavony (méné nez 5 % celkového obsahu
polyfenoll). Mezi daldi antioxidanty Ize zafadit vitamin C a E
véetné jeho izomerl tokoferoll a tokotrienold [1]. Vitamin E preds-
tavuje pro ¢lovéka esencialni chemickou latku podilejici se 3 % na
celkové antioxidaéni kapacité [2]. Absorpce vitaminu E je zavisla na
obsahu mastnych kyselin v potravé, na zluc¢ovych kyselinach, pan-
kreatickych enzymech a na obsahu lipidi v plazmé [3], kde je vita-
min E transportovan asociovany s lipidovou fazi lipoproteinovych
Castic LDL [4]. Tokotrienoly, zvlasté y- a d-tokotrienol [5], jsou
schopné redukovat sérovy LDL cholesterol u ¢lovéka. Plsobi jako
inhibitory 3-hydroxy-3-methylglutaryl koenzymu A reduktasy (HMG-
CoA reduktasa), coz je klicovy enzym syntézy cholesterolu v jatrech
[6]. Za nejucinnéjsi izomer vitaminu E, pro zpomaleni zanaSeni cév

Key words: varieties, vitamin E, tocopherols, tocotrienols, localities,
treatment of stands

1 INTRODUCTION

Antioxidant activity in barley is caused by three main phenolic-type
compounds: flavan-3-ols (more than 85 %), hydrocinnamic acids (ca
10 %) and flavones (less than 5 % of the total polyphenol content).
Other antioxidants are vitamin C and vitamin E including its isomers,
tocopherols and tocotrienols [1]. In humans, vitamin E represents an
essential chemical substance contributing to the total antioxidant ca-
pacity with 3 % [2]. Absorption of vitamin E depends on fatty acid
content in food, bilious acids, pancreatic enzymes and lipid content
in plasma [3] where vitamin E associated with lipoprotein particle lipid
phase LDL is transported [4]. Tocotrienols, namely y- and d-tocotrienol
[5], are capable of reducing serum LDL cholesterol in humans. They
act as inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A reductase
(HMG-CoA reductase), a key enzyme of cholesterol synthesis in the
liver [6]. 6-tocotrienol is considered the most effective isomer of vita-
min E in the prevention of atherosclerosis [5]. Recent studies have
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pfi ateroskleréze, je pokladan d-tokotrienol [5]. Soucasné studie uka-
zuji na to, Ze tokotrienoly preventivné plsobi proti bujeni a rozsifo-
vani nékolika typt humannich rakovinnych bunék [5, 6].

Je zajimavé, Ze pravé v zrnu je€mene je zastoupeno v§ech osm
izomeru vitaminu E, tj. a-, p+y-, 6-tokoferoly a a-, p+y-, d-tokotrienoly,
které chrani obilku pfed oxidaci béhem skladovani a kli¢eni [6, 7, 8,
9, 10], coz je dulezité pro vyrobu sladu. Peterson [8] udava, Ze v klicku
obilky je obsazen izomer a-tokoferol a mensi mnozstvi y-, d-tokofer-
ol a B-tokotrienolu. Ostatni izomery jsou zastoupeny v pluse a en-
dospermu obilky, kde je v nejvétSim mnozstvi obsazen a-tokotrienol.
Ehrenbergerova et al. [7] zjistili signifikantné vy$§i mnozstvi vitaminu
E v obilkach bezpluchych waxy genotypech jeémene oproti odriidam
sladovnickym s pluchatymi obilkami.

Cilem nasi studie bylo zjistit variabilitu aktivity vitaminu E a obsah
jeho jednotlivych izomer(i v zrnu sladovnickych a nesladovnickych
odrad/linii @ mozné ovlivnéni vitaminu E v zavislosti na péstebni
lokalité a zplsobu chemického osetfeni porostu.

2 MATERIAL A METODY
2.1 Vzorky

Bylo pouzito sedm sladovnickych odriid (Amulet, Bojos, Jersey,
Malz, Prestige, Sebastian, Tolar), jedna bezplucha kanadska odrida
Merlin a ¢tyfi bezpluché KM linie vySlechténé v Zemédélském
vyzkumném uUstavu Kroméfiz, s. r. 0. (KM 1057, KM 2084, KM 2283
a odriida AF Lucius- pfed registraci KM 1910). Odrudy/linie byly
vypéstovany po ozimé pSenici na lokalité Skolniho zemédélského
podniku Mendelu v Zabgicich ve dvou variantach o$etfeni (s che-
mickym o$etfenim, tj. s pouzitim pesticidi béhem vegetace a bez
chemického os$etfeni) a na lokalité Kromériz (bez chemického oSet-
feni) v letech 2005, 2007-2008. Pokusné parcely jednotlivych vari-
ant (odriida/oSetfeni) mély vyméru 10,5 m? a byly umistény rando-
mizované ve tfech opakovanich.

2.2 Analytické stanoveni

Zmydelnéni —Vzorek zrna byl pomlet na laboratornim mlynku. Byly
odvazeny 2 g vzorku, ke kterému se pridalo 100 mg kyseliny askor-
bové a 50 ml ethanolu. Poté se vzorek tfepal 1 minutu na tfepacce
a po 10 min stani ve tmé bylo pfidano 10 ml 50% KOH. Takto pfi-
praveny vzorek se nechal stat pfes noc v temnu v dusikové atmo-
sféfe pfi laboratorni teploté, aby doslo ke zmydelnéni.

Extrakce — Zmydelnény vzorek byl prelit do délici nalevky, barika
byla vyplachnuta 100 ml vody. Extrakce byla provedena 2 x 50 ml di-
ethyletheru. Spojené etherové faze byly promyty vodou do neutralni
reakce tak, Ze do etherové faze byla pfidavana voda (2 x cca 100 ml)
a opatrné byla protfepana, aby se nevytvofila emulze. Promyta et-
herova faze byla vysu$ena bezvodym siranem sodnym. Rozpoustédio
bylo odpafeno do sucha na vakuové odparce a odparek byl okamzité
pfeveden 4 ml metanolu do vialky.

HPLC stanoveni — Extrakty vzorku byly analyzovany pomoci HPLC
metody s fluorescencnim detektorem podle Evropské normy EN
12822 2000 na pracovisti VUPS, a. s., Sladarském Ustavu v Brné.
Obsahy jednotlivych izomeru tokoferold a tokotrienold byly odeéteny
z chromatogramu.

Vitamin E se vyjadfuje v mg a-tokoferol-ekvivalentu, coz pfedsta-
vuje soucet jednotlivych tokoferolll a tokotrienolt (celkové tokoly) se
zohlednénim jejich biologické aktivity [11]. Obsah B- a y-tokoferolu
a tokotrienoll nebyl stanovovan oddélené, nebot bylo zjisténo, Ze sta-
noveni spole¢né (B+y) je z chromatografického hlediska vyhodnéjsi
z ddvodu lepsi stability systému a reprodukovatelnosti vysledka.
V soucasné dobé je toto stanoveni nejvyuzivanéjsi.

Vysledné hodnoty aktivity vitaminu E, obsahu celkovych tokoll
a izomer( tokoferoll a tokotrienolll jsou uvedeny v jednotkach mg.kg™".

2.3 Statisticka analyza

Ziskané experimentalni udaje z chemickych analyz aktivity vita-
minu E, celkového obsahu tokoll a jednotlivych izomerl tokoferoll
a tokotrienoll byly zpracovany analyzou variance (ANOVA) s trojna-
sobnymi interakcemi mezi faktory v programu STATISTICA verze 7.0
(StatSoft, Inc. Tulsa, Oklahoma, USA) a mnohonéasobnym porovna-
nim pramérnych hodnot testem podle Fischera (LSD test) pfi P =
0,05. K chemickym analyzam byly pouzity kazdy rok dva vzorky od
kazdé odrady/linie.

shown that tocotrienols act preventively against the growth and pro-
liferation of several types of carcinogenic cells in humans [5, 6].

Interestingly, barley grain contains all eight isomers of vitamin E,
i.e. a-, p+y-, -tocopherols and a-, B+y-, 6-tocotrienols that protect
the caryopsis against oxidation during storage and germination [6, 7,
8, 9, 10], this is important for malt production. Peterson [8] claims that
a-tocopherol isomer and a smaller amounts of y-, §-tocopherols and
B-tocotrienols are contained in a caryopsis germ. The other isomers
occur in a hull and caryopsis endosperm, where a-tocotrienol is rep-
resented in the highest amount. Ehrenbergerova et al. [7] found sig-
nificantly higher amount of vitamin E in the caryopses of the hull-less
waxy barley genotypes versus malting varieties with hulled cary-
opses.

The aim of this study was to determine the variability of vitamin E
activity and content of its individual isomers in a grain of malting and
non malting varieties/lines and possible effects of the growing local-
ity and method used for the chemical treatment of the stand on vita-
min E.

2 MATERIAL AND METHODS

2.1 Samples

Seven malting varieties (Amulet, Bojos, Jersey, Malz, Prestige, Se-
bastian, Tolar), one hull-less Canadian variety Merlin, and four hull-
less KM lines bred in the Agricultural Research Institute Kromériz,
Ltd. (KM 1057, KM 2084, KM 2283, and the variety AF Lucius- prior
to registration KM 1910) were used. The varieties/lines were grown
after winter wheat in the locality of the Mendelu School Farm
in Zabgice in two treatment variants (with chemical treatment, i.e. with
the use of pesticide during vegetation period and without chemical
treatment) in the locality Kroméfiz (without chemical treatment in
2005, 2007-2008. The area of the experimental lots of the individual
variants (variety/treatment) was 10.5 m?, lots were placed randomly
in three replications.

2.2 Analytical determination

Saponification — A malt sample was ground on a laboratory mill.
Then 100 mg of ascorbic acid and 50 ml of ethanol were added to
2 g of the sample and the sample was shaken on a shaker for 1 minute
and let stay at dark for 10 minutes, finally 10 ml of 50% KOH was
added. The prepared sample was allowed to stay overnight at labo-
ratory temperature under a nitrogen atmosphere in the dark to
saponify.

Extraction — The saponified sample was added to a separatory
funnel washed with water (100 ml). Extraction was carried out with
2 x 50 ml of diethylether. The combined ether phases were washed
with water (2 x ca 100 ml) to neutral reaction and shaken carefully
to avoid creation of emulsion. The washed ether phase was dried over
anhydrous sodium sulphate. The dissolvent was evaporated to dry-
ness on a vacuum evaporator and the residue was transferred im-
mediately to 4 ml of methanol into a vial.

HPLC determination — Extracts of samples were analyzed using
the HPLC method with the fluorescent detector according to the Eu-
ropean Standard EN 12822 2000 in the RIBM, Plc., Malting Institute
in Brno. Contents of the individual isomers of tocopherols and to-
cotrienols were read from the chromatogram.

Vitamin E is given in mg of a-tocopherol-equivalent, which repre-
sents a sum of the individual tocopherols and tocotrienols (total to-
cols) with respect to their biological activity [11]. Contents of - a y-
tocopherols and tocotrienols were not determined separately since it
was found out that from a chromatographic aspect it was more ad-
vantageous to determine them (B+y) together due to better stability
of the system and reproducibility of the results. Currently this deter-
mination has been the most frequently method used

The determined values of vitamin E activity, total tocol content and
isomers of tocopherols and tocotrienols are given in mg.kg™.

2.3 Statistical analysis

The experimental data obtained from the chemical analyses of vi-
tamin E activity, total content of tocols and individual isomers of to-
copherols and tocotrienols were processed with the analysis of vari-
ance (ANOVA) with triple interactions among the factors in
the program STATISTICA version 7.0 (StatSoft, Inc. Tulsa, Oklahoma,
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3 VYSLEDKY A DISKUSE

Ve sledovaném souboru odrud/linii bylo stanoveno véech osm izo-
mer(l vitaminu E, pfi¢emz 25 % bylo zastoupeno tokoferoly a 75 %
tokotrienoly (obr. 7). K podobnym vysledkd dospéli také autofi Pan-
fili et al. [9] a Ehrenbergerova et al. [7]. Holasova et al. [12] zjistili 37%
zastoupeni tokoferolt a 63% zastoupeni tokotrienold v zrnu. Izomer
a-tokotrienol (57 %, obr. 1) byl zastoupen nejvétSim procentem z cel-
kovych tokoll a po ném néasledoval a-tokoferol (15 %), izomer s nej-
vétsi biologickou aktivitou. V zrnu je€mene byly nejméné zastoupeny
d-izomery (4 %). Panfili et al. [9] dokonce stanovili jen 2,5% pfitom-
nost d-izomer(i z celkovych tokold v zrnu jeémene.

Na zakladé analyzy variance hlavnich faktor(i Ize Fici, Ze na varia-
bilitu aktivity vitaminu E, obsahu celkovych tokoll, a-izomer(, B+y-
a d- tokotrienolll mély statisticky prikazny vliv odrady/linie, lokality,
roky i jejich vzajemné interakce. Ostatni sledované izomery nebyly
statisticky vyznamné ovlivnény vSemi sledovanymi faktory a jejich in-
terakcemi. Chemické oSetfenina lokalité Zabcice mélo statisticky pri-
kazny vliv na vy88i aktivitu vitaminu E i vy3Si obsah a-, p+y-tokofe-
rold a B+y-tokotrienold.

Primérna aktivita vitaminu E byla namérena v intervalu od 10,23
do 15,71 mg.kg™ (tab. 1) a celkovy obsah tokoll 31,00-41,75 mg.kg™
u odrud/linii z obou sledovanych lokalit. Panfili et al. [9] stanovili roz-
péti obsahu celkovych tokolt v zrnu je¢mene 50,3-88,6 mg.kg™' s pri-
mérnou hodnotou 69,1 mg.kg™', Ehrenbergerova et al. [7] shledali ve
svém souboru 12 odrGd/linii obsah v intervalu 46,72-67,57 mg.kg™".
Cavallero et al. [6] v priméru Sestifadych genotypl jeémene uvadi
51,0-61,4 mg.kg® s primérnou hodnotou celkovych tokolG
54,5 mg.kg™ a podle autora jsou bezpluché genotypy charakterizo-
vany nizsi hladinou vétsiny izomerd, ale s vy$§im obsahem 6- a y-to-
koferoll. V nasem souboru byl potvrzen pouze vyssi obsah 6-tokot-
rienoll 0 17 % u bezpluchych linii ve srovnani's pluchatymi odriidami.
Waxy odridy (s voskovym endospermem) je¢émene (67,57—60,32
mg.kg') mély podle Ehrenbergerové et al. [7] nejvy$si obsah celko-
vych tokoll ve srovnani se sladovnickymi i bezpluchymi odradami/li-
niemi.

Statisticky vyznamné vy$Si priimérnou aktivitu méla bezplucha li-
nie KM 1057 (15,71 mg.kg'), zatimco vyznamné nizsi aktivita vita-
minu E byla zjisténa u linie KM 2084 (10,23 mg.kg') ve srovnani
s ostatnimi odrddami/liniemi v neoSetfenych variantadch pokust na
obou lokalitach (tab. 7). Vysoka primérna aktivita vitaminu E u téhoz
pokusu byla také stanovena u skupiny sladovnickych odrid Prestige,
Merlin, Sebastian, Amulet a Malz (13,42-13,74 mg.kg™'), které se ak-
tivitou mezi sebou statisticky vyznamné neliSily, ale mély vyznamné
vy$si aktivitu ve srovnani s linii KM 2283 a odrlidami AF Lucius, To-
lar a Bojos (11,51-12,19 mg.kg™, tab. 7).

Linie KM 1057 méla vyznamné vyssi obsah o-tokoferolu a d-to-
kotrienolu (9,27 mg.kg™" a 0,76 mg.kg™") oproti ostatnim studovanym
genotypum (4,55-5,96 mg.kg' a 0,42-0,71 mg.kg™"), ale v obsahu

Tab. 1 Praimérna aktivita vitaminu E z chemicky neo$etfenych vari-
ant (lokality Zabicce, Kromé&fiz v letech 2005, 2007—2008) / Average
activity of vitamin E in chemically non treated variants (localities
Zabcice, KroméFiz in 2005, 2007-2008)

Odrixda/ Variety Activity of vitamin E (mg.kg")
KM 2084 10.232
Bojos 11.51°
KM 2283 11.6
Tolar 11.68¢
KM 1910 12.190¢
Jersey 12.44°4
Malz 13.20¢4
Amulet 13.42¢
Sebastian 13.52¢
Merlin 13.69¢
Prestige 13.74°
KM 1057 15.71f

Pozn.: priméry oznadené rdznymi pismeny jsou od sebe statisticky
vyznamné odlisné P=0,05

Note: averages marked with various letters differ statistically signifi-
cantly one from the other P=0.05

USA) and multiple comparison of mean values using the Fischer’s
test (LSD test) at P = 0.05. Two samples from each variety/line were
used for the chemical analyses each year.

3 RESULTS AND DISCUSSION

In the studied set of the varieties/lines, all eight isomers of vitamin
E were determined, of which 25 % were constituted by tocopherols
and 75 % tocotrienols (Fig. 1). Similar results were also achieved by
the authors Panfili et al. [9] and Ehrenbergerova et al. [7]. Holasova
et al. [12] found 37% representation of tocopherols and 63% of rep-
resentation of tocotrienol in a grain. Isomer a-tocotrienol (57 %, Fig. 1)
was represented by the highest percentage of the total tocols, fol-
lowed by a-tocopherol (15 %), isomer with the highest biological ac-
tivity. 3-isomers were the least presented (4 %) in a barley grain. Pan-
fili et al. [9] even determined only 2.5% presence of d-isomers of the
total tocols in a barley grain.

Based on the analysis of variance of main factors, we can conclude
that variability of vitamin E activity content of total tocols, a-isomers,
B+y- and d- tocotrienols were statistically significant affected by the
varieties/lines, localities, years and their interactions. The other iso-
mers studied were not statistically significantly affected by all the fol-
lowed factors and their interactions. Chemical treatment in the local-
ity Zabcice had statistically significant effect on higher activity of
vitamin E and higher contents of a-, p+y-tocopherols and p+y-to-
cotrienols.

Average activity of vitamin E was measured in the interval from
10.23 to 15.71 mg.kg™" (Tab. 1) and total content of tocols moved
from 31.00-41.75 mg.kg" in the varieties/lines from both the studied
localities. Panfili et al. [9] determined the range of total tocol content
in a barley grain 50.3-88.6 mg.kg' with the average value of
69.1mg.kg™", Ehrenbergerova et al. [7] found content in the interval
of 46.72—67.57 mg.kg™ in their set of 12 varieties/lines. Cavallero et
al. [6] gave 51.0-61.4 mg.kg™ on the average of six-rowed barley
genotypes with the average value of total tocols 54.5 mg.kg and ac-
cording to this author the hull-less genotypes were characterized by
lower level of most isomers but higher 8- and y-tocopherol content.
In this set, d-tocotrienol content higher by 17 % was confirmed in the
hull-less lines compared to the hulled varieties. According to Ehren-
bergerova et al, the waxy barley varieties (with waxy endosperm) had
the highest total tocol content (67.57—60.32 mg.kg™') compared to the
malting and hull-less varieties/lines [7].

The hull-less line KM 1057 had statistically significantly higher av-
erage activity (15.71 mg.kg™'), whereas significantly lower vitamin E
activity was determined namely in the line KM 2084 (10.23 mg.kg™")
compared to the other varieties/lines in the non-treated variants of
the experiments in both the localities (Tab. 7). High average activity
of vitamin E in the same experiment was also determined in the set
of malting varieties Prestige, Merlin, Sebastian, Amulet, and Malz
(13.42—-13.74 mg.kg") which did not differ statistically significantly but
had significantly higher activity compared to the line KM 2283 and
varieties AF Lucius, Tolar, and Bojos (11.51-12.19 mg.kg™', Tab. 1).

Obr. 1 Procenticky podil jednotlivych izomerd vitaminu E / Fig. 1 Per-
centage share of the individual isomers of vitamin E
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Obr. 2 Primérnd aktivita vitaminu E (s intervaly spolehlivosti P=0,05)
v zrnu odr(d/linii na lokalitich Zabgice a Kromé&tiz (bez chemické
aplikace; 2005, 2007-2008) / Fig. 2 Average activity of vitamin E (with
confidence intervals P=0.05) in grain of varieties/lines in the locali-

ties Zabcice and KroméFiz (without chemical application; 2005,
2007-2008)

B+y-izomer(, a-tokotrienolu a §-tokoferolu patfila mezi podprimérné
odrldy/linie v neoSetienych vzorcich z obou lokalit.

Bezplucha odriida Merlin kanadské provenience méla vysoké za-

stoupeni a-izomer(, na druhé strané méla velmi nizky obsah p+y-izo-
mer0 a §-tokotrienolu.
_ Ze sladovnickych odrdd (Bojos, Malz, Tolar), uréenych pro vyrobu
Ceského piva, pouze odrlida Malz patfila ke skupiné sladovnickych
odrid s vy$Si primérnou aktivitu vitaminu E (13,20 mg.kg™, tab. 7).
Obé dalsi odridy meély vyznamné nizsi aktivity vitaminu E v porov-
nani s vétsinou sladovnickych i nesladovnickych odruad/linii. Zrno od-
ridy Malz mélo vysoky obsah a-tokotrienolu (23,35 mg.kg™).

Vyznamné vysSi primérna aktivita vitaminu E, obsah a- a p+y-izo-
mer0 byl zji§tén v roce 2005 oproti rokim 2007 a 2008. Naopak v roce
2008 byla aktivita vitaminu E, obsah a-izomert a p+y-tokoferolu vy-
znamné niz$i oproti ostatnim dvéma rokdm. V roce 2006 byly extrémni
desté a nasledné vihko, z tohoto ddvodu nebylo mozné zrno z loka-
lity Zabcice sklidit a analyzovat, proto tento rok z této lokality ve vy-
sledcich tokoferold a tokotrienolll chybi. Uvedena lokalita byla na-
hrazena dvéma jinymi péstebnimi lokalitami (Uhersky Ostroh,
BraniSovice), u kterych byla prokdzana statisticky vyznamna odlis-
nost v obsahu tokolG [14].

Vyznamné vy$§i aktivita vitaminu E (13,53 mg.kg™), ale také ob-
sah a-izomer( (a-T 6,02 mg.kg™, a-T3 22,83 mg.kg™) byl v tfiletém
prameéru_(chemicky neoSetfenych variant pokusu) zaznamenan na
lokalité Zabcice ve srovnani s druhou péstebni lokalitou Kromériz
(11,96; 5,34 a 19,77 mg.kg™, obr. 2). Z obr. 2 je patrna i odridova
reakce na environmentalni podminky lokalit, nebot odridy Prestige,
Tolar a AF Lucius mély stanovenu vzdy statisticky vyznamné vyssi
aktivitu vitaminu E ve vzorcich z lokality Zabgice. Na lokalité Kromé-
fiz (0,61 mg.kg™) byl zaznamenan vyznamné vys$si obsah d-tokotri-
enoll oproti Zabg&icim (0,54 mg.kg™). Ve studii Peterson a Qureshi
[15] se uvadi, Ze lokalita ovlivnila statisticky vyznamné obsah vita-
minu E pouze u ovsa, ale ne u jeCmene. B

ZpUsob péstovani (obr. 3), ktery byl studovan na lokalité Zabcice,
mél vyznamny vliv na aktivitu vitaminu E, obsah a-tokotrienolu a f+y-
izomery v zrnu. Prlikazné vy$S$i primérné hodnoty byly u variant
s chemickou aplikaci pesticidll ve srovnani bez chemické aplikace,
avS8ak rozdilné primérné hodnoty mezi zplsoby o$etfeni nebyly
z praktického hlediska vyznamné. Vyrazna odridova reakce na zpQ-
sob péstovani je z obr. 3 patrna u linie KM 2084 v prubéhu tfiletého
sledovani, a to ve prospéch oSetfené varianty. Ehrenbergerova et al.
[7] uvadi statisticky vyznamny rozdil v obsahu tokoll vybraného sou-
boru odriid mezi systémy péstovani jarniho jeémene. Cavallero et al.
[6] dospéli k zavéru, Ze vliv environmentalnich podminek na obsah
tokolU nebyl statisticky vyznamny.

Z uvedené studie vyplyva, Zze zastoupeni jednotlivych izomeru vi-
taminu E v zrnu zavisi nejenom na genotypu, péstebni lokalité, ale

Obr. 3 Primérna aktivita vitaminu E (s intervaly spolehlivosti P=0,05)
v zrnu odriid/linii ze dvou zplisobl péstovani na lokalité Zabgice
(2005, 2007—2008) / Fig. 3 Average activity of vitamin E (with confi-
dence intervals P=0.05) in grain of varieties/lines from two growing
variants in the locality Zabcice (2005, 2007-2008)

The line KM 1057 had significantly higher content of a-tocopherol
and 6-tocotrienol (9.27 mg.kg™ and 0.76 mg.kg™, respectively) ver-
sus the other studied genotypes (4.55-5.96 mg.kg”' and 0.42-
0.71 mg.kg™", respectively), but as per the content of f+y-isomers, a-
tocotrienol, and d-tocopherol it belonged to the below average
varieties/lines in the non-treated samples from both localities.

The hull-less variety Merlin of the Canadian provenience had high
representation of a-isomers, on the other hand it had a very low con-
tent of p+y-isomers and d-tocotrienol.

Of the malting varieties (Bojos, Malz, Tolar) assigned for the pro-
duction of Czech Beer, only the variety Malz belonged to the malting
varieties with a higher average activity of vitamin E (13.20 mg.kg™,
Tab. 1). Both the other varieties had significantly lower activity of vi-
tamin E compared to the most malting and non malting varieties/lines.
Grain of the variety Malz had a high content of a-tocotrienol
(28.35 mg.kg™).

Significantly higher average activity of vitamin E, contents of a-
a B+y-isomers were determined in 2005 versus 2007 and 2008. On
the contrary, in 2008 activity of vitamin E, content of a-isomers and
B+y-tocopherol was significantly lower versus the other two years.
Year 2006 was extremely rainy and subsequently wet, it was not pos-
sible to harvest grain from the locality Zabgice and analyze it, there-
fore year 2006 from this locality was not included in the results of to-
copherols and tocotrienols. The given locality was replaced by two
other growing localities (Uherska Ostroh, BraniSovice), which differed
statistically significantly in tocol content [14].

Significantly higher activity of vitamin E (13.53 mg.kg") and also
content of a-isomers (o-T 6.02 mg.kg™, a-T3 22.83 mg.kg") based
on three-year average (of chemically non-treated variants of the ex-
periment) were recorded in the locality Zabgice compared to the other
growing locality Kromé¥iz (11.96; 5.34, and 19.77 mg.kg™, Fig. 2).
Further, Fig. 2 apparently shows varietal reaction of the localities to
the environmental conditions as statistically significantly higher ac-
tivity of vitamin E was always determined in the samples of the vari-
eties Prestige, Tolar, and AF Lucius from the locality Zabgéice. Signif-
icantly higher content of §-tocotrienols was recorded in the locality
Kromé&Fiz (0.61 mg.kg™') versus Zabcice (0.54 mg.kg™). In their study
Peterson and Qureshi [15] showed that the locality affected statisti-
cally significantly vitamin E content only in oats but not barley.

The methods of growing (Fig. 3), which were studied in the local-
ity Zabcice significantly affected the activity of vitamin E, a-tocotrienol
content and p+y-isomers in a grain. Significantly higher average val-
ues were in the variants with chemical pesticide treatment compared
to those without chemical application, however, different average val-
ues between the treatment variants were not significant from the prac-
tical point of view. Pronounced varietal reaction to the growing method
is apparent from Fig. 3in the line KM 2084 during a three-year mon-
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také na roku péstovani a jeho povétrnostnich podminkéch, coz do-
kladaji ¢etné studie [6, 7, 8, 9, 10, 12].

4 ZAVER

Ve sledovaném souboru zrna odrd/linii jeémene jarniho bylo de-
tekovano véech osm izomerd vitaminu E, které chrani obilku pred oxi-
daci béhem skladovani a kli¢eni, coz je z praktického hlediska dule-
zité pro vyrobu sladu. Vysledky studia vitaminu E prokazaly, ze byly
vyznamné rozdily nejenom v aktivité vitaminu E, ale také v zastou-
penijednotlivych tokoferold a tokotrienol’ mezi odridami/liniemi. Nej-
vy$Si aktivity vitaminu E dosahla bezplucha linie KM 1057, hned po
ni nasledovaly sladovnami preferované odriidy Prestige, Sebastian
a odrlda Malz, kterd je doporuéena Vyzkumnym Ustavem pivovar-
skym a sladafskym pro vyrobu Ceského piva. Lze konstatovat, ze vét-
Sinou odrldy/linie s vy$Sim zastoupenim majoritnich a-izomer( ob-
sahovaly vyznamné nizSi obsah &-izomerll a naopak. Lokalita
i zpusob péstovani mély vyznamny vliv na hladinu aktivity vitaminu
E.

Podékovani

Vysledky aktivity vitaminu E a obsah tokoll a tokotrienoll v zrnu
jemene jarniho byly ziskany a zpracovany za podpory MSMT VC
1M0570.
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itoring in favor of the treated variant. Ehrenbergerova et al. [7] pre-
sented a statistically significant difference in tocol content of the se-
lected set of varieties in the spring growing barley systems. Cavallero
et al. [6] concluded that the effect of the environmental conditions on
the tocol content was not statistically significant.

This study suggests, that representation of the individual isomers
of vitamin E in a grain depends not only on the genotype, growing lo-
cality but also on the growing year and weather conditions as con-
firmed by numerous studies [6, 7, 8, 9, 10, 12].

4 CONCLUSION

All eight isomers of vitamin E were detected in the studied set of
grain of spring barley varieties/lines. They protect caryopsis against
oxidation during storage and germination, which is from the practical
point of view important for malt production. Results of vitamin E study
proved significant differences not only in the vitamin E activity but
also in the representation of the individual tocopherols and to-
cotrienols among the varieties/lines. The highest activity of vitamin E
was achieved by the hull-less line KM 1057, followed by the varieties
preferred by the malt houses Prestige, Sebastian, and the Malz rec-
ommended by the Research Institute of Brewing and Malting for the
production of Czech Beer. We can state that the varieties/lines with
a higher representation of major a-isomers mostly contained signifi-
cantly lower content of d-isomers and vice versa. The locality and
growing method affected significantly the level of vitamin E activity.
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