Kvasny Prum.
63/2017 (6)

314

Sladovnicka kvalita odrdd jarni psenice

DOI: 10.18832/kp201731
Sladovnicka kvalita odrid jarni pSenice

Malting Quality of Spring Wheat Varieties

Lenka SACHAMBULA'!, Vratislav PSOTA!, Markéta MUSILOVA!, Vladimira HORAKOVA2, Ale§ PRINOSIL?, Frantisek

SMID?, Karolina ADAMKOVA®* Martin ADAM?*

'Vyzkumny ustav pivovarsky a sladatsky, a. s., Sladaisky ustav, Mostecka 7, 614 00 Brno
Research Institute of Brewing and Malting, Plc., Malting Institute, Mostecka 7, CZ-614 00 Brno, Czech Republic.

e-mail: psota@beerresearch.cz; musilova@beerresearch.cz
2UKZUZ, Narodni odridovy ufad, Hroznova 2, 656 06 Brno

CISTA, National Plant Variety Office, Hroznova 2, CZ-656 06 Brno, Czech Republic.

e-mail: vladimira.horakova@ukzuz.cz
SRaven Trading, s.r.0., Dolni Hejéinska 31, 779 00 Olomouc

Raven Trading, Ltd., Dolni Hejcinska 31, CZ-779 00 Olomouc, Czech Republic.

e-mail: prinosil@raven-trading.cz

“Fakulta Chemicko-technologickd, Univerzita Pardubice, Studentska 573, 532 10 Pardubice
Faculty of Chemical Technology, University of Pardubice, Studentska 573, CZ-532 10 Pardubice, Czech Republic.

e-mail: st30551@student.upce.cz; Martin. Adam@upce.cz

Recenzovany ¢lanek / Reviewed Paper

Sachambula, L., Psota, V., Musilova, M., Horakova, V., Pfinosil, A., Adamkova, K., Adam, M., 2017: Sladovnicka kvalita odrad jarni
pSenice. Kvasny Prum. 63(6): 314-322

V pribéhu tfi zkusebnich let (2013-2015) bylo analyzovano celkem 99 vzorku jarni pSenice (11 odrid ze 3 zkusebnich stanovist).
Byly sledovany zakladni znaky (extrakt, relativni extrakt pfi 45 °C, diastatickd mohutnost, dosazitelny stuperi prokvaseni, friabilita
a obsah B-glukanl ve slading) a nékteré znaky specialni. Odriidy pSenice poskytovaly dostate¢né vysoky obsah extraktu, primér-
na hodnota tohoto znaku byla 83,5 %. Proteolytické rozlusténi vyjadfené hodnotou Kolbachova &isla bylo v prdméru 35 %. Odridy
pSenice mély ve srovnani s jeénym sladem vy$si viskozitu. Viskozita se pohybovala v rozpéti 1,61-1,78 mPa.s a primérny obsah
arabinoxilant ve sladiné v rozpéti 1306—1656 mg/l. Friabilita (kfehkost) sladu byla velmi nizka, pohybovala se v intervalu 28-36 %.
Obsah B-glukanu ve sladiné velmi nizky, primérna hodnota byla 25,9 mg/l.

Sachambula, L., Psota, V., Musilova, M., Horakova, V., Pfinosil, A., Adamkova, K., Adam, M., 2017: Malting quality of spring wheat
varieties. Kvasny Prum. 63(6): 314-322

During a three-year testing period (2013 — 2015), totally 99 samples of spring wheat (11 varieties from three testing localities) were
analyzed. The basic parameters (extract, relative extract at 45 °C, diastatic power, final attenuation, friability and -glucan content in
wort as well as some special parameters) were tested. The wheat varieties provided sufficiently high extract content, the average value
of this parameter was 83.5 %. Proteolytic modification given by the value of Kolbach Index was on average 35 %. Compared to barley
malt, the wheat varieties had higher viscosity. The viscosity varied from 1.61 — 1.78 mPa.s and the average arabinoxilan content in wort
in the scope of 1306 — 1656 mg/l. Friability (brittleness) of malt was very low, moving within 28 — 36 %. B-glucan content in wort was very
low, with the average value of 25.9 mg/I.

Sachambula, L., Psota, V., Musilova, M., Horakova, V., Pfinosil, A., Adamkova, K., Adam, M., 2017: Die Malzqualitat der
Sommerweizensorten. Kvasny Prum. 63(6): 314-322

Im Laufe von 3 Probenjahren (2013-2015) wurden insgesamt 99 Sommerweizensortenproben (11 Sorten aus den 3 Probenstellen)
analysiert. Es wurden die folgende Grundparameter (Extrakt, relativer Extrakt bei 45°C, diastatische Kraft, erreichbarer Grad der Ver-
zuckerung, Friabilitdt und Gehalt an B-Glukane in der StiBe Wirze) und einige weitere spezielle Parameter verfolgt. Die Weizensorten
wiesen einen genug hohen Gehalt an Extrakt, der durchschnittliche Wert war 83,5%. Durch Kolbach Zahl ausgedriickte proteolytische
Aufldsung lag rund um 35%. Im Vergleich mit Gerstenmalz wiesen die Weizensorten eine hohere Viskositat auf. Der Wert der Visko-
sitat lag im Bereich 1,61-1,78 mPa.s und der durchschnittliche Wert des Gehalts an Arabinoxilane in der StiBe Wurze lag im Bereich
1306-1656 mg/l. Friabilitat des Malzes war sehr niedrig, lag im Bereich 28-36%. Gehalt an B-Glukane in der SiiBe Wiirze war auch
sehr niedrig, der durchschnittliche Wert war 25,9 mg/I.
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1 UvVoD

VétSina lidi v rozvojovych zemich Zije ve venkovskych oblastech
a je zavisla na zemédélstvi. Za poslednich 50 let doSlo k vyraznému
pokroku v produkci jednotlivych plodin, zejména k vy$§im vynostm
na jednotku plochy a k intenzifikaci vyroby (FAO, 2015).

Podle statistik Organizace pro vyzivu a zemédélstvi (FAO) patfi
pSenice spoleéné s ryil' ke dvéma obiloviném s nejvyéél'm objemem
zdrojem potravy pro lidskou spotfebu. Svétova produkce pSenice za-
ziva vyrazny vzestup od roku 2004, kdy prekrocila hranici 600 mil.
tun, v roce 2014 uz to bylo 730 mil. tun. V roce 2015 byly nejvétSimi
svétovymi producenty psenice na jednoho obyvatele Australie, Litva,
Dansko a Kanada. Ceska republika zaujimala dvanacté misto (FAO,
2015). Po druhé svétové valce se psenice stala dominantni obilovi-
nou i v Ceské republice, kde jeji produkce stoupala a jiz od 70. let se
Ceska republika stala péstitelsky sobéstaénou (Pfihoda et. al.,

Keywords: spring wheat, variety, malting quality

1 INTRODUCTION

Most people in the developing countries live in rural areas and are
dependent on farming. Over the last 50 years, significant progress
has been made in crop production, namely in higher yield per area
and intensification of production (FAO, 2015).

According to the Food and Agriculture Organization (FAO) statistics,
wheat and rice are among the two largest cereals in the world. Wheat
and rice remain the most important source of food for human con-
sumption. World wheat production has been experiencing a significant
increase since 2004, when it exceeded 600 million tones; in 2014 it
was 730 mil. tones. In 2015, the biggest world producers of wheat per
an inhabitant were Australia, Lithuania, Denmark and Canada. The
Czech Republic ranked twelfth (FAO, 2015). After World War I, wheat
became a dominant cereal in the Czech Republic, its production in-
creased and since the 1970s the Czech Republic has become a self-
sufficient wheat producer (Pfihoda et al., 2003). Growing of wheat is



Sladovnicka kvalita odrid jarni psenice

Kvasny Prum.
63/2017 (6)

315

2003). Samotné péstovani pSenice je naroéné. Vyzaduje pudy boha-
té na humus s obsahem véapniku, vihkost a hodné teplych dnli (An-
derle et. al., 2004).

V mnoha zemich se pro vyrobu pseni¢nych a specialnich piv pou-
zivaji slady z pSenice seté (Triticum aestivum L, lipnicovité, Poace-
ae). Vzhledem k tomu, Ze produkce pSeni¢ného piva se v roce 2009
oproti roku 1990 témér zdvojnasobila a stale vzristd, roste také za-
jem o odrldy p$enice vhodné k pivovarskym ucelim. Odrldy pseni-
ce vhodné pro pekarské vyuziti jsou zcela nevhodné k pivovarskym
Uceldm z hlediska vysokého obsahu dusikatych latek, proto se hle-
daji odrlidy, které maji nizky obsah dusikatych latek a nizkou visko-
zitu. Obliba pSeni¢ného piva v priibéhu let znaéné kolisala, na pocat-
ku 20. stoleti spotfeba Cinila pouze nékolik malo procent z celkové
produkce piva (Faltermaier et al., 2014).

V soucasné dobé se v Ceské republice Slechti a péstuji odridy
jarni pSenice pouze pro pekarské a krmivarské ucely. Skreeningo-
vym vySetfenim stavajiciho sortimentu odrid jarni pSenice zaraze-
nych do seznamu doporuéenych odrld je mozno najit odridy vhod-
né pro sladarské ucely.

Mnozstvi pouzitého pSeni¢ného sladu v sypani se liSi podle jed-
notlivych receptur a v jednotlivych zemich. V Némecku se pouziva
50-80 % pSeniéného sladu v sypani, v Belgii je to obvykle 60 % jec-
ného sladu a 40 % nesladované p$enice (Basafova et. al., 2010).
Ceska republika, jakozto pivovarska velmoc, se zaméfuje predevsim
na vyrobu sladu z je€émene jarniho. Pouze zlomek procenta z celko-
vé vyroby sladu pfipada na slady pseni¢né (Kadlec et. al., 2009).
Vyrobou pSeniéného sladu se zabyva pouze nékolik sladoven
na tzemi Ceské republiky (Zamecka sladovna v Koling; Sladovna
Klusacéek Kounice; JK NAPOJE s. r. 0., stfedisko Namést na Hané;
SLADOVNY SOUFFLET CR, a. s., sladovna Prost&jov; RAVEN
TRADING, s. r. 0., sladovna Zahlinice) (Sachambula a Psota, 2017).

PSeni¢ny slad dodava piviim specialni chutové a aromatické vlast-
nosti, podporuje pénivost a nezfidka se muze maly pfidavek vyuzit
u piv z je¢ného sladu se Spatnou stabilitou pény (Basarova et. al.,
2010). PSenice jako pivovarska surovina ma vSak i své nevyhody.
Absence obalovych vrstev zrna zpUsobuje problémy pfi scezovani
sladiny, proto je vzdy na sladkovi, jaky pomér pSeni¢ného a je€ného
sladu v sypani zvoli (Agu a Palmer, 1998). Stejné tak vysoky obsah
dusikatych latek ma za nasledek problémy se scezovanim sladiny,
filtraci a prokvasenim, v neposledni fadé negativné ovlivriuje chuto-
vé vlastnosti hotového piva (Faltermaier et al., 2014).

Velmi dulezité pro vSechny zpracovatele pSenice je sledovani kvalita-
tivnich parametri na zacatku kazdé sklizné. Vlastnosti pSenice se lisi
v zavislosti na odridé, pldnich a klimatickych podminkach. Narziss
(2005) uvadi jakostni parametry pro psenici vhodnou k pivovarskym
ucelum. Rozhodujicim faktorem pro pouziti k vyrobé sladu je obsah bil-
kovin, tvrda nebo mekka struktura endospermu. Mékké pSenice s mouc-
nym endospermem a obsahem bilkovin do 11 % jsou povazovany
za vhodnéj$i odridy pro pivovarské Ucely (Depreatere et. al., 2004).

Odridy pSenice jsou z pohledu vhodnosti pro pekarské vyuziti (vy-
robu kynutych tést) rozdéleny do &tyr skupin (elitni, kvalitni, chlebova
a nevhodna pro pekarské zpracovani) na zakladé Sesti hlavnich kri-
térii za pouziti pfevodu absolutnich hodnot do devitibodové stupni-
ce. Do nejvyssi, elitni jakostni tfidy (E) dle stanovenych hodnot spa-
daji odridy s nejvyssim obsahem hrubych bilkovin (Hordkova et al.,
2015). U pSenice vhodné pro pivovarské uUcely je tomu pravé na-
opak. Pro pivovarské ucely je vhodna pSenice s optimalnim obsa-
hem dusikatych latek (10-12 %), stejné jako u je€mene jarniho. Tyto
pSenice zpravidla spadaji k pSenicim nevhodnym pro pekarské vyu-
Ziti (tfida jakosti C).

Obsah bilkovin v pSeni¢ném zrnu kolisa v Sirokém rozpéti od 6
do 20 %, jejich obsah zavisi na genotypu (odriidé) a podminkach
péstovani (pida, klimatické podminky a hnojeni) (Koehler a Wieser,
2013). Obsah bilkovin kolisa v rliznych ¢astech zrna, relativné nej-
vySSi je v aleuronové vrstvé a v klicku. V endospermu ubyva obsah
bilkovin smérem ke stfedu (Hruskova et al., 2008). Klicky a aleuro-
nova vrstva obsahuji zpravidla vice nez 30 % bilkovin, endosperm
kolem 13 % a otruby 7 % (Koehler a Wieser, 2013). Nejvyssi podil
bilkovin zrna obsahuje endosperm. Tyto bilkoviny pfechazeji
do mouky a jsou hlavnimi nositeli technologickych vlastnosti (Hrus-
kova et al., 2008). V porovnani s je€menem, pSenice ma vétsinou
vy$Si obsah dusikatych latek v zrnu. Obsah dusikatych latek v pSe-
ni¢ném sladu ma velky dopad na cely pivovarsky proces a ovliviuje
vyslednou kvalitu piva (Faltermaier et al., 2014).

Skrob patfi bezpochyby mezi fyziologicky a technologicky nejdule-
velikosti a tvaru (Hruskova et al., 2008). Jeho hlavnimi slozkami jsou
dva a-D-glukany (linearni amylosa a vétveny amylopektin). Zatimco

demanding: It requires soils rich in humus containing calcium, mois-
ture and a lot of warm days (Anderle et al., 2004).

In many countries, malts from wheat (Triticum aestivum L, Poace-
ae) are used for production of wheat and special beers. Production
of wheat nearly doubled in 2009 compared to 1990 and is still rising;
this is reflected in the increased interest in wheat varieties suitable
for brewing. Wheat varieties suitable for baking are completely un-
suitable for brewing purposes due to their high nitrogen content; va-
rieties with a low nitrogen content and low viscosity are required. The
popularity of wheat beer fluctuated considerably over the years; at
the beginning of the 20th century, consumption was only a few per-
cent of the total beer production (Faltermaier et al., 2014).

At present, varieties of spring wheat are grown only for baking and
feeding purposes in the Czech Republic. By screening of the current
range of collection of wheat varieties listed in the list of recommend-
ed varieties, it is possible to find varieties suitable for malting pur-
poses.

The amount of wheat malt used in grist varies depending on indi-
vidual recipes and countries. In Germany, 50-80% of wheat malt is
used in grist, in Belgium, it is usually 60% of barley malt and 40% of
non-malted wheat (Basarova et al., 2010). The Czech Republic, as
a brewery superpower, focuses mainly on the production of malt
from spring barley. Only a small portion of the total malt production is
represented by wheat malts (Kadlec et al., 2009). Only a few malting
plants produce wheat malt in the territory of the Czech Republic (i.e.
Zamecka sladovna in Kolin; Sladovna Klusacek Kounice; JK NAPO-
JE s. r. 0., work place Ndamést na Hané; SLADOVNY SOUFFLET
CR, a. s., malthouse Prost&jov; RAVEN TRADING, s. r. 0., malt-
house Zahlinice) (Sachambula and Psota, 2017).

Wheat malt gives the beers special flavor and aromatic properties,
it promotes foaming, and in low quantities it can be added to beers
from barley malt with poor foam stability (Basarova et al., 2010).
However, wheat as a brewery raw material also has its disadvan-
tages. The absence of grain hulls causes problems in wort lautering,
so a maltster must always decide about a proportion of wheat and
barley malt in grist (Agu and Palmer, 1998). Similarly a high content
of nitrogenous substances results in problems with wort lautering,
filtration and attenuation, and last but not least, affects negatively the
organoleptic properties of finished beer (Faltermaier et al., 2014).

It is very important for all wheat processors to monitor the qualita-
tive parameters at the beginning of each harvest. Wheat properties
vary depending on a variety, soil and climatic conditions. Narziss
(2005) provides quality parameters for wheat suitable for brewing
purposes. The decisive factor for malt production is the protein con-
tent, a hard or soft endosperm structure. Soft wheats with a mealy
endosperm and a protein content of up to 11% are considered to be
more suitable varieties for brewing purposes (Depreatere et. al.,
2004).

In terms of their suitability for use in baking (production of dough),
wheat varieties are split into four groups (elite, good quality, bread
quality and unsuitable for bakery processing) based on the six main
criteria using transfer of the absolute values to a nine-point scale.
According to established values, the highest, elite quality class (E),
are the varieties with the highest content of crude protein (Horakova
et al., 2015. In wheats suitable for brewing purposes it is just the op-
posite. For brewing, wheat with the optimum nitrogen content (10—
12%) is suitable, similarly as in spring barley. These wheats nor-
mally belong to the wheats unsuitable for baking (quality class C).

Protein content in wheat grain varies in a wide range from 6 to
20%, the content depends on a genotype (variety) and conditions of
growing (soil, weather conditions and fertilizing) (Koehler and Wieser,
2013). Protein content also fluctuates in different parts of the grain,
relatively highest is in the aleuron layer and the germ. Protein con-
tent decreases towards the center of the endosperm (Hruskova et
al., 2008). The germ and aleuron layer typically contain more than
30% of protein, endosperm around 13% and bran 7% (Koehler and
Wieser, 2013). The endosperm contains the highest proportion of
grain proteins, these proteins pass into flour and are the main carri-
ers of technological properties (Hruskova et al., 2008). Compared to
barley, wheat usually has a higher content of nitrogenous substanc-
es in the grain. The content of nitrogenous substances in wheat malt
has a great impact on the whole brewing process affecting the result-
ing beer quality (Faltermaier et al., 2014).

Starch undoubtedly belongs to the physiologically and technologi-
cally most important polysaccharides, in the endosperm it is present
in the form of granules of different size and shape (Hruskova et al.,
2008). Its main components are two a-D-glucans (linear amylose
and branched amylopectin). While dextrination and liquefaction en-
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ztekucujici a dextrinaéni enzym a-amylasa $tépi amylosu i amylo-
pektin zevnitf molekul, tak enzym (-amylasa je enzymem zcukfuji-
cim, §tépicim amylosu i amylopektin zvnéj$ku. Zpusobuje tak rych-
lou tvorbu maltosy, ktera je obsazena ve zdravych nakli¢enych zr-
nech pSenice. Pro spravnou enzymovou hydrolyzu Skrobu je tfeba
soudéinnosti obou zminénych enzym( (Hampl, 1970). V zrnu pS$enice
je pfitomno 1,5-3 % lipidQ. Hlavni podil lipidli je soustfedén v oblas-
ti klicku. Obsah lipidd je dulezity zejména pro skladovani obili
a mouk. Oxidaéni zmény lipidi zpUsobuji nezadouci zhor§eni senzo-
rickych vlastnosti — zluknuti (Hruskova et al., 2008).

Cilem tohoto vyzkumu bylo najit vhodnou odridu pSenice pro vy-
robu sladu se zaméfenim na sou¢asné péstované odrlidy jarni pse-
nice, pfedevsim z pohledu zakladnich sladarskych znaku.

2 MATERIAL A METODY

Vzorky jarni psenice byly ziskany ze zkusebnich stanovist Ustied-
niho kontrolniho a zkusebniho Ustavu zemédélského Ceské republi-
ky. V pribéhu let 2013-2015 bylo hodnoceno celkem 99 vzork( (11
odriid x 3 stanovisté x 3 roky). Odridy jarni pSenice byly péstovany
na stanovistich: Céaslav, Chrastava, Pusté Jakartice, Uhersky Ostroh
a Vérovany. V prabéhu péstovani byly odridy (fab. 1) oSetfeny na-
sledujicim zpUsobem:

— mofidlo (U¢inné proti snétem mazlavym, snéti zakrslé),

— zéakladni davka dusiku (90-110 kg.ha) zvySena o 30 kg.ha™ (ap-
likace na zacatku metani),

— morforegulator (aplikuje se dle potreby),

— fungicid proti listovym chorobam na zacatku metani (dva fungicidy
pouze v pfipadeé silného tlaku chorob v dobé sloupkovani) (Hora-
kova et al., 2015).

Sladovani 1,0 kg vzork( probihalo v mikrosladovné fy KVM (CR).
Pro laboratorni sladovani byl pouZit postup tradicné pouzivany
ve VUPS, ktery je v podstaté totozny s metodikou MEBAK (2011).

Namacka probihala ve skfifiové macirné. Teplota vody a teplota
vzduchu v dobé vzdu$nych prestavek byla 14,0 °C. Délka namacek
1. den — 5 hodin; 2. den — 4 hodiny. Tfeti den byl obsah vody v kli¢i-
cim zrnu namackou nebo dokropenim upraven na hodnotu 45 %.

Kli¢eni probihalo ve skfinovém kli¢idle. Teplota v prabéhu kli¢eni
byla 14,0 °C. Celkovy ¢as méaceni véetné vzdusnych prestavek a kli-
¢eni byl 144 hodin.

Hvozdéni probihalo na jednoliskovém elektricky vyhfivaném hvoz-
du. Celkova doba hvozdéni byla 22 hodin, pfedsous$eni probihalo pfi
teploté 55 °C, teplota dotahovani byla 80 °C po dobu 4 hodin.

V pribéhu tfi let (2013-2015) byla v _nesladovaném zrnu, sladu
a sladiné sledovana fada znakd (tab. 2). Cirost sladiny byla hodnoce-
na nasledovné: 1 = ¢ira, 2 = slabé opalizujici, 3 = opalizujici, 4 =
zakalena.

Vysledky byly statisticky zpracovany analyzou rozptylu dvojného
tfidéni, korelacni a regresni analyzou. Statistické zpracovani provedl
Narodni odriidovy ufad UKZUZ v Brné.

3 VYSLEDKY A DISKUSE

Obsah dusikatych latek v zrnu se u sledovanych odriid jarni pSe-
nice pohyboval v priméru od 11,3 % do 12,8 %, coz odpovida dopo-
ru¢enym hodnotdm pro pSenici uréenou k vyrobé sladu (Narziss,
2005). Nejnizsi obsah (11,3 %) méla odrldy Alondra, naopak nejvys-
§i obsah (12,8 %) vykazala odrlida KWS Scirocco. Obsah dusika-

Tab. 1 Odrldy jarni pSenice / Table 1 Spring wheat varieties

zyme a-amylase cleaves amylose and amylopectin within molecules,
B-amylase is an saccharifying enzyme that cleaves amyloid and
amylopectin from the outside. This causes the rapid production of
maltose contained in healthy germinated wheat grains. For proper
enzymatic hydrolysis of starch, synergy between the two enzymes is
required (Hampl, 1970). Wheat grain contains 1.5-3% of lipids. The
major part of lipids is concentrated in the area of the germ. The lipid
content is particularly important for storage of grain and flour. Oxida-
tive changes of lipids cause undesirable deterioration of sensory
properties — rancidity (Hruskova et al., 2008).

The aim of this research was to find a suitable wheat variety for
production of malt with the focus on currently grown varieties of
spring wheat, namely in terms of the basic malting parameters.

2 MATERIAL AND METHODS

The samples of spring wheat were obtained from the testing lo-
calities of the Central Institute for Supervising and Testing in Agricul-
ture of the Czech Republic. During 2013 — 2015, totally 99 samples
were assessed (11 varieties x 3 localities x 3 years). The_spring
wheat varieties were grown in the following localities: Caslav,
Chrastava, Pusté Jakartice, Uhersky Ostroh and Vérovany. During
growing, the varieties (Table 1) were treated using:

— disinfectant (affective against loose smut and dwarf bunt of wheat),

— basic dosage of nitrogen (90 — 110 kg.ha™") increased by 30 kg.ha™
(applied at the beginning of heading),

— morphoregulator (applied as required),

— fungicide against leaf diseases at the beginning of heading (two
fungicides only in case of a stronger diseases attack at the time of
shooting) (Horakova et al., 2015).

The samples (1.0 kg) were malted in the micromalting plant of the
company KVM (CR). For laboratory malting, the method traditionally
used in the RIBM, which is principally identical with the MEBAK
method (2011), was used.

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

Germinating was conducted in the germinating box. The tempera-
ture during germination was 14.0 °C. The total steeping time includ-
ing air rests and germination was 144 hours.

Kilning was conducted on a one-floor electrically heated kiln. The
total time of kilning was 22 hours, pre-kilning was conducted at the
temperature of 55 °C, the kilning temperature was 80 °C for 4 hours.

In the three-year period (2013-2015), many parameters (Table 2)
were followed in non-malted grain, malt and wort. Wort clarity was
assessed as: 1 = clear, 2 = weakly opalizing, 3 = opalizing, 4 = turbid.

The results were processed statistically by dual variance, correla-
tion and regression analysis. The statistical processing was carried
out by the National Variety Office of the CISTA in Brno.

3 RESULTS AND DISCUSSION

Content of nitrogenous substances in grain of the studied spring
wheat varieties varied on average from 11.3% to 12.8%, which corre-
sponds to the values recommended for wheat for malt production
(Narziss, 2005). The lowest content (11.3%) was recorded in the vari-

Odrida Vychozi material Registrace Udrzovatel
Variety Pedigree Registration Maintainer
Alondra Seance/Monsun 2013 SELGEN, a. s., CZE

Anabel Seance/SG-S17-04 2014 SELGEN, a. s., CZE

Astrid Leguan/Svitava/Picolo 2012 SELGEN, a. s., CZE

Dafne Vinjett/Picolo 2011 SELGEN, a. s., CZE

lzzy SG-S 53-97/Vinjett 2011 SELGEN, a. s., CZE

KWS Akvilon CPBT-03-818/Amaretto 2014 KWS LOCHOW GMBH, DEU
KWS Chamsin | S32173/Passat//Vanek 2012 KWS LOCHOW GMBH, DEU
KWS Scirocco | Eminent/Taifun 2011 KWS LOCHOW GMBH, DEU
Quintus LW 093W015-3/LW 096SW35//ZE 992531-28 2014 Wiersum Plantbreeding B.V., NLD
Seance SG-S 1267-92/2*Samanta 2008 SELGEN, a. s., CZE

Tercie Sandra/Hana//Linda/KOC 585 2008 SELGEN, a. s., CZE
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Tab. 2 Vysledky sladovani / Table 2 Results of malting

Odruda / Variety = - $ © _ c % 9 9 °
Su 8§ 2 8 2 2 w2 |wE|lwd| E 2 2
Znak / Parameters 5§ 3% 9 S E | 5| % M ENIEREES A s S
33 ox S < < < o N ¥ (Y0 | %n| O n [

Dusikaté latky v zrnu o EBC 2010

rotoin content of whaat % s 11.3 | 117 [ 121 | 117 | 11.9 | 122 | 122 | 12.8 | 12.2 | 11.4 | 11.7
Extrakt v suSin€ sladu % EBC2010 | g/ 5 1841 | 832|838 |832|834|81.9]|829]823 847|839
Extract of malt 4.5.1

Relativni extrakt pfi 45 °C o MEBAK 2011

Folotive setraot ot 45 °C % o201 1347 | 348 | 352 | 208 | 37.3 | 304 | 315 | 338 | 343 342 | 345
Kolbachovo ¢&islo o EBC 2010

otk ndiex % e 355 | 354 | 337 | 325 | 36.3 | 34.0 | 33.9 | 38.0 | 359 | 341 | 353
Diastaticka mohutnost wk | EBC2010 | a5 | 557 | 311 | 353 | 413 | 285 | 277 | 364 | 229 | 312 | 305
Diastatic power 4.12

Dosazitelny st. prokvaSeni % EBC2010 | 545 (1.3 | 81.0 | 80.9 | 81.3 | 79.7 | 81.3 | 80.6 | 80.7 | 80.8 | 80.9
Final attenuation 4.11.1

Friabilita o EBC 2010

Friability % T 31 | 30 | 33 | 32 | 36 | 28 | 30 | 32 |35 | 32|28
Viskozita 8.6 % EBC 2010

Wort viscosity 5.6 % mPa.s . 165 | 1.76 | 1.61 | 1.73 | 1.67 | 1.70 | 1.71 | 1.63 | 1.65 | 1.64 | 1.78
 B-glukany ve slading mgn | EBC2010 | 53 | o7 | 20 | 22 | 20 | 30 | 43 | 28 | 23 | 21 | 26
B-glucan content of wort 4.16.2

Cirost sladiny MEBAK 2011

Clarity of wort o aaa | 1.00 | 100 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.22 | 1.00 | 1.00
Zakal sladiny (90°) EBC 2010

Hazo of wort (90 EBC S 25 045 | 053 | 052 | 0.75 | 0.51 | 0.75 | 0.53 | 0.64 | 1.00 | 0.54 | 0.57
Zakal sladiny (12°) EBC 2010

Hazo of wort (129 EBC S 25 0.60 | 0.69 | 0.62 | 1.13 | 0.76 | 1.21 | 0.80 | 0.86 | 1.85 | 0.76 | 0.77
pH sladiny EBC2010 | 550 [ 620 | 6.16 | 6.22 | 6.20 | 6.23 | 6.19 | 6.17 | 6.20 | 6.22 | 6.19
Wort pH 4.18

Aktivita c-amylasy pu. | EBC2010 | 4o | 45 | 47 | 44 | 47 | 43 | 40 | 45 | 45 | 45 | 45
a-amylase activity 4.13

Volny aminodusik mgt | EBC2010 | 465 1 407 | 100 | 89 | 107 | 94 | 102 | 116 | 110 | 101 | 100
Free amino nitrogen 4.10

Acidita sladiny (GOST) DSTU

Wort acidity (GOST) m 4850004 | 069 | 0.67 | 079 | 0.68 | 0.79 | 071 | 0.68 | 0.79 | 069 | 0.67 | 0.74
Barva sladiny eec | EBC2010 | 55 | 57 | 32 | 30 | 33|26 |30 27| 34|29/ 28
Wort colour 4.7.2

Barva sladiny po povareni MEBAK 2011

oo B EBC w41 | 40 | 44 | 41 | 48 | 35|42 | 36 | 46 | 42 | 36
Prekurzory dimetylsulfidu (PDMS) |\, | EBC2010 | , o | 505 | 305 | 3.08 | 3.84 | 3.36 | 4.45 | 3.35 | 3.79 | 2.82 | 2.69
PDMS 9.39

Dimetylsulfid (DMS) mgkg | EBC2010 | 651 | 064 | 0.63 | 051 | 0.65 | 061 | 0.71 | 0.48 | 0.65 | 0.51 | 0.63
DMS 9.39

Polyfenoly ve sladiné mgl | EBC2010 1 44a 473|367 | 281|304 | 117 | 31.9 | 138 | 408 | 19.0 | 16.0
Total polyphenols in wort 9.11

Obsah arabinoxiland ve sladiné mg/l | Douglas 1981 | 1456 | 1622 | 1549 | 1424 | 1399 | 1306 | 1456 | 1506 | 1386 | 1367 | 1656
Arabinoxylans in wort

Cukry DP4-DP10 ]

Socharides DPA-DPTG g/tooml|  VUPS 11 10| 10| 09 | 09 | 11| 10| 09 | 1.0 | 09 | 09
Cukry DP1-DP3 3

Socharides DPT-DP3 g/ooml|  VUPS 93 | 92 | 92 | 95 | 95 | 93 | 93 | 93 | 92 | 95 | 95
Doba zcukfeni ) EBC 2010

Saccharification Rate min 451 10 1 10 | 10 | 13 1 10 | 13 | 11 | 11 | 10 | 10 | 10
Rozdil extraktt o EBC 2010

Extract diftarenca % T 12 13|14 |15 | 09|21 |19 | 13|14 |12 13
Dusikaté latky v suSiné % EBC2010 | 4o [ 113 | 117 | 112 | 11.4 | 11.7 | 11.8 | 122 | 11.8 | 10.8 | 11.2
Total nitrogen of malt 4.31

Rozpustné dusikaté latky o EBC 2010

Solublo nitrogen substances % e 40 | 42 | 41 | 38 | 43 | 41 | 41 | 48 | 43| 38 | 41
Rozpustny dusik ve sladine mg/| EBC2010 | 699 | 728 | 717 | 665 | 758 | 722 | 727 | 847 | 768 | 672 | 724
Soluble nitrogen in wort 4.9.1

Rozpustny dusik ve sladu EBC 2010

Solublo nitrogen of melt mg/100g e 632 | 658 | 648 | 601 | 684 | 653 | 657 | 765 | 695 | 608 | 653
Aktivita B-amylasy ug | Santos-Riis | o6 | 575 | 289 | 334 | 35.4 | 252 | 234 | 34.0 | 16.9 | 277 | 267
B-amylase activity 1996

Homogenita friabilimetrem % EBC2010 | g3 | 765 | 86.5 | 80.9 | 89.5 | 73.0 | 79.3 | 87.0 | 91.4 | 82.9 | 736
Homogeneity by friabilimeter 4.15

Castecné sklovitd zrna % EBC2010 | 453 | o35 | 135 | 191 | 105 | 27.0 | 207 | 130 | 86 | 17.1 | 26.4
Partly unmodified grains 4.15
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Tab. 3 Analyza variance a odhady komponent rozptylu sledovanych znak(l kvality zrna p$enice jarni
Table 3 Analysis of variance and estimated components of variance of spring wheat grain quality parameters

Zdroj Pramérny Hladina E Odhad komponent rozptylu
proménlivosti d.f. Ctverec V{/;na_n']nosti hodnota Estimated components of variance
Source of Mean Significant F
variation square level ratio abs. rel. (%) S
Extrakt v suSiné sladu / Extract of malt
Rok/ Year 2 8.115 x 26.866 0.305 17.53 0.320
Stanovisté / Site 4 7.322 x 24.242 0.315 18.07 0.240
Odrida / Variety 10 7.677 e 25.418 0.820 47.08 0.382
Rezidual / Residual 82 0.302 0.301 17.31 0.047
Relativni extrakt 45 °C / Relative extract at 45 °C
Rok/ Year 2 6.855 * 3.744 0.260 3.54 0.336
Stanovisté / Site 4 11.872 x 6.485 0.519 7.08 0.457
Odrtda / Variety 10 44.403 E 24.253 4.731 64.54 2.206
Rezidual / Residual 82 1.831 1.821 24.84 0.284
Kolbachovo ¢islo / Kolbach index
Rok/ Year 2 47.255 o 20.141 2.208 21.93 2.317
Stanovisté / Site 4 69.921 e 29.802 3.449 34.26 2.567
Odruda / Variety 10 20.875 e 8.898 2.058 20.44 1.038
Rezidual / Residual 82 2.346 2.352 23.37 0.367
Diastaticka mohutnost / Diastatic power
Rok/ Year 2 7246.792 x 8.521 272.935 7.92 305.273
Stanovisté / Site 4 1811.052 NS 2.129 51.766 1.50 76.203
Odruda / Variety 10 21222.341 x 24.953 2262.411 65.62 1055.134
Rezidual / Residual 82 850.479 860.639 24.96 134.114
Dosazitelny stupen prokvaseni / Final attenuation
Rok/ Year 2 2.680 x 19.257 0.087 19.36 0.093
Stanovisté / Site 4 0.531 * 3.815 0.030 6.74 0.029
Odrtda / Variety 10 1.869 x 13.430 0.192 42.75 0.093
Rezidual / Residual 82 0.139 0.140 31.15 0.022
Friabilita / Friability
Rok/ Year 2 214.622 x 19.864 9.509 31.06 9.967
Stanovisté / Site 4 144.104 x 13.337 5.418 17.70 4.450
Odrtda / Variety 10 54.901 E 5.081 4.901 16.01 2.735
Rezidual / Residual 82 10.805 10.790 35.24 1.685
Viskozita 8.6 % / Wort viscosity 8.6 %
Rok/ Year 2 0.007 * 3.110 0.001 8.62 0.001
Stanovisté / Site 4 0.004 NS 1.993 0.000 3.45 0.000
Odruda / Variety 10 0.028 x 12.796 0.003 50.00 0.001
Rezidual / Residual 82 0.002 0.002 37.93 0.000
B-glukany ve sladiné / B-glucan content of wort
Rok/ Year 2 1228.277 e 68.778 61.311 37.63 62.152
Stanovisté / Site 4 729.173 x 40.830 42.272 25.95 30.916
Odruda / Variety 10 390.952 x 21.892 41.452 25.44 19.429
Rezidual / Residual 82 17.859 17.883 10.98 2.793
Cirost sladiny / Clarity of wort
Rok/ Year 2 0.018 NS 1.037 0.000 0.00 0.001
Stanovisté / Site 4 0.024 NS 1.382 0.000 0.00 0.001
Odrtda / Variety 10 0.040 * 2.303 0.003 12.25 0.002
Rezidual / Residual 82 0.175 0.018 87.75 0.003
Zakal 90° / Haze of wort 90°

Rok/ Year 2 0.177 * 3.172 0.003 3.08 0.006
Stanovisté / Site 4 0.653 x 11.692 0.031 27.92 0.025
Odrtda / Variety 10 0.234 E 4.185 0.020 17.86 0.012
Rezidual / Residual 82 0.056 0.056 51.13 0.009

tych latek nad 12 % mély odrady Astrid, KWS Akvilon, KWS Cham-
sin a odrGida Quintus (fab. 2).

3.1 Amylolytické rozlusténi

Vzhledem k chybéjicim plucham ma pSenicny slad vySsi vytézek
extraktu nez je€ny slad, ale nizky dosazitelny stupen prokvaseni
(Back, 2005).

ety Alondra, while the highest (12.8%) was found in the variety KWS
Scirocco. The varieties Astrid, KWS Akvilon, KWS Chamsin, and
Quintus (Table 2) had content of nitrogenous substances above 12%.

3.1 Amylolytic modification
Due to missing hulls, wheat malt has a higher extract yield than
barley malt but low final attenuation (Back, 2005).



Zdroj Pramérny Hladina B Odhad komponent rozptylu
proménlivosti d.f. Ctverec Vygna_n)nosti hodnota Estimated components of variance
Source of Mean Significant F
variation square level ratio abs. rel. (%) e
Zakal 12° / Haze of wort 12°
Rok/ Year 2 0.580 NS 3.042 0.009 2.32 0.018
Stanovisté / Site 4 1.794 x 9.416 0.078 19.80 0.064
Odrida / Variety 10 1.196 o 6.277 0.111 28.46 0.596
Rezidual / Residual 82 0.191 0.193 49.41 0.030
pH sladiny / Wort pH
Rok/ Year 2 0.007 e 19.784 0.000 23.53 0.000
Stanovisté / Site 4 0.005 i 13.080 0.001 29.41 0.000
Odruda / Variety 10 0.004 o 11.632 0.000 23.53 0.000
Rezidual / Residual 82 0.000 0.000 23.53 0.000
Aktivita a-amylasy / a-amylase activity
Rok/ Year 2 37.859 * 3.807 0.553 3.63 0.972
Stanovisté / Site 4 55.479 e 5.578 2.036 13.35 1.924
Odruda / Variety 10 32.921 b 3.310 2.533 16.61 1.646
Rezidual / Residual 82 9.946 10.129 66.41 1.579
Volny aminodusik / Free amino nitrogen
Rok/ Year 2 236.818 NS 2.439 3.454 2.20 7.341
Stanovisté / Site 4 362.591 ** 3.734 13.999 8.91 14.390
Odrida / Variety 10 472.822 o 4.869 41.639 26.49 23.563
Rezidual / Residual 82 97.113 98.071 62.40 15.282
Acidita sladiny (GOST) / Wort acidity (GOST)
Rok/ Year 2 0.326 b 56.114 0.013 48.66 0.013
Stanovisté / Site 4 0.101 o 17.432 0.006 22.22 0.004
Odruda / Variety 10 0.022 b 3.743 0.002 6.90 0.001
Rezidual / Residual 82 0.006 0.006 22.22 0.001
Barva sladiny / Wort colour
Rok/ Year 2 0.282 b 6.901 0.009 7.22 0.011
Stanovisté / Site 4 0.267 o 6.517 0.010 8.20 0.009
Odruda / Variety 10 0.600 o 14.652 0.062 50.94 0.030
Rezidual / Residual 82 0.041 0.041 33.63 0.006
Barva sladiny po povareni / Boiled wort colour
Rok/ Year 2 0.011 NS 0.156 0.000 0.00 0.002
Stanovisté / Site 4 0.042 NS 0.590 0.000 0.00 0.003
Odrida / Variety 10 1.520 x 21.325 0.161 69.41 0.076
Rezidual / Residual 82 0.071 0.071 30.59 0.011
Prekursor dimethylsulfidu / PDMS
Rok/ Year 2 5.680 o 15.224 0.199 18.18 0.216
Stanovisté / Site 4 2.970 o 7.961 0.254 23.23 0.201
Odruda / Variety 10 2.751 x 7.372 0.264 2414 0.137
Rezidual / Residual 82 0.373 0.377 34.46 0.059
Dimethylsulfid / DMS
Rok/ Year 2 6.970 o 148.12 0.250 81.15 0.252
Stanovisté / Site 4 0.210 ** 4.458 0.010 3.37 0.010
Odruda / Variety 10 0.052 NS 1.109 0.001 0.19 0.003
Rezidual / Residual 82 0.047 0.047 15.28 0.007
Polyfenoly ve sladiné / Total polyphenols in wort
Rok/ Year 2 53.579 NS 2.140 0.003 0.00 0.976
Stanovisté / Site 4 78.055 * 3.118 2.287 1.53 2.675
Odruda / Variety 10 1119.078 x 44.702 121.454 81.11 55.624
Rezidual / Residual 82 25.034 25.996 17.36 4.043
Obsah arabinoxilan( ve sladiné / Arabinoxylans in wort

Rok/ Year 2 294820.91 e 27.569 17249.253 44.72 17564.854
Stanovisté / Site 4 12468.79 NS 1.166 1.079 0.00 420.112
Odruda / Variety 10 105571.31 e 9.872 10531.724 27.31 5250.017
Rezidual / Residual 82 10694.08 10785.797 27.97 1675.996

Narziss (2005) uvadi, ze by obsah extraktu v susiné pSeni¢ného
sladu mél byt vy3si nez 83 %. Ziskané slady vykazovaly vétSinou
obsah extraktu v su$iné sladu nad hodnotou 83 %. Pod touto hodno-
tou byly pouze odriidy KWS Chamsin (81,9 %), Quintus (82,3 %)
a odrda KWS Scirocco (82,9 %). Nejvyssi pramérny obsah extraktu
vykdzaly odridy Alondra (84,8 %), Seance (84,7 %) a Anabel
(84,1 %) (tab. 2). Obsah extraktu byl u sledovaného souboru ovliv-
nén ze 47 % odrtdou, ro€nik a stanovisté se na zméné tohoto znaku
podilely pfiblizné stejné (18 %) (tab.3).

Narziss (2005) reported that extract content in wheat malt dry matter
should be higher than 83%. The obtained malts mostly exhibited extract
content in malt dry matter over the value of 83%. Only the varieties KWS
Chamsin (81.9%), Quintus (82.3%), and the variety KWS Scirocco
(82.9%) were below this value. The highest average content of extract
was exhibited by the varieties Alondra (84.8%), Seance (84.7%), and
Anabel (84.1%) (Table 2). Extract content in the studied set was affected
from 47% by a variety; the year and locality contributed to the change in
this parameter approximately to the same extent (18%) (Table 3).



Zdroj Pramérny Hladina B Odhad komponent rozptylu
proménlivosti df. ctverec Vygna_n']nosti hodnota Estimated components of variance
Source of Mean Significant F
variation square level ratio abs. rel. (%) S
Cukry DP4-DP10 / Sacharides DP4-DP10
Rok/ Year 2 0.676 o 8.480 0.035 28.44 0.038
Stanovisté / Site 4 0.218 * 2.739 0.009 7.21 0.010
Odrida / Variety 10 0.047 NS 0.592 0.000 0.00 0.004
Rezidual / Residual 82 0.080 0.079 64.34 0.012
Cukry DP1-DP3 / Sacharides DP1-DP3
Rok/ Year 2 4.588 b 46.185 0.178 63.05 0.181
Stanovisté / Site 4 0.058 NS 0.586 0.000 0.00 0.004
Odruda / Variety 10 0.158 NS 1.587 0.007 2.37 0.008
Rezidual / Residual 82 0.099 0.098 34.57 0.015
Doba zcukieni / Saccharification rate
Rok/ Year 2 3.708 NS 2.104 0.147 5.43 0.203
Stanovisté / Site 4 1.691 NS 0.959 0.025 0.93 0.088
Odruda / Variety 10 8.853 o 5.023 0.790 29.23 0.441
Rezidual / Residual 82 1.763 1.741 64.41 0.271
Rozdil extraktli / Extract difference
Rok/ Year 2 0.075 NS 1.005 0.000 0.00 0.003
Stanovisté / Site 4 0.135 NS 1.814 0.003 1.50 0.005
Odruda / Variety 10 1.001 e 13.496 0.103 57.04 0.050
Rezidual / Residual 82 0.074 0.075 41.46 0.012
Dusikaté latky v susiné / Total nitrogen of malt
Rok/ Year 2 0.724 NS 2.781 0.020 2.97 0.032
Stanovisté / Site 4 5.863 o 22.511 0.225 33.92 0.172
Odruda / Variety 10 1.675 o 6.431 0.157 23.72 0.083
Rezidual / Residual 82 0.260 0.261 39.38 0.041
Rozpustny dusik v susiné sladu / Total soluble nitrogen in malt
Rok/ Year 2 1146.515 NS 1.379 0.0874 0.00 36.8673
Stanovisté / Site 4 11945.788 . 14.365 895.6756 24.42 669.4923
Odruda / Variety 10 18170.939 b 21.851 1924.8660 52.48 903.0688
Rezidual / Residual 82 831.5979 847.1453 23.10 132.1300
Rozpustny dusik ve sladiné / Total soluble nitrogen in wort
Rok/ Year 2 8036.277 NS 8.189 286.4223 5.85 335.7339
Stanovisté / Site 4 13899.233 i 14.163 1240.3383 25.31 930.7471
Odruda / Variety 10 22441.418 o 22.867 2383.5606 48.65 1115.5043
Rezidual / Residual 82 981.40473 989.3724 20.19 154.4902
Aktivita B-amylasy / B-Amylase activity
Rok/ Year 2 76.117 o 14.989 3.131 8.70 3.328
Stanovisté / Site 4 12.529 NS 2.467 0.510 1.42 0.607
Odruda / Variety 10 250.100 i 49.250 27.222 75.68 12.430
Rezidual / Residual 82 5.078 5.105 14.19 0.796
Homogenita friabilimetrem / Homogeneity by friabilimeter
Rok/ Year 2 392.986 b 9.149 22.194 22.34 23.638
Stanovisté / Site 4 52.943 NS 1.233 0.752 0.76 2.298
Odrtda / Variety 10 344.702 b 8.025 33.535 33.75 17.142
Rezidual / Residual 82 42.954 42.888 43.16 6.673
Casteéné sklovita zrna / Partly unmodified grains

Rok/ Year 2 392.986 b 9.149 22.194 22.34 23.638
Stanovisté / Site 4 52.943 NS 1.233 0.752 0.76 2.298
Odruda / Variety 10 344.702 o 8.025 33.535 33.75 17.142
Rezidual / Residual 82 42.954 42.888 43.16 6.673

Poznamky / Notes

* P=0.05 d.f.  stupné volnosti / degrees of freedom x P=0.001 abs. pGvodni hodnota / original value

* P=0.01 relativni hodnota / relative value NS  non significants.e.  chyba odhadu / standard error

Doba zcukfeni se v priméru pohybovala kolem 11 minut (tab. 2)
a byla ovlivnéna odriidou z 29 % (tab. 3).
Obsah extraktu a obsah dalSich latek ovliviiuje vyslednou uroven

dosazitelného stupné prokvaseni. Dosazitelny stupen prokvaseni by
mél byt vy§Si nez 79 % (Narziss, 2005). Tento pfedpoklad vSechny
prokvaseni méla odrida KWS Akvilon (79,7 %), naopak nejvyssi
hodnoty (81,3 %) mély odridy Anabel, Izzy a KWS Chamsin (tab. 2).
Zména v urovni dosazitelného stupné prokvaseni byla ze 43 % ovliv-
néna odridou, z 19 % roénikem a jen z 7 % stanovistém (tab. 3).

Saccharification time lasted on average for about 11 minutes (Ta-
ble 2) and was affected by a variety from 29% (Table 3).

Extract content and content of other substances affect the resulting
level of the final attenuation. Final attenuation should be higher than
79% (Narziss, 2005). This condition was fulfilled by all the varieties.
The lowest average level of final attenuation was detected in the vari-
ety KWS Akvilon (79.7%), on the contrary, the highest values (81.3%)
were found in the varieties Anabel, Izzy and KWS Chamsin (Table 2).
Change in the level of final attenuation was from 43% affected by a va-
riety, from 19% by a year and only from 7% by a locality (Table 3).
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Uroven rozlusténi byla sledovana téz pomoci rozdilu extraktu
v jemném a hrubém mleti. U sledovaného souboru odriid jarni pse-
nice se tato hodnota pohybovala v rozpéti 0,9-2,1 %, coz jsou hod-
noty pro vysoké az dobré rozlusténi sladu. Rozdil extraktd byl ovliv-
nén z 57 % odrddou, ro¢nik a stanovisté nemély na zménu tohoto
znaku v podstaté zadny vliv (tab. 3).

Primérné hodnoty diastatické mohutnosti se u sledovaného sou-
boru pohybovaly od hodnoty 229 j. WK u odrddy Quintus po hodnotu
413 .WK u odrldy lzzy (tab. 2). | tento znak byl ovlivnén predevsim
odrGdou (66 %) (tab. 3).

Nejvy$si aktivita a-amylasy a B-amylasy byla zjisténa u odrldy lzzy
(47 D.U. resp. 35,4 U/g). Vysoka aktivita a-amylasy (47 D.U.) byla
zji$téna rovnéz u odridy Astrid. Naopak odrida KWS Chamsin méla
-amylasy méla odrida Quintus (16,9 U/g) (tab. 2). Zmény v aktivité
a-amylasy byly ovlivnény odriidou (17 %) a stanovistém /13 %). V pfi-
padé aktivity B-amylasy hrala vyznamnou roli odrida (76 %) (tab. 3).

Obsah zkvasitelnych cukr( (DP1-DP3) ve sladiné mély v§echny
sledované odrlidy jarni pSenice na podobné Urovni, v primeéru se
pohyboval kolem 9,3 g/100ml. Obsah nezkvasitelnych cukrd (DP4-
-DP10) ve sladiné mély véechny sledované odridy podobny a v pra-
méru se pohyboval kolem hodnoty 1,0 g/100ml. Obsah zkvasitelnych
cukri (DP1-DP3) ve sladiné byl ovlivnén roénikem z 63 %, také ob-
sah nezkvasitelnych cukrd (DP4-DP10) ve sladiné byl ovlivnén ro¢-
nikem, ale jen z 28 % (tab. 3).

3.2 Proteolytické rozlusténi

Celkovy obsah dusikatych latek v susiné sladu vyrobeného z uve-
denych odrid jarni pSenice se pohyboval v rozpéti 10,8-12,2 %.
Rozpustny dusik byl v rozpéti 601-765 mg/100g (tab. 2), coz odpo-
vida pozadavkim na ps$eni¢ny slad (Narziss, 2005). Na zménach
v obsahu dusikatych latek ve sladu se podilely pfedevsim stanoviste
(34 %) a odrudy (24 %).

Stupen degradace dusikatych latek vyjadfeny Kolbachovym &is-
lem byl na drovni 32,5-38,0 %, coz jsou hodnoty spiSe nizsi, nez
uvadi Narziss (2005) (37—40 %). Nejvyssi hodnotu Kolbachova ¢&isla
(38 %) vykazala odriida a KWS Scirocco (tab. 2). Sacher (1995) pro-
kazal, ze obsah bilkovin okolo 12 % a stfedni stupen rozlusténi bil-
kovin jsou vyhodné pro aroma piva. Proteiny hraji také rozhodujici
roli pro stalost zakalu pSeni¢nych piv. Na zménach hodnoty Kolba-
chova ¢isla se podilely podobnym dilem stanovisté (34 %), ro¢nik
(22 %) a odrlida (20 %) (tab. 3).

Obsah volného aminodusiku se pohyboval v rozpéti 89—116 mg/l
a tvofil jen 13,6—-15,0 % rozpustného dusiku. Nejvy3si obsah volného
aminodusiku vykazala odrid a KWS Scirocco (tab. 2). Zmény v obsahu
volného aminodusiku ve sladiné byly z 26 % ovlivnény odriidou (fab. 3).

Relativni extrakt pfi 45 °C je extrakt charakterizujici aktivitu pro-
teas a B-glukanas. Hodnoty tohoto znaku se pohybovaly v rozpéti
29,8-37,3 %. Ve srovnani s jeénym sladem jsou tyto hodnoty nizsi
(Psota et al., 2016). Relativni extrakt pfi 45 °C byl vyraznym zplso-
bem (65 %) ovlivnén odridou (tab. 3).

3.3 Cytolytické rozlusténi

Obsah B-glukand je u pSeni¢ného sladu nizky, coz potvrzuji i vy-
sledky dosazené v této studii (20-43 mg/l) (tab. 2). Analyzy sladu
a sladiny, pfi kterych je hodnocena degradace B-glukanu, nelze v8ak
jednoduse prenést na hodnoceni pSeni¢ného sladu (Back 2005).
Na zménach obsahu $-glukantl ve sladiné se podilely podobnym di-
lem stanovisté (26 %) a odrGda (25 %), roénik mél vyraznéjsi vliv
(38 %) (tab. 3).

Uroven degradace bunéénych stén hodnocena pomoci friabilime-
tru byla velmi nizka (28—-36 %) (fab. 2). PSeni¢ny slad ma jinou uro-
ven kyprosti a jeji méfeni pomoci friabilimetru nema dostate¢nou
vypovidajici hodnotu, proto se pro posouzeni cytolytického rozluste-
ni pSeni¢ného sladu pouziva viskozita (Back, 2005). Téz na zmé-
nach hodnot friability sladu se podilely podobnym dilem stanovisté
(18 %) a odruda (16 %), roénik meél vyraznéjsi vliv (31 %) (tab. 3).

Viskozitu sladiny p$eni¢ného sladu nezplsobuji B-glukany, ale
arabinoxylany. Priimérny obsah arabinoxylan( ve sladiné se pohy-
boval v rozpéti 1306—-1656 mg/l (tab. 2). Obsah arabinoxilant byl
ovlivnén ze 45 % ro¢nikem a z 27 % odrldou (tab. 3). Bohuzel ani
hodnoty téchto méfeni v kongresni sladiné nekoreluji v uspokojivé
mife s chovanim pfi scezovani provozniho rmutu z pSeni¢ného sladu
(Back 2005). U sledovaného sortimentu odrid jarni pSenice se
viskozita pohybovala v rozpéti 1,61-1,78 mPa.s (fab. 2). Narziss
(2005) uvadi v kvalitativnich pozadavcich na pSeni¢ny slad hodnoty
viskozity 1,8 mPa.s a vice. Viskozita sladiny byla u sledovaného sou-
boru ovlivnéna z 50 % odrlidou (tab. 3).

The level of modification was also studied using the difference be-
tween extracts in coarse and fine grinding. In the studied set of
spring wheat varieties, this value moved in the range of 0.9-2.1%,
which are values for high to good malt modification. Extract differ-
ence was affected from 57% by the variety; year and locality did not
basically affect the change of this parameter (Table 3).

The average values of diastatic power in this studied parameter
moved from the value of 229 un. WK in the variety Quintus to the
value of 413 un. WK in the variety Izzy (Table 2). This parameter was
namely affected by the variety (66%) (Table 3).

The highest activity of a-amylase and 3-amylase was detected in
the variety lzzy (47 D.U. respectively 35.43 U/g). High a-amylase
activity (47 D.U.) was also found in the variety Astrid. On the con-
trary, a-amylase activity of the variety KWS Chamsin was at the
level of 40 D.U. The significantly lowest value of B-amylase activity
was recorded in the variety Quintus (16.9 U/g) (Table 2). Changes in
a-amylase activity were affected by the variety (17%) and locality
(13%). A variety played a significant role (76%) in B-amylase activity
(Table 3).

Content of fermentable sugars (DP1-DP3) in wort of all the wheat
spring varieties under study was at a similar level, on average, it
moved around 9.3 g/100ml. All the studied varieties also had a simi-
lar content of non-fermentable sugars (DP4-DP10) in wort, on aver-
age it moved around 1.0 g/100ml. Content of fermentable sugars
(DP1-DP3) in wort was affected by a year from 63%, also the content
of non-fermenatble sugars (DP4-DP10) in wort was affected by
a year, but only from 28% (Table 3).

3.2 Proteolytic modification

The total content of nitrogenous substances in malt dry matter
made from the above stated spring wheat varieties moved from 10.8
— 12.2%. Soluble nitrogen was in the scope of 601 — 765 mg/100g
(Table 2), which corresponds to the requirements for wheat malt
(Narziss, 2005). Changes in nitrogenous substances content in malt
were namely affected by a locality (34%) and varieties (24%).

Degradation of the nitrogenous substances given by Kolbach In-
dex was at the level of 32.5 — 38.0%, these values are lower than
those reported by Narziss (2005) (37 — 40%). The highest value of
Kolbach Index (38%) was exhibited by the variety KWS Scirocco (Ta-
ble 2). Sacher (1995) proved that protein content around 12% and
medium degree of protein modification are favorable for beer flavor.
Proteins also play a decisive role for the stability of haze of wheat
beers. The locality (34%), year (22%) and variety (20%) similarly
contributed to the changes of the value of Kolbach Index (Table 3).

Free amino nitrogen content moved in the scope from 89 — 116
mg/l and formed only 13.6 — 15.0% of the soluble nitrogen. The high-
est content of free amino nitrogen was proven in the variety KWS
Scirocco (Table 2). Changes in the content of free amino nitrogen in
wort were affected by a variety from 26% (Table 3).

Relative extract at 45 °C is an extract characterizing activity of
protease and B-glucans. The values of this parameter moved from
29.8 — 37.3%. These values are lower than in the barley malt (Psota
et al., 2016). Relative extract at 45 °C was markedly (65%) affected
by a variety (Table 3).

3.3 Cytolytic modification

B-glucan content is low in wheat malt, this is also confirmed by
results presented in this study (20— 43 mg/l) (Table 2). Analyses of
malt and wort assessing degradation of 3-glucan cannot, however,
be simply transferred to the evaluation of wheat malt (Back, 2005).
Locality (26%) and variety (25%) contributed to the changes of B-
-glucan content equally; year (38%) had a more significant effect on
changes in B-glucans in wort (Table 3).

The level of degradation of cell walls assessed using a friabilime-
ter was very low (28 — 36%) (Table 2). Wheat malt has another level
of friability and its measuring using friabilimeter has not a sufficient
value, therefore viscosity is used for the assessment of cytolytic
modification of wheat malt (Back, 2005). Locality (18%) and variety
(16%) affected the values of malt friability similarly, year had a more
significant affect (31%) (Table 3).

Viscosity of wheat malt is not caused by B-glucans, but arabinoxy-
lans. Average arabinoxylan content in wort moved from 1306 — 1656
mg/l (Table 2). Arabinoxilan content was affected from 45% by a year
and from 27% by a variety (Table 3). Unfortunately, neither the val-
ues of these measurements in congress wort correlate satisfactorily
with the behavior at lautering of plant mash from wheat malt (Back,
2005). In the studied collection of spring barley varieties, viscosity
moved in the scope of 1.61 — 1.78 mPa.s (Table 2). Narziss (2005)
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3.4 Senzorické vlastnosti

Sledované odrlidy pSenice jarni poskytly sladinu ¢irou a zékal sla-
diny méfeny nefelometrem byl v priméru pod hodnotou 2 j.EBC. Za-
kal sladiny byl ovlivnén pfedevsim stanovistém a odrlidou (tfab. 3).

Barva sladiny se pohybovala v rozpéti od 2,6-3,4 j. EBC (tab. 2),
coz jsou hodnoty dosahované téz u sladu z je¢mene. Barva sladiny
po povareni se pohybovala v rozpéti 3,5-4,8 |.EBC (tab. 2). Barva
po povareni sladiny vyrobené z je¢ného sladu je obvykle vys$si (Pso-
ta et al., 2017) nez ziskané hodnoty u odrld jarni pSenice. Oba uve-
dené znaky byly ovlivnény z 51 % resp. z 69 % odridou (tab. 3).

Obsah prekurzor(i dimethylsulfidu se pohyboval v rozpéti 2,61—
4,45 mg/kg (tab. 2), pficemz nejvy$si hodnota byla zaregistrovana
u odridy KWS Chamsin. Na zménéach obsahu prekurzori dimethyl-
sulfidu ve sladiné se podilely podobnym dilem stanovisté (23 %)
a odrlda (24 %), ro€nik mél nizsi vliv (18 %) (tab. 3).

PSeni¢né slady obsahuji malo polyfenold. Obsah celkovych poly-
fenoll ve sladiné se pohyboval v rozpéti 11,7-40,8 mg/l (tab. 2).
Ve sladiné vyrobené z jeéného sladu je obsah celkovych polyfenoll
nékolika nasobné vyssi (Psota et al., 2016).

4 ZAVER

Kvalita pSeni¢ného sladu byla hodnocena znaky vyvinutymi pro
hodnocenl' sladu vyrobeného z jeCmene. Zrno péenice azmo jeéme—
ho sladu a sladu z jeémene a jeho nasledné vyuziti, coz vyzaduje
zasadné odliSné nahlizeni na pSenici a jeCmen jako na pivovarské
suroviny. Kvalita pSenice, postup sladovani, dopady kvality sladu
na kvalitu pSeniéného piva nejsou tak dobfe prostudovany jako
u jeCmene a jecného sladu (Back, 2005). V této studii uvedené a po-
psané vysledky to dokladaji. Nékteré ze sledovanych znakli charak-
terizuji kvalitu pSeni¢ného sladu Iépe a nékteré se k hodnoceni této
suroviny nehodi vibec.

PODEKOVANI
PfedloZena studie vznikla v ramci feSeni projektu TE02000177
Technologické agentury Ceské republiky.

LITERATURA / REFERENCES

Agu, R. C., Palmer, G. H., 1998: Areassessment of sorghum for
lager-beer brewing. Bioresource Technology. 66: 253-261.

Anderle, P., Schwarz, H., Borlivkova, V., Stépanova, V., 2004: Zbo-
Ziznalstvi pozivatiny — potraviny, pochutiny. SNTL, Praha, s. 35.
ISBN 80-902655-4-5.

Back, W., 2005: Ausgewahlte Kapitel der Brauereitechnologie.Fach-
verlag Hans Carl, Nurnberg. ISBN 3-418-00802-X.

Basarova, G., Savel, J., Basar, P., Lejsek, T., 2010: Pivovarstvi, teo-
rie a praxe vyroby piva. VSCHT, Praha. ISBN 978-80-7080-734-7.

Depreatere, S. A., Delevaux, F., Coghe, S., Delevaux, F. R., 2004:
Wheat variety and barley malt properties: influence on haze inten-
zity and foam stability of wheat beer. J. Inst. Brew. 100: 200—206.

Douglas, S. G., 1981: A rapid method for the determination of pento-
sans in wheat flour. Food Chem., 7): 139-145.

DSTU 4282,2004: Malt brewing barley. General specification. Valid
from 2004-01-10. Kyiv: State Committee of Ukraine, 34.

EBC, 2010: Analytica EBC. Fachverlag Hans Carl, Nuremberg, 794
pp. ISBN 978-3-418-00759-5.

Faltermaier, A., Waters, D., Becker, T., Arendt, E., Gastl, M., 2014:
Commnon wheat (Triticum aestivum L.) and its use as a brewing
cereal — a review. J. Inst. Brew. 120: 1—15. DOI 10.1002/jib.107.

FAOQO, 2015: FAO Statistical Pocketboot — World food and agriculture.
ISBN 978-92-5-108802-9. Dostupné na: www.fao.org/publications

Hampl, J., 1970. Ceredlni chemie a technologie. SNTL/ALFA, Praha:
38-85.

Horakova, V., Dvofackova, O., Mezlik, T., 2015: Seznam doporu-
¢enych odrid 2015. P$enice ozima, jemen jarni, je¢men ozimy,
triticale ozimé, oves sety, hrach polni. Ustfedni kontrolni a zku-
Sebni ustav zemédélsky, Narodni odridovy ufad, Brno: 17-63.
ISBN 978-80-7401-108-5.

HruSkova, M., BureSova, I., Capouchova, |., Faméra, O., HaniSova,
A., Horakova, V., Horcicka, J., Hfivna, L., Novotny, F., Petr, J.,
Prugar, J.,2008: PSenice. In: Prugar J. (ed): Kvalita rostlinnych
produktl na prahu 3. tisicileti. Vyzkumny Ustav pivovarsky a sla-
dafsky, a.s., ve spolupraci s Komisi jakosti rostlinnych produkt
CAZV, Prague: 75-96.

gives in requirements for quality of wheat malt the viscosity values of
1,8 mPa.s and more. Wort viscosity in the studied set was affected
from 50% by a variety (Table 3).

3.4 Sensorial properties

The studied spring wheat varieties gave clear wort and haze meas-
ured with nephelometer was on average under the value of 2 un. EBC.
Wort haze was affected mainly by a locality and variety (Table 3).

Wort color moved from 2.6 — 3.4 EBC un. (Table 2), which are the
values achieved also by barley malt. Wort color after boiling moved
in the scope of 3.5 — 4.8 EBC un. (Table 2). Color after boiling of wort
made from barley malt is usually higher (Psota et al., 2017) than the
value obtained in spring wheat varieties. Both the parameters were
affected by a variety from 51% and 69%, respectively.

Content of dimethyl sulfide precursors moved within 2.61 — 4.45
mg/kg (Table 2) and the highest value was recorded in the variety
KWS Chamsin. Changes of the content of dimethyl sulfide precur-
sors in wort were affected by a locality (23%) and variety (24%), the
effect of the year was lower (18%) (Table 3).

Wheat malts contain a low level of polyphenols. Content of total
polyphenols in wort moved from 11.7 — 40.8 mg/I (Table 2). Content
of total polyphenols is multiply higher in wort produced from wheat
malt (Psota et al., 2016).

4 CONCLUSIONS

Quality of wheat malt is assessed by the parameters devised for
the assessment of malt made from barley. Wheat grain and barley
grain differ significantly, production methods of wheat and barley
malt and following use are also different, this requires a fundamen-
tally different view of wheat and barley in terms of brewing raw mate-
rials. Wheat quality, malting process, impacts of malt quality on
wheat beer quality have not been studied so profoundly as in barley
and barley malt (Back, 2005). This is documented by the results pre-
sented and documented in this study. Some of the studied parame-
ters characterize the quality of wheat malt better and some are not
suitable for the evaluation of this raw material at all.
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