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Aktivita antioxida¢niho enzymu superoxiddismutasy (SOD) byla stanovena u vzorki zrna 12 odrdd a linii je¢mene jarniho vypéstova-
ného na dvou lokalitach (Zabcice, Kroméfiz). V roce 2005, 2007 a 2008 byly polni pokusy zalozeny na lokalité Zabcice ve dvou systé-
mech péstovani (s aplikaci pesticidd, bez aplikace pesticidll) a na lokalité Kroméfiz bez aplikace pesticidu. Aktivita SOD byla priikazné
ovlivnéna odriidami/liniemi, lokalitami, roky a jejich interakcemi. Zplisob oSetfeni nemél statisticky vyznamny vliv na aktivitu SOD. Vy-
znamné vys$Si aktivita SOD (P = 0,05) byla u bezpluché linie KM 1057 (143 U.g" v susiné) oproti celému souboru z obou lokalit pésto-
vani. Naopak vyznamné nizsi aktivitu méla bezplucha odrida Merlin (62 U.g" v susing) ve srovnani s ostatnimi odrddami/liniemi. Sla-
dovnické odridy doporuc¢ené pro vyrobu Ceského piva Bojos a Tolar mély rovnéz vy$Si aktivitu SOD v zrnu.

Brezinova Belcredi, N. — Ehrenbergerova, J. — Vaculova, K.: Antioxidant activity of superoxide dismutase in spring barley grain.
Kvasny Prum. 56, No. 3, p. 127-130.

Activity of antioxidant enzyme superoxide dismutase (SOD) was assessed in grain samples of 12 varieties and lines of spring barley
grown in two localities (Zabgice, Kromé&fiz). In 2005, 2007, and 2008 field experiments were established in the locality Zabgice in two
growing systems (with the application of pesticides, without application of pesticides) and in the locality Kromériz without the applica-
tion of pesticide. Activity of SOD was significantly affected by the varieties/lines, localities, years and their interactions. The treatment
method did not affect the SOD activity statistically significantly. Significantly higher activity SOD (P = 0.05) was in the hull-less line KM
1057 (143 U.g" in the dry matter) compared to the total set from both the growing localities. On the contrary, significantly lower activity
was recorded in the hull-less variety Merlin (62 U.g" in the dry matter) compared to the other varieties/lines. Malting varieties recom-

mended for production of Czech Beer, Bojos and Tolar, also had higher SOD activity in grain.

Brezinova Belcredi, N. — Ehrenbergerova, J. — Vaculova, K.: Antioxidationsaktivitdt des Superoxiddismutasa—Enzyms im Som-
mergerstenkorn. Kvasny Prum. 56, Nr. 3, S. 127—130. ~

In den Kornmustern der 12 Sommergerstensorten und -linien, aus zwei Anbaugebieten Zabcice und Kroméfiz stammen, wurde die
Aktivitat des Antioxidationsenzymes Superoxiddismutasa (SOD) ermittelt. Im Zeitraum 2005 und 2007-2008 wurden in Lokalitat Zabcice
in zwei Anbausystems (mit und ohne Applikation von Pestiziden) und in Lokalitdt KroméFiz ohne Applikation von Pestiziden wurden die
Versuche durchgefuhrt. Die SOD Aktivitat wurde durch Gerstensorten/Linien, Lokalitdten, Jahrgdngen und ihren Interaktions erweisbar
beeinflusst. Auf die SOD Aktivitat hatte das Behandlungsverfahren statistisch keinen Einfluss. Die bedeutend héhere SOD Aktivitat
(P = 0,05) gegen der gesamten Kollektion aus den beiden Lokalitdten wurde bei der spelzenlose Sorte KM 1057 (143 U.g™" in der Trocken-
masse). Im Gegenteil bedeutend niedrigere SOD Aktivitat (P = 0,05) im Vergleich mit den anderen Gerstensorten/Linien wies die Sorte
Merlin (62 U.g™" in Trockenmasse) auf. Die fiir die Bierherstellung des tschechischen Typs empfohlene Braugerstensorten Bojos und To-
lar wiesen auch eine erhéhte SOD Aktivitat auf. Die fir die Herstellung des Tschechischen Bieres (Durch EU anerkannter Typ des Bie-

res) empfohlene Braugerstensorten Bojos und Tolar wiesen auch eine erhdlte SOD Aktivitat auf.

Kliéova slova: jeCmen, enzym, superoxiddismutasa, SOD, lokality,
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1 UVOD

Zrno pluchatych odriid jeémene se v Ceské republice tradiéné vy-
uziva pro vyrobu sladu, ale jiz Bhatty [1] uvadi, Ze Ize vyuzivat ve sla-
dovnictvi i bezpluché formy je€émene, které porovnava s pSenici ur-
€enou na pSeni¢ny slad.

Oxidace béhem sladovani a vafeni piva méa vyznamny vliv na kva-
litu piva. Oxidace mUze vytvaret zakaly, retikulaci (tvofeni siti) mak-
romolekul, které mohou zplisobovat problémy pfi filtraci piva a zmény
chuti. Slad resp. jiz zrno obsahuje chemické latky podléhajici oxidaci
(fenolické slouc¢eniny, nenasycené lipidy), ale také znaé¢né mnozstvi
enzym0 (katalasa, superoxiddismutasa, lipoxygenasa, peroxidasa
aj.), které pusobi preventivné proti ¢etnym nezadoucim reakcim v pi-
vovarstvi [2].

VysSe jmenované antioxidaéni enzymy ochrariuji organismus pfed
jeho oxida¢nim poskozenim aktivnimi formami kysliku [3].

Enzym superoxiddismutasa (SOD) zabranuje akumulaci superoxi-
dovych radikalu a katalyzuje jejich pfeménu na peroxid vodiku a kys-
lik [2, 3, 4, 5, 6]. Malé mnozZstvi superoxidu vznika i pfi sladovani
a vede k vytvoreni velice reaktivniho hydroxylového radikalu [4], ktery
je povazovan za hlavniho iniciatora $kodlivych efekt na biochemické
systémy bunék a ty se ve vysledku projevi snizenou stabilitou sen-
zorickych vlastnosti piva [7]. Pfitomnost superoxidového anionového
radikalu v zrnu je€émene resp. sladu i pivu maze mit vliv na peroxi-
daci lipidu, degradaci polysacharidd, inaktivaci enzymd, snizeni vita-
lity kvasinek, pokles koloidni stability, zménu barvy, nezadouci pfi-
chuté piva béhem skladovani [2, 4, 5]. U rostlin se enzym vyskytuje
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1 INTRODUCTION

Grain of hulled barley varieties is traditionally used for malt pro-
duction in the Czech Republic, but already Bhatty [1] suggested that
the hull-less barley forms could be used in malting as well, he com-
pared them to wheat for wheat malts.

Oxidation during malting and brewing significantly affects beer qual-
ity. Oxidation can cause haze, reticulation (creation of network) of
macromolecules that can lead to problems at beer filtration and change
the taste of beer. Malt or grain itself contain chemical substances that
subject to oxidation (phenolic compounds, unsaturated lipids), but also
a considerable amount of enzymes (catalase, superoxide dismutase,
lipoxygenase, peroxidase, etc.) that act preventively against numer-
ous undesirable reactions in the brewing industry [2].

The antioxidant enzymes named above protect the organism
against the oxidative damage caused by active oxygen forms [3].

Superoxide dismutase (SOD) enzyme prevents the accumulation
of superoxide radicals and catalyzes their conversion to hydrogen
peroxide and oxygen [2, 3, 4, 5, 6]. A small amount of superoxide is
also produced during malting and it leads to formation of a very re-
active hydroxyl radical [4] that has been considered a main initiator
of harmful effects to the biochemical systems of cells resulting in low-
ered stability of beer sensory characters [7]. The presence of super-
oxide anion radical in barley grain or malt and beer can affect lipid
peroxidation, polysaccharide degradation, enzyme inactivation, re-
duction in yeast vitality, decline in colloid stability, change in color, un-
desirable off flavors of beer during storage [2, 4, 5]. In plants, the en-
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ve formé tfi isomer( liSici se kofaktorem, kterym je vzdy atom kovu
mangan (Mn?*SOD), Zzelezo (Fe**SOD) nebo méd se zinkem
(Cu?*Zn?*SOD) [6, 8, 9]. Enzym SOD v zrnu jeEmene je nejvice lo-
kalizovan v embryu, ale men§i mnozZstvi se nachazi v aleuronové
vrstvé [10]. Jeho aktivitu je mozné ovlivnit podminkami pfi sladovani
[5, 11]. Meng et al. [4] zjistili, Ze pfi del§i dobé maceni je€mene do-
vySSi teploté pfi suSeni, kdy dochazi k inaktivaci enzymu. Boivin [2]
a Belcrediova et al. [12] zjistili vy§Si aktivitu tohoto enzymu ve sladu
Vv porovnani se zrnem jeCmene.

2 MATERIAL A METODY

2.1 Vzorky

Byly pouzity vzorky zrna sedmi sladovnickych odrid (Amulet, Bo-
jos, Jersey, Malz, Prestige, Sebastian, Tolar), dvou bezpluchych od-
rid Merlin a AF Lucius (KM 1910) a tfi bezpluchych KM linii vy-
Slechténych v Zemédeélském vyzkumném lstavu Kroméfiz, s. r. o.
(KM 1057, KM 2084, KM 2283). Odrudy/linie byly péstovany na lo-
kalité Skolniho zemédélského podniku MZLU v Zabgicich, pFedplo-
dinou byla ozima p3enice. Byly pouzity dvé varianty oSetfeni (oSet-
fené varianty = s aplikaci pesticidl a neoSetfené varianty = bez
aplikace pesticidl) a na lokalité Kromériz (neoSetfené varianty) v le-
tech 2005, 2007 a 2008. Pokusné parcely ve tfech opakovanich ve
trech letech mély vyméru 10,5 m2.

2.2 Analytické stanoveni

Princip metody byl zalozen na vyuziti xanthinu a xanthinu oxidasy,
které vytvareji superoxidovy radikal, ktery reaguje s tetrazoliovou soli
na Cervené zbarveny formasan. Aktivita SOD je méfena stupném in-
hibice této reakce, ke které dochazi pfi teploté 37 °C a absorbanci
505 nm. Ke stanoveni byl vyuzit diagnosticky set Ransod (RANDOX,
Velka Britanie) [13].

V8echny vzorky byly zhomogenizovany a pomlety. Do nadoby pro
rmutovani bylo navazeno 25 g vzorku zrna je€mene, které byly vy-
stfeny 225 ml deionizované vody o teploté 45 °C. Vzorky byly rmu-
tovany 15 minut pfi teploté 45 °C. Poté vzorky chladly 30 minut na
teplotu 25 °C a minimalné jednu hodinu se filtrovaly. Takto upravené
vzorky byly skladovany podle Bamfortha [11] 18 hodin pfi teploté 4 °C
a zfedény 1:14 fosfatovym pufrem (0,01 mol/l, pH 7,0) tak, aby se in-
hibovana reakce pohybovala na kalibraéni kfivce mezi 30-60 %.

DalSi pfiprava byla shodna, jak pro pfipravené vzorky zrna, tak pro
standardy, ze kterych byla zkonstruovana kalibraéni kfivka. Do kyvety
bylo odpipetovano 0,05 ml vzorku a 1,7 ml substratu. Smés byla opa-
trné promichana, vlozena do spektrofotometru a inkubovana 2 minuty
pfi 37 °C, poté bylo pfidano 0,25 ml xanthinoxidasy, ktera odstarto-
vala reakci. Prvni absorbance byla namérena po 30 s (A,) a druha po
tieti minuté (Ay). Vysledek byl pfepocten na jednotky U.g™ susiny.

K chemickym analyzam byly pouzity kazdy rok dva vzorky od kazdé
odrtdy/linie. Analyzy vzorkd byly provedeny na pfistrojovém vyba-
veni pracovisté Vyzkumného ustavu pivovarského a sladafského,
a. s., Sladarského ustavu v Brné.

2.3 Statisticka analyza

Ziskané experimentalni udaje z chemickych analyz aktivity supe-
roxiddismutasy byly zpracovany analyzou variance (ANOVA) s dvoj-
nasobnymi interakcemi mezi faktory v programu STATISTICA verze
7.0 (StatSoft, Inc. Tulsa, Oklahoma, USA) a mnohonasobnym po-
rovnanim pramérnych hodnot testem podle Fischera (LSD test) pfi
P = 0,05, které je ve vysledcich vyjadfeno graficky.

Korelace byly vyjadfeny mezi znaky pomoci Pearsonova koefici-
entu (r).

3 VYSLEDKY A DISKUSE

Aktivita enzymu superoxiddismutasy byla statisticky prikazné
ovlivnéna v&emi faktory: odradami/liniemi, lokalitami a roky s vyjim-
kou zpusobu oSetreni. Interakce v&ech faktort také vyznamné ovliv-
nily variabilitu enzymu SOD (tab. 1, 2).

U sledovaného souboru odrld/linii byla namérena aktivita SOD v in-
tervalu 62—147 U.g™ (obr. 7). Nase vysledky jsou v souladu s vysledky
studii Boivin [2], ktery zjistil vySSi antioxidacni aktivitu ve sladu
(96-187 U.g"). Bamforth [11] uvadi aktivitu SOD v zrnu 470 U.10 g
a rovnéz vyznamneé vyssi aktivity uvadéji Brezinova Belcredi et al.
[14] u zelené biomasy mladych rostlin dvou sladovnickych odrid Malz
a Sebastian (461 a 494 U.g") a linie KM 1910 (428 U.g™").

Statisticky vyznamné vys$si aktivita SOD v priméru tfiletého ob-

zyme occurs in a form of three isomers differing by a cofactor, which
is always an atom of metal, manganese (Mn?*SOD), iron (Fe2*SOD)
or copper with zinc (Cu?+Zn2*SQOD) [6, 8, 9]. SOD enzyme in a bar-
ley grain is mostly localized in the embryo, minor amount being in the
aleurone layer [10]. Its activity can be affected by malting conditions
[5, 11]. Meng et al. [4] found that SOD activity also declined with
a longer time of steeping, the authors explained this fact by probably
higher temperature during drying when the enzyme is inactivated.
Boivin [2] and Belcrediova et al. [12] found higher activity of this en-
zyme in malt compared to a barley grain.

2 MATERIALS AND METHODS

2.1 Samples

Grain samples comprised seven malting varieties (Amulet, Bojos,
Jersey, Malz, Prestige, Sebastian, Tolar), two hull-less varieties Mer-
lin and AF Lucius (KM 1910) and three hull-less KM lines bred in the
Agricultural Research Institute Kroméfiz, Ltd. (KM 1057, KM
2084, KM 2283). The varieties/lines were grown in the locality of the
School Farm of MUAF in Zabgice, previous crop was winter wheat.
Two treatment variants were used (treated variants = with pesticide
application and non treated variants = without pesticide application)
and in the locality Kromériz (non treated variants) in 2005, 2007 and
2008. The area of the experiment lots in three replications in three
years was 10.5 m2.

2.2 Analytical determination

The principle of the method was based on the use of xanthine and
xanthine oxidase that produce superoxide radical reacting with tetra-
zolium salt to red formasan. SOD activity is measured by a degree
of inhibition of this reaction which occurs at 37°C and absorbance of
505 nm. The diagnostic Ransod set (RANDOX, Great Britain) was
used for the determination [13].

All the samples were homogenized and milled. 25 g of barley grain
sample were added to a container and mashed with 225 ml of deion-
ized water. The samples were mashed for 15 minutes at 45 °C. Sub-
sequently, the samples were cooled to 25 °C for 30 minutes and fil-
tered for at least one hour. The treated samples were stored after
Bamforth [11] for 18 hours at 4 °C and diluted 1:14 in phosphate
buffer (0.01 mol/l, pH 7.0) so that the inhibition reaction on the cali-
bration curve moved between 30-60 %.

Following preparation was identical both for the prepared grain
samples and standards from which the calibration curve was con-
structed. 0.05 ml of the sample and 1.7 ml of the substrate were added
with a pipette into a cuvette. The mixture was blended carefully, placed
into the spectrophotometer and incubated at 37 °C for 2 minutes. Re-
action was started by adding xanthine oxidase (0.25 ml). The first ab-
sorbance was measured after 30 s (A;) and the second after 180
s (Az). The result was recalculated to dry matter units U.g™".

For the chemical analyses two samples from each variety/line. The
analyses of samples were performed on the instrumentation of the Re-
search Institute of Brewing and Malting, Malting Institute, Plc. in Brno.

2.3 Statistical analysis

The acquired experimental data from the chemical analyses of su-
peroxide dismutase activity were processed using the analysis of vari-
ance (ANOVA) with triple interactions between the factors in program
STATISTICA version 7.0 (StatSoft, Inc. Tulsa, Oklahoma, USA) and
multiple comparison of mean values with Fischer’s test (LSD test) at
P = 0.05, which is expressed graphically in results.

Correlations among parameters were expressed with Pearson’s co-
efficient (r).

3 RESULTS AND DISCUSSION

Activity of superoxide dismutase enzyme was statistically signifi-
cantly affected by all factors: varieties/lines, localities and years, with
the exception of the treatment method. The interaction of all factors
significantly affected variability of SOD enzyme (Tab. 1, 2).

In the studied set of varieties/lines, SOD activity in the interval 62
—147 U.g" was measured (Fig. 7). Our results are in compliance with
the results of the studies of Boivin [2], who found a higher antioxidant
activity in malt (96—187 U.g™"). Bamforth [11] recorded SOD activity
in grain 470 U.10 g* and significantly higher activity was also deter-
mined by Bfezinova Belcredi et al. [14] in green biomass of young
plants of two malting varieties, Malz and Sebastian (461 and 494 U.g",
respectively) and the line KM 1910 (428 U.g").
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Tab. 1 Analyza variance aktivity superoxiddismutasy na lokalité Zab-
Cice (s aplikaci a bez aplikace pesticidl) / Analysis of variance of su-
peroxide dismutase activity in the locality Zabéice (with application
and without application of pesticides)

Tab. 2 Analyza variance aktivity superoxiddismutasy na lokalitadch
Zabgice a Kromé&fiz (bez aplikace pesticidll) / Analysis of variance of
superoxide dismutase activity in the localities Zabdice and Kromériz
(without application of pesticides)

d.f. MS d.f. MS
a) Odrida / Variety 11 5733*** a) Odrida / Variety 11 4861***
b) Osetreni / Treatment 1 33 b) Lokalita / Locality 1 167*
c) Rok / Year 2 7205*** c) Rok / Year 2 2063***
Interakce / Interaction: Interakce / Interaction:
a) x b) 11 300*** a) x b) 11 268***
a) x c) 22 1228*** a) x c) 22 918***
b) x c) 2 1316*** b) x c) 2 1263***
a) x b) x ¢) 22 291** a) x b) x ¢) 22 337
Chyba / Error 72 34 Chyba / Error 72 37

Pozn. / Note: ***P < 0.001

dobi byla naméfena u bezpluché linie KM 1057 a odrida Malz (obr. 1,
2) ve srovnani s ostatnimi odrddami/liniemi z obou stanovist i z obou
variant oSetfeni. Po této linii nasledovaly sladovnické odridy Bojos,
Jersey, Sebastian, Tolar, Amulet a Prestige (83—104 U.g™"), které se
vyznamné liSily od bezpluchych KM linii (80-83 U.g'") a odriid Malz
a Merlin (76 a 62 U.g"). Prakazné nizsi aktivitu méla bezplucha od-
rda kanadského plivodu Merlin v porovnani s celym souborem od-
rid/linii z obou stanovist a obou zplsobl oSetfeni. Vzorek této od-

Pramérna aktivita SOD celého souboru byla statisticky vyznamné
vy$8i na lokalité Zabcice (91 U.g™) oproti lokalité Kroméfiz (89 U.g™),
tento rozdil mezi nimi ale nebyl velky. Ani Bfezinova Belcredi et al. [16]
neshledali vyznamny rozdil v aktivitt SOD mezi odridami je¢émene
péstovanymi na tfech lokalitach. Ehrenbergerova et al. [17] studovali
aktivitu v zelené biomase odrid/linii jeémene jarniho také na lokali-
tach Zabcice (518 U.g™") a KroméFiz (363 U.g™"), a zjistili vyznamny
rozdil mezi témito lokalitami v primérné aktivité studovaného souboru.

Zpusob osSetfeni porostu nemél vyznamny vliv na aktivitu sledova-
ného enzymu (tab. 1, obr. 2), vyjimkou byla linie KM 1057. Zrno z ne-
osetienych variant porostu mélo v priiméru odrdd aktivitu SOD 91
U.g", zatimco z oSetfenych variant 92 U.g'. Naopak Havlova et al.
[18] uvadi vys$si aktivitu SOD v zrnu z chemicky neo$etfeného poro-
stu. Jejich zavér podporuji nazory studii Bowler et al. [8] a Gupta et
al. [19], ktefi diskutuji o jistém vlivu a mozné funkci SOD chranit rost-
linu pfed nepfiznivymi podminkami prostredi.

V jednotlivych letech se aktivita SOD statisticky prukazné liSila
(obr. 3), pficemz vyznamné vySSi hodnota SOD z obou lokalit pésto-
vani byla v roce 2007 (96 U.g™") oproti rokiim 2008 (90 U.g") a 2005
(83 U.g"). Ve v8ech tfech letech byla nejvyssi aktivita zjisténa u li-
uvedenym vysledkim.

Korelace mezi aktivitou SOD a aktivitou antioxidacniho vitaminu E
[20] nebyla zjisténa, ale silngjsi kladny statisticky vyznamny vztah byl
zjistén mezi SOD a obsahem deoxynivalenolu (DON) (r = 0,60*)

Obr. 1 Aktivita superoxiddismutasy v zrnu odrid a linii na lokalitach
Zabcice a Kroméfiz (primér rokl 2005, 2007, 2008) / Fig. 1 Supe-
roxide dismutase activity in grain of varieties and lines in the locali-
ties Zabcice and Kromériz (average of years 2005, 2007, 2008)

Pozn. / Note: ***P < 0.001; *P< 0.05

Three-year average activity of SOD was statistically significantly
higher in the hull-less line KM 1057 (Fig. 1, 2) compared to the other
varieties/lines from both the localities and both variants of treatment.
This line was followed by the malting varieties Bojos, Jersey, Sebas-
tian, Tolar, Amulet, and Prestige (83—104 U.g™") which differed signif-
icantly from the hull-less KM lines (80-83 U.g™") and the varieties Malz
and Merlin (76 and 62 U.g", respectively). Merlin, the hull-less vari-
ety of the Canadian origin had significantly lower activity compared
to the whole set of varieties/lines from both the localities and both
treatment variants. The sample of this variety also exhibited the low-
est deoxynivalenol content [15].

Average SOD activity of the whole set was statistically significantly
higher in the locality Zabgice (91 U.g™") versus the locality Kroméfiz
(89 U.g"), however, the difference between them was not very big.
Bfezinova Belcredi et al. [16] did not find any significant difference in
SOD activity among barley varieties grown in three localities. Ehren-
bergerova et al. [17] also studied activity in_green biomass of vari-
eties/lines of spring barley in the localities Zabéice (518 U.g™') and
Kroméfiz (363 U.g™"), and they determined a significant difference be-
tween these localities in the average activity of the studied set.

Treatment variant of the stand did not significantly affect activity of
the enzyme studied (7ab. 1, Fig. 2), with the exception of the line KM
1057. SOD activity of the grain from the non-treated variant of the stand
on average of the varieties was 91 U.g™", while in the treated variant it
was 92 U.g". On the contrary, Havlova et al. [18] recorded higher SOD
activity in grain from the chemically non treated stand. Their conclu-
sion supported results of studies of Bowler et al. [8] and Gupta et al.
[19], who discussed a certain effect and possible function of SOD to
protect plant against unfavorable conditions of the environment.

In the respective years, SOD activity differed statistically signifi-
cantly (Fig. 3), significantly higher SOD value from both the growing
localities was recorded in 2007 (96 U.g") versus 2008 (90 U.g") and
2005 (83 U.g"). In all three years the highest activity was determined
in the line KM 1057 and on the contrary, the lowest in the variety Mer-

Obr. 2 Aktivita superoxiddismutasy v zrnu odrid a linii na lokalité Zab-
Cice (pramér rok( 2005, 2007, 2008) / Fig. 2 Superoxide dismutase
activity in grain of varieties and lines in the locality Zabcice (average
of years 2005, 2007, 2008)
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Antioxidacni aktivita enzymu superoxiddismutasy v zrnu jeCmene jarniho

v zrnu z oSetfenych variant porost na
lokalité¢ Zabgice. Vy3si obsah mykoto-
xinG ve vzorcich z fungicidné oSetre-
nych porostd muze byt dle poznatku

Obr. 3 Aktivita superoxiddismutasy v zrnu odrld a linii v pru-
méru obou lokalit (pramér rokd 2005, 2007, 2008) / Fig. 3 Su-
peroxide dismutase activity in grain of varieties on the average
of both the localities (average of years 2005, 2007, 2008)

lin, which corresponds to the results
given above.

Correlation between SOD activity
and vitamin E antioxidant activity [20]

soucasnych autor(i vysvétlen i tak, ze

s 2z . 2005
pifed bunécnou apoptézou patogenu

[J2007 ME2008

was not found, however, a stronger pos-
itive statistically significant relationship

po aplikaci fungicidu se dostane vyssi
koncentrace mykotoxinu do pletiv rost-
liny. Podobné by mohla byt sou¢asné
vysvétlena i zvysSujici se aktivita SOD
jako dlsledek obranné reakce orga-
nismu na aplikaci fungicidu.

Na zakladé analyz a uvadénych vy-
sledku jinych autoru Ize konstatovat, ze
aktivita enzymu SOD zavisi na geno-

m

U SOD.g”" susiny / USOD.g™" d.m.

was determined between SOD and de-
oxynivalenol content (DON) (r = 0,60™*)
in grain from the treated variants of
stands in the locality Zabgice. Some au-
thors explain, based on their experi-
ences, higher mycotoxin content in
samples from stands without fungicide
treatment by the fact that before the
pathogen cell apoptosis caused by the

typu, péstované lokalite, ale také na po- 20
vétrnostnich podminkach v jednotlivych
letech, v nichz byly porosty péstovany.

Bojos

Jorsey

———
KM 1057
K 1910

K 2088

KM 2283

application of the fungicide, higher con-
centration of mycotoxin gets into the
plant tissues. Similarly, increasing SOD

==

Malz
Prestige

Tolar

Sebastian

— Pozn. Usecky ve sloupcovém
4 ZAVER

Enzym superoxiddismutasa (SOD)
patfi mezi antioxidacni enzymy zabrarujici nezadoucim reakcim
v zrnu resp. ve sladu jeémene jarniho. Vyznamné vysSi aktivita SOD
byla zjisténa u bezpluché linie KM 1057, zatimco vyznamné nizsi ak-
tivita u odrddy Merlin oproti ostatnim odriidam a liniim. Sladovnické
odriidy Jersey a Bojos (odriida doporu¢ena Vyzkumnym dstavem pi-
vovarskym a sladafskym pro vyrobu Ceského piva), mély rovnéz vy-
sokou aktivitu SOD. Neby! prokazan vyznamny vliv oSetfeni polnich
pokust pesticidy na aktivitu sledovaného enzymu v zrnu, ale byl zjis-
tén vyznamny vliv lokalit i roénik péstovani na aktivitu SOD.

Podékovani .

Vysledky byly ziskany s finanéni podporou projektu MSMT 1M0570
— Vyzkumné centrum pro studium obsahovych latek jeEmene
a chmele.
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grafu znamenaji
znamnou odlignost pfi P = 0,05 / Note: Abscissae in the column
graph show statistically significant difference at P = 0.05

activity could also be explained as a re-
sult of the defense reaction of the or-
ganism to the fungicide application.

Based on the analyses and results
presented by other authors, it is possible to conclude that SOD enzyme
activity depends on a genotype, growing locality and also weather con-
ditions in the respective years when the stands were grown.

statisticky vy-

4 CONCLUSION

Superoxide dismutase (SOD) enzyme belongs to antioxidant en-
zymes preventing undesirable reactions in grain or malt of spring bar-
ley. Significantly higher SOD activity was determined in the hull-less
line KM 1057, whereas significantly lower activity in the variety Mer-
lin versus the other varieties and lines. The malting varieties Jersey
and Bojos (the variety recommended by the Research Institute of
Brewing and Malting for the production of Czech Beer) also had high
SOD activity. No significant effect of the pesticide treatment of field
experiments on the activity of the studied enzyme in grain was proved,
however, the significant effect of localities and growing years on SOD
activity was determined.
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