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Jarni jeémeny nejsou schopny v obdobi kratce po sklizni poskytnout kvalitni slad. Dlvodem je vstup obilek do dormance, kdy obilky
$patné a nevyrovnané kli¢i. Proto byl sledovan priibéh dormance ve vztahu ke kvalitativnim parametrdm vyrobeného sladu a fyziolo-
gickému stavu obilek v terminech ihned po sklizni, tfi a Sesti tydnd po sklizni. U Sesti odriid sladovnického je¢émene (Bojos, Jersey, Malz,
Prestige, Sebastian a Tolar) byla stanovena produkce ethylenu, ethanu, oxidu uhli¢itého a spotfeby kysliku pfi vyrobé sladu. U vyrobe-
ného sladu byla stanovena aktivita a-amylasy, obsah p-glukant, homogenita sladu, modifikace sladu a vytéznost sladovani.

Pomoci statistické krokové regrese byly zjistény prikazné zavislosti mezi produkci ethylenu a vytéznosti sladovani. Produkce ethylenu
v prubéhu maceni a kliceni je€émene je zavisla na obsahu B-glukanl, na homogenité a modifikaci sladu. PFi zahajeni kliceni je produkce
ethylenu vysoce prikaznym ukazatelem aktivity a-amylasy. Produkce oxidu uhli¢itého je v pfimém souladu s ukazatelem homogenity
a modifikace sladu. Mnozstvi spotfebovaného kysliku jiz po prvni namaéce je€émene ukazuje na vytéznost sladovani (nepfima zavislost)
a budouci modifikaci sladu.

FiSerova, H. — Prokes, J. — Helanova, A. — Hartmann, J.: Malt quality during the post-harvest maturation of barley. Kvasny Prum.
56, 2010, No. 2, p. 93-99.

Within the period following immediately after the harvest, spring barley crops cannot produce malt of good quality. The main reason
of this fact is that the kernels enter into the stage of dormancy, which causes their bad and unbalanced germination. Due to this fact the
relation of dormancy to qualitative parameters of produced malt and physiological condition of malting barley kernels was followed im-
mediately after the harvest and in intervals of three and six weeks after the harvest. Production of ethylene, ethane, and carbon dioxide
as well as oxygen consumption during the period of malt production was studied in six varieties of malting barley (viz. Bojos, Jersey,
Malz, Prestige, Sebastian, and Tolar). In produced malt the following parameters were estimated: activity of a-amylase, content of -glu-
cans, malt homogeneity, malt modification, and yield of malting.

Using the method of statistical stepwise regression, significant dependences existing between ethylene production and yield of malt-
ing were found out. During the period of barley steeping and germination, production of ethylene is dependent on the content of -glu-
cans and malt homogeneity and modification. At the beginning of germination, production of ethylene represents a highly significant in-
dicator of a-amylase activity. Production of carbon dioxide is directly related to malt homogeneity and modification. The amount of
consumed oxygen indicates indirectly the potential yield of the malting process and future malt modification even after the first steep-

ing.

FiSerova, H. — Prokes, J. — Helanova, A. — Hartmann, J.: Die Malzqualitat im Laufe der Nachreifung der Gersten. Kvasny Prum.
56, 2010, Nr. 2, S. 93-99.

Im Zeitraum kurz nach der Ernte kénnen die Sommergersten zur Herstellung eines guten Malzes nicht angewandt werden. Die Ur-
sache ist der Eintritt des Kornes in Dormanz, im diesen Zeitraum das Korn schlecht und unegal keimt. Deswegen wurden im Bezug auf
die Qualitdtsparameter des hergestellten Malzes und den physiologischen Zustand der Grasfrucht der Verlauf der Dormanz im Zeitraum
unmittelbar nach der Ernte, drei und sechs Wochen nach der Ernte verfolgt. Bei sechs Sorten der Braugerste (Bojos, Jersey, Malz, Pres-
tige, Sebastian und Tolar) wurde die Athylen-, Methan-, Kohlensaureproduktion und Sauerstoffbedarf wihrend der Malzherstellung er-
mittelt. Weiterhin wurden die Aktivitat der a-Amylase, B-Glukan Gehalt, Malzhomogenitat, Malzmodifikation und Ausbeute der Malzbe-
reitung festgestellt. Durch die statistische Schrittregression wurden die beweiskraftigen Abhangigkeiten zwischen der Athylenproduktion
und Ausbeute der Malzbereitung ermittelt. Die Athylenproduktion hangt von dem p-Glukan Gehalt, der Homogenitéat und der Malzmodi-
fikation ab. Am Anfang der Keimung gibt's die Athylenproduktion als einen hochnachweislichen Parameter der Aktivitat der a-Amylase.
Die Kohlens&urenproduktion steht in einer direkten Ubereinstimmung mit dem Indikator der Homogenitét und mit der Malzmodifikation.
Schon nach dem ersten Anweichen weist der Sauerstoffbedarf auf die Ausbeute der Malzbereitung (undirekte Proportion) und auf die
kinftige Malzmodifikation.

Kliéova slova: jarni je¢men, slad, kvalita, posklizriové dozravani

1 UVOD

Proces zrani obilek v klasu je doprovazen zvySujici se produkci et-
hylenu, ktera koresponduje v pfimé zavislosti se zvySujicim se ob-
sahem ABA v obilce.V prubéhu dormance produkce obou sledova-
nych rdstovych regulatort klesa [1]. Obilky obsahujici dormantni
aleuronovou vrstvu sice mohou zaéit kli¢it, ale v prlibéhu sladovani
budou vytvaret nizsi aktivitu hydrolas. To ma za nasledek nedosta-
te¢né rozlusténi (modifikaci) Skrobového endospermu [2], a tim i sni-
Zeni kvality sladu. Dormance je zaloZena geneticky [3] a pokusy ko-

dormanci obilek vyrazné neovlivnily [4,5].

Keywords: spring barley, malt, quality, post-harvest maturation

1 INTRODUCTION

In ears, the process of kernel maturation is associated with an in-
creasing production of ethylene, which directly corresponds with the
increasing content of abscissic acid (ABA) in caryopses. In the
course of dormancy, production of both aforementioned growth reg-
ulators is decreasing [1] Although the kernels containing a dormant
aleuronic layer can begin to germinate, the activity of hydrolases in
the course of malting is reduced. This results in an insufficient mod-
ification of starch endosperm [2], and, thus, also in a reduced qual-
ity of malt. The process of dormancy is determined genetically [3]
and it was experimentally found out that the effect of both higher
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Obilky jeémene raznych odrid nemaji stejnou délku dormance a to
se pfi sladovani projevi nestejnomérnym nastupem a rychlosti kliceni
obilky. Dojde k nehomogenni pfeméné zrna jeCmene ve slad. Kvalita
sladu je vysledkem vlivu odrtdy, roéniku sklizné je¢mene a podmi-
nek sladovani.

Cilem feSeni bylo ovéfit vliv odridy a terminu sladovani (doby po
sklizni) na vytéznost sladovani a kvalitu sladu, charakterizovanou ak-
tivitou a-amylasy, obsahem B-glukand, modifikaci a homogenitou
sladu ve vztahu k produkci ethylenu, ethanu, oxidu uhli¢itého a spo-
treby kysliku v procesu vyroby sladu.

Ethylen patfi mezi fyziologicky ucinné plyny (hormon uvolfiovany
rostlinou do prostfedi, jehoz prekurzorem je ACC (1-amino-cyklopro-
pan-1-karboxylova kyselina). Vznika v rostlinach z aminokyseliny met-
hioninu. Ethan vznika pfi oxidaci tuku [6] a je uvadén jako indikator li-
pidové peroxidasy [7]. Je produkovan poskozenymi burikami. Produkce
ethanu a ethylenu byla sledovana predevsim ve vztahu ke stresu [8]
a pomeér obou uhlovodiki je pravdépodobné indikatorem stupné stresu.

Do procesu kliceni zasahuje oxid uhliCity, ktery je produktem ae-
robniho dychani pfi kliceni obilek je¢mene a intenzitu kliceni Ize sle-
dovat v uzavieném systému i podle mnozstvi spotfebovaného kys-
liku, ktery je nezbytny pro rlistové a vyvojové reakce rostlin.

2 MATERIAL A METODIKA

V praci byly sledovany obilky je¢mene odrid Bojos, Jersey, Malz,
Prestige, Sebastian a Tolar, ze sklizné 2008 v pokusné stanici v Zab-
¢icich. Laboratorni pokusy byly provedeny v pfesné definovanych ob-
jemech (3600 ml), a poctu zrn jeémene (2000 ks). Po ukon&eni doby
maceni byly obilky v draténych nadobkéach pfemistény do lahvia vzdu-
chotésné uzavieny pryzovou membranou. Odbér plynu byl proveden
po 24 hodinach pres pryzovou membranu jehlou s 2 ml stfikackou,
které byly zapichnuty s odebranym vzorkem plynu do oznacenych pry-
zovych zatek. Po té byly lahve otevieny a pokusny material byl dle po-
tfeby metodiky pokusu vazen, macen a obracen. Odebrané vzorky
plynt byly analyzovany na plynovych chromatografech [9,10,11].

V pokusu byla zvolena technologie vzdu$ného maceni, ozna¢ena
3h-3h-45 %. Ciselné daje uvadéji dobu namodeni (hodiny) prvni
a druhy den a upraveni obsahu vody tfeti den maceni (teplota vody
14 °C). Kliceni jeémene (tma, 14 °C, celkem 6 dni) a hvozdéni pro-
bihalo standardnitechnologii (teplota dotahovani sladu 80 °C po dobu
4 h). Terminy sladovani byly T1 — ihned po sklizni (18. 7. 2008), T2 —
3 tydny po sklizni (8. 8.2008) a T3 — 6 tydnl po sklizni (29. 8. 2008).

Statistické hodnoceni bylo provedeno metodou rezidudlni maxi-
malni vérohodnosti s vyuzitim programu REML (1995) a vicenasob-
nym porovnanim vyznamnosti jednoduchych kontrastti metodou LSD.

3 SLEDOVANE PARAMETRY KVALITY
SLADU

1. Aktivita a-amylasy — aktivita enzymu je zavisla na odridé a pod-
minkach sladovani, tvofi se de novo. Gibereliny z embrya vnikaji do
aleuronové vrstvy, ve které indukuji tvorbu a-amylasy, ktera s dalSimi
hydrolytickymi enzymy v endospermu odbourava skrob.

2. Obsah B-glukani ve sladu — endospermalini buriky u $titku ob-
sahuji B-glukany, které ovliviiuji pohyb hydrolytickych enzym( ze Stitku
do endospermu. Je to vyznamny parametr pivovarské jakosti sladu.
Mnozstvi odbouraného B-glukanu (BGI) je ukazatelem aktivity $-glu-
kanasy a technologickych podminek sladovani. Bunééné stény v en-
dospermu bohaté na f-glukan se Stépi béhem sladovani. Tento pro-
ces se zviditeIni barvivem Calcofluor, které specificky reaguje na
B-glukanasy obsazené v bunécnych sténach. V UV svétle analyza-
toru (systém Carlsberg) jsou rozlusténé ¢asti zrn vyrazné modré, ne-
rozlusténé svétlejsi az bilé.

3.-4. Homogenita a modifikace sladu — metoda rozboru kvality
sladu dle EBC (metoda dle Carlsbergu), ktera objektivné posoudi uro-
verl podminek sladovani a umozni vysoce spolehlivy odhad dalSich
parametru jakosti sladu.

5.Vytéznost sladovani— vyznamny ekonomicky parametr. Pomoci
ného Ize zpétné posoudit pribéh technologie sladovani a fyziologicky
stav zrna.

4 VYSLEDKY A DISKUSE

Prezentované vysledky ukazaly, Ze produkce plynt obilkami je¢-
mene (obr. 1-6) je ukazatelem fyziologického stavu obilky pfi vyrobé

and/or lower temperatures on the course of dormancy was not too
marked [4,5].

In kernels of different barley varieties the length of dormancy is not
the same; during the process of malting, this is manifested in an un-
even onset and rate of kernel germination so that the grain is trans-
formed unevenly into malt. The final quality of produced malt is influ-
enced by variety, year of harvest and conditions of malting.

The objective of this study was to test effects of the variety and of
the date of malting (i.e. the duration of the period after grain harvest)
on the yield of malting and malt quality as characterised by activity
of a-amylase, content of 3-glucans, modification and homogeneity of
malt in relation to production of ethylene, ethane, carbon dioxide, and
oxygen consumption within the process of malting.

Ethylene belongs to the group of physiologically efficient gases;
this hormone is released by plants into the medium and its precur-
sor is ACC (1-amino-cyclopropane-1-carboxylic acid), which is the
product of degradation of methionine. Ethane is produced during the
oxidation of fats [6] and is mentioned as an indicator of the level of
lipid peroxidase (Celikel, Vandoorn, 1995). Itis produced by damaged
plant cells. Ethylene production was followed above all with regard to
the stress conditions (Chrominski et al., 1986); it seems that the ra-
tio existing between these two hydrocarbons is an indication of the
stress degree.

The process of germination is affected by carbon dioxide, which is
produced in the course of aerobic respiration of barley kernels. In
a closed system, the intensity of germination can be monitored also
on the base of the amount of consumed oxygen because it is indis-
pensable for growth and development of plants.

2 MATERIAL AND METHODS

In this study kernels of barley varieties Bojos, Jersey, Malz, Pres-
tige, Sebastian, and Tolar were used. These varieties were harvested
in 2008 on the University Training Farm in Zabgice. Laboratory ex-
periments were performed in containers with exactly defined volumes
(3,600 ml) and with constant numbers of barley kernels (2,000 pieces).
After the end of steeping, kernels were placed into small wire con-
tainers and transferred into airtight bottles closed with rubber mem-
branes. Gas was sampled after 24 hours using a 2-ml syringes, which
were dug into the labelled rubber plugs. Thereafter the bottles were
opened and the experimental material was weighed, steeped and
turned. Gas samples were analysed in a gas chromatograph [9,10,11].

In this experiment the method of dry rest steeping was used, la-
belled as 3-3-45 %. These numbers indicate the duration of steep-
ing, the number of days and the content of water at the beginning of
germination. Water temperature was 14 °C and the kernels germi-
nated in darkness at the temperature of 14 °C. Barley kernels were
kiln-dried using a standard technology (altogether 6 days at the kiln
temperature of 80°C for a period of 4 h). Individual dates of malting
were as follows: T1 — immediately after the harvest (18-07-2008), T2
— 3 three weeks after the harvest (08-08-2008), and T3 — 6 weeks
after the harvest (29-08-2008).

Statistical analysis was performed using the residual maximum
likelihood method (REML; 1995) and the Fisher's LSD method.

3 MALT QUALITY PARAMETERS

1. Activity of a-amylase — The activity of this enzyme is depen-
dent on the variety and malting conditions; it is created de novo. Gib-
berelins contained in embryo penetrate into the aleuronic layer where
they induce the synthesis of a-amylase, which digests (together with
other hydrolytic enzymes) endospermic starch.

2. Content of p-glucans in malt — Endospermic cells near the
scutellum contain p-glucans, which influence the transport of hy-
drolytic enzymes from the scutellum into the endosperm. This is an
important parameter of brewing value of malt. The amount of de-
graded B-glucans (BGI) is an indicator of B-glucanase activity and
technological conditions of malting. In the course of malting, -glu-
cane-rich cell walls present in endosperm are splitted; to make this
process visible, the dye Calcofluor can be used because it specifi-
cally reacts with these compounds. Under UV light of the foam sta-
bility analyzer (system Carlsberg) the splitted parts of kernels are
markedly blue while the colour of non-splitted ones is lighter or even
white.

3.—-4. Malt homogeneity and modification — The EBC method of
the analysis of malt quality (Carlsberg method) enables an objective
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Tab. 1. Kvalita sladu jednotlivych odriid ve tfech terminech odbéru vyjadfena ¢iselnou hodnotou aktivity a-amylasy, obsahem B-glukand, ho-
mogenitou, modifikaci sladu a vytéznosti sladu se statistickym hodnocenim priikaznosti mezi odriidami. Poloha X v poslednim sloupci vy-
jadfuje statistickou priikaznost / Table 1 Quality of malt made from individual varieties after three dates of sampling as expressed by numeric
values of a-amylase activity, content of 3-glucans, and malt homogeneity, modification and yield (statistical significance of intervarietal dif-

ferences)
2008
Odbér | Odbeér I Odbeér llI Pramér Statisticka
Sampling | | Sampling Il | Sampling lll| LS Mean | prikaznost/ Hom. Gr.
Aktivita a-amylasy Bojos 45.00 38.30 45.00 44.00 X
Activity of a-amylase Jersey 41.00 40.00 44.00 41.66 X
(U/g) Malz 46.67 38.67 42.33 42.55 X
Prestige 37.67 34.67 36.67 36.33 X
Sebastian 38.00 36.00 33.33 35.70 X
Tolar 37.00 31.33 34.33 34.22 X
Obsah p-glukant Bojos 0.79 0.82 0.75 0.78 X
Content of B-glucans Jersey 0.95 1.17 0.90 1.00 X X
(%) Malz 1.17 1.18 1.00 1.11 X X
Prestige 1.18 1.29 0.98 1.14 X
Sebastian 0.98 1.00 0.98 0.98 X
Tolar 1.15 1.23 10.8 1.15 X
Homogenita Bojos 73.30 69.90 78.45 73.93 X X
Homogeneity Jersey 71.07 68.50 76.70 72.12 X X X
(%) Malz 68.15 65.25 80.07 71.16 X X
Prestige 73.06 71.42 79.20 74.59 X
Sebastian 71.30 66.26 76.36 71.31 X X
Tolar 68.00 64.11 77.78 69.98 X
Modifikace Bojos 84.50 82.75 89.00 85.43 X
Modification Jersey 81.00 75.65 84.00 80.43 X
(%) Malz 81.00 73.10 90.70 81.62 X X
Prestige 79.57 75.11 88.15 80.95 X
Sebastian 76.65 73.50 84.31 78.16 X
Tolar 79.10 76.00 89.12 81.41 X
Vytéznost sladovani Bojos 91.15 92.96 94.54 91.88 X
Malt yield Jersey 91.40 91.80 91.40 91.41 X
(%) Malz 91.47 93.25 91.27 91.99 X
Prestige 92.02 93.30 92.46 93.31 X
Sebastian 92.40 95.10 94.30 92.73 X
Tolar 92.21 93.34 92.59 92.71 X

sladu. Ethylen je odbouravan na oxid uhli¢ity a ethylenoxid a tvorba
ethylenu podléha autokatalyze i autoinhibici. Hydrofobni molekula et-
hylenu pronika snadno membranami, zvySuje jejich propustnost pro
prichod nékterych latek, aktivuje pfijem nékterych iontli a zvySuje
aktivaci a tvorbu a-amylasy v obilkach je€mene, coz se v nasich po-
kusech potvrdilo. Beltrano et al. [12] sleduje po aplikaci ethephonu
(2-chlorethylphosphonova kyselina, ktera biologickym rozkladem
uvolfiuje ethylen) zvySenou produkci ethylenu a urychlené dozravani
obilek a aplikaci inhibitoru ethylenu snizenou produkci ethylenu a pro-
dlouzené obdobi dozravani obilek, ¢imz potvrzuje aktivni roli ethylenu
pfi dozravani obilek pSenice.

Byly zaznamenany rozdily v produkci ethylenu v jednotlivych ter-
minech odbéru — coz je lépe viditelné na sumé produkci plynd na
obr. 7. Nejvy$si produkce ethylenu (statisticky prikaznd) byla v I. ter-
minu, v Il. terminu byl zaznamenan pokles, a ve lll. terminu zvySeni.
Odrudoveé rozdily v produkci ethylenu nebyly statisticky vyznamné.
Produkce po tfeti namacce je statisticky prikazné zavisla na aktivité
a-amylasy, homogenit&, modifikaci a vytéznosti sladu. Produkce et-
hylenu tfeti den kli¢eni pfi vyrobé sladu je statisticky prlikazné za-
visla na obsahu B-glukant (obr. 1-6).

U produkce ethanu byly statisticky prikazné rozdily v jednotlivych
terminech odbéru. Nejvy$si produkce ethanu byla v prvnim terminu,
nasledovalo snizeni produkce ve druhém a opétny narust ve tfetim
a Tolar, nejvyssiu Jersey. Obdobny trend produkce ethylenu a ethanu
v jednotlivych odbérech po sklizni byl zaznamenan v pfedchozich le-
tech u odrud Alexis, Akcent a Krona [1,13]. Produkce ethanu tfeti den
kli€eni pfi vyrobé sladu je statisticky zavisla na obsahu B-glukan(
a aktivité a-amylasy, homogenité a modifikaci sladu a vytéZnosti sla-
dovani (obr. 1-6).

Produkce oxidu uhli¢itého se v pribéhu sladovani zvySovala a nej-
vy$§i byla ve tfetim terminu bez statisticky prikaznych rozdili mezi

evaluation of the quality of malting conditions and results in a highly
reliable estimation of other parameters of malt quality.

5. Yield of malting — This is an important economic parameter,
which enables a retrospective evaluation of the malting technology
and of the physiological condition of grain.

4 RESULTS AND DISCUSSION

The presented results indicate that the production of gases by bar-
ley kernels (Fig. 1-6) is an indicator of the physiological condition of
kernels within the process of malt production. Ethylene is degraded
to carbon dioxide and ethylene oxide. The synthesis of ethylene is
dependent on its concentration in the inter-grain space; at lower con-
centrations, it shows a promoting effect on grains and supports its
further release while at higher ones its effect is rather inhibiting. Hy-
drophobic ethylene molecules penetrate quite easily through cell
membranes and increase their permeability for some compounds.
This gas also increases the intake of some ions and enhances the
synthesis and activity of a-amylase in barley kernels. This observa-
tion was corroborated also in our experiments. After the application
of ethephone, Beltane et al. [12] observed not only an increased pro-
duction of ethylene but also accelerated maturation of kernels. On
the other hand, the application of ethylene inhibitors resulted in a de-
crease in ethylene production and also in the extension of the period
of kernel maturation. This corroborates the observation that ethylene
plays an active role in the process of maturation of wheat kernels.

There were differences in ethylene production on individual dates
of sampling; this was indicated above all by the sum of gas produc-
tion (Fig. 7). The highest (statistically significant) production of ethy-
lene was observed immediately after the harvest (TI); after 3 weeks
(TH), a decrease was observed while after 6 weeks (TIll) there was
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Obr. 1-6: Produkce plynud (ethylen, ethan, CO, a O,) pfi vyrobé sladu z jednotlivych odriid jeémene (Bojos, Jersey, Malz, Prestige, Seba-
stian a Tolar) a kvalita sladu vyjadrena aktivitou a-amylasy, obsahem f-glukant, homogenitou, modifikaci sladu a jeho vytéZznosti ve 3 ter-
minech odbéru / Fig. 1-6 Production of gases (ethylene, ethane, CO, and O,) when producing malt from individual barley varieties (Bojos,
Jersey, Malz, Prestige, Sebastian a Tolar) amd malt quality as expressed by the activity of a-amylase, content of B-glucans, malt homoge-
neity, modification and yield on three dates of sampling.
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Zmeny kvality sladu v pribéhu posklizriového dozrdvani je¢mene

Obr. 7 Suma produkce plynt v jednotlivych odbérech u sledovanych odrld / Fig. 7 Sum of produced gases as
recorded after individual samplings performed in varieties under study
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on the content of p-glucans
in grain (Fig. 1-6).

As far as production of
ethylene on TI-Tlll was con-
cerned, the observed differ-
ences were statistically sig-
nificant. The highest
production of ethane was
recorded on TI. On TII, there
was a decrease and on TIII,
another increase was ob-
served. The lowest produc-
tion of ethane was found out
in cultivars Bojos and Tolar

Sebastian

odrlidami. Toto zjisténi je v souladu s jiz dfive uvedenymi zaveéry, kdy
vysokd produkce oxidu uhli¢itého ukazuje na vysokou homogenitu
a modifikaci sladu [11,14,15]. U spotfeby kysliku béhem maceni (kdy
byla nejnizsi) a ani pfi nejvyssi spotfebé kysliku u 3. dne kli€eni ne-
byly odridové rozdily zaznamenany, ale byla zjisténa statisticka pri-
kaznost mezi jednotlivymi odbéry (obr. 1-6).

1. Aktivita a-amylasy byla vysoce statisticky ovlivnéna odrddou
a terminem sladovani (nejvyssi byla v prvnim a tfetim terminu). Nej-
niz8i aktivitu a-amylasy méla odrida Tolar, nejvyssi aktivita a-amy-
lasy byla zjisténa u odridy Bojos (obr. 8, tab. 1).

2. Obsah B-glukant byl statisticky vyznamné ovlivnén terminem
obsah B-glukanu vykazaly odrady Prestige a Tolar (obr. 8, tab. 1).

3. Homogenita sladu byla vysoce statisticky ovlivnéna pouze ter-
minem sladovani (nejvysSi byla ve tfetim terminu). Prokazaly se vy-
odrida Prestige méla homogenitu nejlepsi (obr. 8, tab. 1).

4. Modifikace sladu byla statisticky ovlivnéna terminem sladovani
(obr. 8, tab. 1). Dale se prokazal vliv odrldy, kdy odrida Sebastian

5. Vytéznost sladovani byla statisticky vysoce vyznamné ovliv-
néna odriidami je¢mene a terminem sladovani. Odrady se podle vy-
téznosti prakticky rozdélily na dvé skupiny. Ve skupiné s nizsi vytéz-
nosti jsou odrdy Jersey, Bojos a Malz. Tyto odriidy jsou vzajemné
statisticky nerozliSitelné. Druha skupina s vy$si vytéZznosti jsou od-
r(dy Tolar, Sebastian a Prestige, pficemz Ize od sebe rozlisit pouze
odrudy Tolar a Prestige. Nejvy$si vytéZznost byla ve druhém terminu
odbéru (graf 8, tab. 1).

5 ZAVER

V laboratornich pokusech se prokazal vliv dormance obilek jec-
mene charakterizované produkci ethylenu, ethanu, CO,a O, na vy-
téZnost sladovani a kvalitu sladu. Celkova produkce plynti byla v ter-
minu ihned po sklizni nejvyssi, ve druhém odbéru se snizila a ve tfetim
odbéru se opét zvysila. Obdobné kolisala i kvalita sladu, i kdyz vliv
terminu sladovani nebyl jednoznaéné priukazny. Spotfeba kysliku se
v pribéhu sladovani zvySovala. Vyssi produkce oxidu uhli¢itého sou-
visi s vysokou homogenitou a odpovida za modifikaci sladu.

Produkce ethanu ve tfetim dni kli¢eni byla statisticky zavisla na ob-
sahu B-glukand, aktivité a-amylasy, homogenité a modifikaci sladu
a vytéznosti sladovani. Produkce ethylenu po tfeti namacce je sta-
tisticky prikazné zavisla na aktivité a-amylasy, homogenité, modifi-
kaci a vytéznosti sladu. Produkce ethylenu tfeti den kli¢eni pfi vyrobé
sladu je statisticky prikazné zavisla jen na obsahu B-glukana.

Vliv odriidy byl ve srovnani s ostatnimi pokusnymi faktory vétsinou
statisticky nevyznamny. Statisticky vyznamné nejvyssi obsah p-glu-
kant mély odrldy Tolar, Prestige a Malz a vykazovaly také nejvyssi
vytéznost sladovani. Tento jizZ opakované uvedeny zaveér je dale do-

while the highest one in the
cultivar Jersey. In previous years, a similar trend in production of ethy-
lene and ethane on individual dates of sampling was recorded in va-
rieties Alexis, Akcent, and Krona [1,13]. When producing malt, re-
lease of ethane on the 3 day of germination was statistically
dependent on the content of b-glucans, a-amylase activity, homo-
geneity, modification and yield of malt (Fig. 1-6).

In the course of malting, production of carbon dioxide increased
and the maximum levels were recorded on TIII. There were no sig-
nificant intervarietal differences on this date. This observation corre-
sponds with earlier findings according to which a high production of
carbon dioxide indicates a high degree of malt homogeneity and mod-
ification [11,14,15]. The lowest and the highest values of oxygen con-
sumption were recorded during the steeping and on the 3 day of
germination, respectively The intervarietal differences were not sig-
nificant while the differences observed between individual dates of
sampling were statistically significant (Fig. 71— 6).

1. Activity of a-amylase was influenced by the variety and the
date of harvest. These effects were statistically highly significant (the
maximum effect was observed on the first and the third date of sam-
pling). The lowest and the highest values of a-amylase activity were
found out in varieties Tolar and Bojos, respectively (Fig. 8, Tab. 1).

2. Content of p-glucans was statistically significantly influenced
by the date of malting; their lowest contents were found out on TIII
date of sampling and in the variety Bojos while the highest ones were
recorded in varieties Prestige and Tolar (Fig. 8, Tab. 1).

3. Malt homogeneity was statistically highly significantly influ-
enced only by the date of malting (the highest value was recorded
on TII). There were significant intervarietal differences: the highest
and the lowest values of homogeneity were found out in varieties To-
lar and Prestige, respectively (Fig.8, Tab. 1).

4. Malt modification was statistically influenced by the date of
malting (Fig. 8, Tab. 1). The effect of variety was also demonstrated,;
the lowest and the highest values were found out in varieties Se-
bastian and Bojos, respectively.

5.Yield of malting was statistically highly significantly influenced
by the variety and the date of malting. As far as the yield of malting
was concerned, the varieties could be divided into two groups; one
with a lower yield involved varieties Jersey, Bojos, and Malz. From
the statistical point of view these varieties were nearly identical and
statistically undistinguishable. The other group showed higher values
of malt yield and consisted of varieties Tolar, Sebastian, and Pres-
tige: however, distinguishable were only varieties Tolar and Prestige.
The highest yield of malt was recorded on the 2" date of sampling
(Fig.8, Tab. 1).

5 CONCLUSIONS

The effect of dormancy of barley kernels (as characterised by pro-
duction of ethylene, ethane, CO,and O,) was demonstrated in labo-



Zmeny kvality sladu v pribéhu posklizriového dozrdvani je¢mene

KVASNY PRUM.
ro¢. 56 / 2010 — ¢islo 2

99

Obr. 8 Grafické vyjadreni kvality sladu podle jednotlivych ukazatell u sledovanych odrid v jednotlivych od-
bérech / Fig. 8 Graphical presentation of malt quality elaborated on the base of individual traits as estima-

ted by means of samplings performed in varieties under study

ratory experiments. The highest
gas production was observed
immediately after the harvest;
thereafter, i.e. on the second

90 M M M

Activity and % according to quality parameteres

Comparison ofmalt quality parameter in individual varieties in the course oftheir post-harvest maturation -Fig. 8

date of sampling (TlI), it was re-
duced, and on the third date of
sampling (TIll) there was an-
other increase. Malt quality fluc-
. tuated in a similar manner in
r spite of the fact that the effect of
the date of malting was not ex-
plicitly significant. In the course
of malting process oxygen con-
sumption increased. An in-
creased production of carbon
dioxide was associated with and
L corresponded to a high homo-
geneity and modification of pro-
r duced malt.

On the third day of germina-
tion, production of ethane was

dependent on the content of §-

Bojos Jersey Malz Prestige

m b-gluc. O a-am. 0 Homo. g Modif. O Yield. m b-gluc. @ a-am. g Homo. @ Modif. @ Yield. m b-gluc. @ a-am. @ Homo. @ Modif. @ Yield.

glucans, activity of a-amylase,
and homogeneity, modification,
and yield of malt; these depen-

Sebastian Tolar

plnén poznatkem o nizké aktivité a-amylasy u odriid Prestige, Se-
bastian a Tolar.

Podle celkové produkce plynd by po 6 tydnech mély mit ukonce-
nou dormanci odrudy Bojos, Malz a Prestige (nizsi produkce ethy-
lenu, vy8&i produkce CO.,), které maji i nejvy§8i homogenitu a modi-
fikaci sladu.

Ziskané vysledky prokazaly, ze odrlidy je¢émene vhodné pro vy-
robu Ceského piva nelze jednoznaéné fyziologicky odlisit od ostat-
nich odrud je¢mene.

Podékovani )
Vysledky byly ziskany s podporou projektu MSMT 1M0570 — Vy-
zkumné centrum pro studium obsahovych latek je€mene a chmele.
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