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Abstract

VEJRAZKA, K., PSOTA, V., EHRENBERGEROVA, J., BREZINOVA BELCREDI, N., CERKAL,
R.: Potential of grain hardness of barley (Hordeum vulgare L.) as a selection trait in breeding program-
me. Acta univ. agric. et silvic. Mendel. Brun., 2007, LV, No. 2, pp. 99-104

The study presents the results of research on the use of barley caryopses hardness for prediction of
the malting quality. Grain hardness was determined by three methods: Particle size index (PSI), hard-
ness according to Brabender (BRA) and grain milling energy (GME). The correlations among methods
for determining the kernel hardness were estimated as well among selected technological traits of bar-
ley and malt and kernel hardness. Significant correlations were found among PSI values and Final atte-
nuation of laboratory wort from malt (0.73*) a Glycidic extract (0.70%). Values of kernel hardness mea-
sured by BRA significantly correlated with Final attenuation of laboratory wort from malt (—0.80*) and
Soluble nitrogen of malt (0.64*). Grain milling energy values were statistically significant correlated
with Nitrogen content in malt (0.64*). The preliminary results confirmed the possibility to use kernel
hardness for prediction of some malting quality traits. Further studies will be done on larger number of

samples.

hardness, milling energy, quality, particle size index, do-corder, barley

Physical and mechanical properties of a barley
caryopsis and consequently of malt are a reflection
of their chemical composition and internal structure.
Hard grain can be defined as a grain resistant to pene-
tration of a foreign matter or resistant to destruction
and breakdown to particles. On the contrary, soft
grain can be defined as a grain easily breaking down
under pressure. Texture, i.e. organization of indivi-
dual grain components, first of all endosperm, deci-
des whether the grain will be hard or soft (ALLISON
et al., 1976; BRENNAN et al., 1996; CHANDRA et
al., 1999; MACGREGOR, 1991; PALMER, 1999).
There were developed many methods and devices for
hardness analysis (MOLL, 1996). Three of ones were
used in this work.

For the production of quality malts it is necessary to
modify cell walls, starch and surrounding protein mat-
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rix during malting (PALMER, 1993). This enzymatic
destruction is significantly affected both by the acti-
vity of the enzymatic apparatus and quality of the sub-
strate affected by the enzymes. Physical and mechani-
cal characters of a hulled barley caryopsis and malt are
most significantly affected by the characters of endo-
sperm and hulls. The terms mealiness and glassiness
are used for the description of endosperm characteris-
tic. The glassy endosperm is degraded more slowly
than the mealy one (CHANDRA et al., 1999). Varie-
ties suitable for the production of good quality malts
have a similar endosperm structure. Based on the cur-
rent results, this type of the structure is denoted as
mealy. Subjective evaluation of mealiness and glassi-
ness is replaced by objective methods (KOLIATSOU
and PALMER, 2003; OSBORNE and ANDERSSEN,
2003).
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B-glucans and arabinoxylans are the main compo-
nents of cell walls of barley endosperm. An incre-
ased amount of non-starch polysaccharides in
the endosperm creates an obstacle for the enzymatic
destruction of the cell content. The increased content
of B-glucans and arabinoxylans is therefore connected
with the reduced degree of modification of malt (MAR-
TIN and BAMFORTH, 1980). High B-glucan content
in wort increases its viscosity, which leads to filtrati-
on problems (BAMFORTH and BARCLAY, 1993).
B-glucans and arabinoxylans also affect physical pro-
perties of grain, first of all its hardness (SWANSTON,
1997; TOHNO-OKA et al., 2004).

We tried to detect serviceability of three methods
characterized caryopses hardness for selection in
breeding programme. There were calculated the cor-
relations between caryopses hardness and selected
technological traits of barley and malt.

MATERIALS AND METHODS

Cultivars

Particle size index (PSI), hardness according to
Brabender (BRA) and grain milling energy (GME)
were determined in ten varieties of spring barley
with different malting quality (Tab. I). Seed sam-
ples were obtained from testing station of the Cent-
ral and Testing Institute in agriculture of the Slovak
Republic. Monitoring was held for one year (2003).
The samples were graded and sieving fractions above
2.5 mm were used for the assessment.

I: Characterization of tested cultivars
Malting Quality

Varieties quality in Slovak CO;?;% of
index  Republic (SR)
Atribut 3 A Cz
Danuta 3 B DE
Ludan 2 B SK
Annabell 3 A DE
Expres 3 A SK
Jubilant 2 A SK
Pedant 2 A Cz
Celinka 3 A FR
Nitran 5 A SK
Ebson 4 A CzZ

Note: Quality SR: A = excellent; B = standard
MQI: 9 = the best quality; 1 = without malting
quality

Micromalting and Analyses of malt

A micromalting test procedure follows the traditio-
nal method used in the Malting Institute of the RIBM
in Brno and the trial malting method accepted
on the 102" session of the EBC Barley and Malt
Committee in Perugia on May 31, 2000. Tempera-
ture of steeping and germination was 14.5 °C, time of
steeping and germination was 144 hours. Temperature
at the beginning of kilning was 50 °C and at the end
80 °C, time of kilning was 22 h. The malt samples pro-
duced were analyzed according to the EUROPEAN
BREWERY CONVENTION ANALYSIS (1998) and
ANALYSENKOMMISSION (1997) methods. The
malting quality index (MQI) (PSOTA and KOSAR,
2002) was used for the assessment of the total malting
quality. For the MQI calculation the following para-
meters were used: content of nitrogenous substan-
ces (protein) in barley grain, extract in malt dry mat-
ter, relative extract at 45 °C, Kolbach index, diastatic
power, apparent final attenuation, malt friability and
B-glucan content in wort.

Hardness measurement

There were used three technically different methods
for determining the caryopses hardness.

Particle Size Index Measurements

Particle size index method is based on different
ability to disintegrate of caryopses during the mil-
ling (AACC, 2000). Relative hardness of barley was
detected through determination of the particle size
index (PSI — Particle size index for hardness) by
milling the sample and sieving on the sieve 75 pm
(0.075 mm) (WILLIAMS and SOBERING, 1986).
Twenty-three grams of grain was milled on the labo-
ratory mill LM 3303 (Perten Instruments) with head
no. 2. Ten grams of the milled sample was taken and
placed into the sifter Swing 200 (Mezos, CZ) and sie-
ved at 180 [1*min '] for 10 min. The particles that fell
through the sieve (through) were weighed. Each sam-
ple was measured six times. The particle size index
(PSI) was calculated using the following equation:

PSI [%] = (throughs [g] / sample mass [g]) x 100

Lower PSI values mean harder endosperm (AACC,
2000) (in the text and tables, the results obtained by
this method are marked with the abbreviation “PSI®).

Hardness according to Brabender

The method is based on measure of resistance,
which are originated in conic mill during the mil-
ling. From each sample four 50 g of barley grain were
taken for measurement. Hardness was assessed on
the apparatus Do—Corder of the firm Brabender. Each
sample was measured four times. Grain grinding was
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recorded graphically and hardness was expressed by
the peak area in cm? (in the text and tables, the results
obtained by this method are marked with the abbrevi-
ation “BRA*). Higher BRA values mean harder endo-
sperm.

Determination of grain milling energy

The method is based on measure of required energy
to milling the sample. Output of alternating current
was measured with the device HR 2672/mini (1-Cube
Ltd., CZ), connected in electrical network before
the mill SJ 500 (Swantech Int., F). Periodicity of mea-
surement was 200 ms. Energy (in joules) necessary
for milling the sample was calculated from the achie-
ved values. Each sample was measured three times.
Aperture 7.75 was used for milling 10 g of samples.

Moisture of the samples was measured using a non-
destructive moisture meter Supermatic 13610 (Foss,
DK) and it ranged from 10.5 to 11.8 %. (In the text
and tables, the results obtained by this method are
marked with the abbreviation “GME®). Higher GME
values mean harder endosperm.

The achieved data were evaluated using one facto-
rial analysis of variance and Tukey HSD test with
the statistical program STATISTICA, Ver. 7.0. (P <
0.05). Relationships among PSI, BRA, GME and
selected technological parameters of barley and malt
were evaluated using the correlation analysis of mean
values.

RESULTS AND DISCUSSION

Effect of the variety on the barley caryopsis
hardness

The methods used for characterization of caryopses
hardness are based on technically different principles.
This is the reason, why we found only low correlati-
ons among these methods (Tab. IV) and why the order
of varieties is not similar at each of the method.

Hardness of a barley grain is affected by a num-
ber of factors, first of all by the variety (ALLISON,
1986). In the studied set, statistically significant diffe-
rence between the varieties was found in all methods
used for the measurement of hardness (Tab. II).

Based on testing with the Tukey HSD method,
the set can be split into three different groups (Tab.
III). Classification of the varieties in the groups was
very similar in methods. These methods assigned Nit-
ran to the softer varieties. On the contrary, the variety
Atribut was assigned to the harder varieties. ALLI-
SON et al. (1979, 1976) as well classified the vari-
eties with different malting quality using milling
energy. Other varieties created an intermediate group.
The disagreement among methods was registered at
Danuta variety. The PSI method and BRA method

assigned the variety Danuta to the harder varieties
while the GME method assigned it to the varieties
with a softer grain.

Effect of the grain composition on its hardness

Quality and quantity of protein in a caryopsis sig-
nificantly affect its physical characters (ALLISON et
al., 1979; LEACH et al., 2002; PALMER and SHIRA-
KASHI, 1994). The results of the research (BROAD-
BENT and PALMER, 2001) suggest that although
the glassiness is connected with a high nitrogen con-
tent and mealiness, on the contrary, with low nitro-
gen content, glassy and mealy endosperm can have
grains with similar nitrogen content (HOLOPAINEN
et al., 2005). Hordein proteins of mealy endosperms
modify faster than hordein proteins of glassy endo-
sperms (HOWARD et al., 1996).

Range of the protein content of the individual sam-
ples of the followed set was narrow (10.8-11.9 %)).
The effect of protein content on the caryopsis hard-
ness, expressed by PSI, BRA and GME was not sta-
tistically significant (Tab. IV).

Effect of the caryopsis hardness on the selected
malting parameters

The glycidic extract statistically significant increa-
sed (0.70*) with the increasing of PSI values (decli-
ned caryopses hardness), which also corresponds with
the correlations found by HOME and ELAMO (1993)
and TAYLOR and SWANSTON (1987). There were
not found relationship between extract (—0.02"*) as
well glycidic extract (—0.09"*) and grain hardness by
GME method, which also corresponds with the cor-
relations found by ELLIS et al. (1999) and SWAN-
STON et al. (1992).

Protein modification expressed by amount of
Soluble nitrogen in wort (0.64") was also significantly
affected by the caryopsis hardness determined by
BRA (Tab. IV).

Lower level of modification of starch, protein and
cell walls conditioned by the enhanced hardness of
barley caryopses affects negatively the quality of wort
composition and therefore also the fermenting pro-
cess. With the increased caryopses hardness by PSI
and BRA, the wort composition deteriorates and thus
the values of Final attenuation of laboratory wort dec-
line (PS10.73", BRA —0.80%).

In the samples of the varieties observed, a number of
parameters with direct or indirect impact on the vari-
ety utilization in the malt house were determined. The
Malting Quality Index can be used for the measure-
ment of the differences in quality between varieties.
With the increasing level of hardness of caryopses,
the MQI value declined, however the correlations
were statistically not significant (Tab. IV).
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11: Analysis of variance for three parameters of grain hardness

PSI BRA GME
Source of Mean Mean Mean
variation d.f. square d.f. square d.f. square
Variety 9 9.12%** 9 20.91%** 9 8192%%**
Residual 50 0.12 30 1.28 20 180
III: Multiple range analysis for three parameters of grain hardness
PSI [%] n==6 BRA[cm?)] n=4 GME[J] n=3
Varieties  average Varieties average Varieties  average
Atribut 12.45 a Nitran 35.31 a Nitran 574.4
Danuta 13.25 b Jubilant 37.37 ab Danuta 624.9 b
Ludan 13.95 c Annabell 37.65 ab Ebson 632.6 b
Annabell  14.22 cd Ebson 38.24 b ¢ Expres 645.2 bec
Expres 14.32 cde Ludan 38.87 b c Pedant 662.7 bcd
Jubilant 14.47 cde Celinka 39.37 b c Annabell 681.3 cd
Pedant 14.82 def Expres 39.60 b ¢ Celinka 683.4 cd
Celinka 14.93 e f Pedant 40.75 ¢ Jubilant 697.4 de
Nitran 15.18 f Danuta 40.81 ¢ Ludan 735.9 e f
Ebson 17.10 g Atribut 43.67 d Atribut 747.2 f

Note: Average values indicated by various letters are statistically different (P = 0.05)

IV: Correlation coefficient between three parameters of grain hardness and parameters of grain and malt

Parameter PSI BRA GME
BRA —0.60 n. s.

GME —0.51 n. s. 0.54 n. s.

Malting quality index 049n.s. —035n.s. -0.56n.s.
Grain moisture content (%) 0.13n.s. 0.15n.s. 0.38 n.s.
Protein content (N % 6.25) (%) -0.32n.s. 0.16 n. s. 0.57 n.s.
Extract of malt. congress mash (%) 0.56n.s. —-0.39n.s. —0.02n.s.
Mash method according to Hartong and Kretschmer VZ 45 °C (%) -0.37 n.s. 0.51n.s. -0.19n.s.
Kolbach index (%) -0.39n.s. 049n.s. -0.16n.s.
Diastatic power (jWK) 033n.s. -0.15n.s. -0.11n.s.
Final attenuation of laboratory wort from malt (%) 0.73 * —0.80 * —0.62 n. s.
Friability (%) 031n.s. —047n.s. -032n.s.
High molecular weight b-glucan content of malt. FIA (mg/1) 0.15n.s. —-0.01n.s. -0.06n.s.
Nitrogen content in malt (%) —0.30n.s. 0.17 n.s. 0.64 *
Soluble nitrogen of malt. Kjeldahl method (mg/1) —0.62 n. s. 0.64 * 0.27 n.s.
Glycidic extract (%) 0.70 * -0.53 n.s. -0.09 n.s.

Note: *... P=0.05; n. s. ... not significant

CONCLUSIONS

Statistically significant differences among vari-
eties were found in hardness values determined by
three technically different principles. The correlati-

ons among methods for determining the kernel hard-
ness were counted as well among selected technolo-
gical traits of barley and malt and kernel hardness.
Significant correlations were found among PSI values
of hardness and Final attenuation of laboratory wort
from malt (0.73*) a Glycidic extract (0.70%). Values
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of kernel hardness measured by BRA statistically cor-
related with Final attenuation of laboratory wort from
malt (—0.80*) and Soluble nitrogen of malt (0.64%).
Grain milling energy values had statistically sig-
nificant correlations with Nitrogen content in malt

(0.64%*). Other relationships among kernel hardness
expressed by three different method and selected
technological traits of barley and malt were not sig-
nificant. These results are preliminary and further stu-
dies are necessary to confirm the results.

SOUHRN

Potencial tvrdosti zrna jeCmene (Hordeum vulgare L.) jako selekéniho znaku v procesu
Slechténi

Pfesné stanoveni kvality jeémene mikrosladovanim je pro $lechtitelskou selekci nakladné, a proto jsou
hledany vhodné levné metody odhadu kvality. Cilem bylo zjistit, zdali je mozné podle irovné tvrdos-
ti obilek jecmene selektovat na sladovnickou kvalitu. Byly analyzovany vzorky obilek souboru deseti
odrud je¢mene. Tvrdost obilek byla stanovena metodami PSI (Particle size index), tvrdosti dle Braben-
dera (BRA) a metodou stanoveni energie potiebné k mleti vzorku (GME). Vzorky byly nasledné mik-
rosladovany a u sladii byly stanoveny vybrané technologické parametry.

Byly zjistény statisticky prikazné rozdily mezi odridami v Grovni tvrdosti. Byly stanoveny korelace
mezi Grovni tvrdosti a vybranymi technologickymi parametry je¢mene a sladu. Hodnoty PSI byly v pru-
kazné korelaci s dosazitelnym stupném prokvaseni (0.73*) a glycidovym extraktem (0.70*). Hodno-
ty BRA byly v prikazné korelaci s dosazitelnym stupném prokvaseni (—0.80*) a obsahem rozpustného
dusiku ve sladu (0.64*). Hodnoty GME byly ve vyznamné korelaci s obsahem dusikatych latek ve sladu
(0.64%*). Po ovéteni na rozsahlejsim souboru vzorkli mize byt tvrdost zrna pouzita jako selekéni znak

v Casnych fazich selekce.

tvrdost, energie potiebna k mleti, kvalita, jeCmen, particle size index, do-corder
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