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U 20 odrlid je¢mene byl stanoven obsah bilkovin, $krobu a vybrané sladovnické znaky. Mouénatost byla stanovena pomoci Light Transf-
lectance Meter (LTm) a tvrdost pomoci pfistroje Single Kernel Characterization System 4100 (SKCS). Moucnatost a tvrdost byly ovlivnény
lokalitou z 87 % (LTm) respektive 83 % (SKCS). Vyznamné korelace byly zjistény mezi LTm, SKCS a obsahem Skrobu, obsahem extraktu,
Kolbachovym ¢islem, friabilitou, beta-glukany ve sladiné. Vysoka korelace byla nalezena mezi obéma pouzitymi, fyzikalné odliSnymi meto-
dami (LTm a SKCS).

Psota, V. — Vejrazka, K. — Hartmann, J. — Musilova, M.: Effect of the endosperm structure of barley caryopsis (Hordeum vulgare L.)
on malt quality. Kvasny Prum. 54, 2008, No. 10, p. 294—299.

Protein content, starch content and selected malting parameters were assessed in 20 varieties of two-row spring barley. Mealiness was
assessed using the Light Transflectance Meter (LTm) a hardness using the Single Kernel Characterization System 4100 (SKCS). Effect of
the locality on mealiness and hardness was 87 % (LTm) or 83 % (SKCS). Significant correlations were found between LTm, SKCS and starch
content, extract content in malt, Kolbach index, friability, and beta-glucan content in wort. High correlation was found between the two phy-
sically different methods used (LTm and SKCS).

Psota, V. — Vejrazka, K. — Hartmann, J. — Musilova, M.: Der Einfluss der Endospermstruktur von Gerstengrasfrucht auf die Malz-
qualitat. Kvasny Prum. 54, 2008, Nr. 10, S. 294-299.

Der Eiweiss- und Starkegehalt und weitere ausgewahlte Malzparameter wurden bei den 20 Gerstensorten festgestellt. Die Mehligkeit wurde
mittels der Methode Light Transflectance Meter (LTm) und die Harte am Messapparat Single Kernel Characterization System 4100 (SKCS)
gemessen. Durch die Lokalitéat wurden die Werte von der Mehligkeit und der Grasfruchthérte von 87 % (Methode LTm), beziehungsweise
von 83 % (Methode SKCS) beeinflusst. Weiterhin wurden die bedeutende Korelationen unter den LTm, SKCS und Starkegehalt, Extraktge-
halt, Kolbachindex, Friabilitat, beta-Glukans in der Wirze bestimmt. Eine hohe Korelation wurde zwischen den angewandten, fysikalisch un-
terschiedlichen Methoden (LTm und SKCS) gefunden.

Mcora, B. — Beitpaxka, K. — FapTmaHnH, W. — Mycunosa, M.: BnusiHne cTpyKTypbl 3HAOCNEpMa 3epHOBKM sumeHs (Hordeum vul-
gare L.) Ha ka4yecTBO conopga. Kvasny Prum. 54, 2008, Ho. 10, cTp. 294-299.

Y nBajuaTy COpTOB S4MeEHs 6blfio onpefeneHo coaep xaHne 6eKoBbIX BELWECTB, Kpaxmana u n3bpaHHble NMBoBapeHHbIe 3Hakn. Myy-
HUCTOCTb Oblna onpegeneHa ¢ nomouwsto Light Transflectance Meter (LTm) n TBepgocTb ¢ nomowbto annapata Single Kernel Characteri-
zation System 4100 (SKCS). Okasanocb BMSHUE pernoHa Ha MyYHUCTOCTb U TBepAoCTb U3 87 % (LTm) nnm xe 83 % (SKCS). Bruigato-
wmecsa koppensaummn 6binn onpegenenbl Mexay LTm, SKCS n cogepxaHuem kKpaxmana, akcTpakTa, yucrioMm Konbbaxa, nokasaHuem
bprabunumeTpa, 6eTa-rnokaHamm B cycre. Bbicokasi koppensaums HangeHa mexzy o60oMMU NpUMEHEHHbIMU, U3 (OU3NYECKON TOYKM
3peHus pa3nuyHbiMu metogamu (LTm n SKCS).
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1 UvoD

U obilek je€mene, ale i pSenice, rozliSujeme podle odrazu svétla
na jejich lomu dva odlisné typy endospermu: moucny a sklovity. Roz-
dily mezi nimi jsou dany urovni kompaktnosti endospermu. Moucny
endosperm ma otevienéjsi strukturu, Skrobova zrna jsou v bilkovinné
matrici volnéji uloZzena. Svétlo se, po dopadu na povrch lomu obilkou,
lame rlznymi sméry a vytvari tak dojem kyprého mouéného povrchu.
Sklovity endosperm je charakteristicky t&ésnym spojenim Skrobovych
zrn a bilkovinné matrice a mdze mit také vétsi hustotu bilkovinné ma-
trice nez endosperm moucny [1]. Sklovity endosperm svétlo odrazi
vice méné jednim smérem a vytvaii tak dojem sklovitosti. Casto se
vyskytuji endospermy, které nejsou jednoznaéné vyhranéné a svymi
vlastnostmi se nachazi nékde mezi mouc¢natym a sklovitym typem
endospermu.

Se sklovitosti Uzce souvisi tvrdost. Tvrdost se definuje jako odpor,
ktery klade material proti vnikani ciziho télesa. Tato vlastnost souvisi
se strukturou endospermu, hlavné s ulozenim skrobovych zrn v bilko-
vinné matrici. Tvrdost obilky je odridovou viastnosti a je pouzivana pro
hodnoceni Slechtitelského materialu pfedevSim u pSenice a jeCmene.

Keywords: barley, malting quality, grain mealiness, grain hardness

1 INTRODUCTION

Two different types of endosperm, mealy and glassy, are distingu-
ished based on the reflection of light on caryopses fracture in barley
and wheat. Differences in them are given by the compactness of en-
dosperm. The mealy endosperm has a more open structure, starch
grains are packed more loosely in the protein matrix. Light after rea-
ching the caryopsis surface refracts in various directions and crea-
tes an image of plump mealy surface. The glassy endosperm is cha-
racterized by more compact embedding of starch granules into
a protein matrix and it can also have a higher density of protein mat-
rix than the mealy endosperm [1]. The glassy endosperm reflects light
more or less in one direction and creates an image of glassiness. En-
dosperms which are not clearly defined, occur frequently, their cha-
racteristics are somewhere between the mealy and glassy type of the
endosperm.

Hardness is closely related to glassiness. Hardness is defined as
a resistance of material to penetration of foreign substances. This
character is connected with the endosperm structure, mainly with em-
bedding of starch granules into a protein matrix. Hardness of cary-
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Pfi sladovani je€mene do-
chazi ke strukturalnim zme-

Tab. 1 Charakteristika odrlid / Variety description

opsis is a character of a va-
riety and it is used for the

nam vlivem modifikace bu- Ukazatel } Ukazatel 5 evaluation of a breeding ma-
né&nych stén, proteinové . sladovnické | Zeme . sladovnické |~ Zeme terial, first of all in wheat and
matrice a ékrobov)'/ch zrn. Odruda / iakosli (USJ) / puVOdu / | Odruda/ iakosti (USJ) / puVOdu / bar|ey.

Urovent modifikace je uréo- Variety Malting Country | Variety Malting Country During barley malting,
vana aktivitou pfislugnych _ quality of origin ~ quality oforigin | modification of cell walls,
hydrolytickych enzymdi a pfi- index (MO) index (MOI) protein matrix and starch
stupnosti rozkladaného sub- Tolar 2,0 Ccz Sebastian 7,0 DK granules leads to structural
stratu, tj. bunécnych stén, Calgary 35 F Xanadu 7,0 D changes. Level of modifica-
bilkovinné matrice a skrobo- tion is given by activity of re-
vych zrn. Vysoka kompakt- Radegast 4.5 cz Kompakt i SK levant hydrolytic enzymes
nost endospermu, ktera zpti- Malz 55 Cz Respekt 74 Cz and accessibility of the di-
sobuje tzv. sklovitost, je Bojos 6,0 Ccz Nitran 7,9 SK gested substrate, i.e. cell
pF[éirjou pqmalé a nwedosta- Prestige 6,0 GB Saloon 8,4 GB walls, protein mqtrix and
te€né modifikace. Pfi slado- - starch granules. High com-
vani za stejnych podminek je Jersey 6.5 NL Bolina N D pactness of endosperm cau-
tedy udrovet  modifikace Faustina 68 D Heris N Cz sing a so-called glassiness
moucnych a sklovitych zrn Class 6,9 F Orthega N D is a reason of slow and in-

rlizna, coz vede k heteroge-
nité vyrobeného sladu.

Pro hodnoceni sklovitosti a mouénatosti obilek Ize pouzit pFistroj
Light transflectance meter — LTm. Funkce pfistroje LTm je zaloZena
na kvantitativnim méreni prlichodu laserového paprsku obilkou je¢-
mene nebo pSenice. Obilky je€mene neni nutno zbavovat pluchy, pro-
toze laserovy paprsek je schopen pluchou proniknout. Metoda je ne-
destruktivni, coz vyhovuje potfebam hodnoceni S$lechtitelského
materidlu v rané fazi Slechtitelského programu.

2 MATERIAL A METODY

V pokusu byly analyzovany vzorky 20 odrud jarniho, dvoufadého
jemene se sladovnickou i nesladovnickou kvalitou (fab. 1). Osivo
bylo ziskano ze 4 zkusebnich lokalit Ustfedniho kontrolniho a zku-
gebniho Ustavu zemédalského (Vérovany, Caslav, Lednice, Vysoka)
ve sklizriovém roce 2006. V nesladovanych obilkach jeémene byl sta-
noven obsah bilkovin, $krobu a neskrobovych polysacharidd (3-glu-
kanu).

Pro mikrosladovani a méfeni na pfistrojich Light transflectance me-
ter (LTm) a Single-kernel characterisation system (SKCS 4100) byl
pouzit pfepad zrna na sité 2,5 mm.

Dle metodik, dodavanych s pfistroji, byly u zrna stanoveny hodnoty
moucnatosti na pfistroji LTm (BRi) a hodnoty tvrdosti na pfistroji
SKCS 4100 (Perten). Hodnoty sklovitosti pak tvofi dopocet do 100
procent. Nejprve byly vzorky proméfeny na pfistroji LTm. Tento pfi-
stroj proméfuje najednou 97 zrn. Tato zrna byla nasledné promérena
na pfistroji SKCS 4100. V ramci tohoto méfeni jsou zrna v pfistroji
drcena. Soubézné byly vzorky zrna mikrosladovany dle standardniho
postupu VUPS, ktery vychazi z metodiky MEBAK [2].

Vysledky byly statisticky hodnoceny analyzou variance s nasled-
nym mnohonasobnym testovanim vyznamnosti jednoduchych kon-
trastl, korelaéni analyzou. Byly pouzity statistické programy REML
a SPSS.

3 VYSLEDKY A DISKUSE

Vliv sloZeni obilky

Mnozstvi a kvalita dusikatych latek obsazenych v obilce vyraznym
zplsobem ovliviuji jeji fyzikalni vlastnosti [3, 4]. Vysledky vyzkumu
naznacuji, ze i kdyz je sklovitost spojovana s vysokym obsahem du-
siku a mouénatost naopak s nizkym obsahem dusiku [5], sklovity nebo
moucny endosperm mohou mit zrna s podobnym obsahem dusiku
[6].

Rozpéti, ve kterém se obsah bilkovin v jednotlivych vzorcich sle-
dovaného souboru pohyboval, bylo uzké (10-12,5 %). Vliv obsahu
bilkovin na tvrdost obilky zjisténou pFistrojem SKCS byl statisticky ne-
priikazny. Opticka metoda (LTm) zaznamenala sice maly, ale vysoce
prikazny vliv obsahu dusikatych latek na priichod laserového pa-
prsku. Se vzristajicim obsahem dusikatych latek vzrista i tvrdost
obilky, coz zjistili napfiklad Allison et al. [8] a dal$i [9, 10]. Podstat-
néjsi vliv na tvrdost obilky méa pravdépodobné kvalitativni slozeni bil-
kovin. Slack et al. [11] pfedpokladaji, Ze hordeiny v proteinové ma-
trici pfedstavuji hlavni pfekazku odbouravani Skrobovych zrn. Se
vzrlstajicim obsahem hordein( klesa obsah extraktu a stoupa vis-
kozita sladiny [12]. Jednotlivé skupiny hordeint vykazuji riizné bio-
chemické vlastnosti a rGzné slozeni aminokyselin, coz se odrazi

sufficient modification. It me-
ans that malting under the
same conditions provides different level of modification of glassy and
mealy granules, which accounts for heterogeneity of the produced
malt.

The Light Transflectance meter — LTm can be used for the evalua-
tion of glassiness and mealiness of caryopses. Technique of this in-
strument is based on the quantitative measurement of laser beam
propagation through a barley or wheat caryopsis. Barley caryopses
are not required to be dehulled as laser beam is able to penetrate
the hull. The method is non-destructive which meets the requirements
for the evaluation of the breeding material in an early phase of the
breeding program.

2 MATERIAL AND METHODS

Samples of 20 spring two-row barley varieties with malting and non-
malting quality were analyzed (Tab. 7). Seed was obtained from 4
testing localities of Central Institute for Supervising and Testing in Ag-
riculture (Vérovany, Caslav, Lednice, Vysoka) in harvest year 2006.
Contents of protein, starch and non-starch polysaccharides (B-glu-
cans) in non-malted barley caryopses were determined.

Sieving fractions above 2.5 mm were used for micromalting and
measurement on the Light Transflectance meter (LTm) and Single-
Kernel Characterisation System (SKCS 4100) instruments.

According to the methodology supplied with the instruments, the
values of mealiness were assessed in grains on the LTm (BRi) and
values of hardness on the SKCS 4100 (Perten). Glassiness is then
the remaining amount to 100 percent. Firstly, the samples were me-
asured on the LT meter. This instrument measures 97 grains at once.
Subsequently, these grains were measured on the SKCS 4100 in-
strument. Grains are crushed while measured on this equipment. At
the same time the grain samples were micromalted pursuant to the
standard method of the RIBM based on the method of MEBAK [2].

Results were statistically assessed with the analysis of variance
with following multiple testing of the significance of single contrasts
using the correlation analysis. Statistical programs REML and SPSS
were used.

3 RESULTS AND DISCUSSION

Effect of the caryopsis composition

Quantity and quality of nitrogenous substances contained in a ca-
ryopsis affected its physical properties significantly [3, 4]. Results of
research suggest that although glassiness is connected with high nit-
rogen content and mealiness, on the contrary, with low nitrogen con-
tent [5], grains with similar nitrogen content can have glassy or me-
aly endosperm [6].

The range in which protein content in the individual samples of the
studied set varied was narrow (10-12.5 %). The effect of protein con-
tent on caryopsis hardness determined with the SKCS was statisti-
cally insignificant. The optical method (LTm) recorded low but highly
significant effect of content of nitrogenous substances on the propa-
gation of laser beam. Caryopsis hardness increases with increasing
content of nitrogenous substances as determined by Allison et al. [8]
and others [9, 10]. Presumably, qualitative composition of proteins af-
fects caryopsis hardness more significantly. Slack et al. [11] suppose
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Tab. 2 Analyza variance a odhady komponent rozptylu pro / Analysis of variance and estimated components of variance for

Zdroj proménlivosti / Primérny Hladina Odhad komponent rozptylu /
Source of ctverec / vyznamnosti / Estimated components of variance
variation d.f. Mean square Significant level rel. | abs. | s.e.
LTm
Lokalita / Locality 3 19793.946 i 87.63 985.6952 808.0848
Odrlida / Variety 19 316.618 b 5.26 87.6300 25.9532
Reziduum / Residual 57 80.042 711 80.0423 14.9933
SKCS (Havg)
Lokalita / Locality 3 3788.6181 i 83.35 189.0598 154.6697
Odrlda / Variety 19 128.7784 b 13.38 30.3393 10.4511
Reziduum / Residual 57 7.4214 3.27 7.4214 1.3902
Skrob / starch
Lokalita / Locality 3 6.8477 b 57.95 0,3368 0,2796
Odrlda / Variety 19 0.6430 b 22.85 0,1328 0,0524
Reziduum / Residual 57 0.1116 19.20 0,1116 0,0209
extrakt sladu / extract of malt
Lokalita / Locality 3 7.2270 b 28.90 0,3482 0,2951
Odrlida / Variety 19 2.6381 b 49.29 0,5938 0,2143
Reziduum / Residual 57 0.2627 21.81 0,2627 0,0492
relativni extrakt pfi 45 °C / relative extract at 45 °C
Lokalita / Locality 3 203.8408 b 34.24 10,0256 8,3218
Odrlida / Variety 19 67.0188 b 54.39 15,9223 5,4382
Reziduum / Residual 57 3.3296 11.37 3,3296 0,6237
friabilita / friability
Lokalita / Locality 3 1020.6833 i 53.12 49,9425 41,6697
Odrlda / Variety 19 110.7921 b 23.66 22,2399 9,0444
Reziduum / Residual 57 21.8325 23.22 21,8325 4,0896
B-glukany ve sladiné / B-glucan in wort
Lokalita / Locality 3 69788.214 i 27.68 3350.1478 2849,2113
Odrlda / Variety 19 26648.286 b 49.30 5965.7566 2165,3932
Reziduum / Residual 57 2785.2605 23.02 2785.2605 521,7271
Poznamky / Notes d.f. stupné volnosti / degrees of freedom
* P=0.05 e P=0.001 rel. relativni hodnota / relative value
** P=0.01 NS non significant abs. puvodni hodnota / original value
s.e. chyba odhadu / standard error

v tvorbé a stabilité chemickych vazeb. Hordeinové bilkoviny mouc-
nych endospermu se lusti rychleji nez hordeinové bilkoviny sklovitych
endospermd [7]. Nékteré hordeinové bilkoviny jsou diky svym vlast-
nostem odolné&jsi vici proteolytickému rozlusténi [3] a v endospermu
mohou vytvaret agregaty s pevnéjsi vazbou mezi krobovymi zrny
a bilkovinnou matrici, které jsou odolnéjsi rozlusténi.

Obsah Skrobu vyrazné ovliviioval urovert moucénatosti resp. tvrdosti
obilky. Statisticky vysoce vyznamna korelace (LTm 0,65***, SKCS
—0,55***) ukazuje, Ze se vzrlstajicim obsahem Skrobu klesa sklovi-
tost resp. tvrdost obilky, coz koresponduje s vysledky ziskanymi au-
tory Henry a Cowe [9] a dal$imi [10]. Swanston [13] zjistil, Ze linie
s drolivym endospermem vykazuiji niz&i mleci energii.

Vliv odrady a lokality

Allison [14] zd(raznil, Ze odrida je jednim z vyznamnych faktora,
které ovliviuji tvrdost obilky je€mene. Ve sledovaném souboru byl
zjistén statisticky vysoce prikazny rozdil mezi odrlidami u obou me-
tod pouzitych pro méfeni tvr-
dosti. Vliv odridy byl u metody
LTm na drovni 5 %. Vysledky

Tab. 3 Priimérné hodnoty moucnatosti a tvr-
dosti zrna z lokalit / Average values of grain
mealiness and hardness from localities

that hordeins in the protein matrix represent a main obstacle to starch
granule degradation. With increasing hordein content, extract content
declines and wort viscosity increases [12]. The individual groups of
hordeins exhibit various biochemical properties and various amino
acid compositions, which results in formation of chemical bonds and
their stability. Hordein proteins of mealy endosperms modify faster
than hordein proteins of glassy endosperm [7]. Due to their proper-
ties, some hordein proteins are more resistant to proteolytic modifi-
cation [3] and can create aggregates in the endosperm with firmer
bonds between starch granules and the protein matrix that are more
resistant to modification.

The starch content significantly affected the level of caryopsis ma-
eliness or hardness. Highly significant correlation (LTm 0.65***, SKCS
—0.55"**) shows that glassiness or hardness of a caryopsis declines
with increasing starch content. This corresponds with the results ob-
tained by Henry and Cowe [9] and others [10]. Swanston [13] found
out that lines with a crumbly endosperm exhibited lower milling
energy.

Effect of the variety and locality

ziskané na pfistroji SKCS Allison [14] pointed out that variety is one of the important
4100 byly ovlivnény odridou | Lokalita / Locality LTm SKCS factors affecting the barley caryopsis hardness. Both the met-
podstatné vice a pohybovaly Vérovany 26 2a 62.99a | hods used for the measurement of hardness determined sta-
se na urovni 13 % (tab. 2). | = : : tistically highly significant differences between the varieties in
U mleci energie byl zjistén viiv | ©asiav 34,90 | 53,772 | he studied set. The effect of the variety with the LTm method
odridy na Grovni 65 % [15].Ve | Lednice 37,7b 61,61b | was on the level of 5 %. The results obtained with the SKCS
sledovaném souboru byly pfe- | Vysoka 95,1¢c 33,15b | 4100 instrument were affected by the variety more substanti-

dev§im sladovnické odrldy
s podobnou strukturou endo-
spermu, coz mohlo byt davo-
dem nizkého vlivu odridy na
variabilitu tohoto znaku.

Poznamka / Note:

Pismena znaéi vyznamné rozdily na hla-
diné vyznamnosti P=0,05 / Different letters
means significant differences at P=0.05

ally and varied around 13 % (Tab. 2). The effect of the variety
on milling energy was determined on the level of 65 % [15].
The studied set contained mainly the malting varieties with
a similar structure of the endosperm; this may be a reason of
a low effect of the variety on the variability of this parameter.
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Tab. 4 Zjisténé korelace mezi LTm a SKCS a technologickymi parametry / Determined correlations between LTm and SKCS and technolo-

gical parameters

LTm SKCS (Havg)
LTm -0.87  ***
HAVG -0.87 ***
Obsah skrobu / Starch content in caryopsis 0.65 *** -0.54 i
Obsah dusikatych latek / Protein content in caryopsis -0.38 *** 0.09 NS
Extrakt sladu / Extract yield 0.56  *** -0.52 i
Sacharidovy extrakt / Saccharidic extract 0.48 *** -0.37 i
Relativni extrakt pri 45 °C / Relative extract (45 °C) 0.38 *** -0.44 i
Kolbachovo ¢&islo / Kolbach index 042 *** -0.44 i
Diastaticka mohutnost / Diastatic power 0.01 NS -0.22 *
Dusikaté latky ve sladu / Protein in malt -0.42 0.13 NS
Rozpustny N ve sladiné / Total sol. N in wort 0.09 NS -0.28 *
Friabilita / Friability 0.55 *** -0.47
Homogenita friabilimetrem / Homogeneity (by friabilimeter) 049 ™ -0.50 i
Césteéné sklovita zrna / Partly unmodified grains -0.49 *** 049 ™
Sklovita zrna / Glassy corns -0.25 * 0.30 *
B-glukany ve sladiné / B-glucan in wort -0.51  *** 0.53 ***
Doba zcukreni / Saccharification rate -0.09 NS 0.25 *
Dosazitelny stupen prokvaseni / Apparent final attenuation 0.36 *** -0.33 *
Viskozita sladiny / Viscosity of wort -0.39 0.49 i
Barva sladiny / Colour of wort -0.18 NS 0.10 NS
Zakal sladiny 90 ° / Haze of wort at 90 ° 0.08 NS 0.11 NS
Cirost sladiny / Clarity (Appearance) of wort 0.06 NS 0.11 NS
Stupen domoceni po 1 namacce / Degree of steeping 1 -0.17 NS 0.10 NS
Stupen domoceni po 2 namacce / Degree of steeping 2 -0.15 NS 0.02 NS
Poznamky / Notes:
LTm — Light Transflectance meter * P =0,05 e P =0.001
SKCS (Havg) — Single Kernel Characterization System (Hardness, average) ** P =0.01 NS  non significant

Primérné hodnoty moucnatosti obilek byly na lokalité Vérovany
(26,2 %) a nejvyssich hodnot dosahla lokalita Vysoka (95,1 %) (tab. 3).
Prdmérna tvrdost obilek na lokalité V&rovany dosahla hodnoty 62,99,
zatimco lokalita Vysoka pouze 33,15 (fab. 3). Rozdily mezi lokalitami
byly statisticky vysoce prikazné u obou pouzitych metod, coz odpo-
vida vysledkim Swanstona et al. [16]. Vliv lokality na proménlivost to-
hoto znaku byl v pfipadé metody LTm na urovni 87 %, v pfipadé vy-
sledku ziskanych na pfistroji SKCS 4100 byl 83 % (tab. 2).

NejvyS8si korelace mezi technologickymi znaky a mouc¢natosti re-
spektive tvrdosti byla zaznamenana u ndsledujicich znakl (tab. 4):
obsah Skrobu v obilkach je€mene (0.65, —0.54), extrakt (0.56, —0.52),
relativni extrakt pfi 45 °C (0.38, —0.44), friabilita (0.55, —0.47), obsah
B-glukana ve sladiné (-0.51, 0.53). Proménlivost obsahu $krobu byla
vlivem lokality zpUsobena z 58 %, také friabilita byla vyraznym zpG-
sobem ovlivnéna lokalitou (53 %). Proménlivost ostatnich znaku (tab.
4) s Uzkou vazbou na moucnatost respektive tvrdost obilek byla ovliv-
néna ze 49 az 54 % odrldou. Vliv lokality byl u téchto znakdl na dru-
hém misté. Znaky extrakt, relativni extrakt pfi 45 °C a obsah B-glu-
kant ve sladiné jsou vysledkem c¢innosti enzymatického aparatu
obilky, tedy vysledkem vlivu odr(dy.

Testovani metodou LSD potvrdilo malé rozdily mezi strukturami en-
dosperm0 sledovanych odrid. Pouze odriida Orthega ma vyraznéji od-
lisnou strukturu endospermu. Metoda LTm ji zafadila do skupiny odrad

samostatné skupiny s nejtvrdSim endospermem (obr. 1a, 1b).

Vliv moucnatosti resp. tvrdosti na sladovnické znaky

Sladovnické parametry nejsou ovlivnény tvrdosti obilky pfimo. Tento
vztah je vyrazné ovlivnén vlastnim procesem sladovani. V pribéhu
sladovani vstupuji do hry nejen fyzikalni viastnosti obilky, ale také ak-
tivita enzymatického aparatu a pfistupnost vysokomolekularnich la-
tek k enzymatické degradaci. Z tohoto divodu je nutno ocekavat nizsi
uroven vzajemného vztahu mezi tvrdosti obilky a sladovnickymi pa-
rametry (tab. 4).

Obé metody pouzité k méfeni sklovitosti resp. tvrdosti potvrdily, ze
modifikace Skrobu je vyraznym zplsobem ovlivnéna tvrdosti obilky.
Se vzrlstajici sklovitosti resp. tvrdosti obilky klesa obsah extraktu
(LTm 0,56***, SKCS -0,53***) a glycidového extraktu (LTm 0,48***,
BRA —0,37***), coz odpovida i korelacim zjisténym autory Home,

The average values of mealiness of caryopses were detected in
the locality Vérovany (26.2 %) and the highest values in the locality
Vysoka (95.1 %) (Tab.3). Average hardness of the caryopses in the
locality Vérovany achieved the value of 62.99, while in the locality Vy-
sokéa only 33.15 (Tab. 3). Differences between the localities were sta-
tistically highly significant in both the methods used, which corres-
ponds with the results of Swanston et al. [16]. The effect of a locality
on the variability of this parameter with the LTm method was on the
level of 87 %, in the results obtained with the SKCS 4100 instrument
it was 83 % (Tab. 2).

The highest correlation between the technological parameters and
mealiness or hardness was recorded in the following parameters ( Tab.
4): starch content in barley caryopses (0.65, —0.54), extract (0.56,
—0.52), relative extract at 45 °C (0.38, —0.44), friability (0.55, —0.47),
B-glucan content in wort (-0.51, 0.53). Effect of a locality on variabi-
lity of starch content was 58 %, friability was also significantly affec-
ted by a locality (53 %). The variety affected variability of the other
parameters closely related to mealiness or hardness of caryopses
from 49 to 54 % (Tab. 4). The effect of the locality in these parame-
ters was only the second. The parameters: extract, relative extract at
45 °C and B-glucan content in wort are the result of activity of the en-
zymatic apparatus- of a caryopsis, it means the result of the effect of
the variety.

Testing with the LSD method confirmed small differences between
the endosperm structures of the varieties studied. The variety Orthega
was the only variety with a more markedly different endosperm struc-
ture. The LTm method assigned it to a group of varieties with a more
glassy endosperm. The SKCS method assigned it as the only variety
to an independent group with the hardest endosperm (Fig. 1a, 1b).

Effect of maeliness or hardness on malting parameters

Malting parameters are not affected by caryopsis hardness directly.
This relationship is markedly influenced by the malting process alone.
During malting not only caryopsis physical characters but also acti-
vity of enzymatic apparatus and accessibility of high molecular sub-
stances to enzymatic degradation play roles. Therefore, lower level
of mutual relationship between the caryopsis hardness and malting
parameters must be expected (Tab. 4).

Both the methods used for the measurement of glassiness or hard-
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Obr. 1a/ Fig. 1a Hodnoty mouénatosti (LTm) a nasledné testovani rozdil(i / Mealiness values and multiple range analysis for LTm
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Elamo [17] a Tailor a Swanston [18]. Naopak nevyznamné korelace
mezi Urovni tvrdosti a obsahem extraktu zjistili Ellis et al. [19] a Swan-
ston et al. [20].

Modifikace bilkovin byla vyznamnou mérou ovlivnéna sklovitosti
resp. tvrdosti obilky. Se vzrustajici sklovitosti resp. tvrdosti obilky kle-
sala urovent modifikace bilkovin vyjadfena pomoci Kolbachova ¢isla
(LTm 0,42***, SKCS -0,44***). Obdobny vztah zaznamenal Swan-
ston et al. [20].

ness confirmed that modification of starch was significantly affected
by caryopsis hardness. With increasing glassiness or hardness of
a caryopsis, extract content (LTm 0.56***, SKCS —-0.53***) and gly-
cide extract (LTm 0.48***, BRA —0.37***) declines, this also corres-
ponds with correlations determined by the authors Home, Elamo [17],
and Taylor and Swanston [18]. On the contrary, insignificant correla-
tions between level of hardness and extract content were determi-
ned by Ellis et al. [19] and Swanston et al. [20].

Obr. 1b / Fig. 1b Hodnoty tvrdosti (SKCS) a nasledné testovani rozdilli / Values of hardness and multiple range analysis for SKCS
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Vyznamna korelace byla zjiSténa také mezi sklovitosti resp. tvrdo-
sti obilky a modifikaci bunéénych stén. Obé pouZzité metody zachytily
stejny trend, tj. se vzrastajici sklovitosti resp. tvrdosti obilky se zhor-
Sovala modifikace bunéénych stén v pribéhu sladovani (LTm
—-0,51***, SKCS 0,53***), coz zaznamenalii Home, Elamo [17] a Bert-
holdsson [15]. Také friabilita (LTm 0,55***, SKCS -0,47***) a s ni spo-
jené parametry (homogenita friabilimetrem, sklovita zrna, ¢aste¢né
sklovita zrna) byly vyznamnou mérou ovlivnény sklovitosti resp. tvr-
dosti obilky.

Relativni extrakt pfi 45 °C, . extrakt zvySeny o ¢innost tepelné sta-
bilnich enzyma, pravdépodobné proteas a B-glukanas, byl také sta-
tisticky vysoce priikazné ovlivnén sklovitosti resp. tvrdosti obilek (LTm
0,38***, SKCS —0,44***). Vztahy mezi sklovitosti resp. tvrdosti obilek
jeémene a diastatickou mohutnosti a dobou zcukreni nebyly statis-
ticky priikazné.

SniZena uroven modifikace Skrobu, bilkovin a bunéénych stén ovliv-
nila kromé barvy a ¢irosti sladiny také jeji kvalitativni sloZeni. Se vzra-
stajici sklovitosti resp. tvrdosti obilek doSlo ke zhorSovani kvalitativ-
niho sloZeni sladiny a k poklesu hodnot dosazitelného stupné
prokvaseni (LTm 0,36***, SKCS —0,33***). Obdobné vztahy mezi sla-
dovnickymi znaky a tvrdosti obilek zaznamenali i Psota et al. [21].

Korelace mezi pouzitou optickou metodou stanoveni sklovitosti
(LTm) a metodou stanoveni tvrdosti obilek jeémene (SKCS) byla vy-
soka (—0,87***) (tab. 4).
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