
INTRODUCTION

Oat (Avena sativa L.) is a well known annual crop in tem-
perate climates. Morphologically, oat can be classified as
husked and naked; naked oat is nutritionally richer than the
common husked oat. Naked oat has a thin non-lignified
husk on the outside of the grain which falls off during har-
vesting. This results in higher energy grain that contains
more protein and lipids and less fibre compared to conven-
tional oat (Tiwari and Cummins, 2009). Furthermore, naked
oat is associated with good agricultural features that could
be beneficial for organic farming (Welch, 1995; Biel et al.,
2009).

Much of the cholesterol-lowering capacity in oat is attrib-
uted to its high soluble fiber (�-glucan) concentration.
There are, however, other phytonutrients that likely contrib-
ute to the overall health benefits, like water-soluble B vita-
mins and fat-soluble vitamin E (�-tocopherol). The high
level of �-tocopherol found in oat is of note because of its
antioxidant activity and link to prevention of cardiovascular
disease, Alzheimer disease, glaucoma, and prostate cancer
(Welch, 1995; Jackson et al., 2008). There are no reliable
reports of the presence of vitamin C, vitamin B12, or the
fat-soluble vitamin A or D in oat.

Vitamin E activity is provided by the tocopherols and
tocotrienols, which together create tocols. Tocols are fat
soluble and form part of the total lipid. The vitamin activity
of tocols is associated with their antioxidant function in

vivo. Tocotrienols and tocopherols differ in their prenyl side
chains; tocotrienols have an unsaturated geranylgeranyl side
chain and tocopherols have a saturated phytyl side chain.
Each class consists of four homologues, termed alpha, beta,
gamma and delta, depending on the methylation pattern on
the chromonal ring. The highest level of vitamin E activity
is produced by �-tocopherol (Fig. 1), following by
�-tocopherol and �-tocotrienol, which have 40% and 30%
of the activity of �-tocopherol, respectively on an equal
weight basis (Welch, 1995; Zielinski et al., 2001; Jackson et

al., 2008). Alpha-tocopherol is a major antioxidant compo-
nent in crude oat lipids and is unaltered when the lipid is re-
fined (Webster, 1986); �- and �-tocopherols have also been
detected in crude oat lipids, but in minor amounts.

The effects of environment and genotype interactions on oat
grain quality are poorly documented. Choice of genotypes,
growing technologies and climate affect vitamin content in
oat (Doehlert et al., 2001). Therefore, during the recent dec-
ade oat breeders have paid attention to genotypes with high
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Fig. 1. The chemical structure of 2R, 4’R, 8’R-�-tocopherol.



quality traits persistent. Furthermore, it would be useful to
include such genotypes as source material in breeding pro-
grammes.

The objective of this study was to determine the
�-tocopherol concentration in oat varieties and breeding-
lines grown in Latvia. The study included breeding material
selected in oat breeding programme at the State Stende Ce-
reals Breeding Institute.

MATERIALS AND METHODS

The field trials were carried out at the State Stende Cereals
Breeding Institute in 2007 and 2008. The material consisted
of 64 oat genotypes (int. al. 52 husked and 12 naked).
Among the genotypes, 34 (int. al. 27 husked and 7 naked)
varieties and breeding lines were from Latvia and the re-
maining 30 (int. al. 25 husked and 5 naked) were of foreign
origin. The soil of the site was sod-podzolic. The main soil
factors were: humus concentration 18 g kg-1 in 2007 and
26 g kg-1 in 2008, soil pH KCl — 6.2 in 2007 and 6.1 in
2008, available phosphorus P2O5 — 193 mg kg-1 in 2007
and 334 in 2008, and potassium K2O — 143 mg kg-1 in
2007 and 164 in 2008. The pre-crop was winter wheat in
both years. All agro-technical operations were carried out at
optimal times according to the weather conditions during
the vegetation period and depending on the plant develop-
ment phases. Seeding rate was 500 seeds per 1 m2. Before
cultivation of the soil a complex mineral fertiliser was ap-
plied: N-51, P2O5–30, K2O — 42 kg ha-1 (2007), N-56,
P2O5–56, K2O — 56 kg ha-1 (2008). Variants were ar-
ranged in four replications with plot size 2 m2 in a random-
ised block design.

Meteorological conditions of both years were. rather inap-
propriate for oat growing. Mean daily temperature in 2007
in the vegetation period was higher than the next year and
the long-term average, but in 2008 it was even lower than
long-term average. Precipitation in May was higher in 2007
and provided good oat field germination, compared with
May in 2008, when precipitation was twice lower than the
long-term average. Both investigation years were character-
ised by abundant rainfall and mean values of several months
exceeded the long-term observed monthly norm. Frequent
heavy rainfall occurred in July and August causing lodging
in both years and decreasing yield and grain quality of oat.
Consequently, harvesting was delayed approximately by ten
days in both years.

Mean samples from all replications (0.5 kg) were taken and
milled for �-tocopherol determination in the Laboratory of
Food and Environmental Investigations of the Institute of
Food Safety, Animal Health and Environment BIOR, using
high-performance liquid-chromatography. The method is
often used for detection of �-tocopherol in diet samples.
Absorption was measured at 292 nm. Chromatography was
carried out in a C18 column using methanol/water liquid
(98/2 v/v). The concentration was determined as mg kg-1 in
dry matter. The obtained results were statistically processed

using descriptive statistics in the MS Excel software pack-
age. Means were compared using a t-test to determine
significant differences between years and between husked
and naked oat types.

RESULTS

In 2007, the concentration of �-tocopherol varied from 5.6
to 8.8 mg kg-1 in husked oat grain, and from 3.2 to 8.4 mg
kg-1 in naked oat. The average �-tocopherol concentration
in both years for naked oat (7.4 mg kg-1— 2007, 6.9 mg
kg-1 — 2008) was significantly (P < 0.05) higher than in
husked oat (5.9 mg kg-1 — 2007, 6.2 mg kg-1 — 2008) (Ta-
ble 1). Higher variation in �-tocopherol concentration in
both years was observed for husked oat (coefficient of vari-
ation 18 and 12%).

In 2008, the �-tocopherol concentration for husked oat ge-
notypes varied from 4.6 to 7.7 mg kg-1, and for naked oat
genotypes from 5.5 to 7.9 mg kg-1. A significant difference
(P < 0.05) in �-tocopherol concentration was found be-
tween years for both types of oat.

The distribution trends in the frequency of �-tocopherol
concentration were continuous in the 52 husked oat geno-
types (Fig. 2). The largest number of genotypes of husked
oat had �-tocopherol concentration in the classes 6.0–7.0
mg kg-1 and 5.0–6.0 mg kg-1. For four genotypes of husked
oat the �-tocopherol concentration exceeded 7.0 mg kg-1,
and of 12 naked oat genotypes five exceeded this value.
Two naked oat genotypes had a �-tocopherol concentration
higher than 8.0 mg kg-1.
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T a b l e 1

CONCENTRATION OF �-TOCOPHEROL IN OAT GRAIN (mg kg-1 dry
matter 2007–2008, State Stende Cereal Breeding Institute)

Indices Naked oat, n = 12 Husked oat, n = 52

2007 2008 2007 2008

Mean 7.4a*1 6.9b* 5.9b 6.2a

Min 5.6 5.5 3.2 4.6

Max 8.8 7.9 8.4 7.7

CV 11% 9% 18% 12%

1 Trait means followed by different letters are significant between the years
at the level of P < 0.05; * trait means that are significantly higher, compar-
ing husked and naked oat types (P < 0.05).
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Fig. 2. Frequency distribution of �-tocopherol concentration (mg kg-1)
among oat genotypes, average of 2007–2008.



Four of 25 foreign origin husked oat genotypes (‘Aragon’,
‘Selma’, ‘Margarett’ and ‘Hecht’) had high �-tocopherol
concentration — 7.6, 7.5, 7.1 and 7.0 mg kg-1, respectively
(Table 2). A more stable �-tocopherol concentration was
found in the varieties ‘Selma’ and ‘Hecht’, as between years
the concentration differed by 0.1 and 0.6 mg kg-1, respec-
tively.

Four foreign naked oat varieties exceeded the concentration
of 7.0 mg kg-1: ‘Adam’, ‘Izak’, ‘NosNacht’, and ‘Beloruskij
Golozernij’. The variety ‘Adam’ had a very high
�-tocopherol concentration — 8.4 mg kg-1. For all these
varieties the difference between years was lower than
1.0 mg kg-1.

Among the Latvian genotypes, the variety ‘Arta’ had the
highest �-tocopherol concentration — 7.5 mg kg-1, and
there was no significant difference between years (Table 3).
The lowest differences between years were for varieties
‘Arta’ and ‘Stendes Darta’ (0.0 and 0.8 mg kg-1, respec-
tively).

Latvian breeding line 32190 (Bor 88601/Katri) had the
highest �-tocopherol concentration — 7.0 mg kg-1; while
none of the other breeding lines exceeded the concentration
of 7.0 mg kg-1. The difference between years for line 32190
was only 0.2 mg kg-1.

Among naked oat genotypes, the highest �-tocopherol con-
centration — 8.1 mg kg-1 was found for line 30634
(NosNacht/Adam). For three oat lines 30616, 30617, and
30629 the average �-tocopherol concentration was above
7.0 mg kg-1. The highest difference between years was ob-
served for line 30629 — 1.4 mg kg-1.

DISCUSSION

In Latvia, oat has been mostly studied as raw material for
the human diet. Parametres that have been studied include

yield per hectare, volume weight, husk content, and crude
protein content. However, these parameters does not de-
scribe the nutritive and dietary value of oat, which is an im-
portant criterion describing the quality of food. Oat differs
from other cereals by balanced essential amino acid struc-
ture in protein, oil rich with unsaturated fatty acids, easily
available starch and a comparatively high amount of
�-glucan, and vitamins E and B5 (Jackson et al., 2008).
Plant breeders should pay attention to biochemical indica-
tors of cereals when developing new oat varieties for food
production. In the Latvian oat breeding programme, the
highest crude protein and crude lipid content are selection
criteria in evaluation of the breeding material.

Oat genotypes bred in Latvia did not show and marked dif-
ference when compared with material of foreign origin. The
difference between husked and naked oat genotypes can be
explained by the differences in sample structure; husked oat
samples include also hulls, which increases the amount of
material in the sample without �-tocopherol.

Both years of the field trials were inappropriate for oat
growing. Meteorological conditions decreased gain yield,
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T a b l e 2

FOREIGN HUSKED AND NAKED OAT GENOTYPES WITH HIGH
�-TOCOPHEROL CONCENTRATION (mg kg-1, 2007–2008, State
Stende Cereal Breeding Institute)

Oat
genotypes

Country of
origin

2007 2008 Mean Difference
between
years

(absolute
value)

Husked oat

‘Aragon’ Germany 8.4 6.8 7.6 1.6

‘Selma’ Sweden 7.5 7.6 7.5 0.1

‘Margarett’ Sweden 6.6 7.7 7.2 1.1

‘Hecht’ Germany 7.3 6.7 7.0 0.6

Naked oat

‘Adam’ Czech Republic 8.8 7.9 8.4 0.9

‘Izak’ Czech Republic 7.8 7.0 7.4 0.8

‘NosNacht’ Germany 7.1 7.4 7.3 0.6

‘Beloruskij
Golozernij’

Belarus 7.3 6.7 7.0 0.3

T a b l e 3

CHARACTERISATION OF LATVIAN HUSKED AND NAKED OAT
GENOTYPES (mg kg-1, 2007–2008, State Stende Cereal Breeding Insti-
tute)

Oat genotypes 2007 2008 Mean Difference
between

years (abso-
lute value)

Husked oat

‘Arta’ 7.5 7.5 7.5 0.0

‘Stmara’ 7.5 6.4 7.0 1.1

32190
BOR88601/Katri

7.1 6.9 7.0 0.2

‘Stendes Lîva’ 6.3 7.3 6.8 1.0

‘Laima’ 6.9 5.9 6.4 1.0

‘Stendes Darta’ 4.6 5.2 4.9 0.8

PCU-32 3.2 4.9 4.1 1.7

Naked oat

30634
‘NosNacht’/‘Adam’

8.4 7.8 8.1 0.6

30616
‘NosNacht’/‘Adam’

8.0 7.2 7.6 0.8

30617
(‘Skakun’/STH-362)/
Hja 82371

7.7 7.3 7.5 0.4

30629
(‘Skakun’/STH-362)/
Hja 82371

7.8 6.4 7.1 1.4

30636
‘NosNacht’/‘Adam’

6.8 6.4 6.6 0.2

P4707
(‘Skakun’/STH-362)/
GA961003

7.0 5.5 6.3 1.5

31353
(‘Arta’/‘Kirovec’)/
BOR88534

5.6 6.9 6.3 0.7



but the obtained �-tocopherol results were similar to results
described in the literature. In Australia using a similar ana-
lytical method the range of �-tocopherol concentration was
7.0 to 14.9 mg kg-1 for husked oats (Ryan et al., 2007)
while in Poland and Great Britain the concentration of
�-tocopherol in this type of oat was from 8.5–8.9 mg kg-1

(Zielinski et al., 2001; White et al., 2006). This suggests
that in warmer climates, as in Australia, the �-tocopherol
concentration is higher than in countries with a cooler cli-
mate — Poland, Great Britain and Latvia. Also the genetic
material from different countries differs much in chemical
structure.

The obtained results showed a wide range of �-tocopherol
concentration among both husked and naked oat genotypes.
A larger difference in �-tocopherol concentration between
years indicated the varieties and breeding lines unsuitable
for our growing conditions. Wide variation in �-tocopherol
concentration allows to select varieties or breeding lines
with higher �-tocopherol concentration, which could be
used in breeding programmes. Our results showed that oat
variety ‘Adam’ from the Czech Republic could be very
good material in hybridisation as a parent. Breeding lines
30634 and 30616, which have been developed from the va-
riety ‘Adam’ also had high �-tocopherol concentration.

There is a deficiency of research on the effects of growing
or meteorological conditions on �-tocopherol concentration.
Two years of results are insufficient to determine the rela-
tionship between growing conditions and �-tocopherol con-
centration. There were varieties and breeding lines with
higher �-tocopherol concentration in the first year and some
gave better results in the second year, indicating a geno-
type–year interaction on trait variability. Reliable results
could be obtained by repeating the field trials for more than
two years. Also, laboratorial analyses need to be carried out

in replications, but this has not been possible due to costs of
chemical reagents.

We observed a wide range of �-tocopherol concentration in
oat genotypes grown in Latvia, and suggested candidates
that might be used in breeding programmes. Further re-
search is needed and will be carried out in the future.
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ALFA-TOKOFEROLA DAUDZUMA IZMAIÒAS KAILGRAUDU UN PLÇKÐÒAINO AUZU GENOTIPOS

Auzas (Avena sativa L.) visâ pasaulç ir pazîstamas kâ veselîga uztura sastâvdaïa. Tâs satur nozîmîgus daudzumus taukos ðíîstoðâ E
vitamîna (�-tokoferola) — bioíîmiskas vielas ar augstu antioksidanta aktivitâti. Ðî pçtîjuma mçríis ir aprakstît �-tokoferola daudzuma
izmaiòas kailgraudu un plçkðòainajâs auzâs, izmantojot Latvijas un citu valstu ðíirnes un selekcijas lînijas. Lauku izmçìinâjumi notika
2007. un 2008. gadâ Valsts Stendes graudaugu selekcijas institûtâ. Izmantojot augstas izðíirtspçjas ðíidruma hromatogrâfijas metodi, tika
analizçtas seðdesmit èetras Latvijâ un citâs valstîs radîtâs auzu ðíirnes un lînijas (52 plçkðòainas un 12 kailgraudu), lai noteiktu
�-tokoferola daudzumu. Alfa-tokoferola analîþu rezultâti ïauj izvçlçties ðíirnes un lînijas ar augstu tâ sastâvu, lai tâs izmantotu selekcijas
programmâ. Tomçr divu gadu rezultâti nav pietiekoði uzticami, lai varçtu aprakstît �-tokoferola atkarîbu no audzçðanas apstâkïiem, tâdçï
pçtîjumi tiks turpinâti.
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