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Hartman, I.: Vliv technologickych vlastnosti zrna je€émene na kvalitu sladu. Kvasny Prum. 59, 2013, €. 10—11, s. 284-287

Prace hodnoti 572 vzorkl zrna jeémene ze skliziiovych roénikd 2010, 2011 a 2012. Bylo stanoveno 6 technologickych znakt je¢mene: ob-
jemova hmotnost, hmotnost tisice zrn, citlivost na vodu, kli€ivost, obsah Skrobu a obsah dusikatych latek v je€meni. Byla provedena mikrosla-
dovaci zkouska a u vyrobeného sladu bylo stanoveno13 technologickych znakl sladu: obsah vody po prvnim a druhém namoceni, vytéznost
sladovani, extrakt, relativni extrakt pfi 45 °C, barva sladiny, diastaticka mohutnost, friabilita, obsah beta-glukant ve slading, obsah dusikatych
latek ve sladu, rozpustné dusikaté latky, Kolbachovo €islo a dosazitelny stuperi prokvaseni. Mezi sledovanymi parametry u je€émene a sladu
byly stanoveny korelaéni koeficienty. Nejvyssi mira korelace byla zjiSténa mezi obsahem dusikatych latek v jeémeni a extraktem (-0,72),
friabilitou (-0,37), dosazitelnym stupném prokvaseni (-0,35) a také mezi obsahem Skrobu a extraktem (0,66), Kolbachovym &islem (0,49) a fri-
abilitou (0,31). Jako nejlepsi regresni model pro obsah extraktu byl zjiStén vypocet na zékladé obsahu dusikatych latek a Skrobu v jeEmeni.

Hartman, I.: The effect of technological characters of barley grain on malt quality. Kvasny Prum. 59, 2013, No. 10, p. 284-287

The study evaluated 572 samples of barley grain from harvest years 2010, 2011 and 2012. Six technological parameters of barley were
determined: volume weight, thousand grain weight, sensitivity to water, germination capacity and content of nitrogenous substances in
barley. The micromalting test was conducted and 13 technological parameters were assessed in the produced malt: water contents after
the first and second steeping, malt yield, extract, relative extract at 45 °C, wort color, diastatic power, friability, beta-glucan content in
wort, content of nitrogenous substances in malt, soluble nitrogenous substances, Kolbach index and apparent final attenuation. The cor-
relation coefficients were determined between the studied barley and malt parameters. The highest extent of the correlation was found
between the content of nitrogenous substances in barley and extract (-0.72), friability (-0.37), apparent final attenuation (-0.35) and also
between starch content and extract (0.66), Kolbach index (0.49) and friability (0.31). Calculation on the basis of contents of the nitrog-
enous substances and starch in barley was determined as the best regression model for the extract content.

Hartman, I.: Der Einfluss der technologischen Eigenschaften des Gerstenkornes auf die Malzqualitat. Kvasny Prum. 59, 2013,
Nr. 10-11, S. 284287

In dem Artikel werden 572 Muster des Gerstenkornes aus den Erntejahrgangen 2010, 2011 und 2012 ausgewertet. Es wurde sechs
technologischen Gerstenparameter festgestellt: Hektolitermasse, Tausendkornmasse, Wasserempfindlichkeit, Keimfahigkeit, Gehalt an
Starke und Rohproteingehalt in Starke. Es wurde einen Mikromalzentest durchgefuihrt, beim hergestellten Malz wurden folgende 13 tech-
nologische Parameter analysiert: Wassergehalt nach dem ersten und zweiten Einweichen, Malzenausbeute, Extrakt, relativer Extrakt
bei 45°C, Farbe der Wiirze, diastatische Kraft, Friabilitdt, Gehalt an Beta-Glukane in der Stisswirze, Rohproteingehalt im Malz, 16sliche
stickstoffhaltige Stoffe, Kolbachzahl und erreichbarer Vergarungsgrad. Weiterhin wurden die Korrelationskoeffizienten zwischen den
verfolgten Parametern Gerste und Malz festgestellt. Der héchste Wert der Korrelation wurde zwischen dem Gehalt an stickstoffhaltige
Stoffe in der Gerste und Extrakt (-0,72), Friabilitét (-0,37), erreichbaren Vergarungsgrad (-0,35), und auch Gehalt an Starke und Extrakt
(0,66), Kolbachzahl (0,49) und Friabilitat (-0,37) ermittelt. Als das beste Regressionsmodell fiir den Gehalt an Extrakt wurden auf Basis

der Berechnung des Gehalts an stickstoffhaltige Stoffe und Stérke in der Gerste ermittelt.

Klicova slova: kvalita jecmene, kvalita sladu

1 UvVvoD

Proto byly provadény pokusy, na zakladé kterych by bylo mozné na—
jit souvislost mezi chemickym sloZzenim je€mene a extraktem z ného
vyrobeného sladu. Prvni praci publikoval v roce 1933 Bishop, ktery
vypocdital extrakt sladu na zékladé obsahu bilkovin a hmotnosti tisice
zrn jeCmene:

E = 83,0 - 0,85NLJ + 0,15HTZ.

V Ceskoslovensku provadéli v letech 1934—1936 sladovaci poku-
sy a vypocty podle vySe uvedeného vzorce Novotny a Karabec, ktefi
upravili vzorec pro ¢eskoslovenské je€meny takto:

E =83,6 - 0,85NLJ + 0,15HTZ.

Pozdéji byly tyto vypocétené extrakty porovnavany s extrakty do-
sazenymi v praxi u jeémenu rdzného plvodu a v rliznych roénicich
(Novotny, 1957; Btazewicz et al., 2007). }

Potfeba sladovnického je€mene pro vyrobu sladu se v Ceské re-
publice pohybuje na urovni 700 tis. tun. V souvislosti s poklesem
péstebnich ploch jarniho jeémene v poslednich péti letech je spo-
tfebovano na vyrobu sladu pfiblizné 50 % vyprodukovaného jarniho
jemene (Hartman, 2012). Se vzrustajicim podilem jeémene vyuzi-
vaného pro produkci sladu roste i potfeba spravného vybéru kvalitni

Keywords: barley quality, malt quality

1 INTRODUCTION

Malt extract belongs to the most important malt quality parameters.
Therefore, experiments determining the connection between chemi-
cal composition of barley and malt produced from it were carried out.
The first study was published by Bishop in 1933, he calculated malt
extract based on protein content and thousand grain weight:

E =83.0 - 0.85PB + 0.15GW.

In 1934-1936, Novotny and Karabec conducted malting experi-
ments and calculations in Czechoslovakia, they modified this formula
for Czechoslovak barleys as follows:

E =83.6 - 0.85PB + 0.15GW.

Later, the extracts calculated pursuant to this formula were com-
pared with extracts achieved in practice in barleys of different origins
and different years (Novotny, 1957; Bfazewicz et al., 2007).

The need of malting barley for malt production in the Czech Re-
public varies around 700 thousand tons. In relation to the decrease
in the growing areas under spring barley during the last five years,
approximately 50 % of the produced spring barley has been con-
sumed for malt production (Hartman, 2012). The increasing portion
of barley used for malt production also requires a correct selection
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suroviny s pfedvidatelnymi technologickymi vlastnostmi vyrobeného
sladu.

Cilem této prace bylo posouzeni vlivu technologickych parametr(
zrna jeémene na vybrané technologické parametry sladu. Déle byl
vyhodnocen vliv vlastnosti jeémene na extrakt sladu.

2 MATERIAL A METODIKA

2.1 Vzorky je€mene

Pro hodnoceni bylo pouZzito 572 vzork(l ze skliziiovych roénikd
2010, 2011 a 2012 (2010 — 178 vzork(, 2011 — 196 vzork(, 2012
— 198 vzorkll). Vzorky jeémene byly dodany z pivovar( a sladoven
v ramci hodnoceni kvality sklizné je¢émene. Charakteristiku pribéhu
vegetace uvadi Hartman (2011, 2012, 2013). Jednotlivé technologic-
ké parametry zrna jeCmene a sladu byly stanoveny ve Vyzkumnem
Ustavu pivovarském a sladarském v Brné (VUPS) na zakladé mikro-
sladovaci zkou$ky a nasledného rozboru sladu.

2.2 Mikrosladovani a analyza vzorku
Vzorky jeCmene byly sladovany ihned po dodani v laboratorni

mikrosladovné VUPS. Sladovani bylo provedeno na zakladé téchto

parametrU:

e Maceni: 1. den — 4 hodiny, 2. den — 6 hodin, 3. den — maceni
nebo dokropeni tak, aby je€émen s obsahem bilkovin do 12,0 %
obsahoval 45,0 % vody a je€men s obsahem bilkovin nad 12,1 %
obsahoval 46,5 % vody. Teplota vody a teplota vzduchu v pribéhu
vzdu$nych prestavek byla udrzovéna na 14 °C.

e Kli¢eni: celkovy €as kli€eni byl 144 hodin pfi teploté 14 °C.

e Hvozdéni: jednoliskovy elektricky vyhfivany hvozd, celkova doba
hvozdéni byla 22 hodin. Pfedsous$eni probihalo pfi teploté 55 °C
po dobu 12 hodin a dotahovaci teplota byla 80 °C po dobu 4 hodin.
Technologické parametry jeémene a sladu byly stanoveny podle

metodik EBC (2009) a MEBAK (2011). Pfehled analyz a pouzitych

metod je uveden v tab. 1.

of quality raw material with predictable technological characters of
malt produced.

The aim of this study was to assess the effect of the technological
parameters of barley on the selected technological parameters of malt.
Further, the effect of barley characters on malt extract was assessed.

2 MATERIAL AND METHODS

2.1 Barley samples

A total of 572 samples from harvest years 2010, 2011 and 2012
were assessed (2010 — 178 samples, 2011 — 196 samples, 2012 —
198 samples). Barley samples were delivered from breweries and
malt houses within the evaluation of barley crop quality. Characters
of the course of vegetation was described by Hartman (2011, 2012,
2013). The individual technological parameters of barley and malt
were assessed in the Research Institute of Brewing and Malting
in Brno based on the micromalting test and following malt analysis.

2.2 Micromalting and sample analysis
Barley samples were malted immediately after the delivery in

a laboratory micromalting plant in the RIBM. Malting was based on

the following parameters:

o Steeping: 15t day 4 hours, 2™ day 6 hours. 3@ day water content
was adjusted by steeping or spraying so that barley with protein
content to 12.0 % contained 45.0 % of water and barley with pro-
tein content over 12.1 % contained 46.5 % of water. Water and air
temperature during the air rests was 14 °C.

e Germination: total time of germination was 144 hours at 14 °C.

e Kilning: one-floor electrically heated kiln. Total kilning time was 22
hours, at the pre-kilning temperature of 55 °C for 12 hours and at
kilning temperature of 80 °C for 4 hours.

The technological parameters of barley and malt were determined
according to the methods of EBC (2009) and MEBAK (2011). The
survey of the analyses and methods used gives Tab.1.

Tab. 1 Pouzité metody analyzy jeémene a sladu / Survey of the methods used for the barley and malt analyses

Parametr / Parameter Jednotka / Zkratka / Metoda /
Unit Abbreviation Method

JeEmen / Barley
Hmotnost 1000 zrn / 1000 grain weight g HTZ/ GW EBC 3.4
Objemova hmotnost / Volume weight kg.hl OH/ VW MEBAK 1.3.3
Kli¢ivost (H,0,) / Germination capacity (H,0,) % K/ GC EBC 3.5.2
Citlivost na vodu / Water sensitivity % CV/WwWs EBC 3.6.2
Obsah dusikatych latek v jeémeni (NIR) / Protein content of % NLJ / PB EBC 3.13
barley
Obsah skrobu (NIR) / Starch content of barley % S/8 VUPS
Slad / Malt
Obsah vody po prvnim namoéeni / Water content after 1st % STD1/ WC1 1
steeping
Obsah vody po druhém namoceni / % STD2/ WC2 2
Water content after 2nd steeping
Vytéznost sladovani / Malt yield % VS /MY 3
Extrakt / Extract % E/E EBC 4.5.1
Relativni extrakt pfi 45 °C / Relative extract at 45 °C % RE45 / RE45 MEBAK 3.1.4.11
Barva sladiny / Colour of malt j/un.EBC B/C EBC 4.7.2
Diastaticka mohutnost / Diastatic power WK DM/ DP EBC 4.12.
Friabilita / Friability % F/F EBC 4.15
Obsah beta-glukant ve sladiné / Beta-glucan in wort mg.dm- BG/BG EBC 8.13.2
Obsah dusikatych latek ve sladu / Protein content in malt % NLS / PCM EBC 4.3.2
Rozpustné dusikaté latky / Soluble protein mg.dm RNL/ SP EBC 4.9.3
Kolbachovo ¢islo / Kolbach index % KC /Kl EBC 4.9.3
Dosazitelny stupen prokvaseni / Apparent final attenuation % DSP/ AFA EBC 4.11.1

Poznamky / Notes

1,2 Pfijem vody byl zji§tén vazenim, po namoc€eni vzorku na konci vzdusné prestavky / Water uptake was detected by weighing after steep-

ing the sample at the end of the air rest

3 Vytéznost sladovani byla vypoctena jako procenticky podil susiny sladu k susiné je€mene na poc¢atku sladovani / Malt yield was calcula-
ted as a percentage of malt dry matter to barley dry matter at the beginning of malting
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2.3 Statistické vyhodnoceni vysledku

Ziskané udaje byly hodnoceny pomoci Pearsonova koeficientu
korelace mezi jednotlivymi sledovanymi ukazateli. Pro ukazatel ex-
trakt sladu byl vytvofen linearni regresni model metodou krokové
regrese. Na hodnoceni byl pouZit statisticky software STATISTICA
CZ, verze 7.1.

3 VYSLEDKY A DISKUSE

Vztahy mezi technologickymi viastnostmi je€mene a sladu jsou
uvedeny v tab. 2. Korelaéni koeficienty ukazuji silnou negativni vy-
soce vyznamnou korelaci mezi objemovou hmotnosti je€mene a ob-
sahem vody po prvnim a druhém namoceni a také barvou sladiny.
Pozitivni vztah byl naopak zjistén mezi objemovou hmotnosti a vy-
téznosti sladovani.

Negativni, statisticky vysoce prikazny vztah byl zjistén mezi hmot-
nosti tisice zrn a obsahem vody pfi maceni je€mene, barvou sladi-
ny, relativnim extraktem a friabilitou. Citlivost je€mene na vodu byla
v pozitivni vysoce prikazné zavislosti s obsahem vody pfi maceni
je€mene. Vztah citlivosti je€mene na vodu k vytéznosti sladovani
a k dosazitelnému stupni prokvaseni byl negativni.

Mezi kli¢ivosti a technologickymi vlastnostmi sladu byl vztah stati-
sticky neprikazny a v pfipadé statistické priikaznosti byl tento vztah
slaby. Nevyrazny vliv kli¢ivosti na technologické parametry sladu je
patrné zplsoben tim, Ze v hodnoceném souboru se vzorky je¢mene
s nizkou kli¢ivosti nevyskytovaly.

Z analyzy vyplyva, Ze s rostoucim obsahem Skrobu v je€meni ros-
te statisticky vysoce priikazné extrakt, friabilita a Kolbachovo &islo.
Negativni statisticky vysoce prikazny vztah byl zjistén mezi obsa-
hem Skrobu a obsahem dusikatych latek ve sladu.

Pozitivni, statisticky vysoce priikazny vztah byl zjistén mezi ob-
sahem dusikatych latek v je€émeni a obsahem dusikatych latek ve
sladu, rozpustnych dusikatych latek ve sladiné a diastatickou mo-
hutnosti. Uzky vztah mezi obsahem dusikatych latek a diastatickou
mohutnosti potvrzuje také Yin et al. (2002). Negativni statisticky
vysoce prliikazny vztah byl zjistén mezi obsahem dusikatych latek

2.3 Statistical evaluation of results

The obtained data were assessed using the Pearson’s coefficient
of the correlation between the individual studied parameters. The
linear regression model by the stepwise regression method was de-
signed for the parameter of malt extract. Statistical software STATIS-
TICA CZ, version 7.1. was used for the assessment.

3 RESULTS AND DISCUSSION

The relationships between barley and malt technological characters
are given in Tab. 2. The correlation coefficients show a strong negative
highly significant correlation between volume weight of barley and water
content after the first and second steeping and wort color. On the contra-
ry, positive relationship between volume weight and malt yield was found.

Negative, statistically highly significant relationship was found be-
tween thousand grain weight and water content at barley steeping,
wort color, relative extract and friability. Sensitivity of barley to water
was in positive highly significant dependence on water content at
barley steeping. The relationship between barley sensitivity and malt
yield and apparent final attenuation was negative.

The relationship between germination capacity and malt techno-
logical characters was statistically non-significant or weak. The weak
effect of the germination capacity on the technological parameters
of malt may be due to the absence of samples of barley with low
germination capacity in the set under study.

The analysis indicates that extract, friability and Kolbach index in-
crease statistically significantly with the increasing content of starch in
barley. A negative statistically highly significant relationship was found
between starch content and content of nitrogenous substances in malt.

Positive, statistically highly significant relationships between con-
tent of nitrogenous substances in barley and content of nitrogenous
substances in malt, soluble nitrogenous substances in wort and dia-
static power were detected. A close relationship between the content
of nitrogenous substances and diastatic power was confirmed by Yin
et al. (2002). A negative statistically highly significant relationship
was detected between content of nitrogenous substances in malt

Tab. 2 Vztahy mezi sledovanymi znaky / Relationships between the parameters under study

Parametr / Parameter OH/VW HTZ/ GW CV/Wws K/ GC S/S NLJ/ PB
STD1/ WcC2 -0.57* -0.25* 0.47** -0.07 0.20** 0.07
STD2/ WC2 -0.61** -0.31** 0.37** -0.08 0.15** 0.10*
VS /MY 0.44** 0.07 -0.29** 0.01 0.09* -0.34**
B/C -0.41** -0.24** 0.07 -0.07 -0.02 0.15**
E/E 0.21** 0.12* 0.03 -0.06 0.66** -0.72**
RE 45/ RE45 -0.28** -0.24** -0.08* -0.06 -0.06 0.14*
DSP / AFA -0.01 0.05 -0.30** -0.11* 0.12* -0.35**
DM/ DP -0.11* 0.18** -0.09* -0.11* -0.19* 0.32**
NLS / PM -0.08 -0.08* 0.09* 0.04 -0.68** 0.98**
RNL / SP -0.18** -0.08 0.21** -0.04 -0.15* 0.49**
KC/ Ki -0.13* 0.00 0.13* -0.09* 0.49** -0.41*
F/F -0.14* -0.27* -0.08 0.17** 0.31** -0.37*
BG/BG 0.23** 0.14* 0.05 -0.21** -0.07 -0.05

Poznamky / Notes
* — P=0.05; ** — P=0.01

Tab. 3 Regresni rovnice pro vypocet hodnoty extraktu / Regression equation for calculation of the extract value

C./No. Regresni rovnice / Regression equation Koeficient determinace (R?)/
Coefficient of determination (R?)
1 E =53.91 — 0.55NLJ + 0.41S + 0130H + 0.01HTZ 0.62
E =53.91 - 0.55PB + 0.41S + 013VW + 0.01GW
2 E =54.29 — 0.56NLJ + 0.41S + 0130H 0.61
E =54.29 - 0.56PB + 0.41S + 013VW
3 E = 66.87 — 0.62NLJ + 0.34S 0.72
E =66.87 — 0.62PB + 0.34S
4 E =90.57 — 0.82NLJ + 0.03HTZ 0.52
E =90.57 — 0.82PB + 0.03GW
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ve sladu a extraktem, Kolbachovym ¢&islem, friabilitou dosazitelnym
stupném prokvaseni a vytéznosti sladovani. Toto zjisténi korespon-
duje s vysledky Draba et all (2013), ktefi uvadi negativni vliv obsahu
dusikatych latek na extrakt, relativni extrakt a friabilitu. Vy$si obsah
dusikatych latek zplsobuje snizeni obsahu latek, které se podileji na
tvorbé extraktu (Li et al 2008).

Na zakladé provedené regresni analyzy byly vytvofeny regres-
ni rovnice pro vypocet extraktu na zakladé technologickych zna-
ki jeémene (tab. 3). Koeficient determinace vyjadfuje, do jaké
miry dany regresni model vysvétluje variabilitu zavislé veli¢iny —
extraktu. Tomuto hledisku nejlépe odpovida vypocet na zakladé
obsahu dusikatych latek a Skrobu v je€meni (rovnice €. 3). Pfi-
dani dalSich proménnych (objemova hmotnost a hmotnost tisice
zrn) jiz pfesnost modelu nezvysilo (rovnice €. 1 a 2). Klasicky
vypocet na zakladé obsahu dusikatych latek a hmotnosti tisice
zrn (rovnice €. 4) zavedeny Bishopem (Novotny, 1957) vykazoval
noty koeficientu determinace jsou dany tim, Ze mnozstvi extraktu
je ovlivnéno vice faktory, mezi které patfi pfedevsim vliv ro¢niku
a stanovisté, vliv odrlidy a zpusob sladovani. Drab et al. (2013)
pro extrakt uvadi vliv roéniku 18 %, vliv lokality 25 % a vliv od-
ridy 31%.

4 ZAVER

Znalost zavislosti mezi technologickymi vlastnostmi jeémene
a sladu umoziuje optimalizovat vybér vhodné suroviny pro
sladovani. Nejvyssi mira korelace byla zjisténa mezi obsahem
dusikatych latek v jeémeni a extraktem (-0,72), friabilitou (-0,37),
dosazitelnym stupném prokvaseni (-0,35) a také mezi obsahem
8krobu a extraktem (0,66), Kolbachovym ¢&islem (0,49) a friabili-
tou (0,31). Vyznamny negativni vztah byl zjistén mezi objemovou
hmotnosti zrna je€mene a rychlosti pfijmu vody pfi maceni a bar-
vou sladiny. Pozitivni vztah byl naopak zji§tén mezi objemovou
hmotnosti vytéznosti sladovani. Regresni model nejlépe vystihu-
jici obsah extraktu ve sladu vyuziva vypocet na zékladé obsahu
Skrobu a dusiku v je€meni. Tento model umoznuje odhad extraktu
sladu pfi nakupu je€mene.
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and extract, Kolbach index, friability, apparent final attenuation and
malt yield. This finding corresponds with the results of Drab et al
(2013), who reported a negative effect of the content of nitrogenous
substances on extract, relative extract and friability. A higher content
of nitrogenous substances leads to the decrease in the content of
substances involved in extract formation (Li et al., 2008).

Based on the regression analysis made, regression equations for
the calculation of extract were formed based on the barley techno-
logical parameters (Table 3). The coefficient of determination says
to what extent the given regression model explains variability of the
dependent variable — extract. The calculation based on the content
of nitrogenous substances and starch in barley best meets this as-
pect (equation 3). The addition of other variables (volume weight
and thousand grain weight) did not increase accuracy of the model
(equations 1 and 2). The classical calculation based on content of
nitrogenous content and thousand grain weight (equation 4) intro-
duced by Bishop (Novotny, 1957) showed the lowest value of the
coefficient of determination. Relatively low values of the coefficient
of determination are given by the fact that the amount of extract is
affected by more factors including the effect of the year and location,
variety and malting procedure. Drab et al. (2013) reported for extract,
the effect of the year (18 %), locality (25 %) and variety (31%).

4 CONCLUSIONS

Knowledge of the dependence between the technological charac-
ters of barley and beer enables to optimize a selection of suitable raw
materials for malting. The highest extent of the correlation was found
between the content of nitrogenous substances in barley and extract
(-0.72), friability (-0.37), apparent final attenuation (-0.35) and also
between starch content and extract (0.66), Kolbach index (0.49) and
friability (0.31). A significant negative relationship was detected be-
tween volume weight of barley grain and water intake during steep-
ing and wort color. On the contrary, a positive relationship was found
between volume weight and malt yield. The regression model which
reflects best the extract content in malt uses the calculation based
on content of starch and nitrogen in barley. This model enables to
estimate malt extract when barley is purchased.
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