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Psota, V. — Sachambula, L. — Paulil, A.: Citlivost vybranych odrid sladovnického jeémene na stupeni domoéeni. Kvasny Prum. 61,
2015, ¢. 10-11, s. 288-295

Soubor 14 odrid jarniho jeémene byl sladovan pfi dvou riznych stupnich domocéeni (42 % a 45 %) na konci namacky. Snizenim stupné
domoceni 0 3 % byly zvyraznény rozdily mezi odrlidami. U experimentalniho souboru odriid nemél nizsi stuperi domoceni vliv na obsah
extraktu. Niz$i stuperi domoceni se vyrazné projevil u vétsiny ostatnich sledovanych technologickych znakd. Snizeni stupné domoceni
se u experimentalniho souboru odrdd projevilo snizenim relativniho extraktu pfi 45 °C o 4,4 %, Kolbachova ¢isla o 3,2 %, dosazitelného
stupné prokvaseni o 0,8 %. Nejvice se nizsi stupert domoceni odrazil na trovni cytolytického rozlusténi. Degradace bunéénych stén se
snizila v priméru o 11,0 % a obsah B-glukant ve sladiné se zvysil v priméru o 211 mg/l. V8echny odrldy s jednou vyjimkou se dostaly
vyrazné mimo akceptovatelnou Uroveri obsahu B-glukanu ve slading.

Psota, V.— Sachambula, L. — Paulil, A.: Sensitivity of the selected malting barley varieties to the degree of steeping. Kvasny Prum.
61, 2015, No. 10-11, pp. 288-295

The set of 14 spring barley varieties was malted at two different degrees of steeping (42% and 45%) at the end of steeping. The differ-
ences between varieties were highlighted by decreasing the degree of steeping by 3 %. Extract content in the experimental set of varieties
was not affected by the lower degree of steeping while most of the other studied technological traits were markedly affected by the lower
degree of steeping. The decrease in the degree of steeping in the experimental set of the varieties led to the decrease in relative extract
at 45 °C by 4.4%, Kolbach index by 3.2%, apparent final attenuation by 0.8%. The level of cytolytic modification was most affected by
a lower degree of steeping. Degradation of the cell walls declined on average by 11.0% and B-glucan content in sweet wort increased on
average by 211 mg/I. With one exception, all varieties got significantly beyond the acceptable levels of 3-glucan content in sweet wort.

Psota, V. - Sachambula, L. — Paulti, A.: Die Empfindlichkeit von ausgesuchtenen Braugerstensorten auf den Weichgrad. Kvasny
Prum. 61, 2015, Nr. 10—11, S. 288-295

Die Kollektion der 14 Sommergerstensorten wurde bei zwei verschiedenen Werten vom Weichgrad (42% und 45%) am Ende des
Weichens gemalzt. Durch die Erniedrigung um 3% wurden die Unterschiede unter Sorten hervorgehoben. Bei den experimentellen
Sorten wies ein niedrigeres Weichengrad auf den Extrakt keinen Einfluss auf. Bei den anderen Sorten das niedrigeres Weichengrad hat
jedoch einen wesentlichen Einfluss auf die andere vorfolgten technologische Parameter. Bei der experimentellen Sortendatei wies die
Erniedrigung des -Weichgrades durch Erniedrigung des Relativextrakts bei 45°C um 4,4%, Kolbachzahl um 3,2%, und des erreichbaren
Vergarungsgrades um 0,8% auf. Der niedrigere Weichgrad hatte die gréBte Wirkung auf Pegel der zytologischen Auflésung, die Degra-
dation der Zellwéande ist im Durchschnitt um 11,0% gesungen und Gehalt an Beta-Glucane in der Siisswirze ist im Durchschnitt um 211

mg/l erhéht worden. Alle Sorten mit einer Ausnahme wiesen nicht akzeptablen Gehalt an Beta-Glucane in der Stisswirze auf.

Kli¢ova slova: jecmen, slad, stuperi domoceni, sladovnicka kvalita

1 UvVoD

Maceni je prvni a velmi dalezitou fazi vyroby sladu. V pribéhu
maceni se dostava do zrna voda nutna pro zahajeni biochemickych
zmén spojenych nasledné s fyziologickym procesem kli¢eni. Mnoz-
stvi zrnem pfijaté vody je zavislé na mnoha exogennich (teplota
a kvalita vody, technologie maceni) a endogennich (odriida, Uroven
posSkozeni zrna apod.) faktorech (Mostek, 1975; Briggs, 1998; Basa-
fova 201 5).
poskytne slad s bézné pozadovanou sladovnickou kvalitou, bude mit
pro sladovnicky priimysl pozitivni ekonomicky efekt. S niz&im stup-
ném domoceni klesaji sladovaci ztraty (Narziss, 1965). NizSi stupen
domoceni, respektive viaha zeleného sladu, méa rovnéz vyznamny
pozitivni vliv na spotfebu energie, zejména v prdbéhu hvozdéni.

V soucasné dobé produkuje komeréni Slechténi velmi podobné
odrlidy sladovnického je¢mene. Technologicka kvalita $pi¢kovych
odrld se vyrazné nelisi. Jednou z cest, jak zvétsit rozdily mezi hod-
nocenymi odrlidami, je zména technologie mikrosladovani v ramci
zkouseni novych odrid.

Cilem této studie bylo zjistit, jak stavajici sortiment vybranych sla-
dovnickych odrld jarniho jeémene reaguje na nizsi stupefi domoce-
ni na konci namacky.

Keywords: barley, malt, degree of steeping, malting quality

1 INTRODUCTION

Steeping is the first and very important phase of malt production.
During steeping, water necessary for initiating chemicals changes
connected subsequently with the physiological germination process
gets into grain. The amount of water uptaken by grain depends on
many exogenous (temperature and water quality, technology of
steeping) and endogenous (variety, level of grain damage etc.) fac-
tors (Mostek, 1975; Briggs, 1998; Basarova, 2015).

The variety of malting barley that even with a lower degree of
steeping gives malt with commonly required malting quality will have
a positive economic effect for the malting industry. Malting losses
decrease with a lower degree of steeping (Narziss, 1965). A lower
degree of steeping or moisture content of green malt also affects
positively energy consumption, namely during kilning.

Currently, commercial breeding produces very similar varieties of
malting barley. Technological quality of top varieties does not differ
markedly. A possible way how to increase the differences among the
evaluated varieties is a change of micromalting technology within
testing new varieties.

The aim of this study was to find how the current collection of the
selected malting varieties of spring barley responds to a lower de-
gree of steeping at the end of steeping.
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2 MATERIAL A METODY

Odriidy jeémene

V rdmci predlozené studie bylo k experimentu vyuzito souboru &tr-
nacti sladovnickych odrld jarniho je€émene ze sklizfiového ro¢niku
2014, zkou$enych pro ,Seznam doporuéenych odrtd®. Sladovnicka
kvalita hodnocenych odrlid byla stanovena v dobé jejich registrace:
Malz (Psota a Jurecka, 2002), Bojos, Sebastian (Psota et al., 2005),
Xanadu (Psota a Horakova, 2006), Blanik (Psota, Horakova 2007),
Kangoo (Psota et al., 2008), Sunshine (Psota et al., 2012), Laudis
550, Petrus, Vendela (Psota et al., 2013), Francin, KWS Irina, Ody-
ssey a Overture (Psota et al., 2014).

Pokusna stanovisté
QOdrady byly péstovany ve ¢tyfech pokusnych stanovistich za pou-
ziti stejné agrotechniky. Popis stanovist uvadi Psota et al. (2015).

2 MATERIAL AND METHODS

Barley varieties

Within the present study, a set of fourteen malting varieties of
spring barley, harvest year 2014, was used for the experiment. The
varieties had been tested for the “List of Recommended Varieties*.
Malting quality of the evaluated varieties was determined at the time
of their registration: Malz (Psota and Jurecka, 2002), Bojos, Sebas-
tian (Psota et al., 2005), Xanadu (Psota and Horakova, 2006), Blanik
(Psota, Horakova, 2007), Kangoo (Psota et al., 2008), Sunshine
(Psota et al., 2012), Laudis 550, Petrus, Vendela (Psota et al., 2013),
Francin, KWS Irina, Odyssey, and Overture (Psota et al., 2014).

Experimental sites

The varieties were grown at four experimental sites using the
same farming practices. For the description of the experimental sites
see Psota et al. (2015).

Tab. 1a Analyza variance a odhad komponent rozptylu pro / Table 1a Analysis of variance and estimated components of variance for

Zdroj Primérny Hladina F Odhad komponent rozptylu
proménlivosti dif. gtverec | vyznamnosti| hodnota abs. | rel. (%) | s.e.
Source of Mean Significant F Estimated components of variance
variation square level ratio e | rel. (%) | e
Extrakt ve sladu / Extract of malt (%)
Stanovisté / Site 3 7.62 e 38.14 0.26 19.87 0.22
Odrida / Variety 13 7.15 e 35.80 0.87 65.16 0.35
Stupen domoceni / Steeping degree 1 0.02 NS 0.08 0.00 0.00 0.01
Rezidudl / Residual 94 0.20 0.20 14.98 0.03
Diastaticka mohutnost / Diastatic power (W.K.)
Stanovisté / Site 3 117043.10 e 62.40 4113.12 50.22 3413.06
Odrlda / Variety 13 18247.18 x 9.73 2046.42 24.99 895.30
Stuperi domoceni / Steeping degree 1 10549.72 * 5.62 154.89 1.89 266.47
Rezidudl / Residual 94 1875.84 1875.84 22.90 273.62
Dosazitelny stupen prokvaseni / Apparent final attenuation (%)
Stanovisté / Site 3 27.51 b 25.08 0.94 25.34 0.80
Odruda / Variety 13 12.36 i 11.27 1.41 37.83 0.61
Stupen domoceni / Steeping degree 1 16.43 b 14.98 0.27 7.36 0.42
Rezidudl / Residual 94 1.10 1.10 29.47 0.16
Relativni extrakt pfi 45 °C / Relative extract at 45 °C (%)
Stanovisté / Site 3 141.23 e 81.92 4.98 20.80 4.12
Odrlda / Variety 13 59.43 o 34.47 7.21 30.12 2.91
Stupen domoceni / Steeping degree 1 563.41 b 326.78 10.03 41.88 14.23
Rezidudl / Residual 94 1.72 1.72 7.20 0.25
Kolbachovo ¢&islo / Kolbach index (%)
Stanovisté / Site 3 140.71 x 53.93 4.93 31.01 4.10
Odrlda / Variety 13 29.46 rx 11.29 3.36 21.11 1.45
Stuperi domoceni / Steeping degree 1 282.89 e 108.42 5.01 31.47 7.14
Rezidudl / Residual 94 2.61 2.61 16.41 0.38
Celkovy dusik ve sladu / Total nitrogen of malt (%)
Stanovisté / Site 3 0.22 b 70.80 0.01 47.53 0.01
Odruda / Variety 13 0.05 b 14.93 0.01 33.33 0.00
Stupen domoceni / Steeping degree 1 0.00 NS 1.12 0.00 0.00 0.00
Rezidudl / Residual 94 0.00 0.00 19.14 0.00
Rozpustny dusik ve sladu / Soluble nitrogen of malt (mg.l)
Stanovisté / Site 3 146736.35 e 194.05 5213.58 57.15 4278.92
Odrlda / Variety 13 11293.15 e 14.94 1317.12 14.44 553.86
Stupen domoceni / Steeping degree 1 103578.89 b 136.98 1836.12 20.13 2615.76
Rezidudl / Residual 94 756.16 756.16 8.29 110.30
Volny alfa-aminodusik / Free alpha-amino nitrogen (mg.l)
Stanovisté / Site 3 8336.77 x 47.39 291.46 46.79 243.11
Odrlda / Variety 13 337.69 * 1.92 20.22 3.25 16.86
Stuperi domoceni / Steeping degree 1 7755.57 e 44.08 135.35 21.73 195.86
Rezidudl / Residual 94 175.93 175.93 28.24 25.66
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Mikrosladovani a analyza vyrobeného sladu
Laboratorni sladovani vzorkd zrna vybranych odriid probihalo

standardnim postupem, ktery je témér totozny s metodikou MEBAK

(2011). Parametry sladovani byly nasleduijici:

— Maceni: 1. den — 5 hodin, 2. den — 4 hodiny, 3. den — dokropeni
nebo maceni pro dosazeni pozadovaného stupné domoceni.

Prvni varianta (snizeny stupernn domoceni) byla vedena tak, aby ob-

sah vody v zrné byl na konci macéeni 42 %.

Druha varianta (standardni stupefi domoceni) byla vedena tak, aby

obsah vody v zrné byl na konci maceni 45 %. VSechny ostatni pod-

minky byly pro obé varianty stejné. Teplota vody a vzduchu v rdmci
vzdusnych prestavek byla 14,0 °C.

— Kili€eni: celkovy €as kli€eni byl 144 hodin pfi teploté 14,0 °C.

— Hvozdéni: jednoliskovy elektricky vyhfivany hvozd. Celkova doba
hvozdéni byla 22 hodin. Pfedsou$eni probihalo pfi teploté 55 °C po
dobu 12 hodin a dotahovaci teplota byla 80 °C po dobu zavére¢-
nych &tyf hodin.

Vyrobeny slad byl analyzovan podle metodik uvedenych v publika-
cich EBC (2010) a MEBAK (2011).

Statistické zpracovani vysledku

Vysledky byly statisticky zpracovany analyzou rozptylu dvojného
tfidéni, modely s pevnymi a ndhodnymi efekty (napf. Andél 2005)
statistickymi programy Statgraphics ver. 7 a Statitica, ver. 8.

3 VYSLEDKY A DISKUSE

QOdriida a nevhodné podminky sladovani, napf. snizeny stuperi do-
moceni, jsou pficinou zhor§ené Urovné rozlusténi (Palmer, 1989). Opti-
malni stuperi domoceni pfispiva tak k vyrobé homogenné rozlusténého
sladu, protoze podporuje ¢innosti aleuronové vrstvy (Palmer a Sattler,
1996). Odriidy vSak nereaguiji na pouzitou délku namacky, pocet vzdus-
nych pfestavek (Swanston a Taylor, 1990) i stupefi domoceni stejné.

Micromalting and analysis of the produced malt
Laboratory malting of the grain samples of the selected varieties

was conducted with the standard method which is nearly the same

as the MEBAK method (2011). The malting parameters are as fol-
lows:

— Steeping: 1t day — 5 hours, 2nd day — 4 hours, 3rd day — spraying
or steeping to the required degree of steeping.

The first variant (reduced degree of steeping) was conducted so
that water content in grain was 42% at the end of steeping.

The second variant (standard degree of steeping) was conducted
so that water content in grain was 45% at the end of steeping. All
other conditions were the same for both the variants. The tempera-
ture of water and air within the air rests was 14.0 °C.

— Germination: total germination time was 144 hours at the tempera-
ture of 14.0 °C.

— Kilning: one-floor electrically heated kiln. The total time of kilning
was 22 hours. Pre-kilning was conducted at the temperature of
55 °C for 12 hours and kilning temperature was for the period of
last four hours was 80 °C.

The produced malt was analyzed according to the methods given
in publications of EBC (2010) and MEBAK (2011).

Statistical evaluation of the results

The results were statistically evaluated using the two-way analysis
of variance, models with fixed and random effects (e.g. Andél, 2005)
statistical programmes Statgrapfics ver. 7 and Statistica ver. 8.

3 RESULTS AND DISCUSSION

The variety and unsuitable malting conditions, for example re-
duced degree of steeping, are a reason of a deteriorated level of
modification (Palmer, 1989).The optimal degree of steeping thus
contributes to the homogeneity of modification of produced malts as

Tab. 1b Analyza variance a odhad komponent rozptylu pro / Table 1b Analysis of variance and estimated components of variance for

Zdroj Primérny Hladina F Odhad komponent rozptylu
proménlivosti df. Etverec | vyznamnosti | hodnota abs. | rel.(%) | s.e.
Source of Mean Significant F Estimated components of variance
variation square level ratio
abs. | rel. (%) | s.e.
Friabilita / Friability (%)
Stanovisté / Site 3 741.84 i 54.40 26.01 22.23 21.63
Odruda / Variety 13 104.91 i 7.69 11.41 9.75 5.15
Stuperi domoceni / Steeping degree 1 3707.60 e 271.88 65.96 56.37 93.63
Rezidual / Residual 94 13.64 13.64 11.65 1.99
Castedné sklovita zrna / Partly unmodified grains (%)
Stanovisté / Site 3 164.31 e 23.20 5.62 15.31 4.79
Odruda / Variety 13 24.53 i 3.46 2.18 5.95 1.21
Stuperi domoceni / Steeping degree 1 1228.28 e 173.43 21.81 59.44 31.02
Rezidual / Residual 94 7.08 7.08 19.31 1.03
Sklovita zrna / Glassy grains (%)
Stanovisté / Site 3 0.14 * 3.88 0.00 8.46 0.00
Odruda / Variety 13 0.07 * 1.88 0.00 9.13 0.00
Stuperi domoceni / Steeping degree 1 0.05 NS 1.40 0.00 0.67 0.00
Rezidudl / Residual 94 0.04 0.04 81.74 0.01
Obsah p-glukant ve sladiné / 3-glucan content of wort (mg.l)
Stanovisté / Site 3 153637.20 i 15.72 5137.89 12.29 4480.44
Odrlda / Variety 13 48180.90 i 4.93 4800.57 11.49 2368.97
Stupen domoceni / Steeping degree 1 1245955.10 i 127.45 22074.62 52.82 31465.13
Rezidudl / Residual 94 9776.40 9776.37 23.39 1426.03
Viskozita sladiny / Viscosity of wort (mPa.s)
Stanovisté / Site 3 0.02 i 18.16 0.00 10.71 0.00
Odruda / Variety 13 0.01 i 5.43 0.00 8.93 0.00
Stupen domoceni / Steeping degree 1 0.20 i 215.74 0.00 64.29 0.01
Rezidudl / Residual 94 0.00 0.00 16.07 0.00
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Amylolytické rozlusténi

Obsah extraktu v susiné sladu nebyl u experimentalniho souboru
odriid zménou stupné domoceni ovlivnén. Dalsi znaky charakterizu-
jici amylolytické rozlusténi, a to diastaticka mohutnost a dosazitelny
stupen prokvaseni, byly ovlivnény zménou stupné domoceni jen mi-
nimalné (1,9 a 7 %) (tab. 1a).

Experimentalni soubor odrid reagoval v primeéru na snizeni stup-
né domoceni poklesem diastatické mohutnosti z 371 W. K. na 352
W. K. a poklesem dosazitelného stupné prokvaseni z 81,3 % na
80,5 %. K nejvétSimu poklesu dosazitelného stupné prokvaseni do-
$lo u odrlidy Petrus o 1,4 %, u odridy Sebastian 0 1,1 % a u odrldy
Kangoo o 1,0 %. Naopak u odrid Bojos, Malz a KWS Irina doslo
k poklesu hodnoty dosazitelného stupné prokvaSeni pouze o 0,2 %
respektive 0,3 % (tab. 2a, 2b).

Proteolytické rozlusténi

Zména hodnot relativniho extraktu pfi 45 °C a Kolbachova ¢&isla
byla u experimentalniho souboru ovlivnéna ze 41 respektive z 31 %
stupném domoceni. Obsah dusiku ve sladu stupném domoceni
ovlivnén nebyl (tab. 1a). Obsah rozpustného dusiku a volného a-ami-
no dusiku byl ovlivnén z 20 % respektive z 21 % stupném domoceni
(tab. 2a). Pfi snizeném i pfi standardnim stupni domoceni tvofil volny
a-aminodusik pfiblizné 20 % rozpustného dusiku

Odrady experimentalniho souboru reagovaly na snizeni stupné
domoceni snizenim hodnot relativniho extraktu pfi 45 °C, Kolba-
chova ¢isla, obsahu rozpustného dusiku a volného a-amino dusi-
ku. Pouze obsah dusiku ve sladu byl u obou variant domoceni stej-
ny. Nejmensi pokles byl v pfipadé relativniho extraktu pfi 45 °C,
Kolbachova ¢isla a rozpustného dusiku zaznamenan u odrldy
Sunshine. Ostatni odrddy vykazaly u téchto znak( pokles dvojna-
sobny i vétsi. V pripadé Kolbachova ¢isla doSlo k nejvétSimu po-

it supports the activity of the aleurone layer (Palmer and Sattler,
1996). Varieties, however, do not respond to the steeping length,
number of air rests (Swanston and Taylor, 1990) and the degree of
steeping uniformly.

Amylolytic modification

Extract content in the dry matter of malt in the experimental set
was not affected by the change of the steeping degree. Other param-
eters characterizing amylolytic modification, i.e. diastatic power and
apparent final attenuation, were affected by the change of the steep-
ing degree only to a minimum extent (1.9% and 7%, respectively)
(Table 1a).

The experimental set of varieties responded to the reduction of the
steeping degree by a decline in diastatic power from 371 W. K. to 352
W. K. and decline in the apparent final attenuation from 81.3% to
80.5%. The highest decline in the apparent final attenuation was re-
corded in the variety Petrus by 1.4%, in the variety Sebastian by 1.1%
and the variety Kangoo by 1.0 %. On the contrary, the decline in the
apparent final attenuation in the varieties Bojos, Malz and KWS Irina
was only 0.2% and 0.3%, respectively (Tables 2a, 2b).

Proteolytic modification

The degree of steeping affected a change of the values of relative
extract at 45 °C and Kolbach index in the experimental set from 41 and
31%, respectively. Nitrogen content was not affected by the steeping
degree (Table 1a). Contents of soluble nitrogen and free a-amino ni-
trogen were affected from 20% and 21% by the degree of steeping
(Table 2a); both at the reduced and standard degree of steeping, free
a-amino nitrogen formed about 20% of the soluble nitrogen

The varieties of the experimental set responded to the reduced
steeping degree by lowering of the values of relative extract at 45 °C,

Tab. 1c Analyza variance a odhad komponent rozptylu pro / Table 1c Analysis of variance and estimated components of variance for

Zdroj Primérny Hladina F Odhad komponent rozptylu
proménlivosti d.f. ctverec vyz_namnosti hodnota abs. | rel. (%) | s.e.
Source of Mean Significant F Estimated components of variance
variation square level ratio 2bs) | rel. (%) | Se.
Celkové polyfenoly ve sladiné / Total polyphenols in wort (mg.dm=)
Stanovisté / Site 3 681.28 14.50 22.65 16.10 19.87
Odrlda / Variety 13 424.67 9.04 47.21 33.56 20.84
Stupen domoceni / Steeping degree 1 1382.52 29.43 23.85 16.95 34.91
Rezidudl / Residual 94 46.97 46.97 33.39 6.85
Zakal 12° / Haze 12° (u.EBC)
Stanovisté / Site 3 32.01 25.24 1.10 35.74 0.93
Odrlda / Variety 13 2.42 1.91 0.14 4.70 0.12
Stupen domoceni / Steeping degree 1 32.68 b 25.76 0.56 18.26 0.82
Rezidudl / Residual 94 1.27 1.27 41.29 0.19
Zakal 90° / Haze 90° (u.EBC)
Stanovisté / Site 3 27.24 b 26.82 0.94 33.01 0.79
Odrlda / Variety 13 2.41 ** 2.37 0.17 6.15 0.12
Stuperi domoceni / Steeping degree 1 40.81 e 40.20 0.71 25.05 1.03
Rezidudl / Residual 94 1.01 1.01 35.79 0.15
Barva sladiny / Colour of malt (u.EBC)
Stanovisté / Site 3 0.11 * 3.97 0.00 6.43 0.00
Odruda / Variety 13 0.14 b 4.89 0.01 29.93 0.01
Stupen domoceni / Steeping degree 1 0.09 NS 3.10 0.00 2.22 0.00
Rezidudl / Residual 94 0.03 0.03 61.42 0.00
Ztraty prodychanim / Respiration losses (%)
Stanovisté / Site 3 3.90 b 44.94 0.14 33.51 0.11
Odrlda / Variety 13 0.40 b 4.57 0.04 9.54 0.02
Stupen domoceni / Steeping degree 1 8.20 e 94.36 0.14 35.59 0.21
Rezidual / Residual 94 0.09 0.09 21.36 0.01
Ztraty odkli¢enim / Rootlet losses (%)
Stanovisté / Site 3 0.77 e 17.54 0.03 5.93 0.02
Odrlda / Variety 13 0.26 e 6.01 0.03 6.30 0.01
Stuperi domoceni / Steeping degree 1 19.06 e 434.09 0.34 77.72 0.48
Rezidual / Residual 94 0.04 0.04 10.05 0.00
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klesu u odrtid Malz o 4,5 %, Overture o 4,1 %, Sebastian 0 4,0 %
a odriidy Xanadu o 4,0 %. Nejmensi pokles byl zaznamenan u od-
rady Sunshine o 1,3 %, Laudis 550 0 2,2 % a Kangoo o 2,4 % (tab.
2a, 2b).

Cytolytické rozlusténi

Zmény hodnot sledovanych znaku cytolytického rozlusténi (friabi-
lita, ¢aste¢né sklovita zrna, obsah B-glukan( ve slading, viskozita)
byly z 52 % — 64 % ovlivnény zménou stupné domoceni (tab. 1b).

Odrudy experimentalniho souboru reagovaly na sniZeni stupné
domodeni ve vétSiné pfipadd vyraznym zhorSenim urovné cytolytic-
kého rozlusténi. Pouze obsah sklovitych zrn ve sladu byl u obou va-
riant v podstaté stejny. U vSech experimentéalnich odriid az na jednu
vyjimku se zvysil obsah B-glukanl ve sladiné na nepfiznivé vysoké
hodnoty 284-547 mg/I. Odrdda Sunshine v reakci na snizeny stupen
domoceni zvysila téZ obsah B-glukand ve slading, ale pouze na ak-
ceptovatelnouhodnotu 169 mg/l. Poklesly hodnoty friabilityaz 0 18,5 %,
zvysil se obsah p-glukanud ve sladiné az o 334 mg/l, zvysil se podil
Castecné sklovitych zrn az 0 9 % a zvysSila se viskozita az na uroven
1,59 mPa.s (fab. 2a, 2b).

Kolbach index, soluble nitrogen content and free a-amino nitrogen.
Only the nitrogen content in malt was the same in both variants of
steeping. The lowest decline was recorded in relative extract at 45 °C,
Kolbach index and soluble nitrogen in the variety Sunshine. The other
varieties exhibited in these parameters a twofold or even higher de-
cline. The highest decline in the Kolbach index was recorded in the
varieties Malz (by 4.5%), Overture (by 4.1%), Sebastian (by 4.0%),
and the variety Xanadu (by 4.0%). The smallest decline was record-
ed in the variety Sunshine, by o0 1.3%, Laudis 550 by 2.2%, and Kan-
goo by 2.4% (Tables 2a, 2b).

Cytolytic modification

Changes of the values of the studied parameters of the cytolytic
modification (friability, partly glassy grains, $-glucan content in sweet
wort, viscosity) were affected by the degree of steeping from 52% —
64% (Table 1b).

In most cases, the varieties of the experimental set responded to
the reduction in the degree of steeping by a pronounced worsening
of the level of modification. Only content of glassy grains in malt was
in both variants basically the same. in all the experimental varieties,

Tab. 2a Primérné hodnoty sledovanych znak pfi stupni domocéeni 42 % / Table 2a The average values of the studied parameters at the

degree of steeping 42 %

Odrady s | 2
. 2 c
Variety cl|l o £ @ 7 € S £ S S o
18|28 |8|w|®8|n| 8|22 8|G|2|8|E
c o c N o =
s | | 8| §|2|3 | =|8| 8| 5|8|5|5|§5|3
[11] (1] [ X X - = (@) o o (7] (2] > x o
Stupen domocgeni % 42 | 42 | 42 | 42 | 42 | 42 | 42 | 42 | 42 | 42 | 42 | 42 | 42 | 42 | 42
Degree of steeping
Extrakt ve sladu % 82.3|81.9(81.5(82.2|82.9|81.8|83.0|82.7|83.3[81.1|82.9|82.6|79.7|82.7|82.2
Extract of malt
Diastatickd mohutnost W.K. 353 | 333 | 326 | 424 | 297 | 288 | 310 | 328 | 313 | 388 | 367 | 422 | 367 | 410 | 352
Diastatic power
Dosazitelny stup. prokvaseni % 80.5(79.1|77.7|81.5|81.8|79.2|80.3|81.0(82.1|80.7|80.7(81.9|81.1|79.6|80.5
Apparent final attenuation
Relativni extrakt pfi 45 °C % 32.7(32.2(34.5|35.1[35.7|334|36.2|355(39.8(33.0[34.5(38.0[32.2(39.3|35.2
Relative extract at 45 °C
Kolbachovo ¢islo % 37.4|36.7 | 38.4|40.1|41.3|38.9|39.4|40.2|40.6|35.6|39.6|43.5|38.6|39.0|39.2
Kolbach index
Celkovy dusik ve sladu % 1691791172169 [1.54|1.74|1.76 | 1.58 [1.62|1.73 | 1.61 [1.74|1.65|1.77 | 1.69
Total nitrogen of malt
Rozpustny dusik ve sladu mg.l| 702 | 727 | 731 | 753 | 705 | 749 | 767 | 703 | 726 | 681 | 708 | 843 | 706 | 764 | 733
Soluble nitrogen of malt
Volny a-aminodusik mg.| 136 | 153 | 149 | 152 | 133 | 153 | 153 | 150 | 156 | 137 | 138 | 159 | 148 | 130 | 146
Free a-amino nitrogen
Friabilita % 70 | 70 | 72 | 75 | 71 68 | 73 | 71 78 | 71 71 88 | 70 | 72 | 783
Friability
Castedné sklovita zrna % 112|199 (89| 6.7 |89 (102| 87 |(102| 48 | 99 [(106| 05 | 75 | 6.8 | 8.2
Partly unmodified grains
Sklovita zrna % 03|/02|01|(00|02|03|01|01]|02]02|03|00]01]|02]02
Glassy grains
Obsah B-glukanu ve sladiné mg/l 498 | 368 | 377 | 445 | 514 | 405 | 547 | 365 | 324 | 435 | 497 | 169 | 284 | 313 | 396
B-glucan content of wort
Viskozita sladiny mPa.s 156152 |1.54|156|1.55|1.54|159|1.51 (150|154 |1.56|1.47|1.51|1.50|1.53
Viscosity of wort
Celk. polyfenoly ve sladiné mg/| 64 | 54 | 65 | 68 | 78 | 54 | 62 | 71 65 | 74 | 64 | 61 70 | 55 | 65
Total polyphenols in wort
Zakal 12° u.EBC 3.02|1.79|240(2.32|2.33|2.89|1.51|1.06|0.64 |2.40|3.19|257|1.82|1.82|2.12
Haze 12°
Zakal 90° u.EBC 2.98|1.90(263(2.32|2.41|252[1.39|1.19|0.56 |2.09|3.29|2.50|1.86|1.67 | 2.09
Haze 90 °
Barva sladiny u.EBC 28 |1 26|28|28|30|28|27 |27 |26|27|28|28|28]|28|28
Colour of malt
Ztraty prodychanim Y% 39 |40 |37 |36 |43 |37 |41 |38 |39 |33|40]|40|38)| 43|39
Respiration losses
Ztraty odkli¢enim % 34 |134|32(33|36|33[32|29|32|32|34|33|30]|34]33
Rootlet losses
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Znaky senzorické kvality sladu

U experimentalniho souboru byly sledovany také znaky charakte-
rizujici nékteré senzorické vlastnosti sladu (celkové polyfenoly, zakal
a barva sladiny) (tab. 1c).

Celkové polyfenoly ve sladiné byly ovlivnény zménou stupné do-
moceni pouze z 16 %. Snizeni stupné domoceni znamenalo u vétsi-
ny experimentalnich odrtid nékdy az vyrazné snizeni obsahu celko-
vych polyfenoll ve sladiné. Na zménu stupné domoceni v podstaté
nereagovala odr(ida Blanik.

Zakal sladiny byl ovlivnén zménou stupné domoceni z 18 a 25 %
(tab. 1¢). Snizeni stupné domoceni vedlo k zvySeni hodnot zékalu,
ale ani u jedné odridy nebyla dosazena hodnota 4 j.EBC. Pouze
odrida Overture na zménu stupné domoceni v pfipadé zékalu nere-
agovala (fab. 2a, 2b).

Barva sladiny byla zménou stupné domoceni ovlivnéna pouze
z 2 % (tab. 1c). Snizeni stupné domoceni se u vétdiny experimental-
nich odriid zménou barvy sladiny neprojevilo. U nékolika odrid doslo
u varianty s niz&im stupném domoceni ke snizeni barvy sladiny o 0,1
az 0,4 |.EBC (tab. 2a, 2b).

with one exception, $-glucan content in sweet wort increased to un-
favorable values of 284-547 mg/l. In reaction to the decreased de-
gree of steeping, the variety Sunshine also increased B-glucan con-
tent in sweet wort, but only to the acceptable level of 169 mg/l. The
friability values declined as much as by 18.5%, p-glucan content in
sweet wort increased by 334 mg/l, portion of partially glassy grains
increased as much as by 9% and viscosity increasedto 1.59 mPa.s (Ta-
bles 2a, 2b).

Parameters of sensory quality of malt

In the experimental set, parameters characterizing some sensory
properties of malt (total polyphenols, turbidity and sweet wort color)
were also studied (Table 1c).

Total polyphenols in sweet wort were affected by the changed de-
gree of steeping only from 16%. The decrease in the steeping degree
led in most of the experimental varieties to a pronounced decline in
total polyphenol content in sweet wort. Blanik was only the variety
that did not react to the change of the steeping degree.

Sweet wort haze was affected by the change of the steeping de-
gree from 18 and 25% (Table 1c). The reduction of the steeping de-

Tab. 2b Primérné hodnoty sledovanych znaku pfi stupni domoceni 45 % / Table 2b The average values of the studied parameters at the

degree of steeping 45 %

Odrudy o =
i c
Variety c o | £ e > 8 S £ © 5 =
x| o | 8| 8|Z| 2 81208 2|5|3|8|%¢
c o = N o =
s | o|s|§|2|3|=s|3|2|5|8|5|5|§|2
[11] m s X X -1 = (@) (@) o (] (7] > x o
Stupen domoceni % 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45
Degree of steeping
Extrakt ve sladu % 82.1|81.9(81.8/82.0|82.8(81.7|82.9|82.9|83.5(81.3|83.0|824|79.6|825|82.2
Extract of malt
Diastaticka mohutnost W.K. 384 | 357 | 336 | 438 | 299 | 309 | 346 | 297 | 338 | 458 | 397 | 425 | 404 | 407 | 371
Diastatic power
Dosazitelny stup. prokvaseni % 815|79.3|78.6|825|82.0|80.1|80.6|81.7|82.7|82.1|81.8(82.6|81.9|80.6|81.3
Apparent final attenuation
Relativni extrakt pfi 45 °C % 37.1[36.5(38.5(39.041.5|36.8|40.5|39.7 |46.8 |37.5|39.2 |40.7 | 36.7 | 44.5 | 39.6
Relative extract at 45 °C
Kolbachovo ¢islo % 40.0 (40.0 | 41.1 | 42.5|44.9|41.1|43.9|435|44.7|38.8|43.7|44.8|41.9|43.0|424
Kolbach index
Celkovy dusik ve sladu % 169(1.79|1.70 167 [1.53|1.73|1.75[1.58 | 1.62|1.73|1.59 [1.72| 1.64 | 1.74 | 1.68
Total nitrogen of malt
Rozpustny dusik ve sladu mg.l| 755 | 798 | 780 | 794 | 765 | 795 | 858 | 767 | 808 | 749 | 779 | 863 | 769 | 837 | 794
Soluble nitrogen of malt
Volny a-aminodusik mg.| 158 | 162 | 164 | 157 | 165 | 156 | 169 | 167 | 173 | 153 | 151 | 170 | 158 | 176 | 163
Free a-amino nitrogen
Friabilita % 78 | 86 | 81 88 | 83 | 84 |8 |87 |8 |8 |81 |9 |8 | 8 | 84
Friability
Casteéné sklovita zrna % 3309|2111 |23 |15|15| 13|08 |27 |23 |01 |05|20]| 1.6
Partly unmodified grains
Sklovita zrna % 0300|0101 |01]|02|01|01|01]05|01]|00]00]|0.1]01
Glassy grains
Obsah B-glukanu ve sladiné mg/l 255 (172 | 227 | 175 | 273 | 200 | 213 | 161 | 157 | 209 | 215 | 60 | 107 | 163 | 185
B-glucan content of wort
Viskozita sladiny mPa.s 146|144 |1.46 | 1.47 | 145|146 |1.47 | 143|142 | 144|146 |1.42|1.43|1.43|1.45
Viscosity of wort
Celk. polyfenoly ve sladiné mg/I 64 | 62 | 71 78 | 89 | 66 | 65 | 79 | 73 | 78 | 70 | 66 | 77 | 65 | 72
Total polyphenols in wort
Zakal 12° u.EBC 144 1069|158(1.16(1.89|1.12|0.85|0.57|0.57|0.92 |1.71 {0.92 | 0.59 | 0.62 | 1.04
Haze 12°
Zakal 90° u.EBC 1.42(0.60|1.49(1.15(1.15|1.03|0.63|0.48|0.45|0.66 | 1.59 | 0.74 | 0.54 | 0.48 | 0.89
Haze 90 °
Barva sladiny u.EBC 27 |1 27|28 |28|34|28|27|28|29|27|28|28|28|29 |28
Colour of malt
Ztraty prodychanim % 43 |44 |42 | 42|47 |44 |46 |43 |44 |41 |43 |49 |46 |47 | 44
Respiration losses
Ztraty odkli¢enim % 37 |40 |41 | 41 |45 |42 |42 | 36|42 |41 |41 |43 |40 | 41 | 441
Rootlet losses
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Sladovaci ztraty

Vyrazny vliv méla zména stupné domoceni na uroven sladovacich
ztrat. Ztraty prodychanim byly zménou stupné domoceni ovlivnény
z 35 %. Ztraty odklicenim byly ovlivnény zménou stupné domoceni
ze 77 % (tab. 1c).

Ztraty prodychanim i ztraty odkli¢enim byly u varianty se snizenym
stupném domoceni na urovni 3,9 % a 3,3 %, zatimco ztraty u varian-
ty se standardnim stupném domoceni byly na urovni 4,4 % respekti-
ve 4,1 % (tab. 2a, 2b).

V ramci obdobného experimentu sledoval Narziss (1965) vliv stup-
né domoceni pfi rdznych teplotach vody na nékteré kvalitativni znaky
sladu a sladovaci ztraty. Obsah extraktu mél v tomto experimentu
tendenci se zvySovat se zvySujicim se stupném domoceni. Hodnoty
relativniho extraktu a Kolbachova Cisla stoupaly se zvysSujicim se
stupném domoceni, s ¢imz koresponduji i vySe uvedené vysledky.
Cytolyticke rozlusténi bylo hodnoceno pomocirozdilu vjemném a hru-
bém mleti. Potvrdily se vySe uvedené vysledky, Ze se vzrlstajicim
stupném domoceni se zlepSuje Uroven cytolytického rozlusténi. Také
vliv snizeni stupné domoceni na snizeni ztrat sladovanim korespon-
duje s vySe popsanymi vysledky.

Niz§i aktivitu hydrolytickych enzym( pfi snizeném stupni domoce-
ni by bylo mozno podpofit aplikaci giberelové kyseliny (MacLeod,
1977), ktera zvySi uroven modifikace endospermu (Swanston 1990).

4 ZAVER

Na snizeni stupné domoceni reagovaly odrudy experimentalniho
souboru predevs§im snizenim proteolytického a hlavné cytolytického
rozlusténi. Byly zjistény vyrazné rozdily mezi odridami v jednotli-
vych sledovanych znacich v reakci na snizeni stupné domoceni.

Odrada Sunshine, ktera se za béznych podminek sladovani snad-
no lusti a vykazuje vysokou aktivitu proteolytickych a cytolytickych
enzymU (Psota et al., 2012), se snizenim stupné domoceni se vyrov-
nala nejlépe.

Odrlida Sunshine dosahla i pfi snizeném stupni domoceni praktic-
ky ve vSech sledovanych znacich pozadovanych hodnot. Poskytla
slad s nadprimérnym vytéZkem extraktu. Proteolytické a amylolytic-
ké rozlusténi bylo na nadprimérné az optimalni urovni. Také degra-
dace bunéénych stén byla na optimalni trovni s obsahem B-glukant
ve sladiné na urovni 169 mg/l.

Odriida Overture dosahla obdobnych hodnot, kromé Urovné cyto-
lytického rozlusténi. Degradace bunécnych stén byla na nizké urovni
a sladina obsahovala vysoky obsah p-glukanu.

Odridy KWS Irina a Odessey mély, pfi nizkém stupni domoceni,
stejné jako ostatni sledované odridy nizkou uroven cytolytického
rozludténi. V ostatnich znacich dosahly alespon akceptovatelnych
hodnot.

Ostatni sledované odridy mély pfi nizkém stupni domoceni niz-
kou Uroven cytolytického i proteolytického rozlusténi a v nékterych
pfipadech i velmi nizké hodnoty dosazitelného stupné prokvaseni.

Kazda zména technologie sladovani ve smyslu zhor$eni podmi-
nek (snizeni stupné domoceni, snizeni teploty, zkraceni doby slado-
vani apod.) vede ke zvyraznéni rozdild mezi odriidami. Nejvice se
takové zmény projevi na urovni enzymové aktivity vyrobeného sladu.
Kromé zvyraznéni rozdild mezi odrliidami mohou takové experimenty
ukazat, jakym smérem je mozno smérovat Slechténi sladovnického
jeEmene a prispét tak ke sniZeni spotfeby vody a energii.
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gree led to the increased turbidity, however, no variety achieved the
value of 4 EBC un. Only the variety Overture did not react to the
change in the steeping degree in terms of turbidity (7able 2a, 2b).

Sweet wort color was affected by the change of the steeping de-
gree only from 2% (Table 1c). The decrease in steeping degree did
not affect the sweet wort color of most experimental varieties. Re-
duced sweet wort color by 0.1 to 0.4 EBC un. was recorded only in
several varieties in the variant with a lower degree of steeping (Table
2a, 2b).

Malting losses

Change of the steeping degree markedly affected the level of malt-
ing losses. Respiration losses were affected by the change of steep-
ing degree from 35%. Rootlet losses were affected by the change in
the degree of steeping from 77% (Table 1c).

The respiration losses and rootlet losses were in the variant with
a reduced degree of steeping at the levels of 3.9% and 3.3%, while
in the variant with the standard steeping degree, the losses were at
the level of 4.4% and 4.1%, respectively (Tables 2a, 2b).

Within a similar experiment, Narziss (1965) studied the effect of
the degree of steeping at different water temperatures on some pa-
rameters of malt quality and malting losses. Extract content in this
experiment exhibited an increasing tendency with an increasing de-
gree of steeping. The values of relative extract and Kolbach index
increased with an increasing steeping degree, this was also con-
firmed by the above given results. Cytolytic modification was as-
sessed using the difference between fine and coarse milling. Our
results were confirmed: with the increasing steeping degree the level
of cytolytic modification improves. The effect of the reduced degree
of steeping on the reduction of malting losses corresponds to the
results described above.

Lower activity of hydrolytic enzymes at a reduced degree of steep-
ing could be supported by application of gibberelic acid (MacLeod,
1977), which increases the level of modification of the endosperm
(Swanston, 1990).

4 CONCLUSION

All the varieties of the experimental set responded to the decrease
in the steeping degree namely by reduction of proteolytic and mainly
cytolytic modification. Pronounced differences between the varieties
in the individual parameters in their reaction to a reduced degree of
steeping were detected.

The variety Sunshine, which under common conditions modifies
easily and exhibits a high activity of proteolytic and cytolytic enzymes
(Psota et al., 2012) coped best with the reduced level of steeping.

The variety Sunshine achieved even at a reduced degree of steep-
ing practically in all the studied parameters the required values. It
provided malt with the above average extract yield. Proteolytic and
amylolytic modification was at the above average to optimal level.
Degradation of the cell walls was also at the optimum level with
B-glucan content in sweet wort at the level of 169 mg/Il.

The variety Overture achieved similar values with the exception of
cytolytic modification. Degradation of the cell walls was at a low level
and sweet wort contained high content of -glucans.

The varieties KWS Irina and Odessey had at a low degree of
steeping, similarly as the other varieties under study, a low level of
cytolytic modification. In the other traits, these varieties achieved at
least the minimally acceptable values.

The other studied varieties had at a low degree of steeping a low
level of cytolytic and proteolytic modification and in some cases also
a very low value of apparent final attenuation.

Each change of malting technology in the sense of worsening con-
ditions (reduction in the degree of steeping, temperature reduction,
shortening of the malting time etc.) highlights the differences be-
tween varieties. These changes are mostly reflected in the level of
the enzymatic activity of the produced malt. Besides highlighting the
differences between varieties, these experiments can also show the
way of malting barley breeding trends and contribute thus to lower
water and power consumption.
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