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V 99 vzorcich zrna jeémene a z néj vyrobeného sladu byla sledovana aktivita chitinasy, p-glukanasy enzymu( zapojenych v obranné
reakci rostlin vi¢i napadeni. Déle byla pomoci testu EPS sledovana prfitomnost polysacharidu galaktomananu, ktery je pfitomen v bu-
nécnych sténach vlaknitych mikromycet. V nesladovanych obilkach jeémene a nasledné ve sladiné byl sledovan obsah f-glukant. Sou-
¢asné byl sledovan potencial gushingu sladu a urovers PDMS ve sladiné. Kontaminace sladu vlaknitymi mikromycetami zjisténa EPS
testem byla ve velmi tésném vztahu k aktivité chitinasy ve sladu (0,92***) i v obilkach (0,92***). Obsah B-glukant ve sladiné neni prav-
dépodobné znakem, ktery je zasadnim zplGsobem ovlivnén kontaminaci obilky. Naproti tomu Groven gushingu ve sladu a obsah PDMS
ve sladu jsou vyrazné spjaty se znaky spojenymi s kontaminaci obilky vlaknitymi mikromycetami.

Psota, V. — BeneSova, K. — Sachambula, L. — Havlova, P.: The relationship between B-glucanase, chitinase, and galactomannan
and selected technological parameters of spring barley caryopses (Hordeum vulgare L.) and malt. Kvasny Prum. 56, 2010, No.
2, p. 74-78.

Activity of chitinase, p-glucanase, the enzymes participating in the defense reaction of plants against the infestation, was studied in
99 samples of barley and malt produced from it. In addition, the presence of polysaccharide galactomannan was studied using the EPS
test. This polysaccharide is present in cell walls of flamentous micromycetes. $-glucan content was studied in non malted caryopses of
barley and subsequently in wort. Simultaneously, malt gushing potential and PDMS level in wort were followed. Contamination of wort
with filamentous micromycetes determined by the EPS test was in a very close relationship to activity of chitinase in malt (0.92***) and
in caryopses (0.92***). B-glucan content in wort is not probably a parameter that is essentially affected by the caryopsis contamination.
On the contrary, level of gushing in malt and PDMS content in malt are significantly associated with the parameters connected with the
contamination of caryopsis with filamentous micromycetes.

Psota, V. — BeneSova, K. — Sachambula, L. — Havlova, P.: Die Beziehung unter B-Glukanasa, Chitinasa, Galaktomanan und auf-
gesuchtenen technologischen Zeichen der Grasfrucht von Sommergerstensorten (Hordeum vulgare L.) und Malz. Kvasny Prum.
56, 2010, Nr. 2, S. 74-78.

Die Aktivitat der Chitinasa, f-Glukanasa Enzymen, die in einer Abwehrreaktion der Pflanze gegen den Befall einbezogen sind, wurde
in 99 Mustern Gerstenkornes und im aus dieser Gersten hergestellten Malz verfolgt. Durch den EPS Test wurde weiterhin die Anwe-
senheit des Polysacharids Galaktomanan, das in den Zellwénden von faserigen Mikromyceten anwesend ist, verfolgt. In den unge-
malzten Grasfriichten und nachfolgend in der Wirze wurde der -Glukangehalt und auch Malzgushingspotenzial und PDMS Wert in der
Wiurze verfolgt. Kontamination des Malzes durch die faserigen Mikromycete, ermittelte durch EPS Test, wurde in einer sehr engen Re-
lation zur Aktivitat der Chitinasa im Malz (0,92***) und in den Grasfriichten (0,92***). Der pB-Glukangehalt in der Stisswirze ist wahr-
scheinlich nicht der Parameter, der durch die Grasfriichtenkontamination wesentlich beeinflusst wird. Dementgegen das Gushingspo-
tenzial und der PDMS Gehalt im Malz sind mit den Parametern der Grasfruchtkontamination durch faserigen Mikromyceten betrachtlich

verbunden.

Klicova slova: jecmen, slad, glukanasa, chitinasa, EPS, gushing,
PDMS

1 UVOD

Rostliny jsou b&éhem svého Zivota ohrozovany fadou faktor(. K nej-
togenniho mikroorganismu na obilninach muize negativné ovlivnit ne-
jen kvalitativni vlastnosti obilky, ale plsobii komplikace pfi zpracovani
obilovin a miiZze negativné ovlivnit potraviny z nich vyrobené.

Kritickym obdobim pro napadeni klasd vlaknitymi mikromycetami
je doba kveteni, kdy jsou porosty k napadeni nejvnimaveéjsi. V této
dobé se musi setkat patogen a vnimavy hostitel. Rozhodujici pro us-
pésnou infekci klast jsou mikroklimatické podminky.

Napadeni kvitku patogenem ma €asto za nasledek odumreni bu-
douci obilky nebo jeji nedostateény vyvin. Silnéji poSkozené obilky
jsou malé a lehké a pfi Eisténi sklizeného zrna jsou odstranény. Z na-
padeného kvitku patogen prorlista pres klasové vieteno do sou-
sednich klaskd. K Sifeni patogenu na dal$i klasy a k prorGstani na
obilky mize dochézet i pozdéji, po celou dobu, kdy jsou klasy ze-
lené, pFipadné i déle az do sklizné porostd. Cim dojde k infekci po-
zdéji, tim méné prorlsta patogen do obilky. Nékdy zlstane jen na
povrchu, nebo pronikne jen do osemeni. Nejvétsi problém i z hle-
diska produkce mykotoxinG nastane, kdyz proroste az do endo-
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1 INTRODUCTION

Plants are endangered by numerous factors during their lifespan;
pathogenic filamentous micromycytes belong to the most serious of
them. The occurrence of pathogenic microorganisms on cereals can
negatively affect caryopses qualitative characters, further it is also
a cause of complications at cereal processing and it can have a neg-
ative impact on foodstuffs produced from them.

The flowering time when the growths are the most sensitive to the
infestation, is a critical period for the infestation of ears with filamen-
tous micromycetes. At this time pathogen and a sensitive host must
meet. Microclimatic conditions are decisive for a successful infection
of ears.

Infestation of a floret with the pathogen often results in dying of the
future caryopsis or its insufficient development. More heavily dam-
aged caryopses are small and light and they are removed when the
harvested grain is screened. The pathogen penetrates from the in-
fested floret through the spike rachis to adjacent spikelets. Pathogen
can spread to other ears and caryopses even later, for the whole time
when the ears are green or even longer, till the harvest of growths.
The later the infection occurs, the less the pathogen spreads into the
caryopsis. It sometimes remains only on the surface or it only pene-
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spermu. Silné napadené, ale pIné vyvinuté obilky jsou napadné zmé-
nou barvy a mechanické pevnosti. Snadno se mechanicky poskodi.
Pf¥i sklizni se ¢asto rozlamou, ale mohou se dostat az mezi sklizené
zrno [1].

Mezi rostlinami a fytopatogeny se vytvofily v priibéhu vyvoje velmi
slozité vztahy. U patogenl se vyvinuly systémy, pomoci kterych na-
padaji rostliny. Rostliny zase ziskaly schopnost u¢inné obrany proti
infekénim agens. Prinik patogen(i do bunék je ztizen fadou mecha-
nickych bariér (kryci pletiva, vosky, kutikula, buné¢na sténa), avSak
ani tyto struktury nejsou pro specializované patogeny nepfekonatel-
nou prekazkou. PFi kontaktu buriky s patogenem dochazi k fadé
zmeén, jejichz cilem je omezit plisobeni infekéniho organismu v rost-
liné. Vznikajici degradacéni produkty jsou identifikovany receptory hos-
titelské rostliny. Tyto specifické metabolity jsou pfevazné modifiko-
vané molekuly glukézy [2] vzniklé pfi hydrolytickych procesech a pini
¢asto funkci elicitort, tj. latek spoustéjicich obranné reakce na bu-
nécné urovni [3].

Dlsledkem napadeni rostlin patogennimi vlaknitymi mikromyce-
tami je syntéza PR (pathogenesis related) a DR (defence related) bil-
kovin. Mezi dvé nejrozsahlejsi skupiny PR-bilkovin, které jsou synte-
tizované v prabéhu patogeneze, patfi 1,3-p-D-glukanasy (Glu,
E.C.3.2.1.39) a chitinasy (Chi, E.C.3.2.1.14) [4].

f-1,3-Glukanasy hydrolyzuiji 1,3-D-glukosidovou vazbu v 1,3-3-D-
glukanu. V infikovanych rostlinach plni obrannou funkci, jejimz cilo-
vym mistem jsou 1,3-p-D-glukany bunécnych stén patogenu [5]. Zvy-
Suji permeabilitu bunéénych stén patogena, v disledku ¢ehoz
dochdzi k uniku elektrolytu a makromolekul z buriky a nasledné k je-
jimu odumfeni [6].

Chitinasa degraduje jednoduchou vazbu C-C mezi dvéma nasle-
dujicimi - N-acetylglukosaminy chitinu na N,N’-diacetylchitobiosu
a vyssimi oligomery [7]. Podobné jako nékteré glukanasy i urcité chi-
tinasy maji antifungdlni ucinky [8, 9]. Glukanasy a chitinasy maji sy-
nergicky ucinek [10].

1,3-p-D-glukan a galakotmanan jsou polysacharidy bunééné stény
fady vlaknitych mikromycet. Obou téchto latek, tj. 1,3-f-D glukanu
a galakotmananu, se vyuziva v humanni mediciné k diagnostice my-
kéz. 1,3-p-D glukan je ,panfungélnim“ markerem mykotickych infekci
[11]. N&které zygomycety (Absidia, Mucor spp. a Rhizopus spp.) [12]
pravdépodobné vsak 1,3-p-D-glukan neprodukuji. Galaktomanan
se pouziva pro ¢asnou diagnostiku aspergilézy. Galaktomanan je po-
lysacharidem vyskytujicim se i u nékterych dalSich vidknitych hub
(Penicilium sp., Paecilomyces sp., Alternaria sp.).

Patogenni mikroorganismy pUsobi negativné nejen na kvalitu
obilky jeémene, ale plsobi i komplikace v nasledujicim technologic-
kém procesu vyroby sladu a piva. Nejen prunik, ale jiz kontakt pa-
togenniho organismu s burikou vyvolava celou fadu koordinovanych

trates to the testa. The biggest problem also considering the myco-
toxin production occurs when it spreads into the endosperm. Heav-
ily infested but fully developed caryopses are distinguished by
changes in mechanical consistency and color. They can easily be
damaged mechanically. They are often broken at harvest but can even
get into the harvested grain [1].

Very complex relationships were formed between plants and phy-
topathogens during the course of development. Systems were de-
veloped by means of which pathogens attack plants. Plants in turn
acquired the ability to defend themselves effectively against infec-
tious agents. Penetration of pathogens into cells is aggravated by
a number of mechanical barriers (covering tissues, waxes, cuticula,
cell wall), but even these structures are not impassable obstacles for
specialized pathogens. After the contact of a cell with a pathogen,
many changes occur with the aim to reduce the effect of the infec-
tious organism in a plant. The arising products of degradation are
identified by the host plant receptors. These specific metabolites are
mostly modified molecules of glucose [2] produced during the hy-
drolytic processes, they often fulfill the function of elicitors, i.e. sub-
stances triggering the defensive reactions on the cellular level [3].

Plant infestation by filamentous micromycetes results in the syn-
thesis of pathogenesis-related (PR) and defense-related (DR) pro-
teins. 1,3-p-D-glucanases (Glu, E.C.3.2.1.39) and chitinases (Chi,
E.C.3.2.1.14) belong to the two largest groups of PR-proteins that
are synthesized during pathogenesis [4].

1,3-p-D-glukanases hydrolyze 1,3-D-glucoside linkage in 1,3-3-D-
glucan. They play a defensive role in the infected plants, 1,3-p-D-glu-
cans of cell walls of the pathogen are their target [5]. 1,3-p-D-glu-
kanases increase permeability of the cell walls of the pathogen which
results in the outflow of the electrolyte and macromolecules from the
cell and subsequently, the cell dies away [6].

Chitinase degrades a single C-C bond between two N-acetyl glu-
cosamines of chitin to N,N’-diacetylchitobiose with higher bloomers
[7]. Similarly to some glucanases, also some chitinases exhibit anti-
fungal effects [8, 9]. Glucanases and chitinases have synergistic ef-
fects [10].

1,3-p-D glucan and galacotmannan are polysaccharides of cell
walls of a number of filamentous micromycetes. Both these sub-
stances, i.e. 1,3-3-D glucan and galacotmannan, are used in human
medicine for the diagnostics of mycoses. 1,3-3-D glucan is a “pan-
fungal® marker of mycotic infections [11]. However, some zy-
gomycetes (Absidia, Mucor spp., and Rhizopus spp.) [12] do not prob-
ably produce 1,3-p-D-glucan. Galactomannan is used for early
diagnosis of aspergillosis. Galactomannan is a polysaccharide also
occurring in some other filamentous fungi (Penicilium spp. Pae-
cilomyces spp. Alternaria spp.).

Tab. 1 Zakladni iselné charakteristiky / Table 1 Basic numeric characteristics
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Velikost vzorku / Sample size 99 99 99 99 99 99 99 929 99
Pramér / Average 404.1 12.7 90.9 98.4 | 269.6 | 384.1 3.0 1.9 7.1
Rozptyl / Variance 180059| 548 740 516 1623 | 2340 1 2 7
Smérodatna odchylka / Standard deviation 4243 | 234 27.2 22.7 40.3 48.4 0.7 1.3 2.7
Standardni chyba / Standard error 42.7 2.4 2.7 2.3 41 4.9 0.1 0.1 0.27
Variaéni koeficient / Variation coefficient 105.0 | 184.3 | 29.9 23.1 14.9 12.6 22.5 72.0 38.0
Minimum / Minimum 59 0 42 57 188 304 2 0 2.7
Maximum / Maximum 2484 116 124 128 384 507 4 4 14.9
Rozpéti / Range 2425 116 82 71 196 203 2 4 12.2
Sikmost / Skewness 2.4 2.0 -0.8 -0.8 0.4 0.6 0.0 -0.4 0.9
Spigatost / Kurtosis 6.5 3.8 -1.2 -1.1 0.0 -0.2 -0.7 -1.3 0.6
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vnitrobunéénych procesu, jejichz cilem je omezit ¢i zcela eliminovat
jeho plsobeni a Sifeni. Jen malo z téchto procestd ma zcela obecny
charakter [3]. Cely proces je spojen s tvorbou novych latek (primar-
nich a sekundarnich metabolit() jak napadené rostliny, tak i pato-
gent [13]. Obranné reakce rostliny vyvolavaji naslednou tvorbu spe-
cifickych latek u patogenniho mikroorganismu, kterou se patogen
snazi obrannou reakci rostliny pfekonat. Poznani detailniho mecha-
nizmu téchto reakci je neustale v popredi svétového zajmu a je jim
vénovand stale vétsi pozornost [14] s cilem ziskat odoIn&jsi geno-
typy je€mene.

V pfedlozené praci byly sledovany vztahy mezi aktivitou chitinasy,
aktivitou 1,3-p-D-glukanasy a pfitomnosti galaktomanan(i (EPS) v ne-
sladované obilce i ve sladu s vybranymi technologickymi znaky (ob-
sah B-glukan( ve sladiné, gushing sladu, PDMS ve sladu).

2 MATERIAL A METODY

V letech 2005-2007 byly ze stanovist Zabdice a KroméFiz odebi-
rany vzorky zrna pluchatych i bezpluchych odrid je€mene. Soubory
odrud se v jednotlivych letech liSily. Celkem bylo odebrano 99 vzorkd.

Odebrané vzorky je€mene byly sladovany tradiénim postupem [15].
V nesladovanych obilkach je¢mene a ve vyrobeném sladu byla sta-
novena aktivita chitinasy [16] a 1,3-p-D-glukanasy [17] a dale byl
proveden aglutinacnitest EPS [18] na pfitomnost extracelularnich po-
lysacharidt (galaktomanantl) produkovanych vlaknitymi mikromyce-
tami.

Byla stanovena uroven gushingu ve sladu [19] a obsah prekurzor(
dimetylsulfidu ve sladiné (PDMS) [20], sou¢asné byl stanoven i ob-
sah B-glukant ve slading [21].

Ziskané udaje byly vyhodnoceny korelaéni analyzou.

3 VYSLEDKY A DISKUSE

Rostliny se pfi napadeni vliaknitymi mikromycetami brani mimo jiné
produkci enzym( chitinasy a 1,3-p-D-glukanasy, které nalezi do sku-
piny PR bilkovin (pathogenesis-related proteins). Tyto bilkoviny maji
specifické antimikrobialni ucinky. Hydrolyzuji bunéénou sténu pato-
genl a pfitom produkuiji elicitory dalSich obrannych reakci [22, 23].

Pluchaté obilky jeémene mohou aktivné reagovat na napadeni mik-
romycetami pouze v obdobi, kdy jsou plucha a pod nim ukryty peri-
karp zivé. Jiz zdravé rostliny jeémene obsahuji geny pro chitinasu. In-
tercelularni PR a DR bilkoviny maji kanaly v bunéénych sténéch, které
umoznuji jejich transport do intercelularniho prostoru [24]. Po napa-
deni za¢ne rostlina jeCmene chitinasu produkovat. Aktivita chitinasy
zjisténa v listech jeémene infikovanych padlim travnim odpovidala ge-
novému pozadi hostitele a patogenu [25]. V dobé pIné zralosti je
ochrana obilky vi¢i napadeni patogennimi mikromycetami pasivni,
zalozena na chemickém slozZeni pluchy, perikarpu a testy a jejich fy-
zikalnich vlastnostech. Pfi sladovani mize na napadeni mikromyce-
tami aktivné reagovat rostouci zarodek, pfipadné aleuronova vrstva,
ostatni ¢asti obilky nejsou zivé.

V prabéhu sladovani se vyraznym zplsobem zvysila aktivita f-glu-
kanasy. Byla pfiblizné o tfetinu vy$si ve sladu nez v obilkach (tab. 7).
Mezi aktivitou 3-glukanasy ve sladu a gushingem byl zjistén stfedné
silny vztah (0.55***) (tab. 2). Tak silny vztah by mohl byt dan do sou-
vislosti s kontaminaci kli¢icich obilek vliaknitymi mikromycetami [8, 9],
ktera mize byt pfic¢inou zvy$ené urovné gushingu. Je v8ak obtizné
oddélit aktivitu B-glukanasy zpusobenou obrannou reakci Zivych bu-
nék kliCici obilky od aktivity f-glukanasy potfebné k modifikaci stén
bunék skrobového endospermu.

Aktivita chitinasy v nesladovanych obilkach i ve sladu byla v pod-
staté na stejné Urovni a vztah mezi témito znaky byl diky tomu velice
uzky. Mozny vliv zavére¢né faze sladovani (hvozdéni) na aktivitu chi-
tinasy nebyl studovan.

Vztah mezi kontaminaci nesladovanych obilek vlaknitymi mikro-
mycetami zjistény pomoci testu EPS a aktivitou chitinasy v obilkach
(-0,01) a ve sladu (0,08) byl statisticky neprikazny (tab. 2).

V pfipadé sladu byla situace naprosto odliSna. Kontaminace sladu
vlaknitymi mikromycetami zjisténa pomoci testu EPS byla ve velmi
tésném vztahu k aktivité chitinasy ve sladu (0,92***) i v obilkach
(0,92***). Vysledky EPS testu maji nespojity charakter a to pozna-
menalo silu vztahu mezi aktivitou chitinasy a vysledkem EPS testu.
Korelaéni analyzou bylo zji§téno, Ze primérné hodnoty aktivity chi-
tinasy v obilkach i ve sladu byly v podstaté totozné a diky tomu byla
korelace mezi témito dvéma znaky byla velice tésna (0,96***)
(tab. 2).

Pathogenic microorganisms affect negatively not only the quality
of the barley caryopsis but they also complicate following techno-
logical process of malt and beer production. Not only penetration but
already the contact of the pathogenic organism with the cell induces
a number of coordinated intracellular processes with the aim to re-
duce or completely eliminate its effect and spreading. Only few of
these processes are of completely general character [3]. The whole
process is connected with the production of new substances (pri-
mary and secondary metabolites) both of the infected plant and
pathogens [13]. Plant defense consequently induces production of
specific substances in the pathogenic microorganism, by which the
pathogen achieves to suppress the plant defense reaction. Under-
standing the detailed mechanism of these reactions has been in the
forefront of the world-wide interest and high attention has been de-
voted to it [14] with the aim to obtain more resistant barley geno-
types.

In the present study, the relationships between the activity of chiti-
nase, 1,3-B-D-glucanase and the presence of galactomannans (EPS)
in a non malted caryopsis and malt, and the selected technological
parameters (content of B-glucans in wort, malt gushing, PDMS in
malt) were studied.

2 MATERIAL AND METHODS

In 2005-2007 samples of caryopses of hulled and hulless barley
varieties were taken in the localities Zab&ice and Kroméfiz. Sets of
the varieties differed in the individual years. Totally, 99 samples were
studied.

The barley samples collected were malted using the traditional pro-
cedure [15]. In non malted barley caryopses and in produced malt,
activities of chitinase [16] and 1,3-p-D-glucanase [17] were deter-
mined, in addition, the agglutination EPS test [18] for the presence
of extracellular polysaccharides (galactomannans) produced by fila-
mentous micromycetes was performed.

The level of gushing in malt [19] and content of dimethylsulfide pre-
cursor in wort (PDMS) were determined [20], at he same time p-glu-
can content was assessed in wort [21].

The obtained data were evaluated with the correlation analysis.

3 RESULTS AND DISCUSSION

After the attack of filamentous micromycetes, plants defend them-
selves, inter alia, by the production of enzymes chitinase and1,3-f-
D-glucanase that belong to the group of PR proteins. These proteins
have specific antimicrobial effects. They hydrolyze pathogen cell walls
and produce elicitors of other host defense reactions [22, 23].

The hulled barley caryopses can actively react to the attack of mi-
cromycetes only in the period when husks and the pericarp hidden
below are alive. The healthy barley plants already contain the genes
for chitinase. Intercellular PR and DR proteins have channels in cell
walls that enable their transport to the intercellular space [24]. After
the attack, the barley plant starts producing chitinase. Chitinase ac-
tivity found in barley leaves infected with powdery mildew corre-
sponded to the host-pathogen genetic background [25]. At the time
of full ripeness, the protection of the caryopsis against the attack of
pathogenic micromycetes is passive, based on the chemical com-
position of husks, pericarp and testa, and their physical characters.
During malting, a growing germ or the aleuron layer can actively re-
act to the attack of micromycetes, the other parts of the caryopsis
are not alive.

-glucanase activity increased considerably during malting. It was
by ca one third higher in malt than in caryopses (Tab. 7). Medium-
strong relationship was determined between -glucanase activity in
malt and gushing (0.55**) (Tab. 2). This relationship could be con-
nected with the contamination of germinating caryopses with fila-
mentous micromycetes [8, 9]; this could be a cause of the enhanced
gushing level. However, it is difficult to distinguish the activity of -
glucanase caused by the defense reaction of living cells of a germi-
nating caryopsis from the activity of -glucanase needed for the mod-
ification of cell walls of the starch endosperm.

Activity of chitinase in non malted caryopses and malt was gener-
ally on the same level and due to it, the relationship between these
parameters was very close. The possible impact of the final stage of
malting (kilning) on the chitinase activity was not studied.

The relationship between contamination of non malted caryopses
with filamentous micromycetes determined by the EPS test and chiti-
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Tab. 2 Korelace mezi vybranymi znaky kvality sladu a latkami vznikajicimi pfi interakci obilky s patogenem / Table 2 Correlation between the
selected malt quality parameters and substances originating at caryopsis-pathogen interaction
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°%| 22| 5| 25| 33| 33| 88| 2% | 35
¥ | 66| OO0 | OO0 | o | @ | W | wu oo
(mg.)| (ml) |(Ukg")|(U.kg")|(U.kg")| (U.kg™) (mg.kg")
s.l. s.l, s.l s. s s.l, s. s.l s.l
B-glukany ve sladiné / B-glucans in wort -0.10|NS| -0.19|NS| -0.25| *| 0.50|***| 0.22| * | 0.01|NS/ -0.21| * | -0.32| **
Gushing ve sladu / Gushing in malt 0.35(** 0.46|***| 0.17 NS 0.55|***| 0.47|** 0.42|***| 0.55|***
Chitinasa v obilce / Chitinase in caryopses 0.96|** -0.19NS| 0.12|NS| -0.01 [NS| 0.92|**| 0.56|***
Chitinasa ve sladu / Chitinase in malt -0.18|NS 0.22| * | 0.08|NS| 0.92|***| 0.58 ***
B-glucanasa v obilce / B-glucanase in caryopses 0.38|***| 0.10|NS| -0.19[NS| -0.04 NS
B-glucanasa ve sladu / B-glucanase in malt 0.46|**| 0.20(NS| 0.35|***
EPS v obilce / EPS in caryopses 0.13|NS| 0.27|**
EPS ve sladu / EPS in malt 0.58|***
PDMS ve sladu / PDMS in malt

s.l. — hladina vyznamnosti / significance level
NS — nevyznamny / non significant

Pritomnost galaktomanant (EPS test) byla vy$si u nesladovanych
obilek nez u sladu. To by znamenalo, ze ¢ast houbovych vidken je
z povrchu obilky v pribéhu sladovani odstranéna.

Vzhledem k velkému spektru sledovanych odrid se obsah g-glu-
kanu ve sladiné pohyboval v Sirokém rozpéti (tab. 7). Korelacni ana-
lyza naznacila, Ze ma tento znak stfedné silny vztah pouze k aktivité
B-glukanasy v obilce (0,50***), coz je pochopitelné. U modernich sla-
dovnickych odriid se pozaduje nizky obsah B-glukand ve sladiné
a toho Ize dosahnout pouze vysokou aktivitou 3-glukanasy v pribéhu
sladovani. Se znaky spojovanymi s kontaminaci viaknitymi mikromy-
cetami ma obsah p-glukant ve sladiné jen slaby nebo nevyznamny
vztah. Obsah B-glukan( ve sladiné neni pravdépodobné znakem,
ktery je zdsadnim zpUisobem ovlivnén kontaminaci obilky.

Gushing, jeden z vyznamnych kvalitativnich nedostatki finalniho pro-
duktu [26], jehoz vyskyt je spojovan s kontaminaci obilek vlaknitymi
mikromycetami, je mozno do jisté miry predikovat jiz ve sladu [27]. Gus-
hing predikovany ze sladu mél silnou korelaci k aktivité p-glukanasy
ve sladu (0,55***) a stfednikorelaci k pfitomnosti galaktomanant (EPS)
v obilce (0,46***) a sladu (0,42***) a k aktivité chitinasy ve sladu
(0,46***) a v obilce (0,35***).

Obsah PDMS mUze ovlivnit negativné senzorické vlastnosti finalniho
produktu. Stfedné silnou korelaci mél obsah PDMS k aktivité chitinasy
v obilkach (0,56***) a ve sladu (0,58***), k aktivité B-glukanasy ve sladu
(0,35***) a k pfitomnosti galaktomanan(i (EPS) ve sladu (0,57***).

Urover: gushingu ve sladu a obsah PDMS ve sladu jsou vyrazné
spjaty se znaky spojenymi s kontaminaci obilky viaknitymi mikromy-
cetami. Tomu odpovida i vzajemna silna korelace mezi gushingem ve
sladu a obsahem PDMS ve sladu (0,55***) (tab. 2).

4 ZAVER

Kontaminace obilky je€mene a sladu vlaknitymi mikromycetami
byla spojena s pfitomnosti galaktomananu (EPS test) i zvySenou ak-
tivitou chitinasy. Nelze jednoznacné Fici, ze aktivita -glukanasy byla
odpovédi obilky &i sladu na kontaminaci mikromycetami. Uroveri gus-
hingu a PDMS je v Uzkém vztahu ke znak(m signalizujicim napadeni
obilky (galaktomanan, chitinasa) a sladu (galaktomanan, chitinasa,
B-glukanasa).

Metabolity vznikajici pfi interakci mezi patogenem a obilkou ovliv-
Auji kvalitativni znaky sladu a nasledné findlniho vyrobku (gushing,
PDMS). Ziskané vysledky jsou v8ak ovlivnény komplexnim charak-
terem kvalitativnich znakl a spletitosti vztahd, které Uroven téchto
znakd ovliviuiji.

*p—level =0.05

**p — level = 0,01 ***p —level = 0,001

nase activity in caryopses (-0.01) and malt (0.08) was not statistically
significant (Tab. 2).

Situation in malt was completely different. Contamination of malt
with filamentous micromycetes determined with the EPS test was in
a very close relationship to chitinase activity in malt (0.92***) and
caryopses (0.92***). Results of the EPS test are of discrete charac-
ter and it affected the strength of the relationship between chitinase
activity and the result of the EPS test. The correlation analysis de-
termined that the average values of chitinase activity in caryopses
and malt were basically identical and therefore the correlation be-
tween these two parameters was very close (0.96***) (Tab. 2).

The presence of galactomannans (EPS test) was higher in the non
malted cyryopses than in malt. This could mean that part of fungal
fibers was removed from the surface of barley caryopsis during malt-
ing.

Considering a large spectrum of the varieties, studied p-glucan
content in wort moved in a wide range (Tab. 1). The correlation anal-
ysis showed that this parameter had medium-strong relationship only
to the p-glucanase activity in a caryopsis (0.50***) which is not sur-
prising. In modern malting varieties, low p-glucan content in wort is
demanded and this can only be achieved by high activity of B-glu-
canase during malting. Relationship of $-glucan content in wort and
parameters connected with contamination with filamentous mi-
cromycetes is only weak or non significant. Content of -glucans in
wort is not probably the parameter that is significantly affected by the
caryopsis contamination.

Gushing, one of the major quality deficiencies of the final product
[26], the occurrence of which is connected with contamination of cary-
opses with filamentous micromycetes, can already be predicted to
a certain extent in malt [27]. Gushing predicted from malt had a strong
correlation to the activity of f-glucanase in malt (0.55***) and medium
correlation to the presence of galactomannans (EPS) in a caryopsis
(0.46™) and malt (0.42***) and activity of chitinase in malt (0.46***)
and caryopsis (0.35***).

PDMS content can affect negatively sensory characters of the fi-
nal product. Medium-strong correlation was determined between
PDMS content and chitinase activity in caryopses (0.56***) and malt
(0.58***), p-glucanase activity in malt (0.35***) and the presence of
galactomannans (EPS) in malt (0.57***).

Gushing level in malt and PDMS content in malt are significantly
connected with the parameters associated with the contamination of
the caryopses with filamentous micromycetes. This is also confirmed
by a strong correlation between gushing in malt and PDMS content
in malt (0.55***) (Tab. 2).
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4 CONCLUSION

Contamination of barley caryopsis and malt with filamentous mi-
cromycetes was connected with the presence of galactomannan
(EPS test) and increased activity of chitinase. We cannot definitely
state that p-glucanase activity was a response of a caryopsis or malt
to the micromycete contamination. Levels of gushing and PDMS are
in a close relationship with the parameters signalizing the infestation
of a caryopsis (galactomannan, chitinase) and malt (galactomannan,
chitinase, B-glucanase).

Metabolites arising from the pathogen-caryopsis interaction affect
quality parameters of malt and subsequently the final product (gush-
ing, PDMS). However, the acquired results are affected by the com-
plex character of the qualitative parameters and complexity of rela-
tionships affecting the level of these parameters.
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