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Lipids compose a small part of buckwheat seed, but they play an important role in the quality of food. The aim of this study was to
evaluate the composition and content of fatty acids in different buckwheat flours (raw, roasted, white, black and germinated) and their
extruded products. Fatty acids were quantified by gas chromatography according to the BIOR-T-012-131-2011 method. The prevalence
of unsaturated fatty acids was determined which varied between 78.7 and 82.0 g 100 g™ of fat in buckwheat samples. Linoleic and
oleic acids were the most abundant unsaturated fatty acids, whereas palmitic acid was the main saturated fatty acid in buckwheat flours
and their extruded products. Unsaturated/saturated fatty acid ratio was determined within 3.69 and 4.56, whereas linoleic/a-linolenic
acid ratio was between 13.54 and 16.04. No trans-fatty acids in buckwheat flours and their extruded products were observed. The
results showed that germination and extrusion of buckwheat flours did not have any effect on the content and composition of fatty
acids (p>0.05).
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INTRODUCTION

In literature buckwheat is characterized as prebiotic and healthy food due to the nutritional composition: resistant
starch, amino acids, dietary fibre, phenolic compounds etc. (Préstamo et al., 2003; Qin et al., 2010; Bonafaccia et al.,
2003). However, there are no sufficient studies about fatty acid content and composition in buckwheat flour. It is known
that the significant part of total fat in buckwheat is composed of unsaturated fatty acids. The results of some studies have
been reported about fatty acid composition in buckwheat by pointing to the main fatty acids and unsaturated/saturated
fatty acid rate, which was 2.6 and 3.87 in common and 2.94 in Tartary buckwheat (Peng et al., 2017; Alvarez-Jubete et
al., 2009; Kim et al. 2004; Bonafaccia et al., 2003).

Germination of pseudo-cereals is a complex method which is used for improving the nutritional value and
functionality of the product. Yiming et al. (2015) indicated that germination of buckwheat improved nutritional value of
fatty acids. Similar conclusions were reported by Zhang et al. (2015) about the improvement of the total nutritional value
in buckwheat seeds after germination.

There has been an interest in extrusion (HTST procedure — high temperature short time) of pseudo-cereals recently.
Due to extrusion the structure and digestibility of protein and starch are modified in the product (Anton et al., 2009).
Singh et al. (2007) pointed that during extrusion protein denaturation, starch gelatinisation and swelling of fibre were
established. Whereas Hagenimana et al. (2006) reported that even after extrusion buckwheat flour contained ungelatinised
starch polymers. There is no information about the possible changes of fatty acid content in buckwheat flour during
extrusion process.

The aim of this study was to evaluate the composition and content of fatty acids in different buckwheat flours (raw,
roasted, white, black and germinated) and their extruded products (made from raw and germinated buckwheat flours).

METHODS

Buckwheat flours (raw, roasted, white and black) were obtained from the organic farm ‘Bebri’ (Latvia). Raw buckwheat
seeds (organic farm ‘Bebri’) were used for germination, where seeds were washed with distilled water, soaked for 10 h
at temperature 21+2 °C, washed, germinated in climate control camera (Memmert, ICH 110) for 24 h or 48 h at
temperature 25+2 °C with 80% moisture, and dried in dry camera (UF 160) for 4 h at temperature 40+2 °C. At the end
germinated buckwheat seeds were milled for obtaining flour.
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Buckwheat flour (raw and germinated) samples were extruded by food extruder PCE Extrusiometer L-Serie (Gottfert,
Germany) with temperature profile: 75/90/100 °C, the obtained extruded products were dried in convective-rotary oven
(Sveba Dahlan, Sweden) for 25 min at temperature 140+2 °C and cooled to room temperature.

The experimental samples were identified with abbreviations (Table 1).

Table 1. Sample abbreviations

Abbreviation Sample
Raw-BF Raw buckwheat flour
Roasted-BF Roasted buckwheat flour
White-BF White buckwheat flour
Dark-BF Dark buckwheat flour
GRBF-24 Germinated raw buckwheat flour for 24 h
GRBF-48 Germinated raw buckwheat flour for 48 h
ERBF Extruded raw buckwheat flour
EGBF-24 Extruded germinated buckwheat flour (germination for 24 h)
EGBF-48 Extruded germinated buckwheat flour (germination for 48 h)

Fatty acids were quantified by gas chromatography according to the BIOR-T-012-131-2011 method in triplicate.
The analysis were carried out in the accredited laboratory ‘Diagnostic Centre of Institute of Food Safety, Animal Health
and Environment’. The data of the research were analysed using the analysis of variance (ANOVA) and p-value (p<0.05)
was used to determine the significant differences.

RESULTS

In total there were determined 12 unsaturated fatty acids in buckwheat flours and their extruded products: linoleic
acid, oleic acid, a-linolenic acid, heptadecenoic acid (only in roasted-BF and ERBF), eicosadienoic acid, eicosenoic acid,
eicosapentaenoic acid, nervonic acid, palmitoleic acid (not determined in dark-BF), eicosatrienoic acid (only in roasted-
BF and EGBF-24), docosadienoic acid (only in roasted-BF, GRBF-48 and EGBF-24) and erucic acid (only in white-BF,
GRBF-48 and EGBF-24). In Table 2 were presented content of 8 unsaturated and 8 saturated fatty acids which amount
was higher as 0.1 g 100 g* of fat in one of the samples. The highest content of unsaturated fatty acids was indicated in
white-BF (82.0 g 100 g* of fat), however, there were not observed significant differences among buckwheat flour samples
and extruded products (p>0.05). In white-BF and EGBF-24 were identified 11 unsaturated fatty acids, in GRBF-48 — 10,
in white-BF and ERBF - 9, in raw-BF, GRBF-24 and EGBF-48 — 8, and in dark-BF — 7 unsaturated fatty acids. The main
unsaturated fatty acids were linoleic and oleic acids which represented approximately 70% of the total fatty acids in
buckwheat flours and their extruded products.

Table 2.Composition of fatty acids in buckwheat flours and their extruded products (g 100 g™* of fat)

Raw-BF | RO8t€d- |\ BF | Dark-BF | GRBF-24 | GRBF-48 | ERBF | EGBF-24 | EGBF-48

BF

Unsaturated fatty acids
C18:2n6c | 38.6+£1.9 37.7+1.8 40.5+2.0 37.9+1.9 40.3+2.0 40.9+2.0 38.5+1.9 37.7+£1.9 38.9+1.9
C18:1n9c | 34.9+1.7 34.9+1.7 34.9+1.7 32.2+1.6 33.8+1.7 33.9+1.7 35.6+1.8 34.3+1.7 35.0+1.8
C18:3n3 2.5+0.6 2.4+0.6 2.6+0.7 2.8+0.7 2.8+0.7 2.8+0.7 2.4+0.6 2.5+0.6 2.5+0.6

C20:1 3.0+0.8 3.0+0.8 3.0+£0.8 2.6+0.7 2.9+0.7 2.9+0.7 2.9+0.8 2.8+0.7 2.8+0.7

C20:2 0.1 0.1 0.2+0.1 1.0+0.3 0.2+0.1 0.1 0.1 0.2+0.1 0.2+0.1
C20:5 0.1 0.1 0.2+0.1 1.2+0.3 0.240.1 0.2+0.1 0.1 0.2+0.1 0.1
C24:1 0.2+0.1 0.2+0.1 0.3+0.1 1.0+0.3 0.2+0.1 0.2+0.1 0.2+0.1 0.3+0.1 0.3+0.1
C16:1 0.2+0.1 0.2+0.1 0.2+0.1 n.d. 0.2+0.1 0.2+0.1 0.2+0.1 0.2+0.1 0.2+0.1
Total 79.6 79.0 82.0 78.7 80.6 81.4 80.1 79.5 80.0
Saturated fatty acids
C14:0 0.1 0.1 0.1 n.d. 0.1 0.1 0.2+0.1 0.24+0.1 0.2+0.1
C15:0 0.1 0.1 0.1 n.d. 0.1 0.1 0.1 0.1 0.1

C16:0 14.3+1.4 14.7£1.5 11.9+1.2 11.3+1.1 13.6+1.4 12.5+1.3 14.1+1.4 14.3+1.4 13.6+1.4
C18:0 1.7+0.4 1.9+0.5 1.7+0.4 2.4+0.6 1.7+0.4 1.7+0.4 1.7+0.4 1.8+0.5 1.8+0.5
C20:0 1.3£0.3 1.4+0.4 1.3£0.3 0.9+0.2 1.3+0.3 1.3£0.3 1.2+0.3 1.3+0.3 1.3+0.3
C22:.0 1.6+0.4 1.6£0.4 1.3+0.3 2.5+0.6 1.5+0.4 1.5+0.4 1.3+0.3 1.3+0.3 1.4+0.4

C23:.0 0.1 0.1 0.3+0.1 n.d. 0.1 0.1 0.2+0.1 0.240.1 0.2+0.1
C24:.0 0.9+0.2 0.9+0.2 1.1+0.3 1.5+0.4 0.9+0.2 0.9+0.2 0.8+0.2 0.9+0.2 0.94+0.2
Total 20.4 21.0 18.0 21.3 194 18.2 19.9 20.5 20.0

n.d. — not determined

The total of 14 saturated fatty acids was determined in experimental samples: myristic acid (not determined in
dark-BF), pentadecyclic acid (not determined in dark-BF), palmitic acid, stearic acid, arachidic acid, behenic acid,
tricosylic acid (not determined in dark-BF), lignoceric acid, heneicosanoic acid (only in raw-BF, roasted-BF and GRBF-
24), heptadecanoic acid (only in raw-BF and roasted-BF), caprylic acid (only in dark-BF, ERBF, EGBF-24 and EGBF-

67



Proceedings of the 8" International Scientific Conference Rural Development 2017

48), capric acid (only in dark-BF and EGBF-48), caproic acid (only in white-BF, ERBF, EGBF-24 and EGBF-48) and
lauric acid (only in ERBF, EGBF-24 and EGBF-48). The highest content of saturated fatty acids was observed in dark-
BF but the differences among samples were insignificant (p>0.05). 12 saturated fatty acids were identified in EGBF-48,
11 — in ERBF and EGBF-24, 10 — in raw-BF and roasted-BF, 9 — in white-BF and GRBF-24, 8 — in GRBF-48, and 7
saturated fatty acids — in dark-BF. The main saturated fatty acid in experimental samples was palmitic acid.

Unsaturated/saturated fatty acid ratio (Table 3) is used for evaluation of fatty acid composition in buckwheat flours
and their extruded products. The highest ratio of unsaturated/saturated fatty acids among experimental samples was in
white-BF whereas the lowest — in dark-BF.

Table 3. Ratios of unsaturated/saturated fatty acids and linoleic/a-linolenic acids in buckwheat flours and their extruded products

Samples Unsaturated/saturated fatty acid ratio Linoleic/a-linolenic acid ratio
Raw-BF 3.90 15.44
Roasted-BF 3.76 15.71
White-BF 4.56 15.58
Dark-BF 3.69 13.54
GRBF-24 4.15 14.39
GRBF-48 4.47 14.61
ERBF 4.03 16.04
EGBF-24 3.88 15.08
EGBF-48 4.00 15.56

When analysing linoleic/a-linolenic acid ratio, the best result in this research was defined by the lowest ratio
calculated in dark-BF, whereas ERBF sample had the highest ratio.

CONCLUSIONS AND DISCUSSION

Different factors like cultivars, growth location, seeding time and processing can affect the fatty acid content and
composition of buckwheat flour. However, results of this research about unsaturated fatty acids in buckwheat flours were
close to data mentioned in literature. Bonafaccia et al. (2003) indicated that unsaturated fatty acids prevailed over saturated
fatty acids in common buckwheat and particularly pointed to four unsaturated fatty acids: oleic — 37.0 g 100g™ of total
fatty acids, linoleic — 39.0 g 100g™* of total fatty acids, a-linolenic — 1.0 g 100g™* of total fatty acids and eicosaenoic — 2.3
g 100g™ of total fatty acids, whereas Peng et al. (2017) and Alvarez-Jubete et al. (2009) determined similar composition
of fatty acids in buckwheat seeds but with lower content of oleic and linoleic acid and higher content of a-linolenic acid.
The data of current research confirmed the conclusions of literature about content of the main unsaturated fatty acids in
buckwheat flour; however, in small amount it was possible to determine other unsaturated fatty acids like heptadecenoic,
eicosadienoic, eicosapentaenoic, nervonic, palmitoleic, eicosatrienoic, docosadienoic and erucic acid.

Evaluating germination effect on unsaturated fatty acid composition and content in buckwheat flour, there were
not established any significant changes (p>0.05). Results did not confirm the conclusions in literature. Yiming et al.
(2015) reported that the content of linoleic acid in buckwheat seeds decreased during germination. Current research
showed an increase of linoleic acid and total unsaturated fatty acid content after germination in raw buckwheat flour
though there were not determined significant differences between raw-BF and germinated buckwheat flour samples
(GRBF-24 and GRBF-48) (p>0.05).

Extrusion (at temperature till 100 °C) and drying in convective-rotary oven (at temperature till 140 °C) for
obtaining extruded buckwheat products did not make any significant changes in unsaturated fatty acid content and
composition in comparison with raw-BF or GRBF-24 and GRBF-48. Therefore it could be concluded that the
technological processes like germination and extrusion did not have any significant effect on the content and composition
of unsaturated fatty acid content in buckwheat flours and their extruded products (p>0.05). Furthermore no trans-fatty
acids in buckwheat flours and their extruded products were observed. Alvarez-Jubete et al. (2009) reported that total C18
trans-fatty acids were not determined in buckwheat seeds, too.

Analysing the results of saturated fatty acid content and composition, the most different buckwheat flour sample
was dark-BF, though the observed differences were not significant. In dark-BF only 7 saturated fatty acids were identified
besides it contained the lowest amount of palmitic and arachidonic acid and the highest amount of stearic, behenic and
lignoceric acid among buckwheat flours and their extruded products. The same conclusions were reported by Peng et al.
(2017) that there were no significant differences between black and brown Tartary buckwheat. Data of current research
and literature were similar about palmitic acid content in buckwheat which made an important part (53-70%) of total
saturated fatty acid content in buckwheat flours (Bonafaccia et al., 2003; Alvarez-Jubete et al., 2009; Peng et al., 2017).
The other saturated fatty acids in buckwheat seeds were stearic, arachidonic and behenic acid mentioned in literature by
Bonafaccia et al. (2003), myristic, stearic and arachidonic acid by Peng et al. (2017) and stearic, arachidonic, behenic and
lignoceric acid by Alvarez-Jubete et al. (2009) and specified amounts of them were close to current research data. The
total saturated fatty acid content varied between 18.0 g 100 g of fat in white-BF and 21.3 g 100 g™ of fat in dark-BF
which was significantly lower in comparison with the results by Alvarez-Jubete et al. (2009) — 27.6 g 100 g* of fat but
similar to data by Bonafaccia et al. (2003) — 20.5 g 100 g™* of fat.
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The research data by Yiming et al. (2015) showed that the content of saturated fatty acids like palmitic, stearic and
arachidic acid increased during germination that was not confirmed during current research. There were not observed any
significant changes in content of saturated fatty acids between raw-BF and germinated buckwheat flours (GRBF-24 and
GRBF-48).

Saturated fatty acid content and composition of extruded buckwheat products (ERBF, EGBF-24 and EGBF-48)
did not differ from raw and germinated buckwheat flour samples. That means that neither germination nor extrusion had
any effect on content and composition of saturated fatty acids in buckwheat flours and their extruded products.

Unsaturated/saturated fatty acid ratio of current research ranged between 3.69 and 4.56 which was similar to data
reported by Bonafaccia et al. (2003) — 3.87, but higher in comparison with the data by Alvarez-Jubete et al. (2009) — 2.6.
There was observed an increase of unsaturated/saturated fatty acid ratio in raw buckwheat flour during germination from
3.90 in raw-BF to 4.15 in GRBF-24 or 4.47 in GRBF-48, but extrusion caused the decrease of unsaturated/saturated fatty
acid ratio in germinated buckwheat flours.

Linoleic/a-linolenic acid ratio of buckwheat flours and their extruded products varied between 13.54 and 16.04.
Dark-BF showed the best ratio among experimental samples and was lower than linoleic/a-linolenic acid ratio mentioned
in literature about buckwheat seeds — 15.6 (Alvarez-Jubete et al., 2009). Linoleic/a-linolenic acid ratio changes can affect
lipid metabolism in human body and it is independent on the intake changes of linoleic and a-linolenic acid in nutrition
(Goyens et al., 2005). Research by Makrides et al. (2000) showed that the lowering of linoleic/a-linolenic acid ratio in
formula for infants provided a modest increase in plasma of DHA. It is known that both polyunsaturated fatty acids are
important nutrients in human diet because a human body cannot produce them.

In conclusion, the current research indicated that germination and extrusion of buckwheat flours did not have any
significant effect on the content and composition of fatty acids (p>0.05).
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