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Abstract: Barley and oat have been promoted for years as good sources of
dietary fiber, especially p-glucan. Studies have shown a positive effect of bar-
ley and oat S-glucan on human health and as a result, there has been an inc-
reasing demand for f-glucans in the past decade. Thus, the variability of the
f-glucan content was investigated in the grain of 10 barley and 10 oat varieties.
The f-glucan contents were determined by the ICC Standard Method No 168.
The content of f-glucan in the analyzed barley varieties were within the range
3.52-7.81 % and in analyzed oat varieties, the content of f-glucan were within
the range of 3.15-7.28 %. Among analyzed barley varieties, Novosadski 314
contained the highest content of S-glucan (7.81 %), while Tomba had the high-
est content of f-glucan (7.28%) in the analyzed oat varieties. Based on the
results, it could be concluded that there is genetic diversity of oat and barley
varieties with respect to their f-glucan content. This fact enables varieties with
a high a nutritional capacity to be selected.
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INTRODUCTION

Barley and oat have been promoted for years as good sources of dietary
fiber, especially S-glucan.!:2 p-1,3/1,4-glucans are polysaccharides present in the
bran of some grains, such as oat and barley but to a much lesser degree in rye and
wheat.3 In seeds of barley and oat, the highest concentrations of -glucans are
found in the endosperm and the subaleurone layer of the seed.*5 Numerous
studies are increasingly showing a positive effect of f-glucan from barley and oat
on human health. It was found that f-glucans present in barley and oat stimulate
the immune system, and thus have a positive effect in the fight against infect-
ions®8 and in the prevention of cancer.”~11 The intake of oat and barley S-glu-
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cans through different food products significantly decreases the total cholesterol
and low-density lipoprotein cholesterol, and it may lead to improvement of lipid
serum status and weight reduction.!2-14 Moreover, the intake of oat and barley
B-glucan may affect a reduction in blood glucose levels in diabetics,!> and the
digestion of starch, thereby reducing glycemic and insulin response.!6-18 Fur-
thermore, f-glucans may represent an important component of food in the mod-
ification of metabolic irregularities and the prevention of metabolic synd-
rome.19-20 Based on in vitro experiments, and animal and human clinical studies,
there is considerable evidence concerning the importance of f-glucan in the treat-
ment and prevention of allergic diseases, which opens new perspectives in the
use of this group of natural substances.2!

The physiological effects of f-glucans are mainly attributed to their physico-
chemical structure, such as molecular weight, viscosity, solubility and interaction
with the gastrointestinal tract.22-23 In addition, the physicochemical characteris-
tics, and the physiological effects of f-glucan may be affected by method of
extraction, concentration of S-glucan, storage and with the food preparation
method.24-26 Among other things, A-glucans, which exist as indigestible polysac-
charides in barley and oat, have been shown not only to have positive effects on
health, but also the potential to be a possible new source of prebiotic.27-28

Knowing these beneficial effects of f-glucan, it is important to determine the
availability and the best potential sources of f-glucan and possibly to increase
them, in order to promote their wider application and accessibility in everyday life.

Considering that the content of f-glucan in oat and barley could be increased
by breeding and using appropriate agro-technology (effect of fertilization —
application of nitrogen (N) affects positively by increasing the content of f-glu-
can)?931 whereby the effect of genotype is dominant and has been con-
firmed,29-32 the goals of this research were to define the content of f-glucan in
genetically divergent cultivars of 10 oat and 10 barley varieties, comparison of
the f-glucan content in different oat and barley varieties, and identification of the
varieties with higher contents of S-glucan as a modest contribution to the breed-
ing of oat and barley.

EXPERIMENTAL
Plant material

The plant material used for the field trials consisted of 10 varieties of spring barley
(Hordeum sativum J. ssp. distichum L.) and 10 varieties of spring oat (4vena sativa L.). These
genotypes originated from the Gene Bank collection of Field and Vegetable Crops in Novi
Sad. Two rows of spring barley varieties were used for investigation, i.e., Novosadski 296,
Novosadski 297, Novosadski 300, Novosadski 301, Novosadski 306, Novosadski 310,
Novosadski 312, Novosadski 314, Novosadski 316 and Novosadski 318, and 10 varieties of
spring oat, i.e., Flaemingsterne, Vok, Mozart, Juha, Hannes, Alden, Aslak, Wasa, Tomba and
Kaempe gul. The barley and oat cultivars used for analysis were employed in increase of the
production of cultivar seeds, because of their high genetic potential of yield, quality and
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adaptability. Nowadays, these cultivars are used in cross hybridization and represent the core
gene source in breeding programs for the creation of new enhanced cultivars.
Field experiment

The experiment design in 3 replications was a basic plot with 5 rows of 1 m length with
an inter-row spacing of 0.2 m and in row distance of 0.05 m between the seeds. Sowing was
performed by hand. The trial was realized in the location Kragujevac (44°00'51" N, 20°54'42"
E), during two growing seasons — 2011 and 2012. In the first year of the experiment,
phenotypes were estimated and biotypes for each variety removed. In the second year of the
experiment, the seed material was used for the determination of f-glucans. Mineral fertilizers
(NPK 15:15:15, MAP — monoammonium phosphate) were applied before seeding according
to the recommendations, based on the chemical properties of the soil and the available content
of P, K and N reserves. The following fertilizers were applied for nutrition: urea (46 % N),
KAN (27 % N) and AN (34 % N). The crop was protected adequately against pests and weeds
by the appropriate use of pesticides and herbicides, with their efficacy being monitored. For
analysis of the grain, full maturity stage of 30 plants (10 plants per replication) was used.
Soil characteristics

The growing of barley and oat genotypes was realized on an experimental field on the
soil type pseudogley having poor physical properties, an acid pH (pHy,o 4.1) and the fol-
lowing content: humus 2.34 %, readily available phosphorus 7.8 mg 100 g! soil and potas-
sium 14.2 mg 100 g*! soil.

Climatic conditions during growing seasons

The values of temperature and precipitation in two years of experiment were different in
relation to the average values of the previous ten years (Table I). During the period Jan-
uary/June, the average values of the temperature was 9.28 °C in the first and 9.38 °C in the
second year of the experiment. In both years of the experiment, the average temperature was
lower than in the long-term period (10.08 °C). The precipitation was more favorable in the
year 2011, with sums of 327.9 mm, than in 2012 (378.9 mm). In the second year during the
grain filling stage (April-May months), the amount of precipitation (174.6 mm) was higher
than in the first year (120 mm) and in the second year, the amount of precipitation was similar
to the sum of the long term precipitation (373.7 mm).

TABLE 1. Monthly and mean temperatures and monthly and cumulative precipitation; Xm —
average values of temperature and precipitation

Period January February March April May June Xm  Total
t/°C
2011 0.3 0.6 6.6 12.2 15.6 204 928 557
2012 0.1 4.2 8.8 12.7 16.0 231 938 563
2000-2010 0.9 24 7.6 12.0 172 204 10.08 60.5
Precipitation, mm

2011 28.1 59.2 48.9 37.1 829 717 54.65 3279
2012 107.1 54.9 24.5 69.1 1055 17.8 63.15 3789
2000-2010 42.8 44.7 52.5 66.6 749 922 62.28 373.7
Seed sample

After harvesting all the genetically divergent barley and oat varieties, 5 g of seeds were
used for grinding and for analysis of their content of S-glucans.
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Laboratory analysis

The S-glucan contents were determined by the ICC Standard Method No 168, which was
adapted to measure the content of f-glucan in barley, oat and their products. Particles smaller
than 500 um were used in the experiment.

Accuracy. In barley containing 4.0 % total f-glucan, the method was accurate to 4.0+0.1 %.

Processing of the results

Results for content of f-glucan of analyzed barley and oat varieties were obtained by
spectrophotometrically reading the absorbance at /=510 um for each of the three test tubes
(Table II). The final content of f-glucan was obtained by applying the following formula for
grains of barley and oat:

S-glucan (mass %) = AAXFx94 (or 64)x0.10wx162/180 = AAxF/Wx8.46 (or 5.76) (1)

where AA is the absorbance after f-glucosidase treatment (reaction); F — a factor for the
conversion of absorbance values to pg of glucose:

100 (ng of D-glucose)

~ Absorbance of 100 pg of D-glucose

and 94 is a volume correction factor (0.1 ml out of 9.4 ml was analyzed for cereal samples);
64 is a volume correction factor (0.1 ml out of 6.4 ml was analyzed for cooked, toasted of
extruded cereal products); 0.10w is a factor to express the S-glucan content as a percentage of
dry flour weight; W is the calculated dry weight of the sample analyzed in mg; 162/180 is a
factor to convert from free D-glucose, as determined, to anhydro-D-glucose, as occurs in
p-glucan33 and w is the grain weight.

RESULTS AND DISCUSSION
The content of B-glucans in barley

In the analyzed barley varieties, the contents of f-glucans ranged from 3.52
to 7.81 % (Table II). The highest content of f-glucan among analyzed barley
varieties was found in the variety Novosadski 314, with a concentration of 7.81 %,
while the lowest concentration was found in the variety Novosadski 312 (3.52
%). Among the other analyzed barley varieties, high contents of f-glucan were
observed in Novosadski 318 (7.8 %), Novosadski 310 (7.39 %), Novosadski 306
(7.38 %), Novosadski 297 (7.23 %) and Novosadski 301 (7.18 %). A lower amount
of f-glucans was found in the variety Novosadski 300 (6.77 %), while the barley
varieties Novosadski 296 (5.85 %) and Novosadski 316 (5.08 %) together with
the variety Novosadski 312 (3.52 %) had lower contents of f-glucan than the
average of 6.6 %.

Based on the S-glucans contents, all the analyzed barley varieties were com-
pared with each other and a similarity dendrogram with Euclidean distances was
made (Fig. 1). An analysis of the dendrogram showed two clusters (groups) with
mutually similar varieties (Fig. 1). In the first cluster were the two barley vari-
eties Novosadski 296 and Novosadski 316, with a distance of about 41 % (the
degree of similarity was 59 %). The second cluster consisted of a larger number
of varieties and pairs showing a high percentage of similarity (Novosadski 297,
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TABLE II. The content of f-glucan in oat and barley varieties (mass %)

Analyzed oat variety p-Glucan content Analyzed barley variety S-Glucan content
Flaemingsterne 4.79 Novosadski 296 5.85
Vok 5.60 Novosadski 297 7.23
Mozart 428 Novosadski 300 6.77
Juha 471 Novosadski 301 7.18
Hannes 4.25 Novosadski 306 7.38
Alden 3.38 Novosadski 310 7.39
Aslak 3.15 Novosadski 312 3.52
Wasa 471 Novosadski 314 7.81
Tomba 7.28 Novosadski 316 5.08
Kaempe gul 4.37 Novosadski 318 7.80

Tree Diagram for 10 Variables
Single Linkage
Euclidean distances
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Fig. 1. Dendogram of the genetic distances between the clusters of barley varieties for their
content of S-glucan (the dendogram was obtained with Statistica for Windows, version 10).

Novosadski 301, Novosadski 306, Novosadski 310, Novosadski 300, Novosadski
314 and Novosadski 318). In the second cluster, the greatest similarity, 99 %,
was observed for the varieties Novosadski 306 and Novosadski 310. Another pair
consisted of the varieties Novosadski 297 and Novosadski 301 with a similarity
of 97 %. With the previous pair of varieties of the second cluster, they form a
small group with a distance of 8 % (degree of similarity of those pairs is 92 %).
The most similar to this group according to values of f-glucans was Novosadski
300 with distance in the range of 22 %. The second cluster with a distance of 22 %
also contains a pair of varieties, Novosadski 314 and Novosadski 318, which are
97.5 % similar. The degree of similarity of the first and second cluster is 51 %
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(49 % distance). The variety Novosadski 312 stands out because of the greatest
distance (82.5 %) compared to all other barley varieties.

The content of B-glucans in oat

The content of f-glucan in the analyzed oat varieties ranged from 3.15 to
7.28 % (Table II). The highest content of -glucan was found in the variety Tomba,
with a concentration of 7.28 %. A lower content of 5.6 % was found in the
variety Vok. The oat varieties in which the content of f-glucan ranged from 4 %
to 5% were Flaemingsterne 4.79 %, Juha 4.71 %, Wasa 4.71 %, Kaempe gul 4.37
%, Hannes 4.25 % and Mozart 4.23 %. Among the remaining analyzed oat vari-
eties that have a f-glucan concentration of less than 4 % are Alden (3.38 %) and
Aslak (3.15 %), in which the lowest concentration of f-glucan was observed. The
average value of the f-glucans contents in the analyzed oat varieties was 4.65 %.
Based on the f-glucans contents, all the analyzed oat varieties were compared
with each other and a similarity dendrogram with Euclidean distances was made
(Fig. 2). An analysis of the dendrogram shows two clusters (groups) with mutu-
ally similar varieties (Fig. 2). The first cluster consisted of two small groups of
varieties, which together show a high percentage of similarity. The first group
includes the varieties Flaemingsterne, Juha and Wasa, with the highest percent-
age of similarity (99 %) within the first cluster. Within the second group, there is
a pair of varieties Mozart and Hannes with a degree of similarity of 98 %. The
variety Kaempe gul joins this pair with a distance of 8 %. The degree of simil-
arity between the first and second group is 80 % (the distance between mentioned
groups is 20 %). The second cluster includes the two oat varieties Alden and
Aslak with a mutual distance in the range of 14 %. The degree of similarity of the
first and second cluster is 50 %. The variety Vok stands out from the two clusters
by a distance in the range of 52 %, while the most notable variety is Tomba due
to the greatest distance (97 %) compared to all other varieties of oat.

Many studies have shown that the grains of barley and oat are characterized
by higher concentrations of S-glucans compared to other grains, whereby barley
has a higher content of f-glucan with respect to oat. The average concentration of
f-glucan in barley is approximately in the range of 3 to 7 %, whereas the concen-
tration of f-glucan in oat is approximately in the range of 2 to 6 %.34-36 Havr-
lentova and Kraic noted a large variation in the content of f-glucan in barley and
oat varieties in all genotypes and indicated that barley and oat may be convenient
sources of f-glucan.34

Based of the biochemical analysis of the f-glucan content in the investigated
oat and barley varieties, it could be concluded that the content of S-glucan was
higher in the barley varieties than in the oat varieties, which could be observed
through the average value of the f-glucan contents (6.6 % of the dry weight of
the grain in the analyzed barley varieties, but only 4.65 % of the dry weight of
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the grain of the analyzed oat varieties). In the tested barley varieties, the f-glucan
content ranged from 3.52 to 7.81 % of the dry grain weight, while the f-glucan
content of analyzed oat varieties ranged from 3.15 to 7.28 % of the dry grain
weight. The highest contents of f-glucan in the analyzed barley varieties were
found in Novosadski 314 (7.81 %) and Novosadski 318 (7.8 %), while the high-
est content of f-glucan in analyzed oat varieties was observed in Tomba, with a
concentration of 7.28 %.

Tree Diagram for 10 Variables
Single Linkage
Euclidean distances
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Hannes ?
Kaempe gul
Alden
]
Aslak f—1
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0 20 40 60 80 100
distances between clusters

Fig. 2. Dendogram of the genetic distances between clusters of oat varieties for their content
of f-glucan (the dendogram was obtained with Statistica for Windows, version 10).

Numerous studies suggest the beneficial effects of f-glucans on human
health as immunostimulants,3:7:8 they can act both anti-mutagenic and anti-car-
cinogenic,!0:11.37 they can be used for lowering cholesterol levels and improve-
ment of serum lipid status,38-40 they can have a positive effect on glycemic and
insulin response,!7-18 and among others, f-glucans can represent a new source of
prebiotics.27-28 As a result of their positive effects on health, there has been an
increasing demand for f-glucans in the last decade. For this reason, it is neces-
sary to find the most affordable sources of f-glucans to enable their application
and ensure their availability.

The variability of the f-glucan content is controlled by both genetic and
environmental factors and their interaction, which acts during the period of endo-
sperm development.36:41.42

Among the environmental factors, warm and dry weather during grain-filling
results in higher levels of f-glucan, while high precipitation or irrigation are det-
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rimental.42:43 Nitrogen (N) fertilizer was shown to influence the level of the bio-
chemical constituents in the grain, and to lead to increased contents of S-glu-
can.29-31

Considering that genotype had the greatest influence on variability than all
the other factors and their interactions, the dominant effect of which has been
confirmed in numerous studies,2%-324! the selection of the proper genotype is the
most crucial for desired amount of f-glucan in grain.32 Specific programs of cul-
tivation, selection and breeding are the key steps to obtain the appropriate barley
and oat varieties for the production of foods rich in f-glucans and of high nut-
ritional value.37-39

CONCLUSIONS

Based on the obtained results, it could be concluded that genetic diversity
influences the content of S-glucan in oat and barley varieties, giving the possib-
ility of choosing varieties for the selection of lines of high nutritional capacity
required to improve nutrition and to use as a source for obtaining useful prepar-
ations in the pharmaceutical industry for further implementation.

The varieties that could be recommend for hybridization and breeding are
barley varieties Novosadski 314 and Novosadski 318 and oat varieties Tomba
and Vok, as varieties with the highest content of S-glucans.

Acknowledgement. This work was supported by the Serbian Ministry of Education,
Science and Technological Development of the Republic of Serbia (Project No. TR 31092).

U3BOJ
JUBEPTEHTHOCT COPTH JEUMA U OBCA I[TPEMA CAIPXXAJY STJIIYKAHA

CTE®AH M. MAPKOBUR', HEBEHA X. BYKUR', IECUMHP KHEXEBUR® u CY3AHA B. JEKOBUR'

1YHueep3uu76w y Kpaiyjesuy, [Ipupogrno—matiiemaiiuuxu Gaxynieid, P. JJomanosuha 12, 34000 Kpaiyjesay,
u ZYnueepsumew y Opuwimunu, Iomoupuspegnu paxynmedi, Kocoscka Muttiposuya, Tewax

JeuaM M oBac ce MPOMOBHIIY TOJUHAaMa YHa3az Kao 1odap M3BOP AUjeTeTCKUX BlakaHa, a
MOTOTOBY f-TiyKaHa. bpojHe cTynuje mokasyjy mo3uTuBaH edexaT f-TiykaHa jedMa U OBca Ha
30paBbe JbBYAM U Kao Mocjesula jaB/ba ce cBe Beha MoTpaxkma 3a f-IJIyKaHUMa Y NOCIeNHhoj
neuenuju. Y 3pHy 10 coptu jeuma u 10 cOpTHM OBca HCIIMTHBAH je cafipkaj P-IaykaHa. 3a
ogpehuBame cagpikaja f-rimykaHa kopuirhena je ICC ctangapgHa metofa op. 168. Y ucnutu-
BaHMM COpTama jeuma cagpkaj f-IiIykaHa KpeTao ce y uHTepsany 3,52-7,81 %, a y UCIUTH-
BaHMM COpTama OBCa cajpikaj f-TiiykaHa kpertao ce y omcery 3,15-7,28 %. Hajsehu cangpxaj
f-TykaHa KoJ aHaJIM3UpaHuX COpPTH jeuma mocenyje copra Hosocaacku 314 (7,81 %), nox je
HajBehy canp:xaj f-IykaHa KoJi aHa/lIM3UPaHUX COPTH OBca youeH Koz copte Tomba (7,28 %).
Ha ocHOBY pe3yiTaTa, MOXEMO 3aK/byYHUTH Ja I10CTOjU FeHeTHYKa JUBEPTEeHTHOCT y cafpxajy
p-rnykaHa u3Mehy MCOUTHBAHMX COPTH OBCAa M jedma, Ha OCHOBY KOj€ MOCTOjH MOTYhHOCT
onadupa COPTH 3a CeleKLHOHe JIMHHje BUCOKOT HyTPHUTHBHOI KaraluTeTa, kao U 3a modoss-
IIamke 3aXTeBa UCXpaHe.

(ITpumibeno 31. oxrodpa, pesunupano 29. serembdpa, npuxsaheno 30. nenemdpa 2016)
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