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Sachambula, L. — Hartman, I. — Psota, V.: Sladovnicka kvalita pSenice jednozrnky. Kvasny Prum. 61, 2015, ¢. 10-11, s. 320-325

Zavedena technologie sladovani byla pfizplsobena sladovani pSenice jednozrnky. Cilem bylo najit optimalni variantu sladovani pfi za-
chovani znakl rozhodujicich o kvalité sladu z pSenice jednozrnky na vysoké urovni. Byly uréeny zakladni viastnosti zrna pSenice a vzorek
byl sladovan. Byly zvoleny tfi rizné délky sladovani (120, 144 a 168 hodin) a tfi rizné stupné domoceni (43, 45 a 47 %). Kromé zaklad-
nich znaku rozhodujicich o kvalité sladu z pSenice jednozrnky, byla sledovana cela rada specialnich znaku. Vzorky pSenice jednozrnky
byly zhodnoceny stejnym zplsobem, ktery se pouziva pfi hodnoceni sladovnického jeémene. V nékterych kvalitativnich parametrech
doséahla pSenice jednozrnka srovnatelnych vysledku jako sladovnicky je¢men.

Sachambula, L. — Hartman, |. — Psota, V.: Einkorn wheat malting quality. Kvasny Prum. 61, 2015, No. 10—-11, pp. 320-325

Standard malting technology was adapted for malting of einkorn wheat. The aim was to find the optimal variant of malting while main-
taining traits decisive for high quality of malt made from einkorn wheat. Basic characters of wheat grain were assessed and the sample
was malted. Three different malting times (120, 144, and 168 hours) and three degrees of steeping (43, 45, and 47%) were applied.
Besides basic traits decisive for einkorn wheat malt quality, a number of special parameters were also studied. Wheat samples were
evaluated with the method used for the evaluation of malting barley. In some quality parameters, einkorn wheat achieved comparable
results as malting barley.

Sachambula, L. — Hartman, I. — Psota, V.: Die Malzqualitat des Einkornes. Kvasny Prum. 61, 2015, Nr. 10-11, S. 320-325

Die zeitgenossische Malzprozesstechnologie wurde an den Einkornmalzprozess angepasst. Das Ziel der Arbeit wurde bei der Bei-
behaltung aller Uber Malzqualitat des Einkornes entscheidenden Parameter auf einem hohen Niveau die optimale Variante des Malz-
prozesses fur Einkorn zu finden. Es wurden die Grundeigenschaften des Einkornes festgestellt, nachher wurde Muster gemalzt. Drei
verschiedene Malprozessdauer (120, 144 und 168 Stunden) und drei verschiedene Weichgraden (43%, 45% und 47%) wurden ausge-
wahlt. AuBer Uber Malzqualitat des Einkornes entscheidende Parameter wurden auch andere Spezialparameter verfolgt. Auf dieselbe
Weise wie Braugerste wurden die Muster des Einkornes ausgewertet. Einige qualitative Parameter des Einkornes wurden vergleichbar

wie diese, die von Auswertung der Braugerste festgestellt wurden.

Kli¢ova slova: pSenice jednozrnka, Triticum momococcum L.,
ekologické zemédélstvi, péstovani, vyuZziti, sladovnicka kvalita

1 UVOD

PSenice jednozrnka (Triticum momococcum L.) patfi k nejstar§im
domestikovanym druhtm ps$enice, plany druh této psenice byl vyuzi-
van k lidské vyzivé uz pfed 10-12 tisici lety. Nejstarsi archeologické
nalezy jsou, podobné jako u dvouzrnky, datovany do obdobi 6000
let pf. n. I. Prvni zemédélci ji péstovali na uzemi dnesni Syrie, Izra-
ele nebo Turecka, odkud se rozsifila do Evropy nebo severni Afriky
(Konvalina, 2012a). V severni Evropé byla vice rozSifena pSenice
jednozrnka, pSenice dvouzrnka prevladala ve stfednich a jiznich
oblastech kontinentu Péenice jednozrnka byla postupné vytlaéena
a nasledné bezpluchymi hexaploidnimi druhy psenlce (pSenice seta,
pSenice Spalda) (Konvallna et al.,, 2012b). Ve dvacatém stoleti se
misty péstovala na uzemi Spanelska Francie, Svycarska a Némec-
ka, na Balkang, v Turecku a Maroku.

Jednozrnka, stejné jako dvouzrnka nebo Spalda, patfi do skupiny
pluchatych pSenic, to znamena, Ze zrno je i po sklizni chranéno plu-
chami. Béhem sklizné se zpravidla klas rozpada na jednotlivé klas-
ky, které jsou jinak spojeny klasovym vietenem. PSenice jednozrnka
ma zpravidla jedno zrno v klasku, zrna jsou pomérné drobna, maji
zaobleny tvar, hmotnost tisice zrn se pohybuje v rozmezi 21-28 g
(Konvalina et al., 2012b). Jednozrnka ma dlouhé tenké stéblo, kte-
ré je nachylné k poléhani. Pro jednozrnku je charakteristicky krat-
ky a velmi uzky praporcovy list (Konvalina et al., 2010), vyznaduje
se vysokou odnozovaci schopnosti a vitalitou. Rostliny jsou odolné
vuci houbovym chorobam. V souéasnosti je jednozrnka péstovana
hlavné v oblastech méné pfiznivych pro zemédélské hospodareni
a v podminkach ekologického zemédélstvi. Je vhodna k vyrobé ne-
kynutych cerealnich nebo pufovanych vyrobkd, pfipadné jako krmivo
pro monogastry (Konvalina et al., 2012b). Déale se pouziva k vyrobé
suSenek, krup nebo arabského chleba — pity.

Keywords: einkorn wheat, Tritcum momococcum L., ecological
farming, growing, use, malting quality

1 INTRODUCTION

Einkorn wheat (Triticum momococcum L.) belongs to the oldest
domesticated wheat species, its wild species were used for human
nutrition as early as 10-12 thousand years ago. Similarly as in emmer
wheat, the earliest archaeological findings date back to 6.000 B.C. It
was grown by first farmers in the territory of today’s Syria, Israel, and
Turkey from there it spread to Europe and northern Africa (Konvalina,
2012a). Einkorn prevailed in northern Europe, while in the central and
southern parts of the continent, emmer was mostly grown. Einkorn
wheat was gradually replaced by more productive tetraploid (emmer
wheat, durum wheat) and subsequently hulless hexaploid wheat
species (common wheat, spelt wheat) (Konvalina et al., 2012b). In
the twenties century, it was locally grown in the territory of Spain,
France, Switzerland, Germany, in the Balkans, Turkey, and Morocco.

Along with emmer and spelt wheat, einkorn wheat belongs to the
group of hulled wheat species; this means that grains are protected
by hulls even after harvest. During harvest, the ear usually disintegra-
tes into individual ear spikelets that are otherwise connected with the
spindle. Einkorn wheat has one kernel per a spikelet, petty grains are
of an oval shape, thousand grain weight varies from 21-28 g (Konva-
lina et al., 2012b). Einkorn has a long thin stem susceptible to lodging
and characteristic short and very narrow flag leaves (Konvalina et al.,
2010). It has high tillering capacity and vitality. Plants are resistant to
fungal diseases. Currently, einkorn is grown mainly in the regions less
favorable for farming and under the conditions of ecological agricultu-
re. It is suitable for production of unleavened or puffed products or as
feed for monogastric livestock (Konvalina et al., 2012b). In addition, it is
used for production of biscuits, pearls or Arabic bread — pita.

In the Czech Republic, einkorn wheat is not included in the Nati-
onal List of Plant Varieties pursuant to the law 219/2003 Coll. and,
consequently, relevant varieties of this plant are not registered here.
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V Ceské republice neni pSenice jednozrnka zafazena v druhovém
seznamu Zakona 219/2003 Sb. a v disledku toho nejsou pfipad-
né odridy této plodiny v Ceské republice registrovany. Mohou vSak
byt pravné chranény. Osivo Zadné Ceské odriidy pSenice jednozrnky
neni v distribuéni siti v Ceské republice k dispozici. Farmafi maji pou-
ze moznost péstovat namnozené osivo pochéazejici z genetickych
zdrojli, nebo vyuzit osivo dovezené (Konvalina et al., 2012b).

V Rakousku se na omezenych plochach pSenice jednozrnka pés-
tuje. Farmari vyuzivaji vlastni osivo dfive péstovanych krajovych
odrdd (Konvalina et al., 2012b). Jedna se napfiklad o ,Voralberger
Einkorn“, nebo odrudy ziskané z genovych bank (,Ebners Einkorn“
nebo ,Leipzig Spat‘). Zminéna ,Ebners Einkorn® je v Rakousku, ale
i v Ceskeé republice distribuovana spole¢nosti Saatbau Linz.

V Madarsku byla vyslechténa z genetickych zdroji ve vyzkumné
stanici v Martonvasaru odriida Mv Alkor a je distribuovana spole¢-
nosti Elitmag Kft. Tato odruda je presivkového charakteru (je mozné
ji sit na jafe i na podzim) a byla Slechténa a testovana v podminkach
ekologického zemédélstvi (Konvalina et al., 2012b).

V Némecku byly v minulych letech na Slechtitelské stanici Breeding
Darzau vyS$lechtény tfi ozimé odridy pSenice jednozrnky Albini, Tif
a Terzino (Konvalina et al., 2012b). Komeréné se vyuziva pouze odrl-
da Terzino, o ostatni odrtdy nebyl v pribéhu poslednich tfi let zajem.

PSenice jednozrnka ve srovnani s pSenici setou vynika vysokym
obsahem dusikatych latek, Zlutou barvou endospermu a na druhou
stranu nizkymi hodnotami reologickych vlastnosti. Velmi vysoky ob-
sah dusikatych latek (vice nez 20 %) zaznamenal napfiklad Borghi
et al. (1996) nebo Grausgruber et al. (2004a). V obsahu bilkovin jsou
velké rozdily, z hlediska aminokyselinového sloZeni (mnozstvi ami-
nokyselin na gram zrna) nejsou ve srovnani s pSenici setou vyznam-
né rozdily (Acquistucci et al., 1995; Grausgruber a Arndorfer, 2002).
Obsah celkové vlakniny je mensi nez 10 % a je prikazné nizsi nez
u pSenice tvrdé nebo seté (Abdel-Aal et al., 1995; Grausgruber et
al., 2004a). Tento rozdil je zplisoben nerozpustnou slozkou vlakniny
(Abdel-Aal et al., 1995).

Rada autortl popisuje vysoky obsah dusikatych latek, ale lepek je
velmi roztékavy. Nizka pekarska jakost pSenice jednozrnky vychazi
z nizké pevnosti lepku, nizkych hodnot sedimentace a reologickych
vlastnosti tésta. Z toho dlvodu neni psenice jednozrnka vhodna pro
pfipravu klasického kynutého chleba (D’Egidio, et al., 1993). Kvalita
lepku preduréuje perspektivni vyuziti pSenice jednozrnky napfiklad
pro vyrobu suSenek, dort a dalSich sladkych produktd.

PSenice jednozrnka ma také vyssi obsah karotenoidll ve srovna-
ni s ostatnimi druhy pSenice (Abdel-Aal et al., 2002, Frégeaz-Reid
a Abdel-Aal, 2005; Hidalgo et. al., 2006). Karotenoidy jsou v endo-
spermu pomérné stabilni i pfi delS§im skladovani (Hidalgo a Brandoli-
ni, 2008), patrné v dusledku snizeni aktivity lipoxygendzy (Leenhardt
et al., 2006).

Cilem vyzkumu bylo modifikovat zavedenou technologii sladovani,
prizpUsobit ji potfebam sladovani pSenice jednozrnky a najit optimal-
ni variantu sladovani pfi zachovani znakl rozhodujicich o kvalité sla-
du z pSenice jednozrnky na vysoké urovni. Dal$im cilem bylo shro-
mazdit ucelena data o kvalité sladu z pSenice jednozrnky.

2 MATERIAL A METODY

Pro pokusné sladovani byl ziskan vzorek zrna pSenice jednozrnky
(vyrobce Petkom — Petko Angelov ST Rabovo, Bulharsko). V nesla-
dovaném zrnu byly stanoveny obsah dusikatych latek (EBC, 2009),
obsah skrobu (ISO, 1997), objemova hmotnost (MEBAK, 2006), kli-
¢ivost, energie kli¢eni, tfidéni (EBC, 2009) (fab. 2) a nasledné byl
tento vzorek sladovan.

Pro sladovani vzorku pSenice jednozrnky bylo zvoleno devét riz-
nych variant sladovani, tfi rdzné délky sladovani (120, 144 a 168
hodin) a tfi rizné stupné domoceni (43, 45 a 47 %). Podminky slado-
vani jsou uvedeny v tab. 1. Sladovani probihalo v laboratorni mikro-
sladovné firmy KVM (Unicov, Ceska republika).

Ve vyrobeném sladu byly podle metodik EBC (EBC, 2009) a ME-
BAK (MEBAK, 2006) stanoveny zakladni technologické znaky. Vy-
sledky jsou uvedeny vzdy v susiné. Obsah vitaminu E byl stanoven
pomoci HPLC s fluorescenéni detekci (McLaughlin a Weihrauch,
1979; Cavallero et al., 2004; Ehrenbergerova, 2006), aktivita enzy-
mu superoxiddismutasy (SOD) byla stanovena pomoci setu RAN-
SOD (Bfezinova Belcredi et al., 2007), aktivita lipoxygenazy (LOX)
byla stanovena podle metody, kterou uvadi Tappel et al. (1953). Ak-
tivita a-amylasy byla stanovena kolorimetricky (EBC, 2009) a akti-
vita B-amylasy byla stanovena pomoci setu Megazyme (McCleary
a Codd, 1989).

Nevertheless, they can be legally protected. No seeds of any Czech
variety of einkorn wheat are available in the distribution channels
in the Czech Republic. Farmers can only grow propagated seeds
obtained from genetic resources, or use imported seeds (Konvalina
etal., 2012b).

In Austria, einkorn wheat is grown on limited areas. Farmers use
their own seed of previously grown landraces (Konvalina et al.,
2012b), such as “Voralberger Einkorn“ or varieties from gene banks
(“Ebners Einkorn“ and “Leipzig Spat“). “Ebners Einkorn® is distributed
by the company Saatbau Linz.in Austria and also the Czech Republic.

In Hungary, the variety “Mv Alkor” was bred from the genetic re-
sources in the experimental research station in Martonvasar, the va-
riety is distributed by the company Elitmag Kft. This variety is of the
facultative character (is possible to sow in the spring and autumn)
and it was bred and tested under the conditions of ecological farming
(Konvalina et al., 2012b).

In Germany, three winter varieties of einkorn wheat, “Albini”, “Tif”,
and “Terzino”, were bred in the Breeding Station Darzau in last years
(Konvalina et al., 2012b). "Terzino” is the only variety used commer-
cially; there was no demand for the other varieties during last years.

Compared to common wheat, einkorn wheat excels by high con-
tent of nitrogenous substances, yellow color of the endosperm and
low values of rheological parameters. Very high content of nitroge-
nous substances (more than 20%) was recorded by e.g. Borghi et al.
(1996) and Grausgruber et al. (2004a). Protein contents differ signi-
ficantly, amino acid composition (amount of amino acids per a gram
of grain) does not differ substantially (Acquistucci et al., 1995; Graus-
gruber and Arndorfer, 2002). Total fiber content is less than 10% and
it is provably lower than in durum or common wheat (Abdel-Aal et
al., 1995; Grausgruber et al., 2004a). This difference is caused by an
insoluble component of the fiber (Abdel-Aal et al., 1995).

Many authors have described a high content of nitrogenous sub-
stances but gluten has unstable shape. Low bakery quality of einkorn
wheat is due to low gluten strength, low sedimentation values and
rheological properties of dough. For these reasons, einkorn wheat is
not suitable for preparation of classical leavened bread (D’Egidio et
al., 1993). Gluten quality predetermines the prospective use of ein-
korn wheat, for example for production of biscuits, cakes and other
sweet products.

Einkorn wheat has also a higher carotenoid content compared
to the other wheat species (Abdel-Aal et al., 2002; Frégeaz-Reid
and Abdel-Aal, 2005; Hidalgo et. al., 2006). Carotenoids are rela-
tively stable in the endosperm even after longer storage (Hidalgo
and Brandolini, 2008), possibly due to lowered lipoxygenase activity
(Leenhardt et al., 2006).

The aim of research was to modify the standard technology of mal-
ting and adapt it to needs of malting einkorn wheat, and find the op-
timal variant of malting while maintaining the parameters decisive for
einkorn wheat malt quality at high level. Furter aim was to summarize
complete data on quality of einkorn wheat malt quality.

2 MATERIAL AND METHODS

A sample of wheat einkorn was obtained for experimental mal-
ting (producer Petkom — Petko Angelov ST Rabovo, Bulgaria). In
non-malted grain, content of nitrogenous substances (EBC, 2009),
starch content (ISO, 1997), volume weight (MEBAK, 2006), germina-
tive capacity, germinative energy, sieving (EBC, 2009) (Table 2) were
determined, subsequently the sample was malted.

The sample of wheat einkorn was malted using nine different variants
of malting, three different lengths of malting (120, 144, and 168 hours)
and three different degrees of steeping (43, 45, and 47%). The malting
conditions are given in Table 1. Malting was conducted in the labora-
tory micromalting plant of KVM company (Uni¢ov, Czech Republic).

The basic technological parameters were assessed in the malt pro-
duced using the EBC (EBC, 2009) and MEBAK (MEBAK, 2006) me-
thods. Results are always given in the dry matter. Vitamin E content
was determined using HPLC with fluorescent detection (McLaughlin,
Weihrauch, 1979; Cavallero et al., 2004; Ehrenbergerova, 2006), acti-
vity of superoxide dismutase (SOD) was determined with the RAN-
SOD set (Bfezinova Belcredi et al., 2007), lipoxygenase activity (LOX)
with the method given by Tappel et al. (1953). a-Amylase activity was
determined colorimetrically (EBC, 2009) and B-amylase activity was
determined using the Megazyme kit (McCleary, Codd, 1989).

Notes to some parameters given in Table 3:

Wort clarity is assessed as follows: 1 = clear, 2 = weakly opalizing,
3 = opalizing, 4 = turbid.
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Tab. 1 Podminky sladovani / Table 1 Conditions of malting
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5D - 43 % 72 48 120 22 43 14 +1 14 +1 55+2 80 +
5D - 45 % 72 48 120 22 45 14 +1 14 +1 55+2 80+2
5D — 47 % 72 48 120 22 47 14 +1 14 +1 55 + 802
6D — 43 % 72 72 144 22 43 14 +1 14 +1 55+2 80+2
6D — 45 % 72 72 144 22 45 14 +1 14 +1 55+2 802
6D —47 % 72 72 144 22 47 14 +1 14 +1 55+2 80+2
7D - 43 % 72 96 168 22 43 14 +1 14 +1 55+2 80+2
7D - 45 % 72 96 168 22 45 14 +1 14 +1 55+2 802
7D — 47 % 72 96 168 22 47 14 +1 14 +1 55+2 80+2

Poznamky k nékterym znakim uvedenym v tab. 3:
Cirost sladiny je hodnocena nésledovné: 1 = ¢ira, 2 = slabé opali-
zujici, 3 = opalizujici, 4 = kalna.

3 VYSLEDKY A DISKUSE

Obsah dusikatych latek v susiné zrna u hodnoceného vzorku pse-
nice jednozrnky byl 15,8 % (tab. 2).V literatufe se zpravidla uvadi ob-
sah dusikatych latek v susiné zrna kolem 20 % (Niggemann, 2003).
Objemova (hektolitrovd) hmotnost doséahla hodnoty 81,0 kg a obsah
Skrobu 62 %. Hmotnost tisice zrn byla pouze 23,1 g, coz potvrzuji
také udaje z literatury. Konvalina et al. (2012b) uvadi, ze hmotnost
tisice zrn se pohybuje v rozmezi 21-28 g. Zrna byla velmi mala, pfi
rozdéleni podle velikostnich frakci na sité s podlouhlymi zakulaceny-
mi otvory 63,2 % zrn tvofilo propad pod sitem 2,2 mm. Pouze 31,5 %
zrn tvofilo podil nad sitem 2,2 mm. Nad sitem 2,5 a 2,8 mm zUstal
zanedbatelny podil (2,8 resp. 0,5 %) zrn. Dale byla sledovana kli¢i-
vost (H,0,) a energie kli¢eni. Kli¢ivost vyjadfujici procento Zivota-
schopnych zrn byla 90 %. Energie kliceni je procento vykli€enych
zrn v daném ¢ase, doséhla hodnoty 86 %. Obé tyto hodnoty jsou po-
mérné nizké. V literatufe se uvadi, Ze zrna vyloupana z klasku rychle
ztraci kli¢ivost (Konvalina et al., 2012b).

Vzorky sladu vyrobené deviti rdznymi technologickymi postupy
byly analyzovany. Byly zhodnoceny rozdily mezi jednotlivymi vari-
antami sladovani. Primérny obsah dusikatych latek v susiné sladu
z pSenice jednozrnky byl 15,3 % a primérna hodnota rozpustného
dusiku ve sladu byla 5,9 %. Modifikace dusikatych latek vyjadfena
hodnotou Kolbachova ¢isla se u sledovanych variant pohybovala se
v rozmezi 32,4-46,6 % (tab. 3). Primérna hodnota Kolbachova &isla

3 RESULTS AND DISCUSSION

Content of nitrogenous substances in the grain dry matter of the
evaluated einkorn wheat sample was 15.8% (Table 2). In the litera-
ture, the content of nitrogenous substances usually varies around
20% (Niggemann, 2003). Volume (hectoliter) weight reached 81.0 kg
and starch content 62%. Thousand grain weight was only 23.1 g,
which is in compliance with the data from the literature. Konvalina
et al. (2012b) claimed that thousand grain weight moved between
21-28 g. Grains were very small, at classification according to size
fractions on the sieve with oblong apertures, 63.2% of grains formed
the fraction of 2.2 mm below the sieve. Only 31.5% of grains formed
the fraction of 2.2 mm above the sieve. The sieving fractions above
2.5 and 2.8 mm were only negligible (2.8 and 0.5%, respectively).
In addition, germination capacity (H,O,) and germination energy
were studied. Germination capacity expressing percentage of viable
grains was 90%. Germinative energy, a percentage of germinated
grains over a given time, reached 86%. Both these values are rela-
tively low. Grains thrashed from the spikelets lose their germination
capacity very quickly (Konvalina et al., 2012b).

The samples of malt produced using nine different technological
methods were analyzed. Differences between the individual malting
variants were assessed. The average content of nitrogenous sub-
stances in the malt dry matter prepared from einkorn wheat was
15.3% and the average value of soluble nitrogen in malt was 5.9%.
Modification of nitrogenous substance expressed by the value of
Kolbach Index varied in the studied variants in the range from 32.4—
46.6% (Table 3). The average value of Kolbach Index was 38.6%. The
most powerful activity of proteolytic enzymes was recorded in the 7D
— 47 % (46.6%) and 7D — 45% (42.4%).

Tab. 2 Analyza zrna pSenice jednozrnky / Table 2 Einkorn grain analyses

Metody / Methods Jednotky / Units Odkazy / References | Hodnota znaku / Value
Ig;];;gjir:e(ffg‘(gr(.’ib.l;l;OVInY) v zrnu (faktor 5,7) / Protein content % EBC 2009 15.8
Obsah 8krobu / Starch content % CSN EN ISO 10520 62.0
Objemova hmotnost / Bulk density d.m. kg MEBAK 2006 81.0
Kli¢ivost (peroxid vodiku) / Germination capacity with

hydrogen( F;))eroxide ) pacy % EBC 2009 90
Energie kliceni / Germination energy % EBC 2009 86
Hmotnost 1000 zrn / Thousand grain weight d.m. g EBC 2009 23.1
Podil nad 2,8 mm / Grading > 2.8 mm % EBC 2009 0.5
Podil nad 2,5 mm / Grading > 2.5 mm % EBC 2009 2.8
Podil nad 2,2 mm / Grading > 2.2 mm % EBC 2009 31.5
Propad pod 2,2 mm / Waste < 2.2 mm % EBC 2009 63.2
PFfimési / Admixtures % EBC 2009 2.0
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Tab. 3 Analyza sladu pSenice jednozrnky / Table 3 Malt analyses of einkorn

R* R R? 2 BN R B R R
Metody Jednotky|  Odkazy g | 2| F | 2| 2| 5| 2|2 |5
Methods Units References | | | | | | | | |
o a (=] o a (=] o (=] o
o n n © © © N~ N~ N~
Dusikaté latky (bilkoviny) ve sladu (faktor 5,7) / o
Protein content of malt (factor 5.7) Yo EBC 2009 |15.3|15.4| 154|154 |152| 152|151 | 15.1 | 15.3
Celkovy dusik ve sladu, metodou podle Dumase / o
Total nitrogen of malt, Dumas method Yo EBC 2009 24 | 25 | 25 | 25| 24 | 24 |24 | 24 | 24
Rozpustny dusik ve sladu, metodou podle Dumase o
/ Soluble nitrogen of malt, Dumas method Yo EBC 2009 55 |56 | 50|57 |61 |62| 54|71 |65
Kolbachovo €islo / Kolbach index % EBC 2009 | 36.2 | 36.6 | 32.4 | 36.8 | 39.9 | 40.3 | 36.0 | 46.6 | 42.4
Extrakt Srotu, kongresni sladina / Extract of coarse
grind, congress mash % EBC 2009 |76.2|76.1|743|786|788|77.8|80.7|81.1]|81.3
Extrakt mouky, kongresni sladina / Extract of fine
grind, congress mash % EBC 2009 | 82.8 |82.8|82.0|83.3|83.6|83.6|837|84.4|838
Rozdil extrakt(i / Extract difference % MEBAK 2006 | 6.6 | 6.7 | 7.7 | 47 | 48 | 58 | 3.0 | 33 | 25
Relativni extrakt pfi 45 °C /
Mash method according to Hartong and % MEBAK 2006 | 23.8 | 24.0 | 22.7 | 28.1 | 28.8 | 28.6 | 31.7 | 34.2 | 34.5
Kretschmer VZ 45 °C
Diastatickd mohutnost / Diastatic power WK u. EBC 2009 | 240 | 229 | 214 | 251 | 255 | 251 | 282 | 283 | 288
Dosazitelny stuperi prokvaseni / Final attenuation o
of laboratory wort from malt Yo EBC 2009 |60.4 |58.2|55.0 639 |63.4|64.9 |67.7|67.4|67.7
Friabilita / Friability % EBC 2009 84 | 84 | 82 | 86 | 81 81 82 | 80 | 75
Obsah vysokomolekularnich B-glukan(, metodou
FIA / High molecular weight B-glucan content of mgl/l EBC 2009 22 21 26 18 18 16 16 16 15
malt, FIA
Viskozita sladiny / Viscosily of laboratory wort fiom | npas | EBC2009 | 2.30 | 2.37 | 2.44 | 2.25 | 2.25 | 2.29 | 2.00 | 2.09 | 2.12
pH / pH of laboratory wort MEBAK 2006 | 6.09 | 6.09 | 6.07 | 6.09 | 6.08 | 6.07 | 6.06 | 6.04 | 6.02
Barva sladiny / Colour of malt, visual method EBC u. EBC 2009 48 | 50 | 48 | 46 | 50 | 63 | 42 | 52 | 6.0
Doba zcukreni / Saccharification time min EBC 2009 >60 | >60 | >60 | 45 40 32 24 20 19
Cirost sladiny / Appearance (clarity) of wort MEBAK 2006 | 4.0 | 40 | 35 | 25 | 3.0 | 40 | 3.0 | 35 | 3.0
Zékal sladiny (90°) / Haze of wort (90°) EBC u. EBC 2009 |[22.0|252|26.7| 59 | 90 |181| 34 | 71 | 116
Zakal sladiny (12°) / Haze of wort (12°) EBC u. EBC 2009 |[27.3|29.0|264| 87 |104|162| 54 | 9.1 | 120
Celkové polyfenoly / Total polyphenols mg/l EBC 2009 | 40.0 | 30.7 | 27.8 | 33.1 | 27.0 | 34.5 | 25.7 | 28.8 | 26.1
McLaughlin,
Obsah vitaminu E / Vitamin E activity mg/kg Weihrauch | 8.14 | 7.28 | 6.77 | 8.30 | 8.52 | 8.15 | 8.83 | 8.68 | 8.93
1979
Aktivita superoxid dismutazy (SOD) / SOD Brezinova-
(superoxide dismutase) U/g -Belcredietal.| 135 | 136 | 152 | 141 | 144 | 137 | 134 | 117 | 114
2007
Aktivita lipoxygendzy / (LOX) Tappel et al.
LOX (lipoxygenase) U/mg 1953 261 |225|250 (254 (209|171 [1.75]| 1.51 | 1.16
Aktivita B-amylazy / B-amylase Ulg Setezr‘;m':"eega' 9.1 | 98| 91 [11.4[11.3[11.4 126|135 |147
2‘2};‘;")" a-amylazy (kolorimetricky) / a-amylase DU. | EBC2009 |>60 | >60 | >60 | 10 | 10 | 10 | 14 | 17 | 17

Vysvétlivky / Explanatory notes:

5D, 6D a 7D — celkové délka sladovani 120, 144 nebo 168 hodin / total malting time 120, 144 or 168 hour

43, 45 a 47 % — stupen domoceni / degree of steeping

byla 38,6 %. Nejsilngjsi aktivitu proteolytickych enzym( méla varian-
ta 7D — 47 % (46,6 %) a 7D — 45 % (42,4 %).

Extrakt sladu je dllezitym ekonomickym ukazatelem, ovliviiuje
vysledky kvaSeni, chemické slozeni hotového piva i jeho organo-
leptické vlastnosti (Basafova, 2015). Obsah extraktu u vSech sledo-
vanych variant byl na dobré az optimalni Urovni. Hodnota extraktu
se pohybovala v intervalu 82,0-84,4 %. Nejsilngjsi aktivitu amy-
lolytickych enzym( méla varianta 7D — 45 % (84,4 %). Primér-
na hodnota tohoto znaku byla na urovni 83,3 %. Relativni extrakt
pfi 45 °C, informujici o vytézku extraktu za dané teploty, byl nizky,
v praméru dosahl hodnoty 28,5 %. Vyssi obsah mély sedmidenni
varianty, nejvy$Si hodnotu relativniho extraktu pfi 45 °C méla vari-
anta 7D — 47 % (34,5 %).

Kvalita sladiny vyjadfena dosazitelnym stupném prokvaseni byla
na nizké urovni. Primérna hodnota v8ech sledovanych variant byla

Malt extract is an important economic parameter affecting fermen-
tation, chemical composition of finished beer and its organoleptic pr-
operties (Basarova, 2015). Extract content in all the studied variants
was at a good to optimal level. The extract value moved in the interval
of 82.0-84.4%. The strongest activity of amylolytic enzymes had the
variant 7D — 45% (84.4%). The average value of this parameter was
at the level of 83.3%. Relative extract at 45 °C that informs about
the extract yield at the given temperature, was low, on average, it
achieved the value of 28.5%. A higher content was detected in the
seven-day variants, the highest value of relative extract at 45 °C was
recorded in the variant 7D — 47% (34.5%).

Sweet wort quality expressed by the apparent final attenuation
was low. The average value of all the studied variants was 63.2%.
The lowest values were achieved by the variant 5D — 47% (55%). The
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63,2 %. Nejniz8i hodnoty dosahla varianta 5D — 47 % (55 %). Va-
rianty s delSi dobou sladovani mély hodnotu dosazitelného stupné
prokvaseni vy$Si nez 67 %.

Diastaticka mohutnost, ktera pfedstavuje enzymovy potencidl sla-
du, pfevazné B-amylazy, se pohybovala v rozmezi 214-288 j.WK. Pr{-
mérna hodnota tohoto znaku byla 255 j.WK. Nejvy$si hodnotu, 288
j-WK, méla varianta 7D — 47 %. Bézné hodnoty u svétlého plzefiského
sladu se pohybuiji v intervalu 200 — 300 j.WK (Basarova et al., 1992).

S modifikaci bunéénych stén, vyjadfenou obsahem B-glukant ve
sladiné, nebyly problémy, primérna hodnota tohoto znaku byla 19
mg/l. Naopak vSechny sledované varianty sladovani mély problémy
s cytolytickym rozlusténim, vyjadfenym friabilitou. Friabilita se pohy-
bovala v intervalu 75-86 %. Nejvyssi hodnoty doséhla varianta 6D —
43 % (86 %). Basafova (2015) uvadi, Ze hodnota viskozity kongresni
sladiny je jedno z mnoha kritérii, které ovliviiuje priibéh scezovani
sladiny i filtrovatelnost piva. Orienta¢né informuje o stupni degrada-
ce hemicelulos. Viskozita se u sledovanych variant sladovani pohy-
bovala v intervalu 2,09-2,44 mPa.s. Bézné hodnoty pro normainé
rozlustény sveétly plzensky slad se pohybuji v rozmezi 1,53-1,67
mPa.s (Basarova, 2015).

Kromé zékladnich znakl rozhodujicich o kvalité sladu z pSenice
jednozrnky, byla sledovana celé fada specialnich znaku (tab. 3). Byl
sledovan obsah vitaminu E, aktivita superoxiddismutazy, aktivita
lipoxygenazy, aktivita a a B-amylasy. Nejvyssi rozdil mezi sledova-
nymi variantami sladovani byl zjistén u obsahu vitaminu E. Obsah
vitaminu E znacné kolisal, hodnota tohoto znaku se pohybovala
v intervalu 6,77-8,93 mg/kg susiny, coz jsou hodnoty srovnatelné
s témi, které uvadeji pro psenici jednozrnku autofi Hejtmankova et
al. (2010). Nejvyssi obsah vitaminu E byl zjistén u varianty 7D —
47 % (8,93 mg/kg) a 7D — 43 % (8,83 mg/kg). Aktivita LOX ve sla-
du, enzymu, jehoz aktivita je spojovana s negativnimi senzorickymi
zménami, ke kterym dochdzi v pribéhu starnuti piva, byla velmi
nizka. Hodnoty se pohybovaly v intervalu 1,16-2,61 U/mg, autofi
Psota et al. (2005) uvadéji hodnoty u svétlého plzeniského sladu
3,3-7,1 U/mg. Aktivita SOD byla u pSenice jednozrnky srovnatelna
s udaji, které uvadéji autofi Belcrediova et al. (2006) nebo Boivin
(2001) pro svétly plzensky slad, pohybovala se v intervalu 114—152
U/g. Tito autofi shodné uvadgji, Ze aktivita enzymu SOD ve sladu se
pohybuje v rozmezi 96-187 U/g.

Polyfenoly mohou ve vétsi koncentraci zpUsobovat sviravou chut
a podilet se na tvorbé zakall. Maji vSak i pozitivni roli; brani oxida-
ci, a tim stabilizuji senzorické vlastnosti finalniho vyrobku. Narziss
a Bellmer (1976) uvadi u svétlého sladu z jeémene hodnoty obsahu
celkovych polyfenoll v rozpéti 46,0-76,2 mg/l. Slad z pSenice jedno-
zrnky obsahoval vyrazné nizsi obsahy celkovych polyfenoll (25,7—
40,0 mg/l). Niz8i obsah celkovych polyfenoltl ve sladu z pSenice
jednozrnky v porovnani s jeénym sladem uvadi také Fogarasi et al.
(2015). Tito autofi dale uvadéji, Zze vlivem sladovani doslo k poklesu
obsahu celkovych polyfenoll v susiné sladu.

Barva sladiny z pSenice jednozrnky se pohybovala v rozpéti
4,2-6,3 |.EBC a byla ve srovnani se svétlym sladem z je€émene vys-
8i. Sacher a Narziss (1992) uvadi barvu sladiny u dnesnich odrad
pSenice v rozpéti 3,3-5,1 j.EBC. Sladiny ziskané ze sladu pSenice
jednozrnky byly opalizujici az kalné (tab. 3).

Délka sladovani zvySovala kvalitu sladu vyraznéji nez stupen do-
moceni. Nejkvalitngjsi slady poskytly varianty se sedmidennim slado-
vanim. Také stupernt domoceni ovlivnil kvalitu sladu. NejlepSich hodnot
bylo dosazeno pfi stupni domoceni 43 a 45 %. Nejlepsi variantou byla
varianta sedmidenni sladovani pfi 45 % stupni domoceni (tab. 3).

4 ZAVER

Vzorky ps$enice jednozrnky byly zhodnoceny stejnym zplsobem,
ktery se pouziva pfi hodnoceni sladovnického je€mene. V nékterych
kvalitativnich parametrech dosahla psSenice jednozrnka srovnatel-
nych vysledkll jako sladovnicky je¢men, napf. aktivita amylolytic-
kych enzym, vyjadiena extraktem mouky byla na prdmérné drovni
83,3 %. Diastaticka mohutnost, ktera predstavuje enzymovy poten-
cial sladu, se pohybovala v rozmezi 214-288 j.WK. Bézné hodnoty
u svétlého plzefiského sladu se pohybuji v intervalu 200-300 j.WK.
Vzhledem k absenci pluch u p$enice jednozrnky nebyl problém
s modifikaci bunéénych stén, obsah B-glukant ve sladiné byl velmi
nizky. Naopak hodnoty relativniho extraktu pfi 45 °C a dosazitelného
stupné prokvaSeni byly velmi nizké. Varianty s del$i dobou sladovani
meély hodnotu dosazitelného stupné prokvaseni vy$si nez 67 %.

Obsah vitaminu E a aktivita SOD ve sladu z pSenice jednozrnky
byla srovnatelna s hodnotami, které uvadéji autofi pro svétly plzen-

value of final apparent attenuation of the variants with a longer length
of malting time was higher than 67%.

Diastatic power representing an enzymatic potential of malt, prevai-
lingly B-amylase, moved from 214-288 WK un. The average value of
this parameter was 255 WK un. The highest value, 288 WK un., was
detected in the variant 7D — 47%. In Pilsner pale malt, the values com-
monly move in the interval of 200—300 WK un. (Basarova et al., 1992).

Modification of cell walls expressed by B-glucan content in sweet
wort was without any problems; the average value of this parameter
was 19 mg/l. On the contrary, all the studied variants of malting had
problems with cytolytic modification expressed by friability. Friability
moved in the interval of 75-86%. The highest value was achieved by
the variant 6D — 43% (86%). According to Basarova (2015), the value
of congress wort viscosity is one of many criteria affecting sweet wort
lautering and beer filterability. It provides indicative information on
the degree of hemicellulose degradation. Viscosity in the studied va-
riants of malting moved in the interval of 2.09-2.44 mPa.s. Common
values for standard modified pale Pilsner malt move in the scope of
1.53-1.67 mPa.s (Basarova, 2015).

Besides the basic parameters decisive for quality of malt from
einkorn wheat, a number of special traits were studied (Table 3).
Content of vitamin E, superoxide dismutase activity, lipoxygenase
activity, a and B — amylase activity were studied. The highest dif-
ference between the variants under study was detected in content
of vitamin E. Vitamin E content fluctuated considerably, the value of
this parameter moved in the interval of 6.77-8.93 mg/kg of dry ma-
tter, which are the values comparable with those reported for einkorn
wheat by Hejtmankova et al. (2010). The highest vitamin E content
was found in the variant 7D — 47% (8.93 mg/kg) and 7D — 43% (8.83
mg/kg). Activity of LOX in malt was very low; activity of this enzyme
is connected with negative sensorial changes occurring during beer
ageing. The values varied in the interval of 1.16-2.61 U/mg. Psota
et al. (2005) reported values in pale Pilsner malt of 3.3-7.1 U/mg.
SOD activity in wheat einkorn was comparable with the data given
by Belcrediové et al. (2006) and Boivin (2001) for pale Pilsner malt,
it moved in the interval of 114—152 U/g. These authors reported that
activity of SOD in malt varied from 96—-187 U/g.

At higher concentration, polyphenols can lead to astringent flavor
and haze. However, they also play a positive role: they prevent oxi-
dation thus stabilizing sensory properties of a final product. Narziss
and Bellmer (1976) reported the values of total polyphenol content
in pale malt from barley in the range of 46.0-76.2 mg/I. Malt from ein-
korn wheat contained markedly lower contents of total polyphenols
(25.7-40.0 mg/l). A lower total polyphenol content in malt from ein-
korn wheat compared to barley malt was also reported by Fogarasi
et al. (2015). According to these authors, malting led to a decline in
total polyphenol content in malt dry matter.

Color of sweet wort from einkorn wheat moved in the range of
4.2—6.3 EBC un. and compared to pale barley malt it was higher. Sa-
cher and Narziss (1992) reported sweet wort color in current wheat
varieties in the scope of 3.3-5.1 EBC un. Sweet worts obtained from
einkorn wheat malt were opalizing to turbid (7able 3).

The length of malting increased malt quality more markedly than
degree of steeping. Best quality malts were provided by the variants
with seven-day malting. Degree of steeping also affected malt quality.
The best values were achieved at the degree of steeping of 43 and
45%. The best variant was the variant employing seven-day malting
at 45% degree of steeping (Table 3).

4 CONCLUSIONS

Einkorn wheat samples were assessed with the same method as
that applied for the assessment of malting barley. In some qualitative
parameters, einkorn wheat achieved comparable results as malting
barley, for example, the activity of amylolytic enzymes expressed
by flour extract was at the average level of 83.3%. Diastatic power
which represents an enzymatic potential of malt moved in the range
of 214-288 WK un. Common values in pale Pilsner malt vary in
the interval of 200—300 WK un. Due to the absence of hulls, einkorn
wheat did not have a problem with modification of cell walls, 3-glucan
content in sweet wort was very low. On the contrary, the values of
relative extract at 45 °C and apparent final attenuation were very low.
The value of apparent final attenuation in the variants with a longer
malting time was higher than 67%.

Vitamin E and SOD activity in malt from einkorn wheat were com-
parable with the values given by authors for pale Pilsner malt. LOX
activity was lower than in pale Pilsner malt.
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sky slad. Aktivita LOX byla ve srovnani se svétlym plzefiskym sladem
nizsi.

Dosazené vysledky ukazuji, Ze nejvhodnéjsi délka sladovani je
168 hodin, tedy varianta 7D — 45 %. Tato varianta sladovani posky-
tuje vysoky obsah extraktu pfi zachovani ostatnich parametr(i rozho-
dujicich o kvalité sladu na pfiznivé drovni.
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