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In the course of three testing years (2013 — 2015), a set of 243 winter wheat samples (27 varieties from three testing sites) were ana-
lyzed. Basic technological parameters, and some special characters (wort color, color after boiling, wort haze, polyphenol content and
dimethyl sulfide precursors) were studied. Winter wheat varieties gave sufficiently high extract contents, the average value of this param-
eter was 83.5% at the average content of nitrogenous substances of 11.6%. Final attenuation was low (79.8%). Proteolytic modification
given by the value of Kolbach index was on average 35%. Content of soluble nitrogen was 704 mg/100 g, of which ca 14% was made up
by free amino nitrogen. Cytolytic modification was evaluated mainly by wort viscosity (1.864 mPa.s). Malt friability and B-glucan content
in wort were very low. Average arabinoxilan content in wort varied about 1524 mg/l.

Psota, V., Musilova, M., Sachambula, L., Horakova, V., Pfinosil, A., Smid, F., Adamkova, K., Adam, M., 2018: Sladovnicka kvalita
odrid ozimé ps$enice (Triticum aestivum L.). Kvasny Prum. 64(6): 302313

V prabéhu tii zkuSebnich let (2013 — 2015) bylo analyzovano celkem 243 vzork(i 0zimé pSenice (27 odrlid ze 3 zkuSebnich stanovist).
Byly sledovany zékladni technologické znaky a nékteré znaky specialni (barva sladiny, barva po povareni, zakal sladiny, obsah polyfe-
nold a prekurzory dimetylsulfidu). Odridy ozimé pSenice poskytovaly dostate¢né vysoky obsah extraktu, primérna hodnota tohoto znaku
byla 83,5 % pfi primérném obsahu dusikatych latek 11,6 %. Dosazitelny stuper prokvaseni byl nizky (79,8 %). Proteolytické rozlusténi
vyjadiené hodnotou Kolbachova ¢&isla bylo v priméru 35 %. Obsah rozpustného dusiku byl na trovni 704 mg/100 g a necelych 14 %
z toho tvofil volny aminodusik. Cytolytické rozlusténi bylo hodnoceno predevsim pomoci viskozity sladiny (1,864 mPa.s). Friabilita sladu

a obsah B-glukant ve sladiné byly velmi nizké. Primérny obsah arabinoxiland ve sladiné se pohyboval kolem hodnoty 1524 mgl/l.
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1 INTRODUCTION

Wheat beer has a long tradition in the today’s Czech Republic ter-
ritory and the surrounding countries. In the 15th to 17th centuries,
the beverage was even more widespread as an upper fermentation
used for its production does not require low temperatures. However,
the malting characters of wheat have been studied to a much lesser
extent than the malting properties of barley as wheat has been bred
for the use in the bakery industry.

Wheat grain, similarly as grains of other cereals, contains storage
proteins, the quantity and quality of which are carefully monitored. In
wheat, it is a mixture of two prolamins (gliadin and glutenin), which
make up about 70% of the nitrogenous substances present in the
wheat caryopsis. The high wheat grain nitrogen content is beneficial
for farmers and bakers, but not for brewers as it can cause problems,
for example, with lautering, filtration or fermentation, and can conse-
quently reduce the flavor stability of the final product (Back, 2005).

From an economic point of view, extract yield is the most important
technological character. Wheat malt has usually an extract of 83% or
more (Narziss, 2005). The activity of amylolytic enzymes can be en-
hanced by the use of gibberellic acid (Singh et al., 1983) in germinat-
ing grains. In wheat malts produced with a five-day germination
schedule, the use of gibberellic acid increased malt extract from 82.5
to 87.6. (Singh and Sosulski, 1985).

The parameters characterizing proteolytic modification, such as
total nitrogenous substances content, soluble nitrogenous substanc-
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1 UVOD

P&eni¢né pivo ma na Gzemi dnesni Ceské republiky a v okolnich
zemich dlouhou tradici. V 15. az 17. stoleti bylo dokonce napojem
pfevazujicim, protoze se pro vyrobu pSeni¢nych piv pouzivalo svrch-
niho kvaseni, jehoz pribéh nevyzaduje nizké teploty. Sladovnické
vlastnosti pSenice byly v8ak studovany v mnohem mensi mife nez
sladovnické vlastnosti je€émene, protoze pSenice byla a je Slechténa
pro pekaiské vyuziti.

PSeni€né zrno stejné, jako zrno ostatnich obilovin, obsahuje zasob-
ni bilkoviny, jejichz mnozstvi a kvalita jsou peclivé sledovany. V pfipa-
dé psenice se jedna o smés dvou prolamind (gliadin a glutenin), které
tvofi i vice nez 70% dusikatych latek pfitomnych v obilce pSenice.
Vysoky obsah dusikatych latek v zrnu pSenice je pfinosem pro farma-
fe a pekare, nikoliv v§ak pro vyrobu piva, protoZze muize zpUlsobit pro-
blémy napfiklad pfi scezovani, filtraci nebo fermentaci a néasledné
muZe snizit chutovou stabilitu finalniho vyrobku (Back, 2005).

Z ekonomického hlediska je nejdilezitéjSim technologickym zna-
kem vytéZzek extraktu. PSeni¢ny slad méa extraktu obvykle 83%
a vice (Narziss, 2005). Aktivitu amylolytickych enzym( je mozné
v kli¢icim zrnu podpofit aplikaci kyseliny giberelové (Singh et al.,
1983). U psenicnych sladt vyrobenych pétidennim kli¢enim zvysilo
pouziti kyseliny giberelové extrakt sladu z 82,5 na 87,6 % (Singh
a Sosulski, 1985).

Znaky charakterizujici proteolytické rozlusténi jako jsou celkovy
obsah dusikatych latek, obsah rozpustnych dusikatych latek, obsah
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Table 1 Winter wheat varieties studied
Tab. 1 Sledované odrldy ozimé pSenice

Variety Pedigree Registration | Maintainer

Odruda Vychozi material Registrace | Udrzovatel

Annie Merito x CH 11.12772 x Eurofit 2014 SELGEN, a.s., CZ

Artist (Paroli x LEU 10522) x Potenzial 2014 Deutsche Saatveredelung AG, DE
Athlon ((Ritmo x Abunda) x Bussard) x Apache 2013 Saaten Union Recherche SAS, FR
Bohemia (540i-92 x 6192a-92) x (540i-92 x Kontrast) 2007 SELGEN, a.s., CZ

Brokat (STRU 951260.11 x STRU 971388) x STRU 981432.1 2013 Strube GmbH & Co. KG, DE
Cimrmanova rana | Altos x BR 633 2012 RAGT Czech s.r.0., CZ

Dagmar Apache x Nela 2012 Limagrain Central Europe Cereals, s.r.0., CZ
Elan (Biscay x Excellenz) x Drifter 2012 RAGT Czech s.r.0., CZ

Elly Svitava/2 x Acclaim 2010 SELGEN, a.s., CZ

Etana Chevalier x Absolut 2013 Deutsche Saatveredelung AG, DE

Evina Drifter x NIC97-3061-B 2012 Limagrain Europe, FR

Fabius ((Astron x Tambor) x Cubus) x Cubus 2013 Saatzucht Donau Ges.m.b.H. & CoKG, AT
Fakir Cubus x Tommi x Toras 2013 Syngenta Hadmersleben GmbH, DE
Genius ACK 3094 x 00/412 2014 NORDSAAT Saatzucht GmbH, DE

KWS Ozon (LP 296.4.96 x Tambor) x Denver 2012 KWS LOCHOW GMBH, DE

Lavantus (STRU 951260.11 x STRU 971388) x STRU 981432.1 2013 Strube GmbH & Co. KG, DE

Matchball Carenius x Boomer 2013 RAGT Czech s.r.o., CZ

Matylda Svitava/2 x Acclaim 2011 SELGEN, a.s., CZ

Patras Paroli x Toras 2013 Deutsche Saatveredelung AG, DE
Rumor (STRU 951260.11 x STRU 971388) x STRU 981432.1 2014 Strube Research GmbH & Co. KG, DE
Sailor (Tambor x Flair) x Drifter 2011 SECOBRA Saatzucht GmbH, DE
Seladon Svitava x Sepstra 2009 SELGEN, a.s., CZ

Sultan Ebi x CWW95/26 2008 SELGEN, a.s., CZ

Tobak (Elvis x Drifter) x Koch 2013 W. von Borries-Eckendorf GmbH & Co. KG, DE
Turandot 7125 ax S 1737-97 2012 SELGEN, a.s., CZ

Vanessa SG-S2040-97 x Rapsodia 2013 SELGEN, a.s., CZ

Zeppelin Cubus x Tommi x Toras 2013 Syngenta Hadmersleben GmbH, DE

es content, free amino nitrogen content etc, used for the assessment
of barley malt, are also used for the assessment of malt made from
wheat. Nitrogenous substances play a significant role for creating
a permanent haze of wheat beer, good foam and some other sen-
sory characters (Faltermaier et al., 2013).

Cytolytic modification in wheat malt is assessed by friability of
malt, wort viscosity, and -glucan content in wort. Higher viscosity of
wort from wheat malt is not given by the B-glucan content, but arabi-
noxylan content. Therefore, the determination of $-glucans in wort
and friability is not of any principal importance for the assessment of
wheat malt quality. Viscosity of wort is the main parameter used for
the evaluation of the level of cytolytic modification of wheat malt
(Back, 2005).

Consumption of wheat beer in the Czech Republic is not high, but
still, mainly small breweries as well as some middle and big indus-
trial breweries produce altogether several tens of brands of wheat
beer, enriching thus the Czech beer market. Wheat beer is also suc-
cessfully exported from the Czech Republic. For this reason, it is
suitable to monitor the existing collection of wheat varieties in terms
of malting quality.

The aim of this study was to determine the malting quality of the
current collection of the most widespread winter wheat in the Czech
Republic.

2 MATERIAL AND METHODS

The samples of winter wheat were obtained from the testing sites
of the Central Institute for Supervising and Testing in Agriculture of
the Czech Republic. In the period of 2013 — 2015, totally 243 sam-
ples (27 varieties x 3 sites x 3 years) were assessed. During grow-
ing, the varieties (Table 1) were treated with:

— disinfectant (effective against common bunt of wheat (Tilletia ca-
ries, Tilletia laevis) and dwarf bunt of wheat ( Tilletia controversa),

volného aminodusiku apod., pouzivané pro hodnoceni sladu z jec-
mene, jsou pouzivany i pro hodnoceni sladu z pSenice. Dusikaté
latky hraji vyznamnou Ulohu pfi vytvareni trvalého zékalu u pSeni¢-
ného piva, kvalitni pény a nékterych dalSich senzorickych vlastnosti
(Faltermaier et al., 2013).

Cytolytické rozlusténi se v pfipadé sladu z je€mene hodnoti pomo-
ci friability sladu, viskozity sladiny a obsahu B-glukant ve sladiné.
VysSi viskozita sladiny z pSeni¢ného sladu neni dana obsahem
B-glukand, ale obsahem arabinoxyland. Stanoveni B-glukant ve sla-
diné a friability nemé tedy pro posouzeni kvality pSeni¢éného sladu
zasadni vyznam. Viskozita sladiny je hlavnim znakem pouzivanym
pro posouzeni Urovné cytolytického rozlusténi pSeni€ného sladu
(Back, 2005). ;

Spotfeba pSeni¢ného piva v Ceské republice neni velka, pfesto
pfedev§im malé pivovary, ale i nékteré stfedni a velké prlimyslové
pivovary vyrabi dohromady nékolik desitek znacek pSeni¢ného piva,
které obohacuji €esky pivni trh. Cast pSeni€ného piva se z Ceské
republiky Uspésné vyvazi. Z tohoto dlvodu je vhodné monitorovat
stavajici sortiment odrld pSenice z hlediska sladovnické kvality.

Cilem této studie bylo zjistit, jakou sladovnickou kvalitu ma sou-
¢asny sortiment nejrozsifenéjSich odrad ozimé psenice v Ceské re-
publice.

2 MATERIAL A METODY

_ Vzorky odriid ozimé pSenice byly ziskany ze zkuSebnich stanovist
Ustfedniho kontrolniho a zku$ebniho Ustavu zemédélského Ceské
republiky. V prabéhu let 2013 — 2015 bylo hodnoceno celkem 243
vzorkd (27 odrlid x 3 stanovisté x 3 roky). V pribéhu péstovani byly
odrldy (fab. 1) oSetfeny nasledujicim zplsobem:

—mofidlo (u¢inné proti mazlavé snétivosti pSenice (Tilletia caries,

Tilletia laevis) a zakrslé snétivosti pSenice (Tilletia controversa),

— hnojeni — dusik zékladni davka zvySena o 40 kg/ha
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Table 2 Analysis of winter wheat varieties
Tab. 2 Analyza odriid ozimé pSenice

Castecné sklovita zrna

Bakery quality / Pekarska kvalita @ A A A A A A A A
Variety / Odriida % % N -E - @ E
28 38 gl 21 5| | | 8] 5|8
Parameter / Znak 58 28 2 o 8 = 0o i E &
Z‘f;ﬁ::tg‘;::‘f;‘tv‘frx’:‘(*f"‘;tk(::f‘;;os)7°) % |EBC20103.3.2 124 | 1.3 | 118 | 117 | 1.7 | 11.3 | 120 | 11.1
O & sladl %  |EBC 2010 4.5.1 823 | 847 | 851 | 84.2 | 83.0 | 83.7 | 83.0 | 845
2:',3;'};22‘;;?:;?;:545(:0 % |MEBAK20113.1.4.11 | 363 | 365 | 38.9 | 333 | 383 | 355 | 32.3 | 34.3
Koach Index o % |EBC20104.9.1 33.4 | 340 | 407 | 355 | 31.8 | 36.7 | 30.8 | 34.4
giigft:;ii‘;,fé°,‘;"1§;wmos . WK |EBC 2010 4.12 299 | 312 | 251 | 348 | 319 | 303 | 285 | 288
Zlggelz::ttteel:;ast;o prokvaseni % |EBC 2010 4.11.1 81.0 | 79.7 | 79.7 | 79.6 | 80.0 | 80.3 | 79.1 | 79.6
'I:__;'IZZ','I',;‘; % |EBC20104.15 32 | 26 | 31 | 27 | 30 | 30 | 22 | 32
ug;:o‘f;:‘;?g‘g'e % mPa.s |EBC2010 4.8 1751 | 1.769 | 1.742 | 1.864 | 1.762 | 1.721 | 2.115 | 1.777
g'_gl'b'l‘(’::y"“/’:tse,::”f’;éw°” mg/ |EBC 20104.16.2 3 | 26 | 42 | 28 | 25 | 22 | 32 | 25
g';;';}’:,;"d"lz;f MEBAK 2011 3.1.4.2.6 | 1.22 | 1.22 | 1.1 | 1.44 | 1.22 | 133 | 1.89 | 1.56
227(31"53;"'5?2}(?351) EBC |EBC 20109.29 062 | 1.03 | 1.07 | 1.11 | 073 | 1.07 | 1.99 | 1.44
;:f(gl"sfk‘;‘gl’;ty(}fz)) EBC |EBC20109.29 095 | 159 | 1.48 | 1.90 | 1.17 | 1.90 | 3.93 | 2.66
zvlg’stlgo';'iny EBC 2010 4.18 618 | 6.17 | 6.08 | 6.18 | 6.17 | 6.12 | 6.20 | 6.18
i‘:t',?:)l.’t':fﬁa“;zwgts\; D.U. |EBC20104.13 41 | 44 | 41 | 37 | 40 | 39 | 35 | 4
Free ;am;’;":o";g;’g‘e“ mg/l  |EBC 20104.10 105 | 102 | 109 | 102 | 95 | 100 | 86 | 93
Froe ;;",:}go";ggg(e“ mg/100g | EBC 2010 4.10 95 | 92 | 99 | 92 | 86 | 91 | 78 | 84
‘A";gif;is“;:ziﬁ?ggsr) ml | DSTU 4282:2004 076 | 0.83 | 0.89 | 0.81 | 0.81 | 0.84 | 0.73 | 0.78
‘g:r"t,;‘s’;:;,’ny EBC |EBC20104.7.2 3 | 3| 3| 3| 3] 3] 3]s
ggir'f:s";’:;;:}f’;’%“;ovafeni EBC |MEBAK201131429 | 5 | 4 | 4 | 4 | 4 | 4 | 4 | 5
,'?_,;Z‘,’(‘L’;zg;}f’;ﬂ“;;';}’s'us,#mlh;g%ﬁ;MS) mg/kg | EBC 2010 9.39 40 | 27 | 42 | 36 | 33 | 39 | 36 | 26
giim;mﬁ;i??gﬁs()DMs) mg/kg | EBC 2010 9.39 14 | 12 | 16 | 14 | 11 | 19 | 12 | 11
;‘:f;fgﬁé‘l’}?'z"s‘;;;: g"’°" mg/ll | EBC 2010 9.11 39.2 | 39.0 | 31.8 | 31.9 | 35.1 | 35.2 | 33.2 | 427
ﬁgg',:z’;)’lf:; o mg/l | Douglas 1981 1446 | 1486 | 1538 | 1408 | 1457 | 1474 | 1727 | 1507
g‘:‘l‘,’(‘;}’)“gﬁf_ﬁ,’??g‘[’mo g/100m! | VUPS 08 | 09 | 09 | 00 | 08 | 09 | 09 | 10
222‘;;5;52’1'3_%?; 1-DP3 g/100m! | VUPS 92 | 93 | 94 | 89 | 92 | 92 | 89 | 94
Daccharification rate min  |EBC 2010 4.5.1 123 | 100 | 100 | 137 | 106 | 11.7 | 128 | 11.8
Extract difference % |EBC20104.5.2 13 | 12 | 09 | 10 | 14 | 12 | 18 | 12
L‘Lt:l'k';'tte“jgz(';‘fs“(’;';é slady %  |EBC 2010 4.3.1 11.9 | 108 | 11.3 | 1.4 | 11.3 | 109 | 116 | 105
SR‘;'Z“:L';t";z'ggz’fl‘(as;‘éblzt;‘(';ces %  |EBC 2010 4.9.1 41 | 38 | 47 | 41 | 37 | 41 | 36 | 37
SRZ'Z“:L'; t:‘;’gg;fl‘( O mg/l | EBC 2010 4.9.1 654 | 602 | 754 | 662 | 588 | 657 | 585 | 588
gz‘;‘;;z t:';’ggg;;(?;“;ﬂ:m mg/100g | EBC 2010 4.9.1 724 | 664 | 832 | 720 | 650 | 725 | 645 | 649
ttivrs seamylasy Ulg  |Santos, Riis 1996 307 | 28.5 | 193 | 329 | 326 | 27.4 | 30.7 | 25.1
:gmggz:ﬁgyfﬁzggiz:’;fgﬁ:er % |EBC20104.15 95.8 | 82.0 | 90.1 | 77.7 | 87.4 | 873 | 75.7 | 87.6
Partly unmodified grains %  |EBC20104.15 42 | 180 | 99 | 223 | 126 | 127 | 243 | 124




Kvasny Prum. 305
Malting quality of winter wheat (Triticum aestivum L.) 64/2018 (6)

A A A A A A A A B B B C C E E E E E E
© ° £ c o -
' = o = [e) (2] > [%2]
s_ | 2| E| 2| 2| 8| 5| 8|z |8 |%|og| 8| 2| & | 2|i]cz
= 2N E £ £
=8| = g & & @ = N = & e |S8| S < Z |GeES| o & o
1.1 11.6 116 | 109 | 115 | 121 1.3 1.7 | 10.8 | 10.8 | 111 1.1 10.7 | 12.7 | 12.8 | 13.0 | 12.1 1.6 | 123
83.4 | 83.1 845 | 852 | 849 | 845 | 842 | 833 | 846 | 854 | 840 | 842 | 84.4 | 83.0 | 83.0 | 825 | 84.1 84.0 | 824

291 | 36.4 | 321 | 359 | 344 | 348 | 31.7 | 334 | 30.2 | 369 | 343 | 33.0 | 340 | 376 | 33.3 | 346 | 36,5 | 339 | 334

357 | 319 | 347 | 36.8 | 371 | 364 | 344 | 316 | 352 | 36.1 | 355 | 34.0 | 398 | 33.6 | 342 | 322 | 37.4 | 341 | 344

347 | 290 | 307 | 319 | 266 | 332 | 307 | 284 | 324 | 294 | 250 | 295 | 401 317 | 281 248 | 312 | 305 | 295

789 | 79.9 | 786 | 80.0 | 79.7 | 79.3 | 803 | 79.2 | 80.2 | 79.7 | 793 | 79.6 | 79.4 | 80.8 | 789 | 81.4 | 80.6 | 80.9 | 79.1

20 29 26 29 32 31 30 21 30 30 32 25 39 28 29 28 32 24 24

2.314 | 1.818 | 2.033 | 1.725 | 1.733 | 1.750 | 1.935 | 2.131 | 1.782 | 1.801 | 1.882 | 1.936 | 1.885 | 1.848 | 1.871 | 1.714 | 1.687 | 1.880 | 2.099

30 35 45 27 24 30 36 32 30 46 46 57 28 31 27 20 17 37 33

189 | 111 | 133 | 1.56 | 1.33 | 1.56 | 1.89 | 1656 | 1.22 | 156 | 1.67 | 1.67 | 1.89 | 1.11 | 1.44 | 1.00 | 1.11 | 1.33 | 1.22

225|088 | 1.35 | 167 | 146 | 1.78 | 240 | 1.80 | 1.11 | 159 | 203 | 1.92 | 223 | 066 | 1.61 | 0.77 | 1.13 | 0.94 | 0.95

425 | 153 | 251 | 274 | 227 | 317 | 3.96 | 357 | 1.96 | 275 | 3.69 | 3.65 | 3.99 | 1.02 | 260 | 1.08 | 1.60 | 1.62 | 1.60

6.20 | 6.18 | 6.15 | 6.17 | 6.18 | 6.20 | 6.15 | 6.21 | 6.22 | 6.14 | 6.14 | 6.17 | 6.18 | 6.14 | 6.11 | 6.17 | 6.13 | 6.19 | 6.16

32 39 37 44 39 37 36 37 35 36 35 36 39 42 38 43 41 38 40

82 88 88 97 108 | 109 86 86 91 95 96 82 92 104 | 106 | 100 | 112 93 107

74 80 80 88 97 99 78 78 83 86 87 74 83 95 96 91 101 84 98

0.72 | 080 | 0.81 | 0.76 | 0.85 | 0.86 | 0.81 | 0.74 | 0.71 | 0.82 | 0.83 | 0.79 | 0.81 | 0.77 | 0.88 | 0.80 | 0.88 | 0.77 | 0.80

2.2 2.3 25 3.0 3.7 3.8 3.4 2.9 3.2 2.3 2.7 2.3 4.1 4.0 4.0 4.3 4.2 3.3 3.0

1.4 1.0 1.0 1.0 1.7 1.6 1.5 1.1 14 1.0 1.3 1.0 1.8 1.6 1.6 14 1.6 1.3 1.1

332 | 310 | 378 | 389 | 251 | 38.7 | 378 | 383 | 31.8 | 339 | 38.7 | 329 | 36.8 | 37.1 | 37.6 | 321 | 40.1 | 342 | 36.9

1718 | 1560 | 1712 | 1480 | 1410 | 1447 | 1549 | 1719 | 1220 | 1381 | 1597 | 1406 | 1621 | 1627 | 1537 | 1593 | 1404 | 1664 | 1566

0.8 0.8 0.9 0.9 0.9 0.9 0.9 0.9 0.9 1.0 0.8 0.8 1.0 0.8 0.9 0.8 0.9 0.8 0.8

8.8 9.3 9.3 9.2 9.3 9.1 9.2 8.7 9.3 9.4 9.3 9.3 9.4 9.2 9.0 9.2 9.2 9.6 8.9

174 | 120 | 151 | 109 | 116 | 139 | 126 | 128 | 16.7 | 106 | 144 | 13.7 | 114 | 106 | 11.4 | 10.0 | 10.3 | 13.3 | 121

1.8 15 1.3 1.0 1.2 1.1 1.2 1.9 1.4 1.5 0.9 1.6 1.0 1.6 1.1 0.9 1.0 1.5 1.4

109 | 1.2 | 113 | 103 | 11.1 | 116 | 10.7 | 11.3 | 103 | 10.3 | 10.7 | 10.7 | 10.2 | 124 | 123 | 126 | 11.7 | 11.3 | 11.9

4.0 3.6 4.0 3.8 4.2 4.3 3.7 3.6 3.7 3.8 3.9 3.7 4.1 4.3 4.3 4.2 4.4 3.9 4.2

640 | 582 | 640 | 616 | 668 | 688 | 599 | 583 | 598 | 604 | 622 | 593 | 662 | 684 | 688 | 667 | 708 | 629 | 670

706 | 644 | 706 | 679 | 737 | 761 663 | 642 | 660 | 666 | 688 | 654 | 733 | 754 | 761 737 | 781 695 | 737

349 | 298 | 323 | 25,8 | 225 | 323 | 31.0 | 306 | 328 | 29.2 | 21.9 | 30.0 | 35.1 | 30.0 | 259 | 2563 | 29.8 | 30.2 | 284

669 | 88.7 | 81.7 | 815 | 923 | 88.2 | 85.7 | 77.8 | 90.7 | 90.2 | 916 | 825 | 96.6 | 83.0 | 79.4 | 71.2 | 921 | 69.8 | 75.7

331 | 113|183 | 185 | 7.7 | 11.8 | 143 | 222 | 9.3 9.8 84 (175 | 34 | 170 | 206 | 288 | 79 | 30.2 | 24.3
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Table 3 Analysis of variance and estimated components of variance of winter wheat grain quality parameters
Tab. 3 Analyza variance a odhady komponent rozptylu sledovanych znaku kvality zrna pSenice ozimé

Mean Significant Estimated components of variance
Sourc_:e of vevlria_\tion_ d.f square Ievel_ F ratio Odhad komponent rozptylu
Zdroj proménlivosti ’ Prumerny | Hladina F hodnota

étverec vyznamnosti abs. rel. (%) S

Protein content of wheat / Dusikaté latky v zrnu pSenice (%)
Year / Rok 2 108.416 b 268.696 1.970 61.72 1.977
Site / Stanovisté 4 3.636 oxx 9.010 0.459 14.38 0.335
Variety / Odriida 26 12.833 xx 31.805 0.359 11.25 0.112
Residual / Rezidual 210 0.403 0.404 12.64 0.039
Extract of malt / Extrakt v susiné sladu (%)
Year / Rok 2 69.187 b 145.955 1.240 49.41 1.248
Site / Stanovisté 4 2.037 * 4.297 0.052 2.07 0.048
Variety / Odriida 26 7.160 b 15.105 0.743 29.60 0.221
Residual / Rezidual 210 0.474 0.475 18.92 0.046
Relative extract at 45 °C / Relativni extrakt 45 °C (%)

Year / Rok 2 3.360 NS 0.834 0.000 0.00 0.074
Site / Stanovisté 4 198.191 b 49.184 4.619 33.72 3.343
Variety / Odrida 26 49.465 xx 12.276 5.049 36.86 1.525
Residual / Rezidual 210 4.030 4.028 29.41 0.393

Kolbach Index / Kolbachovo ¢islo (%)
Year / Rok 2 991.661 b 173.234 18.023 52.26 18.123
Site / Stanovisté 4 197.782 b 34.551 5.926 17.18 4.335
Variety / Odriida 26 49.049 b 8.568 4.814 13.96 1.513
Residual / Rezidual 210 5.724 5.726 16.60 0.559

Diastatic power / Diastaticka mohutnost (WK)
Year / Rok 2 3852.247 ** 6.591 46.472 2.43 57.183
Site / Stanovisté 4 7078.426 b 12.112 288.408 15.06 218.793
Variety / Odriida 26 9533.530 b 16.312 994.154 51.91 293.891
Residual / Rezidual 210 584.434 586.143 30.61 57.198
Final attenuation / DosaZitelny stupen prokvaseni (%)
Year / Rok 2 2.040 * 5.152 0.039 412 0.045
Site / Stanovisté 4 3.415 xx 8.624 0.057 6.13 0.049
Variety / Odriida 26 4.409 b 11.134 0.446 47.60 0.136
Residual / Rezidual 210 0.396 0.395 41.16 0.039
Friability / Friabilita (%)
Year / Rok 2 319.225 oxx 24.970 5.648 12.46 5.883
Site / Stanovisté 4 277.285 b 21.689 11.677 25.76 8.609
Variety / Odrida 26 149.690 oxx 11.709 15.211 33.56 4.615
Residual / Rezidual 210 12.784 12.789 28.21 1.248
Wort viscosity 8.6 % / Viskozita 8,6 % (mPa.s)
Year / Rok 2 0.015 * 3.610 0.000 0.69 0.000
Site / Stanovisté 4 0.070 b 17.357 0.001 3.82 0.001
Variety / Odrida 26 0.215 b 53.618 0.024 81.60 0.007
Residual / Rezidual 210 0.004 0.004 13.89 0.000
B-Glucan content of wort / B-glukany ve sladiné (mg/l)
Year / Rok 2 4072.451 b 55.893 72.106 27.10 73.434
Site / Stanovisté 4 1781.053 ox 24.444 47.090 17.70 35.133
Variety / Odrida 26 738.416 b 10.134 73.947 27.80 22.769
Residual / Rezidual 210 72.862 72.894 27.40 7.114
Clarity of wort / Cirost sladiny
Year / Rok 2 16.932 b 60.074 0.297 32.29 0.301
Site / Stanovisté 4 8.657 b 30.716 0.300 32.59 0.219
Variety / Odriida 26 0.650 b 2.306 0.041 4.45 0.020
Residual / Rezidual 210 0.282 0.282 30.67 0.028
Haze of wort 90° / Zakal 90° (EBC)

Year / Rok 2 52.515 xx 89.836 0.928 41.17 0.939
Site / Stanovisté 4 15.023 xx 25.700 0.531 23.56 0.390
Variety / Odriida 26 2.479 R 4.240 0.210 9.33 0.077
Residual / Rezidual 210 0.585 0.585 25.94 0.571
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Mean Significant Estimated components of variance
Sourf:e of vgria_\tion_ d.f square Ievel_ F ratio Odhad komponent rozptylu
Zdroj proménlivosti o Primérny Hladina F hodnota
étverec vyznamnosti abs. rel. (%) S
Haze of wort 12° / Zakal 12° (EBC)
Year / Rok 2 239.745 ox 86.595 4.259 36.38 4.308
Site / Stanovisté 4 97.498 *x 35.216 3.896 33.27 2.824
Variety / Odriida 26 9.827 xx 3.549 0.784 6.70 0.304
Residual / Rezidual 210 2.769 2.770 23.66 0.270
Wort pH / pH sladiny
Year / Rok 2 0.051 x 44.068 0.001 16.98 0.001
Site / Stanovisté 4 0.075 ox 64.702 0.002 43.40 0.002
Variety / Odrida 26 0.009 *x 8.020 0.001 16.98 0.000
Residual / Rezidual 210 0.001 0.001 22.64 0.000
a-amylase activity / Aktivita a-amylasy (D.U.)
Year / Rok 2 2109.130 ox 174.754 38.231 43.94 38.431
Site / Stanovisté 4 723.861 > 59.990 28.987 33.32 20.793
Variety / Odrida 26 81.508 xx 6.755 7.715 8.87 2.515
Residual / Rezidual 210 12.066 12.070 13.87 1.178
Free amino nitrogen / Volny aminodusik (mg/l)
Year / Rok 2 2026.741 xx 14.353 32.233 12.24 34.483
Site / Stanovisté 4 1184.006 x 8.385 23.765 9.03 20.271
Variety / Odriida 26 735.874 ox 5.211 66.077 25.10 22.731
Residual / Rezidual 210 141.210 141.185 53.63 13.776
Free amino nitrogen / Volny aminodusik (mg/100g)
Year / Rok 2 2227.819 ox 19.553 36.304 16.21 38.114
Site / Stanovisté 4 596.873 *x 5.239 20.135 8.99 17.032
Variety / Odriida 26 983.509 x 8.632 53.661 23.95 18.437
Residual / Rezidual 210 113.938 113.927 50.85 11.117
Wort acidity (GOST) / Acidita sladiny (GOST) (ml)
Year / Rok 2 0.499 x 123.132 0.009 50.83 0.009
Site / Stanovisté 4 0.153 oxx 37.694 0.003 13.57 0.002
Variety / Odrida 26 0.021 x 5.277 0.002 10.50 0.001
Residual / Rezidual 210 0.004 0.004 22.10 0.000
Wort colour / Barva sladiny (EBC)
Year / Rok 2 0.615 x 9.102 0.009 5.39 0.011
Site / Stanovisté 4 2.953 *x 43.729 0.077 44.37 0.056
Variety / Odriida 26 0.238 x 3.529 0.019 11.02 0.007
Residual / Rezidual 210 0.068 0.068 39.21 0.007
Boiled wort colour / Barva po povareni (EBC)
Year / Rok 2 1.542 xx 14.824 0.024 10.24 0.026
Site / Stanovisté 4 2.045 ox 19.661 0.063 26.88 0.047
Variety / Odrida 26 0.483 xx 4.647 0.042 18.11 0.015
Residual / Rezidual 210 0.104 0.104 44.77 0.010
Precursor of dimethyl sulphide / Prekursor dimethylsulfidu (mg/kg)
Year / Rok 2 33.348 *x 42.445 0.639 26.43 0.653
Site / Stanovisté 4 16.119 xx 20.515 0.608 25.14 0.450
Variety / Odriida 26 4.251 oxx 5.411 0.385 15.93 0.131
Residual / Rezidual 210 0.786 0.786 32.49 0.077
Dimethyl sulphide / Dimethylsulfid (mg/kg)
Year / Rok 2 38.138 ox 167.843 0.690 53.59 0.694
Site / Stanovisté 4 6.316 x 27.797 0.326 25.32 0.236
Variety / Odrida 26 0.624 xx 2.745 0.044 3.43 0.019
Residual / Rezidual 210 0.227 0.227 17.66 0.022
Total polyphenols in wort / Polyfenoly ve sladiné (mg/l)
Year / Rok 2 86.415 NS 2.097 1.284 2.08 2.027
Site / Stanovisté 4 271.336 xx 6.586 10.013 16.20 8.147
Variety / Odriida 26 125.533 ox 3.047 9.376 15.16 2.896
Residual / Rezidual 210 41.202 41.152 66.56 4.015
Arabinoxylans in wort / Arabinoxilany ve sladiné (mg/l)
Year / Rok 2 3760361.6 x 139.389 68418.7 54.58 68898.2
Site / Stanovisté 4 677390.0 x 25.109 177431 14.15 13225.6
Variety / Odriida 26 136951.9 e 5.077 12219.2 9.75 4260.5
Residual / Rezidual 210 26977.5 26978.4 21.52 2632.8
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Mean Significant Estimated components of variance
Sourc_:e of vgrie_ltion_ d.f. square Ievel_ F ratio Odhad komponent rozptylu
Zdroj proménlivosti Priimérny | Hladina F hodnota
étverec vyznamnosti abs. rel. (%) S
Sacharides DP4-DP10 / Cukry DP4-DP10 (g/100ml)
Year / Rok 2 5.741 xx 239.591 0.102 75.46 0.103
Site / Stanovisté 4 0.217 xx 9.053 0.009 6.26 0.007
Variety / Odriida 26 0.031 NS 1.313 0.001 0.59 0.001
Residual / Rezidual 210 0.024 0.024 17.69 0.002
Sacharides DP1-DP3 / Cukry DP1-DP3 (g/100ml)
Year / Rok 2 6.653 x 39.426 0.119 33.91 0.122
Site / Stanovisté 4 1.011 xx 5.991 0.040 11.38 0.033
Variety / Odriida 26 0.370 ** 2.192 0.022 6.38 0.012
Residual / Rezidual 210 0.169 0.169 48.33 0.017
Saccharification rate / Doba zcukfeni (min)
Year / Rok 2 88.352 xx 23.110 1.473 13.70 1.543
Site / Stanovisté 4 79.818 xx 20.878 2.055 19.11 1.549
Variety / Odriida 26 34.436 o 9.007 3.401 31.63 1.062
Residual / Rezidual 210 3.823 3.825 35.57 0.373
Extract difference / Rozdil extrakti (%)
Year / Rok 2 0.882 x 10.653 0.014 6.99 0.016
Site / Stanovisté 4 1.660 xx 20.047 0.034 15.54 0.026
Variety / Odriida 26 0.735 xx 8.877 0.073 35.70 0.023
Residual / Rezidual 210 0.083 0.083 40.77 0.008
Total nitrogen of malt / Dusikaté latky v susiné sladu (%)
Year / Rok 2 111.504 xx 277.991 2.026 63.83 2.032
Site / Stanovisté 4 11.371 xx 28.350 0.345 10.88 0.254
Variety / Odrida 26 4.014 *x 10.006 0.401 12.65 0.124
Residual / Rezidual 210 0.401 0.401 12.64 0.039
Solumble nitrogen substances / Rozpustné dusikaté latky (%)
Year / Rok 2 3.087 *x 61.209 0.056 22.17 0.057
Site / Stanovisté 4 3.068 x 60.834 0.072 28.71 0.052
Variety / Odriida 26 0.706 x 13.999 0.073 29.03 0.022
Residual / Rezidual 210 0.050 0.050 20.10 0.005
Soluble nitrogen of malt / Rozpustny dusik ve sladu (mg/100g)
Year / Rok 2 78347.377 xx 62.054 1412.610 21.95 1435.791
Site / Stanovisté 4 80993.188 *rx 64.150 1890.547 29.37 1368.752
Variety / Odrida 26 18096.612 xx 14.333 1870.453 29.06 557.845
Residual / Rezidual 210 1262.558 1262.534 19.62 123.210
Soluble nitrogen of wort / Rozpustny dusik ve sladiné (mg/l)
Year / Rok 2 71894.796 xx 45.629 1285.896 17.32 1314.826
Site / Stanovisté 4 97874.633 xx 62.116 2284.471 30.77 1655.105
Variety / Odriida 26 22089.729 *rx 14.020 2279.344 30.70 680.945
Residual / Rezidual 210 1575.634 1575.629 21.22 153.765
B-amylase activity / Aktivita B-amylasy (U/g)
Year / Rok 2 39.434 xx 8.684 0.530 2.58 0.611
Site / Stanovisté 4 30.127 x 6.635 0.942 4.58 0.776
Variety / Odrida 26 135.393 *x 29.818 14.538 70.70 4.173
Residual / Rezidual 210 4.541 4.554 22.14 0.444
Homogeneity by friabilimeter / Homogenita friabilimetrem (%)
Year / Rok 2 947.388 xx 26.281 16.496 11.87 17.153
Site / Stanovisté 4 958.616 x 26.592 28.813 20.74 21.281
Variety / Odriida 26 554.262 xx 15.375 57.578 41.44 17.085
Residual / Rezidual 210 36.049 36.063 25.95 3.519
Partly unmodified grains / Cdsteéné sklovita zrna (%)
Year / Rok 2 947.388 xx 26.281 16.496 11.87 17.153
Site / Stanovisté 4 958.616 *rx 26.592 28.813 20.74 21.281
Variety / Odrida 26 554.262 xx 15.375 57.578 41.44 14.085
Residual / Rezidual 210 36.049 36.063 25.950 3.519
Note / Poznamky
P=0.05 d.f. degrees of freedom / stupné volnosti
> P=0.01 rel.  relative value / relativni hodnota
o P=0.001 abs. original value / plivodni hodnota

NS non significant / neprikazny s.e. standard error / chyba odhadu
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— fertilizing — basic dosage of nitrogen increased by 40 kg/ha
— sulfur (15 — 25 kg/ha),

— morphoregulator (applied as needed),

— obligatory treatment with two fungicides (first treatment to the end
of the shooting, the other at the beginning of earing before flower-
ing), other applications as needed in the case of eyespot of wheat
(Oculimacula yallundae, O. acuformis) or strong infectious pres-
sure of the leaf diseases.

— The basic nitrogen dose consists of spring regeneration fertilizing
(30 — 70 kg/ha) and production fertilizing (40 — 80 kg/ha). The dose
is adjusted according to the site, pre-crop, mineral nitrogen content
in the soil and the current state of the stand) (Horakova et al., 2015).
According to the their suitability for bread making (production of

dough), the wheat varieties are classified to the categories: elite

quality wheat (E); quality wheat (A); bread making wheat (B); wheat
not suitable for bread making (C) (7able 2). The classification of the
studied varieties into the individual groups is given by Horakova et al.

(2014; 2015; 2016).

The samples (1.0kg) were malted in a micro malting plant of the
company KVM (Uni¢ov, CR). Laboratory malting was conducted em-
ploying the procedure traditionally used in the RIBM which is based
on the MEBAK method (2011). The production of wheat malt consid-
ered the fact that wheat grain is not protected by husks.

Steeping was conducted in the steeping box. The temperature of
water and air during air rests was 14.0 °C. Duration of steeps: 1%t day
— 5 hours; 2™ day — 4 hours. On the third day, water content in the
germinating grain was adjusted by steeping or spraying to the value
of 45%.

Germination was conducted in the germination box. The tempera-
ture during steeping was 14.0 °C. The total steeping time including
air rests and germination was 144 hours.

Kilning was performed on a one-floor electrically heated kiln. The
total kilning time was 22 hours, prekilning temperature was 55 °C,
kilning at the temperature of 80 °C for four hours followed.

The parameters studied in the wheat non-malted grain, malt and
wort are given in Table 2. Wort clarity was assessed as: 1 = clear, 2
= weakly opalizing, 3 = opalizing, 4 = hazed.

The results were statistically assessed by a three-way ANOVA as-
say (Table 3). From the results of the correlation analysis, only rela-
tions with a very high degree of statistical dependence were men-
tioned and discussed (r = + 0.5).

3 RESULTS AND DISCUSSION

Content of the nitrogenous substances in the set of the winter
wheat varieties under study ranged on average from 10.7 to 13.0%.
Titze et al. (2013) reported the optimal values in the scope of 11.0 —
13.0%. With the increase in the content of nitrogenous substances in
the wheat grain, the starch content decreases, and consequently, the
extract content and the final attenuation Contents of nitrogenous
substances and starch are influenced by a number of external fac-
tors (agrotechnics, soil conditions, weather, etc.) (Narziss and Back,
2012).

The lowest content of nitrogenous substances in the non-malted
grain (10.7%) was detected in the variety Vanessa from the “C*
group, on the contrary, the highest content (13.0%) was found in the
variety Cimrmanova rana from the group “E“. The varieties in the “E”
group had on average the highest content of the nitrogenous sub-
stances in the non-malted wheat grain. Annie, Athlon, Bohemia,
Cimrmanova rana, Evina, Genius, and Sultan had nitrogenous sub-
stances contents of above 12% (Table 2). The content of nitrogenous
substances was affected by the year, site, and variety from 61.72%,
14.38%, and 11.25%, respectively.

Amylolytic modification

According to Narziss (2005) and Titze et al. (2013), extract content
in dry matter of wheat malt should be higher than 83.0% even at
a higher content of nitrogenous substances in non-malted grain. Ex-
tract content in malt dry matter moved from 82.3 to 85.4% in the
studied set. Only the varieties Bohemia (82.3%), Genius (82.4%),
and Cimrmanova rané (82.5%) did not achieve the value of 83.0%.
The highest average extract content was recorded in the varieties
Seladon (85.4%), Rumor (85.2%), and Dagmar (85.1%) (Table 2).
Haussler (1985) reported in the set of winter wheat from the begin-
ning of the 1980s an average content of the extract content in the
amount of 85.6% with the average content of the nitrogenous sub-
stances at the level of 11.6%. In 1990 and 1991, Sacher and Narziss

— sira (15 — 25 kg/ha)

— morforeguléator (aplikuje se dle potfeby),

— povinné oSetfeni dvéma fungicidy (prvni oSetfeni do konce sloup-
kovani, druhé na zagatku metani az pfed kvetenim), dal$i aplikace
dle potfeby v pfipadé vyskytu chorob pat stébel (Oculimacula
yallundae, O. acuformis) €i silného infekéniho tlaku listovych cho-
rob.

— Zakladni davka dusiku se sklada z jarniho regenera¢niho hnojeni
(30 — 70 kg/ha) a produkéniho hnojeni (40 — 80 kg/ha). Velikost
davky se upravuje dle lokality, pfedplodiny, obsahu mineralniho
dusiku v pudé a aktualniho stavu porostu (Horakova et al., 2015).
Odridy pSenice jsou z pohledu vhodnosti pro pekaiské vyuziti (vy-

robu kynutych tést) ¢lenény do kategorii: elitni (E); kvalitni (A); chle-

bové (B); nevhodné pro pekarské zpracovani (C) (tab. 2). Zarazeni
sledovanych odrlid do jednotlivych skupin uvadi Horakova et al.

(2014; 2015; 2016).

Sladovani 1,0kg vzork( probihalo v mikrosladovné firmy KVM
(UniCov, CR). Pro laboratorni sladovani byl pouZit postup tradicné
pouzivany ve VUPS, ktery je v podstaté totozny s metodikou MEBAK
(2011). P¥i vyrobé pSenic¢ného sladu byla zohlednéna skute¢nost, ze
zrno pSenice neni chranéno pluchou.

Namacka probihala ve skfinové macirné. Teplota vody a teplota
vzduchu v dobé vzdudnych pfestavek byla 14,0 °C. Délka namacek:
1. den — 5 hodin; 2. den — 4 hodiny. Tteti den byl obsah vody v kli¢i-
cim zrnu naméackou nebo dokropenim upraven na hodnotu 45 %.

Kli¢eni probihalo ve skfiriovém kli¢idle. Teplota v prabéhu kliceni
byla 14,0 °C. Celkovy €as maceni v€etné vzdusnych prestavek a kli-
¢eni byl 144 hodin.

Hvozdéni probihalo na jedno liskovém elektricky vyhfivaném
hvozdu. Celkova doba hvozdéni byla 22 hodin, pfedsouseni probi-
halo pfi teploté 55 °C, teplota dotahovani byla 80 °C po dobu 4 ho-
din.

Znaky sledovaneé v pSenicném nesladovaném zrnu, sladu a sladi-
né uvadi tab. 2. Cirost sladiny byla hodnocena néasledovné: 1 = ¢ira,
2 = slabé opalizujici, 3 = opalizujici, 4 = zakalena.

Vysledky byly statisticky zpracovany analyzou rozptylu trojného
tfidéni ANOVA (tab. 3). Z vysledkud korelagni analyzy byly déle uve-
deny a diskutovany pouze vztahy s velmi vysokym stupném statistic-
ké zavislosti (r = + 0,5).

3 VYSLEDKY A DISKUSE

Obsah dusikatych latek se u souboru sledovanych odrid ozimé
pSenice pohyboval v priméru od 10,7 do 13,0%. Titze et al. (2013)
uvadi optimalni hodnoty v rozpéti 11,0 — 13,0%. S rlstem obsahu
dusikatych latek v zrnu pSenice klesa obsah Skrobu a nésledné ob-
sah extraktu a dosazitelny stuperi prokvaseni. Obsah dusikatych la-
tek a obsah Skrobu je ovlivnén fadou vnéjSich faktort (agrotechnika,
pudni podminky, pribéh poc¢asi apod.) (Narziss a Back, 2012).

Nejniz8i obsah dusikatych latek v nesladovaném zrnu (10,7 %)
méla odrlida Vanessa ze skupiny ,C“ naopak nejvys$si obsah
(13,0%) vykéazala odrida Cimrmanova rané ze skupiny ,E“. Skupina
odrad zafazenych do skupiny ,E“ méla v priméru nejvyssi obsah du-
sikatych latek v nesladovaném zrnu pSenice. Obsah dusikatych la-
tek nad 12% mély odrGdy Annie, Athlon, Bohemia, Cimrmanova
rana, Evina, Genius a odrGida Sultan (tab. 2). Obsah dusikatych latek
byl ovlivnén z 61,72 % roénikem, 14,38 % stanovistém a z 11,25%
odrudou.

Amylolytické rozlusténi

Narziss (2005) a Titze et al. (2013) uvadéji, ze by obsah extraktu
v suSiné pSeni¢ného sladu mél byt vy$Si nez 83,0 % i pfi vy§Sim ob-
sahu dusikatych latek v nesladovaném zrnu. Obsah extraktu v susi-
né sladu se u sledovaného souboru pohyboval v rozpéti od 82,3
do 85,4%. Pod hodnotou 83,0% byly pouze odridy Bohemia
(82,3 %), Genius (82,4%) a Cimrmanova rana (82,5 %). Nejvyssi
pramérny obsah extraktu vykazaly odrddy Seladon (85,4 %), Rumor
(85,2%) a Dagmar (85,1 %) (tab. 2). Haussler (1985) uvadi u soubo-
ru odriid ozimé pSenice z pocatku 80. let primérny obsah extraktu
ve vySi 85,6% pfi primérném obsahu dusikatych latek na urovni
11,6 %. Také Sacher a Narziss (1992) zjistili v letech 1990 a 1991
pramérny obsah extraktu ve vySi 84,6 a 83,4 % pfi pomérné vysokém
obsahu dusikatych latek v zrnu pSenice 12,8 a 14,2%. Obsah ex-
traktu pro typicky svétly pSeni¢ny slad se pohybuje v rozpéti 81,0 —
86 % (Faltermaier et al., 2014). U sledovaného souboru pSenice ozi-
mé byl obsah extraktu ovlivnén ze 49,41% rocnikem, 29,60 %
odridou a z 2,07 % stanovistém (tab. 3). U souboru pSenice jarni byl
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(1992) found an average extract content in the amounts of 84.6 and
83.4% at a relatively high content of nitrogenous substances in
wheat grain (12.8 and 14.2%). Extract content for the typical pale
wheat malt moves in the scope of 81.0 — 86% (Faltermaier et al.,
2014). In the studied set of winter wheat, extract content was affect-
ed by the year from 49.41%, variety from 29.60%, and the site from
2.07% (Table 3). In the set of spring wheat, this parameter was af-
fected by the year from 17.53%, by the variety from 47.08%, and site
from 18.07% (Sachambula et al., 2017). In the studied of 243 sam-
ples of winter wheat varieties, extract of malt dry matter exhibited
a highly significantly provable relationship to the content of nitroge-
nous substances in non-malted wheat grain (r = —-0.7802), content of
nitrogenous substances in malt (r = —0.7915), Kolbach index (r =
0.7453) and friability (r = 0.5194).

The saccharification time ranged on average from 10 — 17 minutes
(Table 2) and was affected by the variety from 31.63%, site from
19.11%, year from 13.70% (Table 3). The saccharification time in the
studied set was highly significantly affected by the activity of a-amy-
lase (r = —0.5411) and the level of relative extract at 45 °C (r =
—0.5160).

Due to missing husks, wheat malt has a higher extract of malt
compared to barley malt, but low final attenuation (Back 2005). Final
attenuation should be higher than 79% (Narziss, 2005). In 1990 and
1991, Sacher and Narziss (1992) found average final attenuation of
80.2 and 79.6%. Faltermaier et al. (2014) reported 78.0 — 82.0% as
the usual values. Final attenuation in the studied set of winter wheat
achieved a similar level (78.6 — 81.4%) (Table 2). The varieties
Patras (78.6%), Matchball, and Athlon (78.9%) had final attenuation
below the value of 79%. The highest average level of final attenua-
tion was determined in the variety Cimrmanova rané (81.4%) (Table
2). Change in the level of final attenuation was from 47.60% affected
by the variety and only from 6.13% by the site and from 4.12% by the
year (Table 3).

Amylolytic enzymes are of principle importance for starch degra-
dation. a-amylase begins to form de novo only when the caryopses
begin germinating. a-amylase activity is affected by a variety, envi-
ronment, malting conditions etc. B-amylase is in latent state in rape
caryopses. After germination, B-amylase releases from its bound
form and its activity gradually increases. It is less thermostabile than
a-amylase (Dunn, 1974; Narziss and Back, 2012).

The capacity of amylolytic enzymes, namely B-amylase, to de-
grade starch to fermentable sugars is characterized by the level of
diastatic power. The relation to B-amylase activity (r = 0.6561) in the
studied set was highly significant. The average values of diastatic
power in the studied set varied from 248 WK un. in Cimrmanova rana
to 401 WK un in Vanessa (Table 2). Similar values were also found
by Sacher and Narziss (1992). In the studied set of varieties, this
parameter was also affected namely by the variety, 51.91%, then
site, 15.06%, and minimally by the year (2.43%) (Table 3). In the set
of spring wheat, this parameter was affected by a variety from more
than 65% (Sachambula et al., 2017).

The highest a-amylase activity was recorded in the varieties Bro-
kat and Rumor (44 D.U.) and the lowest value of this parameter in
Matchball (32 D.U.). Changes in the a-amylase activity were affected
by the year (43.94%), site (33.32%) and to a lesser extent by variety
(8.87%). Relationships between a-amylase activity (r = 0.5930), con-
tent of nitrogenous substances in malt dry matter (r = 0.5477), and
B-glucan content in wort (r = —0.5647) were highly significant.

The highest B-amylase activity was found in the variety Vanessa
(35.1 U/g), variety Dagmar had the markedly lowest values of
B-amylase activity (19.3 U/g) (Table 2). B-amylase activity was sig-
nificantly affected by a variety (70.70%) ( Table 3).

Content of fermentable sugars (DP1 - DP3) in wort in all the stud-
ied winter wheat varieties was at the similar level, on average it
moved around 9.2 g/100ml. Content of non-fermentable sugars
(DP4 - DP10) in wort was also similar in all the studied varieties and
moved on average around the value of 0.9 g/100ml. Changes in the
content of both sugar groups were significantly affected by the year.
In case of fermentable sugars (DP1 - DP3) it was from 33.91% and
in case of non-fermentable sugars (DP4 - DP10), the effect of year
was even more significant (75.46%) (Table 3).

Proteolytic modification

Proteins and non-protein nitrogenous substances are important
for brewing in terms of filtration, fermentation, foam stability and
haze. Furthermore, some proteins contribute to palatefulness, affect
taste, color and beer nutritious values (Osman et al., 2003; Leiper et
al., 2003). Compared to barley, wheat has generally higher content

tento znak ovlivnén ze 17,53% ro€nikem, ze 47,08% odrlidou
a z 18,07 % stanovistém (Sachambula et al., 2017). U sledovaného
souboru 243 vzorkd odrid ozimé pSenice vykazal extrakt v susiné
sladu vysoce priikazny vztah k obsahu dusikatych latek v neslado-
vaném zrnu pSenice (r =-0,7802), k obsahu dusikatych latek ve sla-
du (r =-0,7915), Kolbachovu ¢islu (r = 0,7453) a friabilité (r = 0,5194).

Doba zcukreni se v prdméru pohybovala v rozmezi 10 — 17 minut
(tab. 2) a byla ovlivnéna odrtidou z 31,63 %, stanovi§tém z 19,11 %
ro¢nikem z 13,70 % (fab. 3). Doba zcukfeni byla u sledovaného sou-
boru vysoce priikazné ovlivnéna aktivitou a-amylasy (r = —0,5411)
a Urovni relativniho extraktu pfi 45 °C (r = —0,5160).

Vzhledem k chybéjicim plucham ma pseni¢ny slad vys$si vytézek
extraktu nez je€ny slad, ale nizky dosazitelny stuperi prokvaseni
(Back, 2005). Dosazitelny stupen prokvaseni by mél byt vy$si nez
79% (Narziss, 2005). Sacher a Narziss (1992) zjistili v letech 1990
a 1991 prlmérny dosazitelny stuperi prokvaseni 80,2 a 79,6 %. Fal-
termaier et al. (2014) uvadi jako obvyklé hodnoty 78,0 — 82,0 %.
Na obdobné drovni (78,6 — 81,4 %) se pohyboval dosazitelny stuper
prokvaseni i ve studovaném souboru odriid ozimé pSenice (tab. 2).
Odrldy Patras (78,6 %), Matchball a Athlon (78,9 %) mély dosazitel-
ny stuperi prokvaseni pod hodnotou 79 %. Nejvy$$i primérnou Gro-
ven dosazitelného stupné prokvaseni meéla odrlda Cimrmanova
rané (81,4 %) (tab. 2). Zména v Urovni dosazitelného stupné prokva-
$eni byla ze 47,60 % ovlivnéna odrddou a jen z 6,13 % stanovistém
a 4,12% ro¢nikem (tab. 3).

Pro degradaci $krobu jsou zasadni amylolytické enzymy. a-amyla-
sa se zalina tvofit de novo, az kdyz zaéne obilka kli¢it. Aktivita
a-amylasy je ovlivnéna odridou, prostiedim, podminkami sladovani
apod. B-amylasa je ve zralych obilkach v latentnim stavu. Pfi kli¢eni
se B-amylasa uvolfiuje z vazané formy a jeji aktivita postupné vzris-
ta. Je méné termostabilni nez a-amylasa (Dunn, 1974; Narziss
a Back, 2012).

Schopnost amylolytickych enzymd, pfevazné B-amylasy, Stépit
Skrob na fermentovatelné cukry je charakterizovana drovni diastatic-
ké mohutnosti. U sledovaného souboru byl vztah k aktivité B-amyla-
sy (r = 0,6561) vysoce prikazny. Primérné hodnoty diastatické mo-
hutnosti se u sledovaného souboru pohybovaly od hodnoty 248 j. WK
u odridy Cimrmanova rana po hodnotu 401 j.WK u odrtdy Vanessa
(tab. 2). Obdobné hodnoty zjistili i Sacher a Narziss (1992). | tento
znak byl u studovaného souboru odriid ovlivnén pfedevsim odridou
51,91%, néasledné stanovistétm 15,06% a minimalné ro¢nikem
2,43% (tab. 3). U souboru jarni pSenice byl tento znak ovlivnén od-
rldou z vice nez 65% (Sachambula et al., 2017).

NejvysSsi aktivitu a-amylasy mély odridy Brokat a Rumor (44 D.U.)
a nejniz8i hodnotu tohoto znaku méla odrida Matchball (32 D.U.).
Zmeény v aktivité a-amylasy byly ovlivnény ro¢nikem (43,94 %), sta-
novistém (33,32%) a v mensi mife i odridou (8,87 %). Aktivita
a-amylasy méla vysoce prikazny vztah k obsahu dusikatych latek
v nesladovaném zrnu je€mene (r = 0,5930), obsahu dusikatych latek
v susiné sladu (r = 0,5477) a obsahu B-glukand ve sladiné (r =
—-0,5647).

Nejvyééi aktivita B-amylasy byla zjiéténa u odrudy Vanessa (35,1
mar (19 3 U/g) (tab. 2). V pfipadé akt|V|ty B-amylasy hrala vyznam-
nou roli odrdda (70,70 %) (tab. 3).

Obsah zkvasitelnych cukrl (DP1 - DP3) ve sladiné mély vSechny
sledované odrldy ozimé pS$enice na podobné Urovni, v priméru se
pohyboval kolem 9,2 g/100 ml. Obsah nezkvasitelnych cukrd (DP4 -
DP10) ve sladiné mély v8echny sledované odridy také podobny
a v priméru se pohyboval kolem hodnoty 0,9 g/100 ml. Zmény v ob-
sahu obou skupin cukrd byly vyrazné ovlivnény ro€nikem. V pfipadé
zkvasitelnych cukr (DP1 - DP3) to bylo z 33,91 % a v pfipadé ne-
zkvasitelnych cukrd (DP4 - DP10) byl vliv roéniku jesté vyraznéjsi
(75,46 %) (tab. 3).

Proteolytické rozlusténi

Pro vyrobu piva jsou bilkoviny i dusikaté latky nebilkovinné pova-
hy dulezité z hlediska filtrace, kvaSeni, stability pény a zakalu. Navic
nékteré bilkoviny pfispivaji k pocitu plnosti, ovliviiuji chut, barvu
a vyzivové hodnoty piva (Osman et al., 2003; Leiper et al., 2003).
Ve srovnani s jeémenem ma psenice obecné vysSi obsah dusika-
tych latek. PSenice ma také zvySeny podil vysokomolekularnich bil-
kovin, coz ma vztah k trvanlivosti pény a zvySené tvorbé a trvanlivos-
ti zakalu ve srovnani s pivem z je€mene (Depraetere et al., 2004).

Kolbachovo ¢€islo vyjadfuje nepfimo aktivitu proteolytickych enzy-
mu. Informuje o podilu dusikatych latek, které pfejdou ze sladu
do sladiny. Stuperi degradace dusikatych latek dany Kolbachovym
¢islem byl u studovaného souboru na trovni 30,8 — 40,7 %. Narziss
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of nitrogenous substances. Wheat also has an increased portion of
high molecular proteins, which is in relationship with foam durability
and increased creation and durability of haze compared with beer
from barley (Depraetere et al., 2004).

Kolbach index indirectly expresses the activity of proteolytic en-
zymes. It informs on the amount of nitrogenous substances passing
from malt to wort. The degree of degradation of nitrogenous sub-
stances given by Kolbach index was at the level of 30.8 — 40.7% in
the studied set. Narziss (2005) and Titze et al. (2013) consider 37 —
40% to be the optimal values. In 1990 and 1991, Sacher and Narziss
(1992) found the average value of Kolbach index at the level of
41.3% and 35.8%. Typical values of Kolbach index in pale wheat
malt vary from 35 — 45%. The range given by Narziss (2005) was
achieved only by the varieties Vanessa (39.8%), Evina (37.4%), and
Sailor (37.1%). The variety Dagmar had the highest value of Kolbach
index (40.7%) (Table 2). The value of Kolbach index was affected by
the year (52.26%), site (17.18%), and variety (13.96%) (Table 3).
Kolbach index in the studied set was highly significantly affected by
the content of nitrogenous substances in the non-malted wheat grain
(r = -0.6811) and subsequently by the content of nitrogenous sub-
stances in malt dry matter (r = —0.6756).

The value of soluble nitrogen is another indicator of proteolytic
modification of malt. The total content of nitrogenous substances in
dry matter of malt produced from the studied varieties of winter
wheat moved from 10.2 — 12.6%. This parameter was mostly affect-
ed by the year, from 63.83%. (Table 3). Soluble nitrogen was in the
scope of 642 — 832 mg/100g (Table 2). Sacher and Narziss (1992)
found average values of 846 mg/100g and 811 mg/100 g. Narziss
(2005) and Titze et al. (2013) consider the range of 660 — 900
mg/100 g to be an acceptable to optimal level of soluble nitrogen
content. In pale wheat malt, content of soluble nitrogen in wort moves
in the range of 600 — 800 mg/100 g (Faltermaier et al., 2013). Chan-
ges in the content of soluble nitrogen were affected by the year from
21.95%, site and variety from 29.37% and 29.06%, respectively. In
the studied set, soluble nitrogen content in wort was highly signifi-
cantly affected by the content of nitrogenous substances in non-malt-
ed wheat grain and malt (r = 0.5350; r = 0.5567). The highly signifi-
cant relationship was also recorded between the content of soluble
nitrogen in wort and wort pH (r = —0.6846).

Free amino nitrogen (FAN) content moved in the scope of 74—-101
mg/100 g of malt dry matter and formed 12.8—16.9% of soluble nitro-
gen. Sacher and Narziss (1992) measured 124 mg/100g and 109
mg/100g of FAN and FAN formed 14.7% and 13.4% of soluble nitro-
gen. Narziss (2005) recommends FAN for wheat malt at the level of
90 — 120 mg/100 g, this represents 13.8 — 15.4% of soluble nitrogen.
Faltermaier et al. (2013) give 100 — 140 mg/100g as the typical
range; in this case, FAN would represent about 17% of soluble nitro-
gen. The highest content of free amino nitrogen was recorded in the
variety Evina (101 mg/100g) (Table 2). Changes in free amino nitro-
gen content were from 23.95% affected by the variety, from 16.21%
by year, the effect of the site was only 8.99% (Table 3). FAN content
is highly significantly affected by the content of soluble nitrogen in
wort (r = 0.6297).

Relative extract at 45 °C is an extract characterizing the activity of
proteases and -glucanases. The values of this parameter moved in the
scope from 29.1 — 38.9%. Sacher and Narziss (1992) measured the
values of 43.9% and 35.8%. Compared to barley malt, these values are
lower (Psota et al., 2016). Relative extract at 45 °C was markedly af-
fected by the variety and site, from 36.86% and 33.72% (Table 3).

Cytolytic modification

Cytolytic modification is determined by a number of parameters
(friability, homogeneity and maodification, B-glucan content in wort,
extract difference and wort viscosity).

The level of cell wall degradation assessed by a friabilimeter in the
studied set of winter barley varieties was very low (20 — 39%) (Ta-
ble 2). Wheat malt has a different level of friability and its measuring
with a friabilimeter is not of a sufficient predicative value (Back,
2005). Changes of the values of malt friability within this study were
affected namely by the site (25.76%) and variety (33.56%), the effect
of year was lower (12.46%) (Table 3).

B-glucan content in wort in wheat malt is low, which is confirmed
also by the results achieved within this study (17 — 57 mg/l) (Table 2).
Wheat malt cannot be assessed by the degradation of B-glucans
(Back, 2005). Unlike barley, wheat has a lower -glucan content but
it has more arabinoxylans, which may be a cause of the enhanced
viscosity of wheat malt. Changes of B-glucans in wort in the studied
set of winter wheat varieties were similarly affected by the variety

(2005) a Titze et al. (2013) povazuji za optimalni hodnoty 37 — 40 %.
Sacher a Narziss (1992) zjistili v letech 1990 a 1991 primérnou hod-
notu Kolbachova ¢&isla na Grovni 41,3% a 35,8 %. Typické hodnoty
Kolbachova €isla u svétlého pSeni¢ného sladu se pohybuji v rozpéti
35-45%. Rozmezi, které uvadi Narziss (2005) dosahly pouze odri-
dy Vanessa (39,8 %), Evina (37,4 %) a Sailor (37,1 %). NejvysSi hod-
notu Kolbachova ¢isla (40,7 %) vykazala odridda Dagmar (tab. 2).
Na zménach hodnoty Kolbachova &isla se podilely ro€nik (52,26 %),
stanovisté (17,18%) a odrGda (13,96 %) (tab. 3). Kolbachovo ¢islo
bylo u sledovaného souboru vysoce prikazné ovlivnéno obsahem
dusikatych latek v nesladovaném zrnu pSenice (r = —0,6811) a na-
sledné obsahem dusikatych latek v susiné sladu (r = —0,6756).

Indikatorem proteolytické modifikace sladu je téz hodnota rozpust-
ného dusiku. Celkovy obsah dusikatych latek v susiné sladu vyrobe-
ného ze sledovanych odrid ozimé pSenice se pohyboval v rozpéti
10,2 — 12,6%. Tento znak byl nejvice ovlivnén ro€nikem, a to
Z 63,83 %. (tab. 3). Rozpustny dusik byl v rozpéti 642 — 832 mg/100g
(tab. 2) Sacher a Narziss (1992) zjistili primérné hodnoty na Grovni
846 mg/100g a 811 mg/100 g. Narziss (2005) a Titze et al. (2013)
povazuji rozpéti 660 — 900 mg/100 g za akceptovatelnou az optimal-
ni Uroven obsahu rozpustného dusiku. U svétlého pSeni¢ného sladu
se obsah rozpustného dusiku ve sladiné pohybuje v rozpéti 600 —
800 mg/100 g (Faltermaier et al., 2013). Na zménach v obsahu roz-
pustného dusiku se podilel ro¢nik 21,95%, stanovisté a odrl-
da 29,37 % a 29,06 %. U studovaného souboru byl obsah rozpustné-
ho dusiku ve sladiné vysoce prikazné ovlivnén obsahem dusikatych
latek v nesladovaném zrnu pSenice a ve sladu (r = 0,5350; r =
0,5567). Vysoce prukazny vztah byl zaznamenan téZ mezi obsahem
rozpustného dusiku ve sladiné a pH sladiny (r = —0,6846).

Obsah volného aminodusiku (FAN) se pohyboval v rozpéti 74—
101 mg/100g susiny sladu a tvofil 12,8 — 16,9 % rozpustného dusiku.
Sacher a Narziss (1992) naméfili 124 mg/100g a 109 mg/100g FAN
a v jejich pfipadé tvofil FAN 14,7 % a 13,4% rozpustného dusiku.
Narziss (2005) doporucuje pro pSeniény slad FAN na drovni 90—120
mg/100 g, coz pfedstavuje 13,8 — 15,4 % rozpustného dusiku. Falter-
maier et al. (2013) uvadi jako typické rozpéti 100 — 140 mg/100g.
V tom pfipadé by FAN pfedstavoval pfiblizné 17 % rozpustného du-
siku. Nejvyssi obsah volného aminodusiku vykazala odrid Evina
(101 mg/10049) (tab. 2). Zmény v obsahu volného aminodusiku byly
z 23,95 % ovlivnény odrtdou, roénikem z 16,21 % a stanovisté mélo
vliv jen 8,99 % (tab. 3). Obsah FAN je vysoce priikazné ovlivnén ob-
sahem rozpustného dusiku ve sladiné (r = 0,6297).

Relativni extrakt pfi 45 °C je extrakt charakterizujici aktivitu pro-
teas a B-glukanas. Hodnoty tohoto znaku se pohybovaly v rozpéti
29,1 — 38,9%. Sacher a Narziss (1992) naméfili hodnoty 43,9%
a 35,8%. Ve srovnani s jeénym sladem jsou tyto hodnoty nizsi (Pso-
ta et al., 2016). Relativni extrakt pfi 45 °C byl vyrazné ovlivnén odri-
dou z 36,86 % a stanovistém z 33,72 % (tab. 3).

Cytolytické rozlusténi

Pro stanoveni cytologického rozlusténi je pouzivana fada znaku
(friabilita, homogenita a modifikace, obsah B-glukant ve sladinég,
rozdil extraktud a viskozita sladiny).

Uroven degradace bunéénych stén hodnocené pomoci friabilime-
tru byla u sledovaného souboru odriid ozimé psSenice velmi nizka
(20 — 39%) (tab. 2). PSeni¢ny slad m4 jinou Urover kyprosti a jeji
méfeni pomoci friabilimetru nemé dostate¢nou vypovidajici hodnotu
(Back, 2005). Na zménach hodnot friability sladu v ramci této studie
se podilely pfedevsim stanovité (25,76 %) a odruda (33,56 %), ro¢-
nik mé&l mensi vliv (12,46 %) (tab. 3).

Obsah B-glukanu ve sladiné je u pSeni¢ného sladu nizky, coz po-
tvrzuji i vysledky dosazené v této studii (17 — 57 mg/l) (tab. 2). PSe-
niény slad nelze hodnotit na zakladé degradace B-glukanl (Back,
2005). PSenice ma nizsi obsah B-glukanll nez jeémen, ale mé vice
arabinoxylanll, coz muze byt pfiinou zvySené viskozity pSeni¢ného
sladu. Na zménéach obsahu B-glukanl ve sladiné u sledovaného
souboru odriid ozimé psSenice se podilely podobnym dilem odrida
(27,80%) a rocnik (27,10 %), mensi vliv mélo stanovisté (17,70 %)
(tab. 3). Vysoce prikazny je vztah mezi obsahem dusikatych latek
v nesladované pSenici a obsahem B-glukan( ve slading (r=-0,5024).

Uroven cytolytického rozlusténi sladu byla sledovana téz pomoci
rozdilu extraktu v jemném a hrubém mleti. U sledovaného souboru
odrid ozimé pSenice se tato hodnota pohybovala v rozpéti
0,9 —1,9%, coz jsou hodnoty odpovidajici vysokému stupni rozlusté-
ni sladu. Obdobné hodnoty zjistili téz Haussler (1985) a Sacher
a Narziss (1992). Rozdil extraktd byl ovlivnén z 35,70 % odradou,
z 15,54 % stanovistém a z 6,99 % ro¢nikem.
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(27.80%) and year (27.10%), the site has a minor affect (17.70%)
(Table 3). The relationship between the content of nitrogenous sub-
stances in non-malted wheat and content of B-glucans in wort is
highly significant (r = —0.5024).

The level of cytolytic modification of malt was also studied using
the extract difference in fine and coarse milling. In the studied set of
winter wheat varieties, this value ranged from 0.9 — 1.9%, these val-
ues correspond to a degree of malt modification. Similar values were
also found by Haussler (1985), and Sacher and Narziss (1992). The
extract difference was affected from 35.70% by the variety, from
15.54% by the site, and from 6.99% by the year.

Viscosity of wheat wort is not caused by B-glucans, but namely
arabinoxylans. However, arabinoxylan content does not correlate
satisfactorily with the behavior of plant mash from wheat malt at
lautering (Back, 2005). Arabinoxilans have probably a positive effect
on beer foam (Bamforth, 1999). The average arabinoxylan content in
wort in the studied set moved in the range from 1220 — 1727 mg/I
(Table 2). Arabinoxilan content was affected from 54.58% by the
year, from 14.15% by the site and only from 9.75% by the variety.

Viscosity of wort is a frequently used parameter that characterizes
cytolytic modification of wheat malt. In the studied set of winter
wheat, viscosity ranged from 1.687 — 2.314 mPa.s (Table 2). Lower
values from 1.61 — 1.78 mPa.s were found in the spring wheat varie-
ties (Sachambula et al., 2017). In typical pale wheat malt, the values
of viscosity move in the range from 1.55 — 1.80 mPa.s (Faltermaier
et al., 2013). Narziss (2005) and Titze et al. (2013) in quality require-
ments for wheat malt give the values of viscosity to 1.800 mPa.s,
higher values are not considered acceptable. 14 from 27 studies win-
ter wheat varieties had wort viscosity higher than 1.800 mPa.s. The
lowest viscosity value was found in the variety Evina (1.687 mPa.s)
and next five varieties had viscosity below 1.750 mPa.s (Table 2).
Viscosity of wort in the studied set of winter wheat varieties was af-
fected from 81.60% by the variety (Table 3). In spring wheat varie-
ties, the change of this parameter was affected by the variety
from 50.0% (Sachambula et al., 2017) (Table 3).

Sensory characters

The wheat varieties under study gave clear wort (1.00 — 1.89) and
wort haze measured with a nephelometer was on average 0.62 —
4.25 EBC un. Wort clarity was affected by the site (32.59%), year
(32.29%), and variety (4.45%), wort haze at 12° was affected by the
year (36.38%), site (33.27%), and the variety (6.70%) and similarly,
wort haze at 90° was affected by the year (41.17%), site (23.56%),
and variety (9.33%) (Table 3). Clarity, haze at 12° and haze at 90°
were highly significantly affected by the content of nitrogenous sub-
stances in non-malted wheat grain (r = —0.5561; r = —0.5766; r =
—0.6149), nitrogenous substances in malt (r = —0.5288; r = —0.5495;
r = —0.5971), a-amylase activity (r = —0.6508; r = —0.6830; r =
—0.6778), Kolbach index (r = 0,5089; r = 0.5341; r = 0.5580) and
B-glucan content in wort (r = 0.5757; r = 0.5637; r = 0.5285).

Wort color and wort color after boiling in the studied set moved in
the scope of 2.8 — 3.4 EBC un. and 3.7 — 4.6 EBC un. (Table 2),
these values are commonly achieved in malt from barley. HauBler
(1985), in the set of winter barley from the early 1980s, reported av-
erage wort color of 4.7 EBC un. and color after boiling 6.5 EBC un.
Sacher and Narziss (1992) found an average wort color of 4.8 EBC
un. and 4.0 EBC un. and color after boiling of 6.3 EBC un. and 5.5
EBC un. Both these parameters were affected from 44.37% and
26.88% by the site, from 11.02% and 18.11% by the variety and from
5.39% and 10.24% by the year. Highly significant associations be-
tween wort color and haze, haze at 12° and haze at 90° were de-
tected (r = 0.5071; r =0.5174; r = 0.5201).

Content of precursors of dimethyl sulfide (PDMS) moved in the
range of 2.20 — 4.32 mg/kg (Table 2), with the highest value recorded
in the variety Cimrmanova rana. Similar PDMS content was recorded
in spring wheat varieties (Sachambula et al., 2017). Changes in the
content of dimethyl sulfide precursors in wort were affected by the
year (26.43%), site (25.14%), and the variety (15.93%) (Table 3).

Wheat malts contain few polyphenols. Content of total polyphe-
noils in wort varied from 25.1 — 42.7 mg/| (Table 2). Content of total
polyphenols in wort made from barley malt is multiply higher (Psota
etal., 2016).

4 CONCLUSIONS

In the set of 27 winter wheat varieties, the selected malting param-
eters were determined, those affected by the variety from more than

Viskozitu pSeni¢né sladiny nezpusobuiji B-glukany, ale pfedevs§im
arabinoxylany. Obsah arabinoxylan(, ale uspokojivé nekorelu-
je s chovanim provozniho rmutu z pSeniéného sladu pfi scezovani
(Back, 2005). Arabinoxilany maji pravdépodobné pozitivni ucinek
na pivni pénu (Bamforth, 1999). Prdmérny obsah arabinoxylant
ve sladiné se u sledovaného souboru pohyboval v rozpéti 1220 —
1727 mg/l (tab. 2). Obsah arabinoxilant byl ovlivnén z 54,58 % ro¢-
nikem, z 14,15 % stanovistém a pouze z 9,75 % odrtdou.

Viskozita sladiny je pouzivanym znakem charakterizujicim cytoly-
tické rozlusténi pSeniéného sladu. U sledovaného sortimentu odrid
0zimé pSenice se viskozita pohybovala v rozpéti 1,687 — 2,314 mPa-
.S (tab. 2). U odrad jarni pSenice byly zjiStény nizsi hodnoty
1,61 - 1,78 mPa.s (Sachambula et al., 2017). Pro typicky svétly pSe-
ni¢ny slad se hodnoty viskozity pohybuji v rozpéti 1,55 — 1,80 mPa.s
(Faltermaier et al., 2013). Narziss (2005) a Titze et al. (2013) uvadi
v kvalitativnich pozadavcich pro pSeni¢ny slad hodnoty viskozity
do 1,800 mPa.s. Vy$§i hodnoty povazuji za nepfijatelné. 14 z 27 sle-
dovanych odrGd ozimé pSenice mélo viskozitu sladiny vy8si nez
1,800 mPa.s. Nejnizsi Uroven viskozity byla zji§téna u odridy Evina
(1,687 mPa.s) a dalSich pét odrld mélo viskozitu nizsi nez 1,750
mPa.s (tab. 2). Viskozita sladiny byla u sledovaného souboru odrdd
0zimé pSenice ovlivnéna z 81,60% odrldou (tab. 3). U odrid jarni
pSenice byla zména tohoto znaku ovlivnéna odriidou z 50,0 % (Sa-
chambula et al., 2017) (tab. 3).

Senzorické vlastnosti

Sledované odridy pSenice poskytly ¢irou sladinu (1,00 — 1,89)
a zakal sladiny méfeny nefelometrem byl v prdméru 0,62 — 4,25 |.
EBC. Cirost sladiny ovlivnily stanovisté (32,59 %), ro¢nik (32,29 %)
a odrlda (4,45 %), zékal sladiny pfi 12° byl ovlivnén ro€nikem
(36,38 %), stanovistém (33,27 %) i odrldou (6,70 %) a podobné také
zékal sladiny pfi 90° ovlivnily roénik (41,17 %), stanovisté (23,56 %)
a odrida (9,33 %) (tab. 3). Cirost, zakal pfi 12° a zakal pfi 90° byly
vysoce priikazné ovlivnény obsahem dusikatych latek v nesladova-
ném zrnu pSenice (r =-0,5561;r =-0,5766; r =—0,6149), dusikatych
latek ve sladu (r = —-0,5288; r = —0,5495; r = —0,5971), aktivitou
a-amylasy (r = -0,6508; r = —0,6830; r = —0,6778), Grovni Kolbacho-
va €isla (r = 0,5089; r = 0,5341; r = 0,5580) a obsahem B-glukanu
ve sladiné (r = 0,5757; r = 0,5637; r = 0,5285).

Barva sladiny a barva sladiny po povareni se u sledovaného sou-
boru pohybovala v rozpéti od 2,8 — 3,4 j. EBC a 3,7 — 4,6 j. EBC
(tab. 2), coz jsou hodnoty dosahované bézné u sladu z jemene.
Haussler (1985) uvadi u souboru odriid ozimé pSenice z pocatku 80.
let prdmérnou barvu sladiny 4,7 j. EBC a barvu po povareni 6,5 |.
EBC. Sacher a Narziss (1992) zjistili prdimérnou barvy sladiny ve vysi
4,8 j. EBC a 4,0j. EBC a barvu po povareni 6,3 j. EBC a 5,5 j. EBC.
Oba uvedené znaky byly ovlivnény ze 44,37 % a 26,88 % stanovis-
tém, z 11,02% a 18,11 % odrlidou a z 5,39% a 10,24 % rocnikem.
Byl zjistén vysoce prlikazny vztah mezi barvou sladiny a Eirosti, za-
kalem pfi 12° a zakalem pfi 90° (r = 0,5071; r =0,5174; r = 0,5201).

Obsah prekurzor( dimethylsulfidu (PDMS) se pohyboval v rozpéti
2,20 — 4,32 mg/kg (tab. 2), pficemz nejvyssi hodnota byla zaregistro-
vana u odrady Cimrmanova rana. U odrdd jarni pSenice byl zazname-
nan v podstaté stejny obsah PDMS (Sachambula et al., 2017).
Na zménach obsahu prekurzord dimethylsulfidu ve sladiné se podilely
roc¢nik (26,43 %), stanovisté (25,14 %) a odriada (15,93 %) (tab. 3).

PSeni¢né slady obsahuji méalo polyfenold. Obsah celkovych poly-
fenoll ve sladiné se pohyboval v rozpéti 25,1 — 42,7 mg/l (tab. 2).
Ve sladiné vyrobené z je¢ného sladu je obsah celkovych polyfenold
nékolika nasobné vyssi (Psota et al., 2016).

4 ZAVER

V souboru 27 odriid ozimé pSenice byly stanoveny vybrané sla-
dovnické znaky, z nichz néasledujici byly ovlivnény odridou z vice
nez 25 %: extrakt v susiné sladu (29,60 %), relativni extrakt pfi 45 °C
(36,86 %), diastaticka mohutnost (51,91 %), dosazitelny stuper
prokvaseni (47,60 %), friabilita (33,56 %), viskozita sladiny (81,60 %),
obsah B-glukant ve sladiné (27,80 %), FAN (25,10 %), doba zcukre-
ni (31,63 %), rozdil extraktl (35,70 %), rozpustny dusik ve sladu
(29,06 %), aktivita B-amylas (70,70%) a Caste¢né sklovitd zrna
(41,44 %). V podstaté pouze nékteré z téchto znaku Ize pouzit pro
hodnoceni sladovnické kvality odriid pSenice.
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25% were: extract in dry matter (29.60%), relative extract at 45 °C
(36.86%), diastatic power (51.91%), final attenuation (47.60%), fria-
bility (33,56%), wort viscosity (81.60%), B-glucan content in wort
(27.80%), FAN (25,10%), saccharification time (31.63%), extract dif-
ference (35.70%), soluble nitrogen in malt (29.06%), B-amylase ac-
tivity (70.70%) and partly unmodified grains (41.44%). Basically, only
some of these parameters can be used for the assessment of malt-
ing quality of wheat varieties.
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