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Technologie sladovani v mikrosladovné se zvy$enou hladinou ethylenu (200 az 300 nl.I'") ve vétracim vzduchu statisticky vyznamné
ovlivnila pozitivné hodnoty extraktu sladu, relativniho extraktu pfi 45 °C, dosazitelného stupné prokvaseni, diastatické mohutnosti, Kol-
bachova ¢isla, obsahu B-glukanl ve sladu, homogenitu sladu a jeho modifikaci ve srovnani s hodnotami ziskanymi u sladu kontrolni va-

rianty.
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As compared with result obtained in the control variant, the technology of storage in a micro malting house with an increased level of
ethylene (200 to 300 nl.I'") in exchanged air statistically significant positive effect on values of malt extract yield, relative extract at 45 °C,
degree of attenuation, diastatic power, Kolbach index, content of B-glucans in malt, malt homogeneity and malt modification.
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Die Technologie der Malzbereitung in einer Mikromalzerei mit einem erhdhten Ethylenspiegel (200-300 nl.I'") in der Beluftungsluft hat
die Extrakitwerte im Malz, den relative Extrakt bei 45 °C, den Vergérungserreichbaren Grad, diastatische Kraft, die Kolbachzahl, den
Gehalt an B-Glukan im Malz, die Malzhomogenitat und ihre Modifikation im Vergleich mit der Kontrollvariante statistisch bedeutend

positiv beeinfluft.
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1 UVOD

Pokusy, které probihaly v prvni etapé tohoto vyzkumu (2007—2009),
byly provadény ve sklenénych lahvich (3 800 ml) uzavfenych pryzo-
vou membranou. V téchto pokusech byl zkousen vliv rizné koncent-
race ethylenu na kvalitativni ukazatele sladu. Vzhledem k malému ob-
jemu pouzitych nadob (2.000 ks obilek), vS§ak dochazelo k rychlym
zménam ve slozeni vzduchu, prfedevsim k prudkému poklesu kon-
centrace kysliku a néardstu koncentrace CO,. U obilek pak probihalo
anaerobni dychani s nepfiznivym vlivem na kvalitu vyrobeného sladu.
Uprava sloZeni mezizrnného plynu byla dosahovana pouzitim vhod-
nych sorbent( [1].

Nasim cilem bylo navazat na pfedchozi vyzkum a eliminovat vyse
uvedené nevyhody. Proto jsme se rozhodli provést experiment v mik-
rosladovné. Produkce ethylenu byla zajisténa jednoduchym, ale G¢in-
nym zpusobem. Vyuzili jsme pfirozené schopnosti plodud jablek pro-
dukovat ethylen. Plody byly pfidany do podlis¢i, a tak vytvofily
pozadovanou koncentraci ethylenu (200 az 300 nl.I'") v ovzdusi skiiné
mikrosladovny.

2 LITERARNI PREHLED

Dormance je zaloZena geneticky [2] a pokusy konané pfi poskliz-
fové Upravé zrna plsobenim vyssich ¢i nizSich teplot dormanci obi-
lek vyrazné neovlivnily [3, 4, 5]. Pfesto bylo v poslednich letech pfi
sledovani problematiky interakce dormance a zvySeni kvality vyroby
sladu ovéreno, ziskano a upresnéno nékolik informaci.

V pribéhu dormance, ktera ovliviiuje kvalitu sladu, obsah abscisové
kyseliny a produkce ethylenu klesa [6]. Pfi procesu kli¢eni obilky uvol-
fuji do prostredi oxid uhliity za souc¢asné spotieby kysliku, a rlizné
mnozstvi ethylenu a ethanu podle stupné dormance &i stresovych
ovlivnéni [1]. Tyto plyny v mezizrnném vzduchu zpétné pusobi na kli-
¢eni obilek — na rust kofen( a koleoptile — strelky. Oxid uhli¢ity nepfimo

Keywords: dormancy, barley cultivars, malting, micromalting box

1 INTRODUCTION

Experiments in the first phase of this research (2007—2009) were
conducted in glass bottles (3 800 ml) closed with a rubber membrane.
The effect of different ethylene concentrations on malt quality para-
meters was studied. Considering a small volume of the containers
used (2,000 pcs of caryopses), air composition quickly changed, first
of all sharp decrease in oxygen concentration and increase in CO,
concentration. Respiration of caryopses was anaerobic with an unfa-
vorable impact on the quality of produced malt. The inter-grain gas
composition was adjusted with appropriate sorbents [1].

The aim of this study was to continue in previous research and eli-
minate disadvantages stated above. Therefore we decided to carry
out the experiment in a micromalting house. Ethylene production was
ensured by a simple but effective manner. We used the natural ability
of apples to produce ethylene. Added fruits formed the required con-
centration of ethylene (200 to 300 nl.I'") in the air of maicromalting
box.

2 SURVEY OF LITERATURE

Dormancy is of genetic nature [2] and it was not markedly influen-
ced by higher of lower temperatures used in the course of experiments
with post-harvest treatment of kernels [3, 4, 5]. In recent years, ho-
wever, data concerning interactions existing between dormancy and
improvement of malt quality have been verified, acquired and/or ela-
borated.

In the course of dormancy, which influences quality of malt, content
of abscisic acid decreases together with production of ethylene [6].
In the course of germination process, kernels release carbon dioxide
and consume oxygen. Depending on the degree of dormancy and in-
tensity of stress factors, they also produce different amounts of ethy-
lene and ethane [1]. In the intergrain atmosphere, these gases by re-
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umérné ovliviuje metabolizmus ethylenu v pletivech. Ethylen je od-
bouravan na CO, a ethylenoxid a tvorba ethylenu podléhéa autokatalyze
i autoinhibici. Hydrofobni molekula ethylenu pronika snadno membra-
nami, zvySuije jejich propustnost pro prichod nékterych latek, zvySuje
tvorbu xylanasy (vytvareni kanalk(l prfes stény bunék aleuronové
vrstvy), aktivuje pfijem nékterych iontl a zvySuje aktivaci a tvorbu a-
amylasy v obilkach je€mene, ale zvySuije i aktivitu proteas podilejicich
se na ztratach a-amylasy [7]. Fyziologicka ucinnost ethylenu je velmi
vysoka — k fyziologickym reakcim dochazi v rozmezi 0,01 — 1 ppm
(wl.I"") objemové koncentrace ethylenu [8], obilky jeémene jsou ovliv-
flovany jiz koncentraci 0,2 pl.I"" ethylenu, vy$S$i koncentrace jiz plisobi
inhibicné [1, 9, 10].V literatufe je popséan vliv oxidu uhli¢itého na kvalitu
sladu a vytéZnost sladovani a FiSerova et al.[11] potvrdila, ze ke vzniku
kvalitniho sladu je nezbytné plsobeni exogenniho ethylenu, kysliku,
a naopak vysoka koncentrace CO; kvalitu sladu sniZuje.

Hloubka dormance podle produkce ethylenu, ethanu, oxidu uhlici-
tého a spotfeby kysliku pfi klieni obilek v terminu ihned po sklizni, 3
a 6 tydnu po sklizni je sledovana v praci Fiserova et al. [12]. Ke stejnym
fyziologickym parametrim pak byly vztaZzeny ukazatele jakosti sladu —
obsah B-glukan(, aktivita a-amylas, homogenita, modifikace sladu
avytéznost sladovani. Krokovou regresi byl zjiStén statisticky vyznamny
vztah mezi produkci ethylenu v priibéhu maceni a kli¢eni jeémene
a obsahem B-glukanu, homogenitou a modifikaci sladu a vytéznosti
sladovani. Produkce ethylenu pfi zahajeni kli¢eni je vysoce prilkaznym
ukazatelem aktivity a-amylasy. Produkce CO; je ukazatelem homoge-
nity a modifikace sladu a mnoZzstvi spotfebovaného kysliku po prvni
namacce ukazuje na vytéznost sladovani a budouci modifikaci sladu.

Zpétné bylo provéreno, ze cilena zména slozeni mezizrnného plynu
statisticky vysoce prlikazné zvysila aktivitu a-amylasy, sniZila obsah
B-glukan(, a zvysila homogenitu a modifikaci sladu [13]. Vliv odridy
byl ve srovnani s ostatnimi pokusnymi faktory vétSinou statisticky ne-
vyznamny a odriidy jeémene vhodné pro vyrobu Ceského piva nelze
jednoznacéné fyziologicky odliSit od ostatnich odrid je¢mene [14].

3 MATERIAL A METODIKA

V pokusech v roce 2010 byly zafazeny odriidy sladovnického jec¢-
mene Aksamit, Blanik, Bojos, odridy je¢mene, které jsou uréeny pro
vyrobu Ceského piva a odrldy Jersey, Prestige a Sebastian vhodné
pro exportni Ucely. Je€men byl péstovan na Polni pokusné stanici
MENDELU Zabgice. Jedmen byl ihned po sklizni pfepraven do VUPS,
kde byl uskladnén pfi laboratorni teploté. Sladovani probihalo ve tfech
terminech — I. — po sklizni 23. 7. 2010, Il. — 11.8.2010 a lll. - 1. 9.
2010. Laboratorni pokusy byly provedeny v mikrosladovné firmy KVM.
Hmotnost sladovanych vzorkd jeémene byla 200 g. Pro sladovani byla
zvolena technologie vzdusného maceni, s délkou prvni a druhé na-
macky 4 hodiny. Délka tfeti namacky byla volena tak, aby stupen do-
moceni dosahl hodnoty 45 %. Teplota vody pfi maceni byla 14 °C.
Kliceni jemene probihalo celkem 4 a 6 dnu pfi teploté 14 °C. Hvoz-
déni probihalo standardni technologii pfi dotahovaci teploté
80 °C po dobu 4 h.

Simulace fyziologickych podminek kli¢eni byla provedena pfidanim
pfedem odzkouSeného mnozstvi jablek do podroStového prostoru
mikrosladovny, které vytvarely pozadovanou fyziologicky uc¢innou hla-
dinu ethylenu 200-300 nl.I-'. Ve vzduchu byva do 20 nl.I=" ethylenu
a toto mnozstvi je fyziologicky neucinné. Nastavenim vétrani mikro-
sladovny byl zajistén pravidelny pfisun kysliku a snizeni obsahu oxidu
uhli¢itého produkovaného kli¢icimi obilkami. Sladovani kontrolni va-
rianty (bez zvySené hladiny ethylenu) probihalo soubézné za stejnych
podminek v druhé mikrosladovné. Obsah kysliku byl méfen kysliko-
vou elektrodou digitalnim oxymetrem GMH 3691, obsah CO, a ethy-
lenu byl stanoven pomoci plynové chromatografie [15, 16, 9].

Sledovany byly tyto parametry kvality sladu: vytéznost sladovani
(VS), extrakt sladu v moucce (E), relativni extrakt pfi 45 °C (RE), do-
sazitelny stupen prokvaseni (DSP), diastaticka mohutnost (DM), Kol-
bachovo ¢&islo (KC), obsah p-glukanti ve sladu (BG), homogenita (H)
a modifikace (M) sladu metodou Carlsberg.

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

4 VYSLEDKY A DISKUSE

Na obr. 1 a 2 jsou uvedeny hodnoty koncentraci ethylenu, ethanu
a CO, namérené ve vzorcich vzduchu odebiraném z uzaviené mik-
rosladovny po spusténi ¢erpadla z vymyvaci lahve. Kolisani hodnot

turn influence germination of kernels (i.e. growth of roots and cole-
optile). Carbon dioxide also shows an indirect effect on metabolism
of ethylene in plant tissues. Ethylene is degraded to CO, and ethyle-
neoxide as well as the process of ethylene creation are subjected to
autocatalysis and autoinhibition. Hydrophobic molecules of ethylene
can easily penetrate through membranes and improve their perme-
ability for the passage of some substances; they increase activity of
xylanase, activate intake of some ions, and promote activation and
formation of a-amylase in barley kernels. They also promote activity
of proteases that participate in losses of a-amylase [7]. The physio-
logical efficiency of ethylene is very high and physiological reactions
take place within the range of 0.01 — 1 ppm, i.e. pl.I", of its volume
concentration [8]. Barley kernels are influenced already by the ethy-
lene concentration of 0.2 pl.I' and higher concentrations already
show an inhibitive effect [1, 9, 10]. The effect of carbon dioxide on
quality and yield of malt was already described [11] and it was de-
monstrated that production of a high-quality malt was dependent on
action of exogenous ethylene and oxygen; on the other hand, howe-
ver, under conditions of a high concentration of carbon dioxide the
quality of produced malt was lower.

The dependence of the depth of dormancy on production of ethy-
lene, ethane, carbon dioxide, and consumption of oxygen in the
course of germination of kernels (immediately after harvest, and 3
and 6 weeks later) was studied in [12]. Parameters of malt quality (i.e.
content of B-glucans, a-amylase activity, malt homogeneity, modifi-
cation and yield) were related to the same physiological indicators.
A statistically significant relationship between ethylene production in
the course of steeping and germination of barley kernels on the one
hand and contents of 3-glucans, homogeneity, malt modification, and
malt yield on the other was revealed by means of the method of step-
wise regressions. At the beginning of germination, production of ethy-
lene represents a highly significant indicator of a-amylase activity.
Production of CO, is an indicator of malt homogeneity a modification
while the amount of oxygen consumed after first steeping indicates
the yield of malt and its future modification.

It was also corroborated that a targeted change in the composition
of intergrain gas increased statistically highly significantly activity of
a-amylase, and significantly also malt homogeneity and modification
while the content of B-glucans was decreased [13]. As compared with
other experimental factors, the effect of cultivar mostly statistically in-
significant so that it was not possible to differentiate explicitly the phy-
siological properties of cultivars suitable for making of Czech beer
from those of all other barley varieties [14].

3 MATERIAL AND METHODS

Experiments performed in 2010 involved malt barley cultivars Ak-
samit, Blanik, and Bojos, (suitable for making of Czech beer), and
varieties Jersey, Prestige, and Sebastian (produced for export). These
cultivars were grown in the MENDELU Field Experimental Station in
Zabgice (Czech Republic). Immediately after the harvest, barley grain
was transported to the Malting Institute in Brno where it was stored
at the laboratory temperature. Malting took place on three different
dates, viz. Date | (after the harvest on 23 July 2010), Date Il (on 11t
August 2010), and Date Ill (on 1%t September 2010). Laboratory ex-
periments were performed in the micro malt house of the KVM com-
pany. The weight of stored barley samples was 200 g. The malting
technology consisted of dry rest steeping with the duration of the first
and the second steeping was always 4 hours while that of the third
one was selected in such a way that the full steeping of barley was
45 %. Temperature of water used for steeping was 14 °C. Barley ger-
mination run for either 4 or 6 days also at the temperature of 14 °C.
The time of kiln drying at kiln temperature of 80 °C was 4 hours.

The simulation of physiological conditions of germination involved
an addition of a verified amount of apples into the space below grates
of micro malt house so that they produced the required, physiologi-
cally effective level of ethylene (200-300 nl.I-"). In the normal atmo-
sphere, the level of ethylene is usually only 20 nl.I" and this is phys-
iologically inefficient. A regular and uniform supply of oxygen, as well
as the exhaust of carbon dioxide produced by germinating kernels,
were assured by ventilation. Storage of controls (i.e. samples stored
in the atmosphere without an increased level of ethylene) took place
simultaneously in another micro malt house with identical internal
conditions. The content of oxygen was measured with an oxygen elec-
trode in the digital oxymetre GMH 3691, while contents of carbon
dioxide and ethylene were estimated by means of gas chromatogra-
phy [15, 16, 9].
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je zplsobeno ¢asovym rozdilem odbéru vzork( od ukonéeni vétrani
mikrosladovny. DalSi vzorky byly odebirany po otevieni mikroslado-
vny pfimo z odrddovych vzork( kli¢icich obilek — proto jsou hodnoty
nizsi, nez v uzavieném prostoru mikrosladovny, ale vy$si nez pfi stej-
ném odbéru z kontrolni mikrosladovny bez plod jablek.

Obr. 1 a 2 zndzormiuje koncentrace plynl ethylenu, ethanu a CO,
v uzaviené kontrolni mikrosladovné pfi vyrobé sladu a v mikroslado-
vné s vloZzenymi producenty ethylenu — plody jablek.

Na obr. 3 a 4 jsou uvedeny jednak koncentrace ethylenu, ethanu

The following parameters of malt quality were estimated using the
Carlsberg method: malt yield (MY), malt extract in the fine flour (E),
relative extract at 45 °C (RE), potential degree of attenuation (DA),
diastatic power (DP), Kolbach index (KI), content of B-glucans in the
malt (BG) , malt homogeneity (H) and malt modification (M).

Statistical analysis of results was performed by means of methods
of residual maximum likelihood using the programme REML (1995),
and multiple comparison of significance of simple contrasts using the
Fisher's LSD method.

sthylene (nil)

1t sampling

237.2020

——ctry

ethane (i), CO; (uglg)

2nd sampling

1182010

———cozw 0 = eihanE —0 —coze

Obr. 1 Koncentrace ethylenu ve vzduchu mikrosladovny, W —kontrolni
varianta, E — varianta se zvySenou hladinou ethylenu / Fig. 1 Con-
centration of ethylene in the micro malt house atmosphere, W — con-
trol, E — variant with an increased level of ethylene

a CO, v mezizrnném plynu v kontrolni mikrosladovné pfi 6dennim
a 4dennim sladovani véetné hodnot ethylenu v mezizrnném plynu po
aplikaci exogenniho ethylenu uvolfiovaného plody jablek a hodnoty
relativniho extraktu kontrolni a oSetfené varianty ve tfech terminech
odbéru v priibéhu dormance a hodnoty relativniho extraktu u odridy
Bojos. Je patrné, Ze aplikovany ethylen zvySoval u 6denniho slado-
vani statisticky prikazné hodnotu relativniho extraktu, ktera se zvy-
Sovala i v pribéhu poskliziiového dozravani. Obr. 4 vyjadiuje tytéz
Udaje, ale je patrné, ze u 4denniho sladovani nebyl rozdil v hodnotach
relativniho extraktu statisticky prikazny.

Obr. 2 Koncentrace ethanu a CO, ve vzduchu mikrosladovny, W —
kontrolni varianta, E — varianta se zvy$enou hladinou ethylenu / Fig.
2 Concentration of ethane and carbon dioxide in the micro malt house
atmosphere, W — control, E — variant with an increased level of et-
hylene

4 RESULTS AND DISCUSSION

Concentrations of ethylene, ethane, and carbon dioxide in the clo-
sed micro malt house are presented in Figs 1 and 2. These values
were estimated in samples obtained from a collection bottle designed
to capture the above gases after the start of the pump; their fluctuation
resulted from time differences between individual terms of sampling
after the end of micro malt house ventilation. Further samples were
collected directly from individual batches of germination kernels after
the opening of the micro malt house (for that reason these values

extract (%)

ethylene (ni), ethane (ni), CO; (uglg)

3rd samping

st sampiing
237.200

ethylene (nl), ethane (ni), CO; (uglg)
relative extract (%)

237.200

Obr. 3 Koncentrace ethylenu, ethanu a CO, v mezizrnném plynu u od-
r(dy Bojos (W — kontrolni varianta, E — varianta se zvy$enou hladinou
ethylenu) a hodnoty relativniho extraktu — 6denni sladovani / Fig. 3
Concentration of ethylene, ethane and carbon dioxide in intergrain
gas, cultivar Bojos (W — control, E — variant with an increased level
of ethylene), and values of relative extract — 6 days of malting

Na obr. 5jsou uvedeny hodnoty vytéZnosti sladovani v jednotlivych
terminech sladovani u 6 a 4denniho sladovani kontrolniho sladu
a sladu kli¢iciho ve vyssi a kontrolni ethylenové koncentraci.

Ethylen zvySoval vytéZnost sladovani pouze pfi sladovani ihned po
sklizni, kdy jesté patrné nebyla vysoka aktivita a-amylasy. Aktivita a-
amylasy se v pribéhu dormance zvySuje a ethylen jeji aktivitu jesté
stimuluje [12, 13]. Dosazitelny stuperi prokvaseni (obr. 6) byl ethyle-
nem statisticky priikazné zvySovan jak u 6, tak i 4denniho sladu, ale
u 6 denniho sladu byla hodnota prokvaseni vyssi.

Obr. 4 Koncentrace ethylenu, ethanu a CO, v mezizrnném plynu u od-
r(idy Bojos (W — kontrolni varianta, E — varianta se zvySenou hladinou
ethylenu) a hodnoty relativniho extraktu — 4denni sladovani / Fig. 4
Concentration of ethylene, ethane and carbon dioxide in intergrain
gas, cultivar Bojos (W — control, E — variant with an increased level
of ethylene) and values of relative extract — 4 days of malting

were lower than those measured inside the closed space of micro
malt house but higher than those obtained in simultaneous samplings
performed in the control micro malt house (i.e. without apple fruit).

Concentrations of ethylene, ethane and carbon dioxide when pro-
ducing malt in the closed control micro malt house and in the micro
malt house with deposited sources of ethylene (i.e. apples) are pre-
sented in Fig.1 and 2.

Fig.3 and 4 present concentrations of ethylene, ethane and carbon
dioxide measured in intergrain gas in the control micro malt house
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Obsah B-glukan( zobrazeny na obr. 7 byl ethylenem statisticky prd-
kazné snizovan, coz je pro vyrobeny slad Zadouci.

Obr. 8 a 9 odrudy Sebastian ukazuji obsah ethylenu, ethanu a CO,
v mezizrnném plynu v mikrosladovné pfi 6dennim a 4dennim slado-
vani véetné hodnot ethylenu v mezizrnném plynu po aplikaci exogen-
niho ethylenu uvolfiovaného plody jablek a hodnoty relativniho ex-
traktu kontrolni a oSetfené varianty ve tfech terminech odbéru
v prdbéhu dormance.

Obr. 10-12 vyjadfuji hodnoty vytéZnosti sladu, stupné prokvaseni

after 6 and 4 days of malting (including concentrations of ethylene in
intergrain gas after the application of apples as its exogenous source)
as well as values of relative extract content estimated in control and
treated variants on three different terms of sampling in the course of
dormancy and also values of relative extract in the variety Bojos. It is
obvious that in the variant with 6 days of malting, ethylene released
by apples increased statistically significantly the content of relative
extract and that this value increased also in the course of the post-
harvest ripening. The same data are presented also in Fig. 4; however,

314 samping

e

tstsamping 2nd sampling 3rd samping

0 ==dag. of aten. Ethyl6t dog.ofaten. We-g dog.of aten. Ethyid-d

Obr. 5 Vytéznost sladovani v jednotlivych terminech sladovani — od-
rida Bojos / Fig. 5 Malt yields after individual periods of malting —
cultivar Bojos

a obsahy B-glukand ve sladech po 4 a 6dennim sladovani odriidy
Sebastian ve tfech terminech odbérd v mikrosladovné kontrolni va-
rianty a po aplikaci exogenniho ethylenu.

Primérné hodnoty kvality sladu jednotlivych pokusnych faktord
jsou uvedeny v fab. 1.

Z vysledkl statistického zpracovani vyplyva, ze vytéznost slado-
vani byla priikazné ovlivnéna terminem a délkou sladovani a odrd-
dou. Vliv ethylenu na vytéznost sladovani nebyl prokazan, i kdyz v ter-
minu ihned po sklizni je aplikaci ethylenu vzdy vytéznost statisticky
priikazné vyssi nez u kontrolni varianty (obr. 5 a 10).

Obr. 6 Dosazitelny stuper prokvaseni v jednotlivych terminech sla-
dovani — odrida Bojos / Fig. 6 Potential degree of attenuation after
individual periods of malting — cultivar Bojos

it is obvious that after 4 days of malting the differences in contents of
relative extract were statistically insignificant.

Malt yields obtained after malting periods of 6 and 4 days in control
and experimental samples are presented in Fig. 5. It was found out
that ethylene increased malt yield only immediately after the harvest
(when probably the activity of a-amylase was not too high). In the
course of dormancy, however, the activity of a-amylase gradually inc-
reases [12, 13] so that the malt yield decreases. Ethylene statistically
significantly increased the degree of attenuation (Fig. 6); this was ob-
served both after 6 and 4 days of malting but after 6 days the degree

1st sampiing 2nd sampling 310 sampiing

reative extract (%)

ethylane (o), thane (i), CO; (ugla)

st samplin
2872020

Obr. 7 Obsah B-glukan( v jednotlivych terminech sladovani — odrida
Bojos / Fig. 7 Contents of B-glucans after individual periods of malting
— cultivar Bojos

Extrakt sladu v moucce byl ovlivnén vSemi pokusnymi faktory.
Mezi odridami se odliSovala pouze odrlda Blanik. Varianta s ethyle-
nem poskytla vy$Si extrakt sladu.

Relativni extrakt pfi 45 °C byl ovlivnén v§emi pokusnymi faktory
(terminem sladovani, délkou a technologii sladovani, obsahem ethy-
lenu a odriidou). Vysledky statisticke analyzy potvrdily prikaznou od-
liSnost odrid vhodnych pro vyrobu sladu pro Ceské pivo od odrad
ostatnich.

Dosazitelny stupen prokvaseni byl ovlivnén v8emi pokusnymi
faktory (terminem sladovani, délkou sladovani, obsahem ethylenu
aodrtdou). Vysledky statistické analyzy potvrdily priikaznou odli§nost

Obr. 8 Koncentrace ethylenu, ethanu a CO, v mezizrnném plynu u od-
rlidy Sebastian (W — kontrolni varianta, E — varianta se zvy$enou hla-
dinou ethylenu) a hodnoty relativniho extraktu — 6denni sladovani /
Fig. 8 Concentration of ethylene , ethane a carbon dioxide in intergrain
gas — cultivar Sebastian (W — control, E — variant with an increased
level of ethylene) and values of relative extract — 6 days of malting

of attenuation was higher. As shown in Fig. 7, contents of -glucans
were statistically significantly reduced by ethylene and this can be
considered as a desired phenomenon as far as the produced malt
was concerned.

Contents of ethylene, ethane a carbon dioxide in the variety Seba-
stian in the intergrain gas as measured in the micro malt house after
6 and 4 days of malting are presented in Fig.8 and 9 together with
levels of ethylene in the intergrain gas after the application of exoge-
nous ethylene released from apples. These figures also contain va-
lues of relative extract in control and treated variants as measured
on three different sampling days in the course of dormancy.
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Obr.9 Koncentrace ethylenu, ethanu a CO, v mezizrnnémplynuuod-  Obr. 10 Vytéznost sladovani v jednotlivych terminech sladovani — od-
rady Sebastian (W — kontrolni varianta, E — varianta se zvy$enou hla-  rGda Sebastian / Fig. 10 Malt yields after individual periods of malting
dinou ethylenu) a hodnoty relativniho extraktu — 4denni sladovani /  — cultivar Sebastian

Fig. 9 Concentration of ethylene , ethane a carbon dioxide in intergrain

gas — cultivar Sebastian (W — control, E — variant with an increased

level of ethylene) and values of relative extract — 4 days of malting

skupiny odriid vhodnych pro vyrobu sladu pro Ceské pivo od odriid Malt yields, degrees of attenuation and contents of B-glucans in
ostatnich. malts after 4 and 6 malting of the variety ‘Sebastian’ as recorded in
Diastaticka mohutnost byla ovlivnéna vSemi pokusnymi faktory  the control variant and after the application of exogenous ethylene
(terminem sladovani, délkou sladovani, obsahem ethylenu a odri-  on three different dates of sampling in the micro malt house are pre-
dou). Pomérné pfekvapivym udajem byla nizka statisticky prikazna  sented in Fig. 10 and 11.
hodnota DM u odrldy Jersey. Average parameters of malt quality are presented in Tab. 1.
Kolbachovo €islo bylo ovlivnéno véemi pokusnymi faktory (termi- The performed statistical analysis revealed that the malt yield was
nem sladovani, délkou sladovani, obsahem ethylenu a odriidou). Vy-  significantly influenced by the variety and the date and duration of
sledky statistické analyzy potvrdily prikaznou odli$nost odriid vhod-  malting. The effect of ethylene on malt yield was not demonstrated,
nych pro vyrobu sladu pro Ceské pivo od odrlid ostatnich. although —as compared with control —the yield of malt was statistically

st sampling 2nd sampling 39 sampling o

tst samping 2nd samping 3rd sampling

Obr. 11 Dosazitelny stuper prokvaseni v jednotlivych terminech sla-  Obr. 12 Obsah B-glukant v jednotlivych terminech sladovani — od-
dovani — odrlida Sebastian / Fig. 11 Potential degree of attenuation  rtda Sebastian/ Fig. 12 Contents of 8-glucans after individual periods
after individual periods of malting — cultivar Sebastian of malting — cultivar Sebastian

Obsah B-glukant ve sladu byl ovlivnén véemi pokusnymi faktory  significantly increased by the application of ethylene immediately after
(terminem sladovani, délkou sladovani, obsahem ethylenu a odri-  the harvest (Fig. 5 and 10). Extract in fine meal was influenced by
dou). Vysledky statistické analyzy nepotvrdily prilkaznou odliSnostod-  all experimental factors. Among all malted varieties only ‘Blanik’ gave
riid vhodnych pro vyrobu sladu pro Ceské pivo od odriid ostatnich.  different results because the variant with ethylene produced a higher
Homogenita byla ovlivnéna délkou sladovani, obsahem ethylenu  malt extract. The content of relative extract at 45 °C was influenced
a odrudou. Vliv terminu sladovani nebyl prokazan, rovnéz nebyla zjis- by all experimental factors (i.e. by the date of malting, duration and
t&na prikazna odlidnost odriid vhodnych pro vyrobu sladu pro Ceské  technology of malting, content of ethylene, and variety). Results of
pivo od odriid ostatnich. statistical analysis corroborated the existence of significant differ-

Modifikace byla ovlivnéna véemi pokusnymi faktory (terminemsla- ~ ences between cultivars suitable for production of Czech beer and all
dovani, délkou sladovani, obsahem ethylenu a odridou). Vysledky  other experimental varieties under study.
statistické analyzy potvrdily prikaznou odli$nost odrdd vhodnych pro Also the degree of attenuation was influenced by all experimental
vyrobu sladu pro Ceské pivo od odr(id ostatnich. factors (i.e. by the date of malting, duration of malting, content of ethy-

lene, and variety). Results of statistical analysis corroborated the ex-

L istence of significant differences between cultivars suitable for pro-

5 ZAVER duction of Czech beer and all other varieties. The diastatic power
was influenced by all experimental factors as well (i.e. by the date of

Vytvofena koncentrace ethylenu (200 az 300 nl.I-") statisticky vy-  malting, duration of malting, content of ethylene, and variety). A rel-
znamné ovlivnila pozitivné hodnoty extraktu sladu, relativniho ex-  atively surprising was a statistically significant low value of DP found
traktu pfi 45 °C, dosazitelného stupné prokvaseni, diastatické mohut-  out in the experiment with the variety ‘Jersey’. Values of Kolbach in-
nosti, Kolbachova ¢isla, obsahu B-glukant ve sladu, homogenitu  dex were influenced by all experimental factors (i.e. by the date of
sladu a jeho modifikaci. malting, duration of malting, content of ethylene, and variety) and the
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Tab. 1 Primérné hodnoty parametrd kvality sladu / Average values of malt quality parameters

Bkl VS/MY E RE DSP/DA | DM/DP KE/KI BG H M

| Parameter

Jednotka / Unit % % % % j- WK - % % %
Termin sladovani / Malting dates

Date | 93.5a 81.8a 29.6a 77.7a 231.0a 36.2a 1.5a 74.5a 76.6a
Date Il 94.5b 82.2b 30.5b 78.3b 257.3ab 39.0b 1.2b 74.9a 77.0a
Date lll 95.2¢ 82.2b 31.7¢c 78.5ab 253.1a 40.6¢ 1.5a 75.2a 72.3b
Technologie sladovani / Malting technology

Control 94.3a 81.9a 30.0a 77.6a 236.3a 37.6a 1.5a 73.5a 72.8a
ethylene 94.5a 82.3b 31.1b 78.6b 258.0b 39.6b 1.3b 76.2b 77.8b
Délka sladovani / Malting duration

4 days 95.1a 81.6a 27.7a 76.7a 218.0a 36.4a 1.8a 73.4a 70.1a
6 days 93.7a 82.6b 33.4b 79.6b 276.3b 40.8b 1.0b 76.2b 80.4b
Odruda / Variety

Aksamit 94.6a 82.2a 28.4ab 78.3c 244.5b 36.7a 1.6¢c 73.7a 73.0a
Blanik 95.2a 81.5b 27.7a 77.2b 224.3a 36.5b 1.8d 73.6a 73.6a
Bojos 93.2b 82.2a 29.3bc 75.0a 242.8b 40.9¢ 0.9a 76.5b 77.3c
Jersey 93.7b 82.1a 34.2d 79.0d 225.1a 41.9a 1.3b 75.7b 76.8bc
Prestige 94.6a 82.2a 34.2d 81.0e 299.0c 37.7¢ 1.3b 75.8b 77.0bc
Sebastian 94.8a 82.2a 29.7¢ 78.6¢cd 247.4b 37.9a 1.5¢ 73.6 74.2ab
Skupina odrud / Group of cultivars

Czech beer 94.3a 82.0a 28.5a 76.9a 237.2a 38.0a 1.4a 74.7a 74.6a
Other cult. 94.4a 82.2b 32.7b 79.5b 257.1b 39.2b 1.4a 75.0a 76.0b

Zkratky / Abbreviations:

VS / MY — vytéznost sladovani, malting yield; E — extract / extract; RE — relativni extract pfi 45 °C / relative extract; DSP / DA — dosazitelny
stupen prokvaseni / degree of attenuation; DM / DP — diastatickd mohutnost / diastatic power, KC / KI — Kolbachovo &islo / Kolbach index;
BG - B-glucans; H — homogenita / homogeneity; M — modifikace / modification

Indexy a, b, ¢ ... symbolizuji statistickou prikaznost mezi hodnotami

Indexes a, b, ¢ ... symbolize statistical significance of the values
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results of statistical analysis corroborated the existence of significant
differences between cultivars suitable for production of Czech beer
and all other varieties under study. Also the content of B-glucans in
malt was influenced by all experimental factors (i.e. by the date of
malting, duration of malting, content of ethylene, and variety). How-
ever, results of statistical analysis did not corroborate the existence
of significant differences between cultivars suitable for production of
Czech beer and other varieties. Malt homogeneity was influenced
by duration of malting, content of ethylene and variety. The effect of
the date of malting was not demonstrated as well as the existence of
significant differences between cultivars suitable for production of
Czech beer and all other malted varieties. Malt modification was in-
fluenced by all experimental factors (i.e. by the date of malting, dura-
tion of malting, content of ethylene, and variety). Also in this case the
results of statistical analysis corroborated the existence of significant
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5 CONCLUSIONS

Experimental ethylene concentrations (200-300 nl.I"') showed
a statistically significant positive effect on parameters of malt quality
(extract, relative extract at 45 °C, potential degree of attenuation, di-
astatic power, Kolbach index, content of 3-glucans, malt homogeneity
and malt modification.
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