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Abstract

MACHAN PAVEL, EHRENBERGEROVA JAROSLAVA, CERKAL RADIM, BENESOVA KAROLINA,
VACULOVA KATERINA. 2014. The Influence of Genotype and Environment on Arabinoxylan
and Beta-glucan Contents in Grain of Spring Barley (Hordeum vulgare L.). Acta Universitatis Agriculturae
et Silviculturae Mendelianae Brunensis, 62(3): 553-560.

Arabinoxylan and beta-glucan contents are limiting factors for a wider use of barley production.
Arabinoxylan and beta-glucan contents were assessed in grain samples in sets of seven malting hulled
varieties, three hull-less lines and one hull-less spring variety grown in the localities of BraniSovice,
Zabéice, and Kromé&¥iz in 2009 to 2011. Further, the effect of growing technologies on the level
of these non-starch polysaccharides was studied. Variability of arabinoxylan contents was affected
most significantly by a genotype and growing technology whereas variability of beta-glucan contents
was mostly affected by a genotype and growing environment (interaction of year with locality).
The highest values of arabinoxylans and beta-glucans were determined in the grain samples of hull-
less lines (KM 1057: 6.16% of arabinoxylans and KM 2084: 6.41% of beta-glucans) and on the contrary,
the lowest values of arabinoxylans were found in the grain of hull-less variety AF Lucius (3.85%)
and lowest amounts of beta-glucans were found in malting variety Radegast (3.92%). The samples
of the growing technology without fungicide treatment had on average more arabinoxylans and beta-
glucans than the fungicide non-treated ones.

Keywords: hull-less barley, hulled barley, non-starch polysaccharides, growing technology, grain
quality

INTRODUCTION

Barley grain is traditionally used as a basic raw
material for malt production; it is also used as
feed for livestock. Currently its use as food or raw
material for production of functional food has
been restored (Baik & Ullrich, 2008; Havrlentova,
et al.,, 2011). For this use, content of non starch
polysaccharides is a limiting quality parameter.
The most important non-starch polysaccharides
include hemicelluloses, mnamely arabinoxylans
and beta-glucans, basic construction substances

of cell walls. Cell walls of the starch endosperm
of grain contain 70% of beta-glucans and 25%
of arabinoxylans (Lazaridou et al., 2008; Jamar et al.,
2011).

Arabinoxylans (also known as pentosans) have
a main chain formed by (1—4)-3-D-xylanopyrosyl
units substituted with a-L-arabinofuranose (Nifio-
Medina et al., 2009). Specific character of barley
arabinoxylans is their esterification with ferulic
acid (approximately 0.07% to 0.11% of total mass)
(Ehrenbergerova et al, 2012) conferring them
antioxidant properties.
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Beta-glucans of barley grain are formed by
B-glycosyl residues polymerized by B-(1-3)
and B-(1-4) bonds. Solubility of beta-glucans
declines with their growing molecular weight
(Cyran et al, 2002) and increases with higher
degree of disruption of regular B-(1-4) structure
by B-(1-3) bonds (Lazaridou & Biliaderis, 2007).
Arabinoxylan solubility is subject to their molecular
weight, arabinose-to-xylose ratio (at least 0.60
of soluble arabinoxylans) and amount of ferulic acid
(Lietal., 2005; Izydorczyk & Dexter, 2008).

Arabinoxylans and beta-glucans are capable to
create in water viscous solutions and become thus
a valuable component of food fiber, on the other
side; they can also cause problems at wort filtration
during brewing and reduce the nutritional values
of feed in livestock (Iji, 1999; Lu & Li, 2006; Baik &
Ullrich, 2008; Newman & Newman, 2008; Zavielova,
2014).

On the other hand, arabinoxylans and beta-
glucans have been shown to have a positive impact
on human health (Chandalia et al., 2000; Keogh et al.,
2003; Behall, et al., 2004; Slavin, 2005; Behall, 2006;
Salas-Salvadé et al., 2007; Shimizu et al., 2008; Chen
& Raymond, 2008; Babio et al., 2010).

The aim of the study was to determine the ratio
of the effect of varieties/lines, environment
(localities and years) and growing technologies
on beta-glucan and arabinoxylan content and
variability in the set of hulled and hull-less varieties
and lines of spring barley.

MATERIALS AND METHODS

Arabinoxylans and beta-glucans were assessed
in grain (Tab. I) of seven malting hulled varieties,

1: Varieties/lines

three hull-less lines and one hull-less spring barley
variety grown at the localities of Brani3ovice,
Zabé&ice, and Kromé&¥#z in 2009 to 2011 (Tab. II).
At each of the localities, field trials were established
using a triplicate randomized block design with
orthogonally arranged variations. Production
of varieties/lines from three blocks was mixed
and consequently cleaned and screened by sifting.
Fractions selected by a 25mm sieve opening
for the hulled, and 2.0mm for the hull-less
genotypes were used for the analyses. Grain was
homogenized with laboratory mill (Super Jolly
SJ 500). The course of weather in the individual
localities is shown in Fig. 1.

The experimental materials were grown using
two systems: basic technology (co-called “Basic”;
fertilizer dose of 30kg N/ha of pure nutrients,
grain dressing and application of herbicides
and insecticides: Granstar 75 WG, Mustang Forte,
and Nurelle D, without fungicides), and basic
technology plus fungicides (so-called “Basic+”;
Fandango 200 EC, Prosaro 250 EC, Archer Top 400
EC).

Arabinoxylans were determined by a method
described by Douglas (Douglas, 1981). The method
is based on a reaction of the sample with acid
extract solution. The reaction mixture is heated
in a water bath for 25 minutes. Developed reddish-
brown to reddish-orange color is measured
spectrophotometrically at the wavelengths of 552
and 510nm. The samples were hydrolyzed with
sulfuric acid, subsequently stained with the dye
Calcofluor White M2R. Beta-glucans were assessed
using a modified method for flow injection analysis
(FIA) with spectrofluorimetric detection (Aastrup &
Jorgensen, 1988).

Variety Type of grain Basic characteristics
Aksamit hulled malting variety, recommended for Czech Beer
Blanik hulled malting variety, recommended for Czech Beer
Bojos hulled malting variety, recommended for Czech Beer
Jersey hulled malting variety
Kangoo hulled malting variety
Radegast hulled malting variety, recommended for Czech Beer
Sebastian hulled malting variety
AF Lucius hull-less variety reccommended for food and feed use
KM 1057 hull-less line with higher beta-glucan content, higher arabinoxylan content
KM 2084 hull-less line with higher beta-glucan content
KM 2283 hull-less line with higher beta-glucan content

1I: Basic characteristics of test localities

Production Altitude Long term average temperature Long term average sum of precipitation

Locality region [m] [°C] [mm]
BraniSovice Maize 190 8.8 460
Kroméfiz Sugar beet 235 8.7 599
Zabéice Maize 187 9.2 480
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1: The course of weather in the experimental locations in 2009-2011 (according to Walter-Lieth)
II1: Theanalysis of variance of arabinoxylan and beta-glucan contents
M.S. Effect [% M.S. Effect [%
Source of variability  d.f. - (%] %]
Arabinoxylans Beta-glucans
Genotype 10 13.601%** 15.57 25.337*%* 23.64
Technology 9.202*** 12.81 1.320%** 5.40
Locality 3.404%** 7.79 4,223 %%k 9.65
Year 3.719%** 8.14 6.448%** 11.92
Genotype*Technology 10 1.382%+* 4.97 0.126%** 1.66
Genotype*Locality 20 1.407*** 5.01 0.364*** 2.83
Technology*Locality 2 1.214%%* 4.65 0.199%*x* 2.10
Genotype*Year 20 1.277%%* 4.77 0.472%%* 3.23
Technology *Year 2 LS5z 5.75 0.582+* 3.58
Locality*Year 4 1.115%x* 4.46 19.350%** 20.66
Multiple interactions 124 7.859%%* 24.56 2.083%** 14.63
Error 198 0.470 1.50 0.23 0.71

Note: p =0.001 - **#* M. S. - mean square, d. f. - degrees of freedom.

Water content grain samples was determined by
gravimetric method (EBC 3.2). All chemical analyses
were conducted twice and values converted to
100% dry matter of grain. Results were evaluated
with program STATISTICA 9 with four-factor
analysis of variance, the significances of differences
between mean values of different varieties
and lines, technologies, years and locations were
tested at the 5% significance level with the LSD
test (Fisher’s exact test). The share of the studied
factors and their interactions was expressed as

the ratio of the standard deviation of the factor
and the standard deviation of the total variance.

RESULTS AND DISCUSSION

Variability in arabinoxylan and beta-glucan
contents (Tab. TIII) was statistically highly
significantly (p = 0.001) affected by the variety/
line, locality, year, growing technology and their
mutual interactions (only the interaction
of growing technology with the locality showed
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IV: Average content of arabinoxylans and beta-glucans in the set of varieties/lines (%)

Main effects
Growing technology Locality Year
Basic+ Basic  BraniSovice Kroméiiz Zabéice 2009 2010 2011
Arabinoxylans [%]  4.48a 4.79b 470 b 445 a, 476 b 4.83b 4.52 a 4.56 a
Beta-glucans [%] 4.63a 4.74b 4.83 ¢ 4.48a 4.74b 4.79b 443 a 4.84c

Note: The values marked with different letters in the same rows in the individual groups of main effects differed

significantly at p = 0.05.

the significance level of p = 0.01). The highest
effect of the factor on variance of arabinoxylans
was found for the genotypes (15.57%), growing
technology (12.81%), and multiple interactions
(24.56%). The largest share in the total variability
in beta-glucan content in barley grain was found
for genotypes (23.64%), environment (interaction
of a locality and year, 20.66%) and multiple
interactions (14.64%). Each share of multiple
interactions in the variability of both arabinoxylans,
and beta-glucans consists a sum of share of four
three-way and one four-way interaction.

Treatment and Environmental Effects

The samples from the Basic technology (4.79%
and 4.74%) provided statistically significantly more
arabinoxylans and beta-glucans versus the Basic+
technology (4.48% and 4.63%) (Tab. IV). When
comparing growing technologies, in the Basic+
malting  varieties provided generally less
arabinoxylans, and hull-less genotypes provided
generally more arabinoxylans. For example malting
variety Blanik provided in the Basic+ growing
technology significantly more arabinoxylans,
than in the Basic technology (5.26 versus 4.30%),
on contrary hull-less line KM 2084 provided
significantly more arabinoxylans in Basic+
technology, than in Basic technology (4.29 versus
3.82%). In terms of growing malting barley as a raw
material for malt production or feed for livestock,
conventional farming (with use of fungicides)
with significantly lower levels of arabinoxylans
and beta-glucans appears as more advantageous.
Similarly, the results from study conducted by Iji
(1999) support the opinion about the improper
effect of non-starch polysaccharides on digestion
of feed in monogastric animals. Positive effects
of non-starch polysaccharides in foods, on the other
hand, have been confirmed by Havrlentovd &
Petrulakova (2011), and Shimizu et al. (2008).
Due to the unregulated exposure of plants to
pathogens, we can assume not only a greater degree
of plant infestation but also a higher subsequent
formation of harmful secondary metabolites
of the pathogens (mycotoxins). Lower contents
of non-starch polysaccharides in variants untreated
with fungicides compared to the fungicide treated
variants have also been described in other studies
(Havlova et al., 2006; Belcredi et al., 2009; Dickin et al.,
2011; Machan et al,, 2011). As evident from Tab. IV
the localities affected beta-glucan and arabinoxylan

contents statistically significantly. On the average
of genotypes, growing technologies, and years
of growing, the lowest average arabinoxylan
content (Tab. IV) was detected in grain from
the locality Kromé¥iz (4.45%). The locality
Kromé&fiz also provided statistically significantly
lower content of beta-glucans (4.48%). The highest
beta-glucan content was found in the grain
samples from BraniSovice (4.83%), the highest
arabinoxylan content was determined in samples
from Brani¥ovice and Zabé&ice (4.70% and 4.76%,
respectively). The sugar-beet locality (KroméFiz)
with its significantly lower values of non-starch
polysaccharides thus appears more suitable
for malt production than the maize production area
(BraniSovice, Zab¢ice). On average of the genotypes,
localities, and growing technologies, the samples
from 2009 (Tab. IV) gave statistically significantly
more arabinoxylans (4.83%) than the samples from
2010 and 2011 (4.52% and 4.56%, respectively).
Arabinoxylan contents in the samples from 2010
and 2011 did not differ statistically significantly.
Statistically significantly lowest average beta-glucan
content was detected in the samples from 2010
(4.43%), versus the samples from 2009 (4.79%)
and 2011 (4.83%).

The lowest amount of arabinoxylans on average
of the genotypes and growing technologies (Tab. V)
was determined in the samples from 2011 from
the locality Kromé&¥iz (4.29%) and in the samples
from 2010 from Kroméfiz and BraniSovice
(438 and 4.40%, respectively). The highest
arabinoxylan content was recorded in the samples

V: Average contents of arabinoxylans and beta-glucans (%)
in the studied localities in two intensities of chemical treatment
of stands in 200910 2011

Year Locality =~ Arabinoxylans Beta-glucans
BraniSovice 497d 5.05d
2009 Kromériz 4.69 be 411b
Zabéice 4.83 cd 5.20f
BraniSovice 4.40a 513 ¢
2010 Kroméiiz 438a 4.29 ¢
Zabéice 4.79 be 3.87a
Brani3ovice 4.73 be 430¢
2011 Kromé&fiz 4.29 a 5.05d
Zabéice 4.66 b 5.15 ef

Note: The values marked with different letters in the same
columns differ significantly at p = 0.05.
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from the locality Brani¥ovice from 2009 (4.97%).
Statistically ~ significantly lowest beta-glucan
content versus the other variants was identified
in the samples from the locality Zab¢ice from 2010
(3.87%). The highest level of beta-glucans in the set
was determined in the samples from the locality
Zab&ice from 2009 and 2011 (5.20 and 5.15%,
respectively); no statistically significant difference
was found between these two samples.

The higher effect of the interaction between
the localities and years was also observed
in beta-glucan content by Zhang et al. (2001)
and Grausgruber et al. (2010). According other
authors, beta-glucan content in grain is affected by
the course of weather; hot and dry weather during
formation of caryopses is subsequently reflected
in higher beta-glucan content in grain (Giler, 2003;
Ehrenbergerova et al, 2008; Tiwari & Cummins,
2008; Dickin etal., 2011).

On average of all varieties, a significantly higher
level of beta-glucans than in 2010 was found
in Zabéice (Fig. 1) in 2009 and 2011 when drought
was recorded during the vegetation periods.

Genotypic Variation

Figs. 2 and 3 show the variability of arabin-
oxylan and beta-glucan contents in average
of the individual localities, growing years
and technologies. Of the malting varieties,
the variety Bojos exceeded in its statistically
significantly lowest arabinoxylan content (4.27%,
Fig. 2), than other malting varieties. Low levels

of arabinoxylans and lowest levels of beta-glucans
among malting varieties were detected in the variety
Radegast (4.70%, Fig. 2; resp. 3.92%, Fig. 3). Relatively
low average values of arabinoxylans were further
detected in the malting varieties Kangoo (4.70%)
and Jersey (4.66%). Of the malting varieties, Bojos
had the lowest beta-glucan content (4.03%, Fig. 3).

The set of the studied varieties also included
hull-less genotypes intended for food production
- the variety AF Lucius and lines KM 1057, KM
2084, and KM 2283. The line KM 2084 provided
statistically significantly more beta-glucans (6.41%)
than all other genotypes. Similarly, Pryma et al.
(2000) and Grausgruber et al. (2010) found higher
beta-glucan content in the hull-less waxy genotypes
and some genetic resources. The line KM 2283
also exceeded in higher content of beta-glucans
(5.62%, Fig. 3). On the other hand, the line KM 1057
gave the most arabinoxylans (6.16%) and less beta-
glucans (3.37%). Due to alow content of beta-glucans
in grain, the line KM 1057 appears as perspective
for livestock feeding. The hull-less variety AF
Lucius contained statistically significantly the least
arabinoxylans (3.85%) and higher content of beta-
glucans (4.86%).

CONCLUSIONS

Variability in arabinoxylan and beta-glucan
contents was statistically highly significantly affected
by the variety/line, locality, year, technology and by
most of their mutual interactions. The highest

| Average value
40f a . / - 7
. A

AF Lucius  Aksamit Blanik Bojos Jersey

Kangoo

KM 1057 KM 2084 KM 2283 Radegast Sebastian

Variety/line

2: Average values of arabinoxylan content in set of barley varieties and lines
Note: Average values marked with different letters represent statistically significant differences at the significance

level of 95%.
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effect of the factor on variance of arabinoxylans
was found for the genotypes, growing technologies,
and multiple interactions. The largest share
in the total variability in beta-glucan content
in barley grain was found for genotypes,
interaction of a locality and year, and multiple
interactions. Since genotype had the highest share
on variability of both non-starch polysaccharides
than all the other factors and their interactions,
selection of proper genotype is the most crucial
for desired ammount of arabinoxylans and beta-
glucans in barley grain. Of the malting varieties,
the variety Bojos exceeded in its arabinoxylan
content (4.27%), this variety contained also low
amounts of beta-glucans (4.03%). Variety Radegast
exceeded in low levels of arabinoxylans and beta-
glucans (4.70%, resp. 3.92%). Relatively low average
values of arabinoxylans were further detected
in the malting varieties Kangoo (4.70%) and Jersey
(4.66%). The line KM 2084 intended for food
production provided statistically significantly more

beta-glucans (6.41%) than all other genotypes.
The line KM 2283 also contained higher amount
of beta-glucans (5.62%). On the other hand, the line
KM 1057 gave the most arabinoxylans (6.16%)
and least beta-glucans (3.37%). Due to a low content
of beta-glucans in grain, the line KM 1057 appears
as perspective for livestock feeding. The hull-less
variety AF Lucius contained statistically significantly
the least arabinoxylans (3.85%) and higher content
of beta-glucans (4.86%). This hull-less variety can
be also recommended for feed production. When
grown in the Basic+ technology malting varieties
provided generally less arabinoxylans, and hull-less
genotypes provided generally more arabinoxylans.
Results showed in this work give overview about
concentration and variability of arabinoxylans
and beta-glucans, therefore can be used to prefer
suitable varieties and growing technologies
for diverse uses of barley grain production (malt,

food, and feed).

SUMMARY

Barley is traditionally used for malt production, butalso as feed and food. For this use, content of non-
starch polysaccharidesisalimiting quality parameter. Non-starch polysaccharidesare capable to create
in water viscous solutions and become thus a valuable component of food fiber, but on the other hand
they can cause problems at wort filtration during brewing and reduce the nutritional values of feed
in livestock. This work deals with determination of contents of non-starch polysaccharides in the set
of eleven different barley genotypes with hulled malting varieties, hull-less lines and hull-less variety.
Set of eleven barley genotypes was grown in BraniSovice, Kromé&fiZ, Zab¢ice, in two different growing
technologies, in the years from 2009 to 2011. Arabinoxylans were detected by method described by,
beta-glucans were determined after sample hydrolysis in sulfuric acid with flow injection analysis
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with spectrofluorimetric detection. Levels of significance and share of variability for named factors
and their interactions was determined. A significant difference between growing technologies,
localities, years and genotypes was found. Genotypes suitable for malt production, food and feed
usage were identified. The highest values of arabinoxylans and beta-glucans were determined
in the grain samples of hull-less lines (KM 1057: 6.16% of arabinoxylans and KM 2084: 6.41% of beta-
glucans) and on the contrary, the lowest values of arabinoxylans were found in the grain of hull-less
variety AF Lucius (3.85%) and lowest amounts of beta-glucans were found in malting variety Radegast
(3.92%). Lines KM 2084 and 2283 can be recommended for production of functional foods. Both
these lines are also potentially suitable as a genetic material for further breeding of varieties with
good adaptability capable of producing high concentrations of beta-glucans in grain. Barley grown
in system with fungicide treatment provided in average grain with significantly lower levels of both
non-starch polysaccharides (4.48% arabinoxylans and 4.63% beta-glucans), than the system without
fungicide treatment (4.79% arabinoxylans and 4.74% beta-glucans)

Acknowledgement

This study was supported by the project 1IM0570 “Research Centre for Study of Extract Compounds
of Barley and Hop of the MEYS and the project NAZV QI111B044 “Complex strategy for minimizing
the negative impact of infection with toxigenic fungi of Fusarium spp.in cereals and derived products*

supported by the MA CR.

REFERENCES

AASTRUP, S., JORGENSEN, K. G. 1988. Application
of the calcofluor flow injection analysis method
for determination of betaglucan in barley, malt,
wort and beer. J. Am. Soc. Brew. Chem., 46: 76-81.

BABIO, N., BALANZA, R., BASULTO, ]. 2010.
Dietary fibre: influence on body weight, glycemic
control and plasma cholesterol profile. Nutr. Hosp.,
25(3): 327-340.

BAIK, B. K., ULLRICH, S. E. 2008. Barley for food:
Characteristics, improvement, and renewed
interest. J. Cereal Sci., 48(2): 233-242.

BEHALL, K. M. 2006. Consumption of both resistant
starch and beta-glucan improves postprandial
plasma glucose and insulin in women. Diabetes
Care, 29(5): 976-981.

BEHALL, K. M., SCHOFIELD, D. J., HALLFRISCH,
J. G. 2004. Diets containing barley significantly
reduce lipids in mildly hypercholesterolemic men
and women. Am. J. Clin. Nutr, 80(5): 1185-1193.

BREZINOVA BELCREDI, N.,, EHRENBERGE-
ROVA, J., BELAKOVA, S., VACULOVA, K. 2009.
Barley grain as a source of health-beneficial sub-
stances. Czech J. Food Sci., 27: S242-S244.

CYRAN, M., IZYDORCZYK, M. S., MACGREGOR,
A. W. 2002. Structural characteristics of water-
extractable nonstarch polysaccharides from barley
malt. Cereal Chem., 79(3): 359-366.

DICKIN, E., STEELE, K., FROST, G., EDWARDS-
JONES, G., WRIGHT, D. 2011. Effect of genotype,
environment and agronomic management
on B-glucan concentration of naked barley grain
intended for health food use. J. Cereal Sci., 54(1):
44-52.

DOUGLAS, S. G. 1981. A rapid method
for the determination of pentosans in wheat flour.
Food Chem., 7:139-145.

EHRENBERGEROVA, J., BREZINOVA BELCRED],
N., PSOTA, V., HRSTKOVA, P, CERKAL, R,
NEWMAN, C. W. 2008. Changes caused by

genotype and environmental conditions in beta-
glucan content of spring barley for dietetically
beneficial human nutrition. Plant Foods Hum. Nutr.,
63(3):111-117.

EHRENBERGEROVA, ], PROKOPCOVA, Z,
BELAKOVA, S., CERKAL, R. 2012. Variability
in free and total ferulic acid content in spring
barley caryopses. Kvasny Prum., 58(7-8): 201-208.

GRAUSGRUBER, H., WEINZELT, 1., ZAHLNER,
V., SCHMIDT, J., WURBS, P, SIEBENHANDL-
EHN, S. 2010. Studies on the beta-glucan content
of hull-less barley. In: 60. Jahrestagung der Vereinigung
der Pflanzenziichter und Saatgutkaufleute Osterreichs,
24-26 November 2009, Raumberg-Gumpenstein, 147-
149.

GULER, M. 2003. Barley grain B-glucan content as
affected by nitrogen and irrigation. F Crop. Res.,
84(1): 335-340.

HAVLOVA, P, LANCOVA, K., VANOVA, M,
HAVEL, J, HAJSLOVA, J. 2006. The effect
of fungicidal treatment on selected quality
parameters of barley and malt. J. Agric. Food Chem.,
54(4): 1353-1360.

HAVRLENTOVA, M., PETRULAKOVA, Z,
BURGAROVA, A., GAGO, F, HLINKOVA, A,
STURDIK, E. 2011. Cereal beta-glucans and their
significance for the preparation of functional
foods-areview. Czech J. Food Sci., 29(1): 1-14.

CHANDALIA, M., GARG, A., LUTJOHANN, D,
BERGMANN, K., GRUNDY, S. M., BRINKLEY,
L. J. 2000. Beneficial effects of high dietary fiber
intake in patients with type 2 diabetes mellitus. N.
Engl. J. Med., 342(19): 1392-1398.

CHEN, J, RAYMOND, K. 2008. Beta-glucans
in the treatment of diabetes and associated
cardiovascular risks. Vasc. Health Risk Manag., 4(6):
1265-1272.

IJI, P. 1999. The impact of cereal non-starch
polysaccharides on intestinal development
and function in broiler chickens. Worlds Poult.
Sci. ], 55(12): 375-387.



560

Pavel Machdn, Jaroslava Ehrenbergerovd, Radim Cerkal, Karolina Benesovd, Katerina Vaculovd

IZYDORCZYK, M. S., DEXTER, J. E. 2008. Barley
B-glucans and arabinoxylans: Molecular structure,
physicochemical properties, and uses in food
products—a Review. Food Res. Int., 41(9): 850-868.

JAMAR, C., JARDIN, P, FAUCONNIER, M. L. 2011.
Cell wall polysaccharides hydrolysis of malting
barley (Hordeum vulgare L.): a review. Biotechnol.
Agron. Soc. Env., 15(2): 301-313.

KEOGH, G. F, COOPER, G. J. S, MULVEY T. B,,
MCARDLE, B. H., COLES, G. D, MONRO, J. A,,
POPPITT, S. D. 2003. Randomized controlled
crossover study of the effect of a highly beta-
glucan-enriched barley on cardiovascular disease
risk factors in mildly hypercholesterolemic men.
Am. J. Clin. Nutr., 78(4): 711-718.

LAZARIDOU, A., BILIADERIS, C. G. 2007.
Molecular aspects of cereal B-glucan functionality:
Physical properties, technological applications
and physiological effects. J. Cereal Sci., 46(2): 101-
118.

LAZARIDOU, A., CHORNICK, T.,, BILIADERIS,
C. G, IZYDORCZYK, M. S. 2008. Composition
and molecular structure of polysaccharides
released from barley endosperm cell walls by
sequential extraction with water, malt enzymes,
and alkali. J. Cereal Sci., 48(2): 304-318.

LL Y, Ly, ], GU, G, SHI, Z., MAO, Z. 2005. Studies
on water-extractable arabinoxylans during
malting and brewing. Food Chem., 93(1): 33-38.

LU, J, LI, Y. 2006. Effects of arabinoxylan
solubilization on wortviscosity and filtration when
mashing with grist containing wheat and wheat
malt. Food Chem., 98(1): 164-170.

MACHAN, P, EHRENBERGEROVA, J., KLIMOVA,
E., BENESOVA, K., VACULOVA, K. 2011. Non-
starch polysaccharides in the set of spring barley
varieties. Kvasny Prum., 57(7-8): 219-222.

NEWMAN, R. K., NEWMAN C. W. 2008. Barley
for food and health: Science, technology, and products. 1+
ed. Hoboken: John Wiley & Sons.

NINO-MEDINA, G., CARVAJAL-MILLAN, E,
RASCON-CHU, A., MARQUEZ-ESCALANTE,
J. A., GUERRERO, V, SALAS-MUNOZ, E. 2009.
Feruloylated arabinoxylans and arabinoxylan gels:
structure, sources and applications. Phytochem.
Rev., 9(1): 111-120.

PRYMA, J,, HAVLOVA, P, SUSTA, ], MIKULIKOVA,
R., EHRENBERGEROVA, J.,, NEMEJC, R. 2000.
Zdravotn€ vyznamné latky v je¢meni a pivu.
Kvasny Prum., 46(12): 350-353.

SALAS-SALVADO, ], BULLO, M., PEREZ-
HERAS, A., ROS, E. 2007. Dietary fibre, nuts
and cardiovascular diseases. Br. J. Nutr, 96(S2):
S45-S51.

SHIMIZU, C., KIHARA, M., AOE, S., ARAKI, S,
ITO, K., HAYASHI, K., WATARI, J., SAKATA, Y.,
IKEGAML,S.2008.Effectof highbeta-glucanbarley
on serum cholesterol concentrations and visceral
fat area in Japanese men — a randomized, double-
blinded, placebo-controlled trial. Plant Foods Hum.
Nutr, 63(1): 21-25.

SLAVIN, J. L. 2005. Dietary fiber and body weight.
Nutrition, 21(3): 411-418.

TIWARI, U, CUMMINS, E. 2008. A predictive model
of the effects of genotypic, pre- and postharvest
stages on barley B-glucan levels. J. Sci. Food Agric.,
88(13):2277-2287.

ZAVRELOVA, M. 2014. The composition of barley
grain in regards to food technology. Kvasny Prum.,
60(5): 127-130.

ZHANG, G., CHEN, ], WANG, ], DING, S.
2001. Cultivar and environmental effects
on (1-3,1->4)-p-D-glucan and protein content
in malting barley. J. Cereal Sci., 34(3): 295-301.

Contact information

Pavel Machér: xmachanl@node.mendelu.cz




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


