
INTRODUCTION

Consumption of dietary fibre has potential in improving nu-
trition and health (Havrlentova et al., 2011; Arendt and
Zannini, 2013). Oat (Avena sativa L.) is a well-known crop
in the temperate climate. It is recognised throughout the
world as a healthy food containing significant amounts of
soluble dietary fibre, �-glucans, fat-soluble vitamin E and
polyunsaturated fatty acids. The health effects of oats have
been primarily attributed to the dietary fibre fraction, partic-
ularly �-glucans, which decrease and stabilise the levels of
serum glucose and insulin (Wood et al., 1990; Jenkins et

al., 2002) and decrease the level of blood cholesterol
(Pomeroy et al., 2001, Kerckhoffs et al., 2002, Kelly et al.,
2007). The addition of oats adds more nutritious compo-
nents to the food (Wang et al., 2007).

Although cultivar differences in the parameters directing oat
breeding and cultivation such as seed size, yield, lodging
resistence, and nutritional attributes (for example, protein,
and lipid concentration) are widely studied (Arendt and
Zannini, 2013; Biel et al., 2009), study of �-glucan concen-
tration, particularly in relation to other oat components, is
insufficient. Earlier reports on an association between pro-
tein and �-glucan concentration are controversial. Saasta-
moinen et al. (1992) in a two-year study found a negative
correlation for Northern genotypes, while Peterson et al.

(1995) reported a tendency to positive correlations. In gen-

eral, the studies show that genotypes differ in their response
(Welch, 1995). For further breeding of oats with the aim to
promote human health, it is necessary to increase knowl-
edge on variation in �-glucan concentration of oats, in rela-
tion to protein and fat concentration in the new oat geno-
types, considering also other important properties for food
production. Old and new types need to be characterised on a
broader scale, including needs of consumers and producers.

The aim of the present study was to determine the �-glucan
concentration of oats grown in Latvia, in relation to protein
and fat concentration in the newly created oat breeding
lines.

MATERIALS AND METHODS

The study was conducted at the Institute of Agricultural Re-
sources and Economics, Stende Research Centre from 2015
to 2016. The study material consisted of 12 oat genotypes:
VP2, VP3, VP4, VP5, VP6, VP8, VP9, VP10, VP11, VP12
as a new type and two varieties commonly used in produc-
tion by millers — ‘Laima’, a widely grown variety in Lat-
via, and ‘Peppi’ from Finland as a preferred imported vari-
ety. The experiment was set up as a split-plot design in four
replications, to exclude the effect of environmental condi-
tions among the varieties. The characteristic environmental
conditions in 2015 and 2016 years are given in Table 1.
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Mean samples from each of the four replications (0.5 kg)
were taken for laboratory testing. Covered grains were
dehulled mechanically. Weight, and protein, lipid and
�-glucan concentration in the studied samples (n = 92) were
determined using an automatic grain analyser Infratec
Analyser 1241.

The obtained results were statistically processed using
methods of descriptive statistics and analysis of variance us-
ing the SPSS 20 programme package. Statistical signifi-
cance was declared at p < 0.05 or at p < 0.01.

RESULTS

The results of analysed protein, lipids and �-glucans con-
centration in grain of hulled oat varieties and breeding lines
in 2015 and 2016 years are summarised in Figure 1. The re-
sults of investigation showed that the concentration of pro-
tein in oat grain depending on genotype ranged from 10.4%
to 14.9%, and the richest were grains of the variety ‘Peppi’.
The concentration of protein significantly differed by geno-
type (p < 0.01) and year (p < 0.05).

The concentration of lipids in oat grain was from 5.4% to
7.9% and it significantly differed by genotypes (p < 0.05).
The highest lipid concentration was found in grain of vari-
ety ‘Laima’ 7.65 ± 0.29%.

The highest �-glucan concentration of grain was in varieties
‘Laima’ and ‘Peppi’ and breeding lines VP4 and VP5, with
average �-glucan concentrations 3.24 ± 0.29%, 2.98 ±
0.08%, 2.75 ± 0.09%, and 2.75 ± 0.09%, respectively. The
�-glucan concentration significantly differed by genotypes
(p < 0.05), but not between years (p > 0.05).

Comparison of correlation between grain components in the
two years of study is shown in Figure 2. �-glucan concen-
tration had weak positive correlation with protein concen-
tration in most genotypes (‘Laima’, VP2, VP3, VP7, VP8,
VP9, VP12), and strong positive correlation (r = 0.761) for
genotype VP5; for grain of genotypes VP4 and VP11 there
was a strong negative correlation (r = –0.881 and r =
–0.837, respectively). Figure 2 shows that the correlation
(all genotypes together) between �-glucan and protein con-

centration was weakly positive and significant in both
years

Correlation between lipid and �-glucan concentration in
grain of oat varieties and breeding lines is shown in Figure
3. �-glucan concentration had positive correlation with lipid
concentration of oat grain (all genotypes together). Weak
positive correlation occurred for genotypes VP3, VP4, VP5,
VP6, VP8, variety ‘Peppi’, medium correlation for breeding
lines VP9, VP10, VP11, VP12, and strong correlation for
‘Laima’ (r = 0.741) and VP2 (r = 0.719).

T a b l e 1

CHARACTERISTIC ENVIRONMENTAL CONDITIONS IN 2015 AND
2016

Temperature,
oC

Precipitation,
mm

Soil

2015 2016 2015 2016 Trait 2015 2016

April 5.6 5.8 98.5 37.0 pH 5.6 5.6

May 9.8 13.3 65.9 61.0 Organic
matter, %

2.6 1.7

June 13.5 15.6 50.5 92.5 P2O5,
mg·kg-1

180 174

July 15.9 17.2 75.5 91.7 K2O,
mg·kg-1

117 162

August 17.5 16.0 26.6 110.4

Fig. 1. Comparison of protein, lipid and �-glucan concentration between
years.

Fig. 2. Correlation between protein and �-glucan concentration in oat
grain.
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DISCUSSION

The results of evaluated chemical composition of oat grains
presented in this paper are similar with those of other stud-
ies, where protein concentration for husked oat was 115.0
g·kg-1 (Biel et al., 2009), 104.0 g·kg-1 (Tobiasz-Salach et

al., 2016), 90–96 g·kg-1 (Givens et al., 2004) and 15.9%
(Asp et al., 1992). Higher protein concentration was ob-
served in 2016 than in 2015, particularly for genotypes
VP4, VP8, VP9, VP10, VP12, and variety ‘Peppe’ (Fig. 1).
The lipid concentration of tested oat grains varied from 5.8
to 7.9% in 2015, and from 5.6 to 7.5% in 2016. According
to previous reports, the lipid concentration in oat grains
range is from 3.1 to 11.8% (Zhou et al., 1999); moreover,
the naked oat form is characterised by higher fat concentra-
tion (7.4–7.7%) in the grain than in the hulled form —
3.7–4.4% (Tobiasz-Salach et al., 2016). According to our
previous investigations, concentration of lipids in husked
oat grains was 4.0–5.67% in 2013, in variety ‘Laima’ —
5.65% (Sterna et al., 2014). In the present study, the aver-
age concentration of lipids in grain of variety ‘Laima’ was
7.9% (2015) and 7.5% (2016). All breeding lines had
0.1–0.4% less lipid content in 2016. Givens et al. (2004)
concluded that lipid concentration in oat is strongly depend-
ent on meteorological conditions of the sowing year. In our
study period, there was much more precipitation in June,
July, and August of 2016 than in 2015 in Stende (Table 1).

The concentration of �-glucans of oat grains samples
ranged from 2.9% to 3.6%, which was lower than we ob-
served in a previous study, where average concentration of
�-glucan for husked oat varieties ranged from 3.79%
(‘Laima’) to 3.85% (‘Stendes Dârta’) (Brunava et al.,
2014). Generally, �-glucan concentration in grain in 2016
was 0.1–0.3% less than in 2015, excepting for the variety
‘Laima‘, where �-glucan concentration was 0.5% less than
in 2015. This can be explained by much more precipitation
in June, July and August. Saastomoinen et al. (2004) re-
ported significant differences in average �-glucans concen-
tration of oats between years. For example, variety ‘Kolbu’
had significantly lower �-glucan concentration during a
cool rainy weather in 1998 (3.44% of dry matter), than in
the warm years 1997 (4.38% of dry matter) and 1999
(4.02% of dry matter). Studies have shown that environ-

ment, species and origin greatly influence endosperm and
cell wall development and affect the accumulation of
�-glucans (Fastnaught et al., 1996). Species has the greatest
effect on �-glucan concentration, followed by origin and
year (Saastomoinen et al., 2004; Hu et al., 2014).

The relationship between protein and �-glucan concentra-
tion is controversial. The relationship between protein and
�-glucan concentration in this study generally showed a
tendency to positive correlation (Fig. 2), but for genotypes
VP4 and VP11 there was a strong negative correlation. This
indicates that genotypes differ in their responses, as previ-
ously reported (Welch, 1995). Oat fibre is the most variable
constituent, with more than a five-fold variation across spe-
cies. The distribution of each constituent between botanical
parts of the oat kernel is irregular. Consequently, consider-
able differences may be observed between gross chemical
composition of total grains.

The correlation between lipid and �-glucan concentration in
this study was positive in all varieties and breeding lines
and, as a whole, medium high (Fig. 3). These results are in
agreement with previous work (Asp et al. 1992) that
showed �-glucans concentration to be significantly posi-
tively correlated with insoluble and total dietary fibre as
well as fat concentration.

CONCLUSION

It is concluded that �-glucan concentration in oat grains var-
ied from 2.9% to 3.6%. The highest �-glucan concentration
among new breeding lines occurred in VP4 and VP5. Fur-
thermore, there was a strong positive correlation with pro-
tein and lipid concentration in oat grains of breeding line
VP5.
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�—GLIKÂNA, PROTEÎNA UN TAUKU SATURA MAINÎBA LATVIJÂ SELEKCIONÇTAJÂS AUZÂS

Cilvçka veselîbas un uztura uzlaboðanâ diçtisko ðíiedrvielu patçriòam ir liels potenciâls. Turklât auzu ðíiròu selekcionçðanâ palielinâs
nepiecieðamîba izpçtît ðíiedrvielu un bioaktîvo komponentu mainîbu auzâs. Tâdçï ðî pçtîjuma mçríis bija noteikt �-glikâna saturu Latvijâ
audzçtajâs auzu ðíirnçs un novçrtçt sakarîbas starp �-glikânu, proteînu un tauku saturu jaunajâs selekcionçtajâs ìençtiskajâs lînijâs.
Proteîna, tauku un �-glikâna saturs tika analizçts 2015. un 2016. gadâ plçkðògraudu auzu ðíiròu ‘Laima’ un ‘Peppi’ un desmit selekcionçto
auzu lîniju graudos. Iegûtie rezultâti liecina, ka tauku saturs noteikts no 5.9 lîdz 8.3%, �-glikâns no 1.8 lîdz 3.6%, atkarîbâ no audzçðanas
gada un ðíirnes. Noteikta vidçji cieða �-glikâna korelâcija ar tauku saturu un vâja pozitîva �-glikâna korelâcija ar proteîna saturu.
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