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Abstract: The purpose of this study has been to determine the effect of
storage on grain quality of three oat cultivars selected in Serbia - Dunav, Vrbas and
NS Tara. Freshly harvested oats were stored at the temperature of 2542 °C for 12
and 20 months. There was a significant decrease in the volume mass (458.4 to
408.9 kg/m™) and the absolute mass of grains (26.6 to 24.2%) during the storage.
The germination potential of the grains decreased over time (96.2-94.1%). The
changes in the acid degree values (3.77-3.99 ml 1(Na OH/100 g) are highly
significant (p<0.01). Initially, the pH level of the fresh samples was 6.2, and it
decreased to 5.8 after 20 months. Genotypes and volume mass have great effect on
storage duration (n°=0.8130 n? =0.7621 and 1°=0.6780). The interaction between
the studied factors did not show statistically significant effects on the change in
germination of oat grains (p>0.05). What mostly affects an increase in the acid
degree value of oat grains is storage duration, followed by a genotype and the
interaction between these two factors. The studied oat genotypes show no
significant differences in glassiness (p>0.05).
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Introduction

Oat grains are used in various foods in many parts of the world for their naturally
high amount of valuable nutrients, such as soluble fibres, proteins, unsaturated fatty
acids, vitamins, minerals and phytochemicals (Flander et.al, 2008). A high lipid
content (Eggum and Gullord 1983; Peterson, 2002) and the form of carbohydrate
and protein compounds in oat grains have a negative effect on rheological traits,
which limits their use. Oat flakes are used instead. Important components of oat
grain cells are B-glucan (Ren et al., 2003), fibres and other secondary metabolites,
which are health-promoting (Biorklundet.al, 2005). Oat proteins do not have the
unique viscoelastic traits of wheat gluten and its products result in lower quality
and lower bread volume (Flander et.al, 2007, 2008). Due to its chemical
composition, nutritional and functional traits, oat grains have a significant
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utilization value for humans and animals (Peltonen-Sainio et al., 2004; Peterson,
2004). Some studies on the use of cereal grains (Stankovic¢ et. al, 2011) as sources
of fast fermenting energy have been conducted (Vasilachil et.al, 2010). There are
various studies on effects of temperature, air humidity and storage duration on
significant losses of nutrient compounds in grains (Shah et.al, 2002) available in
literature. Grains can be stored for a short and long period of time (one year or
more). Two most important factors for proper storage are humidity and
temperature. Nowadays, grains are stored under conditions of low humidity (below
the critical point), airtight conditions, or at temperatures so low that stop all
biological functions of grains (Zezelj, 1995). The object of one study was also a
change in physical traits of grains during storage (Kent and Evers, 1994). A study
(Rehman, 2006) on detecting the effects of storage conditions on nutrient traits in
wheat, maize and rice collected the data that showed significant changes in
physical and chemical parameters of the tested samples. Those changes in
physiochemical traits of oat grains during storage are crucially important from the
aspect of biochemistry and nutrition.

The goal of these studies was to assess the effect of storage duration on
some physical, biological and chemical traits of oat grains.

Materials and Methods

The studied oat grain genotypes Dunav, Vrbas and NS Tara are
commercial cultivars selected at the Institute of Field and Vegetable Crops in Novi
Sad, and listed in the Register of cultivars of the Republic of Serbia. The material
for the analysis was produced in 2010 at Rimski Sancevi trial field, with the
application of regular cropping practices for oat production. The laboratory
samples were taken from freshly harvested grains, with the use of standard grain
sampling methods (/SO 24333:2009). All the samples were protected from insects,
without using any chemicals. Approximately 500 g of each tested grain sample
with 11-13 % moisture were stored in closed plastic containers of the same volume.
These samples were labelled and stored under controlled environmental conditions,
at the temperature of 25+2 °C for 12 to 20 months. At the end, three containers
were randomly taken, and their content was mixed and tested for quality and status.
In order to test the quality and the status of the samples, some physical, biological
and chemical traits were determined. Physical traits - absolute mass, volume mass,
glassiness - were determined according to Kaluderski and Filipovi¢ (1998). During
germination tests, seed quality is measured directly as the ability of the seed to
germinate under optimal germination conditions of temperature, moisture and light
(ISTA, 1996). The titratable acidity as a chemical trait was expressed as sodium
hydroxide required neutralizing the acids in a 100 g sample, using phenolphthalein
as an indicator (A0AC, 1990). The another chemical trait - pH value was
determined in a filtrate of 2 g powdered sample (1 mm mesh size) in 20 ml of
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distilled water with a pH meter glass electrode (Hanna, HI83141, Instruments
USA). Homogeneity of variance was determined with the Levene's test to draw
objective conclusions regarding the effects of the studied factors on the oat traits,
and to apply parametric tests (ANOVA and LSD-test).

Testing differences between genotypes and storage duration, and their
interaction was conducted with the variance analysis of a two-factorial trial model
(ANOVA) and then LSD-test for the risk level of 5% and 1% (Hadzivukovi¢,
1977). The importance of each factor and interactions between them were
determined with the partial eta-squared coefficient, and classified according to
Cohen (Cohen, 1988). The experimental data were processed with STATISTICA
10 for Windows (StatSoft).

Results and Discussion

The results of the Levene’s test indicated that only the sample variances of
volume mass were not homogeneous (Table 1). Since not all the traits were
homogenous, only statistically significance for an upper risk level (1%) was
observed.

Table 1. Levene’s test

Trait F p-level
Glassiness and flouriness 2.609 0.0515
Acid degree value 2.059 0.0967
Volume mass 11.886 0.0000
Germination 2.592 0.0623
Absolute mass 1.570 0.2027

pH 2.207 0.0720

The status of the traits of oat grains depending on storage duration is
shown in the Table 2. The pH in oat grains varied during the experiment, along
with the storage duration and the genotypes. Samples variability is very small and
it shows great homogeneity both by the time intervals (CV<1.32%), and by the
genotypes (CV<2.78%). The longer storage time was the lower pH was. The F-test
indicated statistically significantly different pH values obtained in different time
periods (Fuz=471**). The pH of fresh samples, therefore, was statistically higher
than the ones after 12 and 20 months of storage (p<0.01). The samples of Dunav
genotype had significantly higher pH, compared to NS Tara and Vrbas genotypes.
The interactions of the tested factors (storage duration and genotype) showed
statistical significance (Fuz=6**). The values of the partial eta-squared coefficients
(n*=0.9812, 1’=0.8732 and 1’=0.5880) showed great effects of the genotypes and
the storage duration.

The storage duration had no significant effect on the change in glassiness
of oat grains that could be treated as flouriness. Variability of the studied samples
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was very low (during storage CV<1.20 %, and CV<1.24 % for the genotypes). The
differences between the observed time intervals were not statistically significant.
Since the interaction between the factors (storage duration and genotype) did not
show a significant effect on changes in glassiness and flouriness of oat grains
(p>0.05) the partial eta-squared coefficient analysis is not relevant to those two
factors.

Table 2. Effect of storage duration (months) (A) and genotypes (B) on the tested oat traits

Factor pH Glassiness Volume mass Germination Absolute
(%) (kg/m”) (%) mass (g)
(A)
0 6.2°40.027 | 24.2%40.097 | 458.4°+7.921 96.2+0.862 | 26.6*+0.752
12 6.0°40.012 | 24.1+0.037 | 440.3°+8.064 96.3%+1.000 | 25.4°+0.630
20 5.8°40.017 | 24.140.055 | 408.9°+9.997 94.1°40.564 | 24.2°40.631
B)
Dunav NS | 6.1°40.057 | 24.2*+0.100 | 431.4’+6.883 96.4+0.709 | 23.2°+0.218
Tara 6.0°40.040 | 24.1°40.024 | 459.3*+6.882 93.840.564 | 27.8*+0.365
Vrbas 5.940.046 | 24.1°+0.033 | 417.0°+13.200 | 96.3%+1.054 | 25.1°40.508

*Means in columns followed by the same letter are not significantly different according to Fisher’s
protected LSD values (P=0.05)

A dispersion of the samples that followed the values of oat grain volume
mass was not emphasized, so during storage time CV<7.33%, that was CV<9.50%
for the analysed genotypes. The longer storage time is the lower volume mass is.
At the beginning, the volume mass was 458.4 kg/m™, after a year it decreased to
440.3 kg/m‘3, and after 20 months the volume mass was 408.9 kg/m’3. Once
determined, the average volume mass significantly decreased over time. The
differences between the time intervals were statistically significant (p<0.05). The
volume mass of NS Tara grains was higher than the volume mass of the other two
genotypes (Vrbas and Dunav), p<0.05. The volume masses of Dunav and Vrbas
had no statistical differences (p>0.05). The changes in the volume mass were also
affected by the interaction of the studied factors (p<0.05). The partial eta-squared
coefficients also showed a high effect of genotypes and storage duration on
changes in volume mass of oat grains (Table 4). This shows that not only do
storage duration and genotypes have significant effect on changes in volume mass,
but their effect is also very high according to the Cohen’s classification (1°=0.8130
1n°=0.7621 and n1°=0.6780). The variability of the tested samples was not distinctive
between the storage time intervals, as well as the genotypes (CV<3.3%). There was
no significant changes in germination in the first year of storage (at the beginning it
was 96.2%, and at the end 96.3%), but in the second year there was a significant
decrease, so that the germination was 94.1% after 20 months of storage. Thus the
germination in the second year was significantly lower than in the first year
(p<0.01). The germination between the oat grains of Dunav and Vrbas varieties did
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not differ, yet it was significantly higher than the one of NS Tara genotype (93.8%,
p<0.01). The interactions between the studied factors had no significant effect on
changes in the germination (p>0.05). The results of previous studies (Wilhelmson
et al, 2001; Tian et al, 2010) on physical and chemical changes in oat have shown
significant changes that occur during germination, having positive effects on
nutritive traits of samples. The partial eta-squared coefficients also showed a very
high effect of the genotype and the storage duration on the germination (Table 3).
Therefore, not only did the genotypes have a significant impact on changes in oat
grains germination, but also their effect was very high according to the Cohen’s
classification (1’=0.3177), as well as the coefficient of storage duration n°=0, 2592.
The Table 3 also shows a variation in absolute mass, depending on storage
duration and oat genotypes. The values of the defined coefficients of variation are
<8% for storage duration and <6% for genotypes, which indicate homogeneity of
the samples. The absolute mass of oat grains varied depending on the storage
duration. Its value was the highest at the beginning (26.6%), and it decreased over
time, from 25.4% after a year to 24.2% after 20 months of storage. Storage
duration, therefore, statistically highly affects a decrease in absolute mass of oat
grains (p<0.01). The differences in the absolute masses in all time intervals are
statistically significant. The absolute mass of NS Tara genotype was statistically
higher than the absolute mass of the other two genotypes (Dunav and Vrbas
p<0.01). The absolute mass of Dunav genotypes was just 23.2%, and it was
statistically lower than the absolute mass of the other two genotypes. The partial
eta-squared coefficients indicate that storage time and oat genotypes, as well as
their interaction, greatly affect changes in absolute mass of oat grains. The
coefficients were as follows: 1°=0.9506, 11°=0.9853 and 1’=0.7146. According to
the Cohen's classification, that is a very high effect. The Figure 1 illustrates
changes in the acid degree value of oat grains, depending on storage time. The acid
degree value changed with the storage duration but it also changed with the
different genotypes. The selected samples showed homogeneity (storage duration:
CV<4%, genotypes: CV<9%). The acid degree value increased with an increase in
the storage duration. At the beginning, the acidity was 3.37 ml 1(Na OH/100 g,
after a year it came to 3.76 ml 1(Na OH/100 g, whilst after 20 months of storage,
the acid degree value was 3.99 ml 1(Na OH/100 g. Those differences are
statistically very significant (p<0.01). Furthermore, the acid degree values in the
selected genotypes also differed (p<0.01). The highest acid degree value had Vrbas
genotype, followed by Dunav and NS Tara genotypes. The interaction between the
factors also affected differences in acid degree values (p<0.01). These results are in
accordance with a previous study (Rehman, 2006) that determined an increase in
acid degree values of maize, wheat and rice grains, what can be a result of an
increase in free fatty acids and phosphates, and the presence of by-products
(Maillard reactions) in grains stored at higher temperatures (Gardner, 1979).
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Figure 1. Acid degree value according to genotypes and storage duration of oat grains

Not only do genotypes, storage duration, and their interaction statistically
have a very significant effect on the acid degree value, but their impact is also high,
as you can see from the partial eta-squared coefficients (1’=0.9764, 1°=0.8464 and
1°=0.6907) (Table 3). They hence show that an acid degree value increase is
mostly affected by storage duration, then by genotypes and the interaction of the
factors.

Table 3. Partial eta-squared coefficients (n2 )*

Trait Storage duration Genotype Interaction
Glassiness 0.0890 0.2642 0.2787
Acid degree value 0.9764 0.8464 0.6907
Volume mass 0.8130 0.7621 0.6780
Germination 0.2592 0.3177 0.2725
Absolute mass 0.9506 0.9853 0.7146
pH 0.9812 0.8732 0.5880

*
Partial eta-squared coefficients calculated based on the data from the analysis of variance table

Conclusion

The storage duration at the constant temperature of 25 +£2°C had a negative
effect on quality and status of oat grains. The study determined a significant
decrease in volume and absolute mass and a gradual decrease in germination
potential, which was still quite high (over 90%). The storage duration did not
significantly affect glassiness and flouriness. Changes in the acid degree values
(3.7 - 3.9 ml 1(Na OH/100 g) and pH (6.0 - 5.8) were significant, which was
expected considering those traits show a status freshness of grains. The grain kept
its functional traits. Based on the presented results, storage under these conditions



Grain quality and status ... 869

can also be recommended, especially in the cases of exporting the grain in southern
parts of the world, where average air temperatures are higher and there are more
food demands. In the following period, the scope of this research should be
extended on more detailed studying of the chemical compound of oat grains and
their status during storage.
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Kvalitet i stanje semena ovsa (Avena sativa L.) tokom
skladiStenja

S. Raki¢, S. Jankovié, M. Krivokapic, R. Jovanovié, J. Tkanovi¢

Rezime

Ispitivan je uticaj skladiStenja na kvalitet i stanje semena ovsa za tri sorte
(Dinav, Vrbas i NS Tara) koje su selekcionisane u Srbiji. SvZe poZnjeven ovas je
uskladisten na 25+2 °C na 12 i 20 meseci. Zabelezen je znacCajan pad vrednosti
zapreminske 458.4-408.9 kg m® i apsolutne mase 26.6 — 24.2% tokom
skladistenja semena ovsa. Sa duzinom vremena skladiStenja smanjivalo se biolosko
svojstvo semena na sposobnost klijavosti 96.2-94.1%. Promene kiselinskog
stepena (3.77-3.99 ml 1(Na OH)/100 g) su statisticki veoma znacajne (p<0.01).
pH vrednost svezih uzoraka semena je bila 6,2 a nakon 20 meseci 5,8. DuZina
skladistenja nije znacajno uticala na svojstvo staklavosti. Genotip i zapreminska
masa imaju visok uticaja na duzinu skladidtenja (1°=0.8130 n°> =0.7621 i
1°=0.6780). Interakcija ispitivanih faktora nije ispoljila statisti¢ki znacajan uticaj
na promenu stepena klijavosti semena ovsa (p>0.05). Duzina skladi$tenja semena
ovsa najviSe doprinosi porastu vrednosti kiselinskog stepena, a neSto manje
genotip, kao i interakcija ovih faktora. Testirani genotipovi ovsa nemaju znacajne
razlike u pogledu staklavosti semena (p>0.05).
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