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Background. Nutritive value of food is determined by its content of basic nutrients essen-
tial for the proper functioning of the human organism. Buckwheat grain is one of the most
valuable raw materials for production of groats as well as functional food. It is character-
ized by high contents of starch, protein as well as dietary fibre. Apart from the above
mentioned nutrients, buckwheat groats contain flavonoid compounds, playing the role
of antioxidants. The aim of this study was to determine contents of dietary fibre and its
fraction composition, thiamine and phenolic compounds in roasted buckwheat groats,
as well as antioxidant properties of ethanol buckwheat groats extracts.

Material and methods. Experimental material comprised roasted buckwheat groats pur-
chased at a grocery shop. Contents of neutral detergent dietary fibre (NDF) and its frac-
tions were determined by the detergent method according to Van Soest. Thermostable a-
-amylase (Termamyl 120 L) was used in the digestion of starch. Contents of total dietary
fibre (TDF), soluble dietary fibre (SDF) and insoluble dietary fibre (IDF) were deter-
mined according to Asp et al. The content of thiamine was determined by the thiochrome
method. Total polyphenol content was determined by colorimetry according to the Folina-
-Ciocalteu method. Antioxidant properties of extracts were estimated based on the capac-
ity of extracts to scavenge the DPPH" radical (1,1-diphenyl-2 picrylhydrazyl) and towards
linolic acid. The capacity to inhibit self-oxidation of linolic acid was determined accord-
ing to Lingnert et al.

Results. The NDF and TDF contents in buckwheat groats, amounting to 5.63 and 8.4%,
respectively. The fraction found in biggest amounts was the hemicellulose fraction
(3.42%). The level of the IDF fraction was much higher (5.94%) than that of SDF
(2.46%). Thiamine content was 0.519 mg/100 g product, while the total content of pheno-
lic compounds extracted from buckwheat groats was 30.592 pg-cm™. Ethanol extract of
buckwheat groats was characterized by a high DPPH’ radical scavenging capacity
(80.8%) and exhibited high capacity to inhibit self-oxidation of linolic acid W, = 0.86.
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Conclusions. Investigations showed that buckwheat groats, widely used in Polish diet,
due to their content of biologically active substances, may be a raw material for the pro-
duction of functional food.
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INTRODUCTION

Nutritive value of food is determined by its content of basic nutrients essential for
the proper functioning of the human organism, as well as their proportions, digestibility
and bioavailability. Contemporary consumers more and more frequently focus on the
so-called healthy lifestyle, which indispensable part is consumed food. Food, which
apart from its traditional role also exhibits an additional action promoting health, is
called functional food. In accordance with the definition of the FUFOSE (Functional
Food Science in Europe) research programme, food may be classified as functional if its
advantageous effect on at least one function of the organism, apart from its nutritive
effect, has been proven. This effect may consist in improved health state, well-being and
reduced risk of disease. Moreover, functional food has to remind conventional food in
terms of its form and exhibit an advantageous effect in the amounts which are expected
to be consumed in a normal diet. This is not capsules or medication, but a component of
the diet [Diplock et al. 1999]. Bioactive components contained in functional food in-
clude first of all these ingredients which have a positive effect on cardiac performance,
functioning of the cardiovascular system, lipid metabolism, the alimentary system, the
condition of bones and teeth, and which enhance the natural immunity of the organism.
Such components include lactic acid bacteria (probiotics), dietary fibre, plant sterols,
antioxidants, minerals, vitamins, oligosaccharides (prebiotics), essential unsaturated
fatty acids, as well as phytocompounds [Mehta 2005, Zdunczyk 1999]. Apart from
vegetables and fruit, also cereals and groats are sources of biologically active sub-
stances.

Buckwheat has been attracting increasing interest on the world market for health
food. Buckwheat grain is one of the most valuable raw materials for production of
groats as well as functional food [Christa and Soral-Smietana 2007, Krkoskova and
Mrazova 2005]. It is characterised by high contents of starch [Wronkowska and Soral-
-Smietana 2008], protein with an advantageous amino acid composition, with a low
content of the a-prolamin fraction [Christa and Soral-Smietana 2007, Tomotake et al.
2006] as well as dietary fibre [Stedman et al. 2001]. Apart from the above mentioned
nutrients, buckwheat groats contain flavonoid compounds, playing the role of antioxi-
dants [Dietrych-Széstak and Oleszek 2001, Zielinska et al. 2007].

The aim of this study was to determine contents of dietary fibre, phenolic com-
pounds and thiamine in roasted buckwheat groats.

MATERIAL AND METHODS

Experimental material comprised roasted buckwheat groats purchased at a grocery
shop. Groats were comminuted in a Cyclotec grinding mill by Tecator.
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Contents of dietary fibre. Contents of neutral detergent dietary fibre (NDF), acid
detergent fibre (ADF) and cellulose were determined by the detergent method according
to Van Soest [1963, 1967]. Thermostable a-amylase (Termamyl 120 L) was used in the
digestion of starch [McQueen and Nicholson 1979]. Contents of hemicelluloses were
calculated as a difference between NDF and ADF. Determinations were performed
using a FIBERTEC apparatus by Tecator. Contents of total dietary fibre (TDF), soluble
dietary fibre (SDF) and insoluble dietary fibre (IDF) were determined according to Asp
et al. [1983]. Results were expressed in g/100 g groats.

Determination of thiamine content. The content of thiamine was determined by
the thiochrome method using a Jenway fluorimeter (model 6200) [Rettenmaier et al.
1979]. This method consists in oxidation of thiamine in a basic medium to thiochrome,
which is characterized by an intensive, blue fluorescence. This fluorescence is propor-
tional to the concentration of thiochrome, and indirectly to the content of thiamine.

Extraction of phenolic compounds. Extraction of phenolic compounds was run us-
ing 96% ethanol at room temperature for 24 h. Total polyphenol content was determined
by colorimetry at a wavelength of 750 nm according to the Folina-Ciocalteu method
[Horowitz 1970]. Results of analyses were presented as an equivalent of gallic acid in
pg/ml extract.

Determination of antioxidant properties. Antioxidant properties of extracts were
estimated based on the capacity of extracts to scavenge the DPPH" radical (1,1-
-diphenyl-2 picrylhydrazyl) and towards linolic acid. Results were compared with the
reference standard of phenolic compounds and BHT.

Determination of DPPH" radical scavenging capacity. The DPPH" radical scav-
enging capacity was determined based on changes in the concentration of the stable
DPPH’ radical in relation to the blank test, assessed by colorimetry (A = 517 nm) [Men-
sor et al. 2001, Sanchez-Moreno et al. 1998]. Results were presented as antioxidant
activity (AA) expressed by the following equation:

AA [%] =100 - {[(Abstested sample — Absblanktest sample) x 100] /Abscontrol}

Determination of capacity to inhibit linolic acid self-oxidation. The capacity to
inhibit self-oxidation of linolic acid was determined according to Lingnert et al. [1979].
This method consists in the determination by spectrophotometry (A = 234 nm) of
an increment in contents of conjugated dienes in 10 mM linolic acid emulsion, pH 7.2,
after 19 h incubation in the dark at 37°C. Antioxidant efficiency (W,) expressed by the
ratio of the difference in the increment of absorption in the control and the tested sample
to the increment of absorption in the control sample:

W, = AAsz34K — AAb5234/ AAsz34K

Statistical analysis. Assay results reported in the study constitute a mean of three
replications. In order to make the inference process more objective, the collected results
were analyzed statistically. The one-way analysis of variance with the use of the Scheffe
test was used to determine the significance of differences between means. Dependencies
at the significance level p < 0.05 were considered statistically significant.
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RESULTS

The content of neutral detergent fibre (NDF) in buckwheat groats (per 100 g groats)
was 5.63%, while that of total dietary fibre (TDF) was 8.40% (Table 1). The fraction
found in the biggest amounts was the hemicellulose fraction (3.42%), while the contents
of the lignin (L) and cellulose fractions were similar, accounting for 1.17 and 1.04%,
respectively (Table 2). The level of the insoluble dietary fibre (IDF) fraction was much
higher than that of the soluble dietary fibre (SDF) fraction, amounting to 5.94 and
2.46%, respectively. Percentages of individual fractions in dietary fibre of groats are
presented in Figure 1. Neutral detergent dietary fibre in buckwheat groats was charac-
terized by similar percentages of the lignin and cellulose fractions, 21% and 18%, re-
spectively, while the percentage of the hemicellulose fraction was the highest, amount-
ing to 61%. The proportion of the insoluble fraction in total dietary fibre was 71%,
while that of the soluble fraction was 29%. The ratio of the insoluble to the soluble
fractions in buckwheat groats was 2.4. Dietary fibre as a structurally heterogeneous
substance is composed of many compounds with differing properties. As a result of the
use of different definitions and assay methods applied to dietary fibre, considerable
problems are encountered when attempting to determine their actual contents in food.
For this reason it is crucial to define not only the total content of dietary fibre in the diet,
but also its fraction composition, since individual fractions are characterised by diverse
action in the human organism.

Table 1. The content of biological substances in buckwheat groats

Substances Content
Neutral detergent fiber — NDF, g/100 g of product 5.63+0.12
Acid detergent fiber — ADF, g/100 g of product 2.21+0.18
Total dietary fiber — TDF, g/100 g of product 8.40 £0.20
Thiamine, mg/100 g of product 0.519 +0.05
Total phenolics content in buckwheat groats exstract, ug-cm 30.592 +0.33

Table 2. The content of dietary fiber fractions in the buckwheat groats

Fractions Content, /100 g of product
Hemicelluloses (H) 3.42£0.12
Lignin (L) 1.17 +0.05
Cellulose (C) 1.04 +0.08
Insoluble fraction (IDF) 5.94 £0.12
Soluble fraction (SDF) 2.46 £0.10

Cereals are the most concentrated sources of dietary fibre and its chemical character-
istic has been the subject of numerous papers. The main components of cereal fibre are
hemicelluloses, constituting 65% total amount of fibre expressed as NDF, whreas
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Fig. 1. Percentage content of fractions dietary fiber of buckwheat groats: NDF —
neutral detergent fiber, TDF — total dietary fiber, C — cellulose, L — lignin,
H — hemicelluloses, IDF — insoluble dietary fiber, SDF — soluble dietary
fiber

the proportion of cellulose accounts for less than 25%, while lignin has the lowest level
in fibre of analyzed cereals [Newman and Newman 1991]. In cereal products the con-
tent of fibre is highly diverse and depends on their proportions of individual parts of the
kernel. During grain processing to produce groats the seed coat is removed together
with the germ and, depending on milling rate, also a portion of the aleurone layer
[Stedman et al. 2001]. The main components of TDF are non-starch polysaccharides
(e.g. cellulose) and non-cellulose polysaccharides, concentrated primarily in the aleu-
rone layer, the glume and the seed coat. From the point of view of nutrition, TDF is
classified as IDF (insoluble dietary fibre) and SDF (soluble dietary fibre). Generally
IDF comprises cellulose, lignin and certain non-cellulose polysaccharides, while SDF
includes pectins, B-glucans and certain hemicelluloses. According to Grigelmo et al.
[1999], dietary fibre exhibits the most effective physiological action at the ratio of the
soluble to the insoluble fraction of 1.0-2.3. The high content of dietary fibre recorded
in this study, as well as appropriate proportions of the IDF and SDF fractions indicate
a potential application for buckwheat groats in the production of functional food.

Conducted investigations showed that buckwheat groats are a good source of thia-
mine. The content of this vitamin in buckwheat groats was 0.519 mg/100 g product
(Table 1). Cereal grains, their outer parts as well as processed cereal products are the
primary sources of thiamine. Thiamine is also found in bread, especially dark bread (rye
flour contains 0.3-0.45 mg thamine/100 g product), as well as porcine and cattle liver,
and the muscle tissue. Thiamine content in raw pork is 0.75 mg/100 g product
[Szymandera-Buszka 2003]. In view of the recorded high content of thiamine in buck-
wheat groats (0.519 mg/100 g), as well as the daily thiamine requirement of humans,
amounting to 1-2 mg, buckwheat groats may be considered a good source of this vita-
min.

The total content of phenolic compounds extracted from buckwheat groats was
30.592 pg-em™ (Table 1). Ethanol extract of buckwheat groats exhibited a higher
DPPH’ radical scavenging capacity (80.8%) than that of 0.02% BHT, which activity
was 25.4% (Fig. 2). However, in comparison to 0.02% gallic acid it was a significantly
lower level of activity. Figure 3 presents the effect of 0.2 ml extract on the stability of
linolic acid in the emulsion. Calculated protection factors (Wg) showed that buckwheat
groats extract was characterised by a high capacity to inhibit self-oxidation of linolic
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Fig. 2. The DPPH scavening effect of buckwheat groats extracts:
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Fig. 3. The antioxidants activity of buckwheat groats extracts in
emulsion system: a, b, ¢ — significantly different (p < 0.05)

acid (0.86). Gallic acid did not exhibit a protection activity; on the contrary, it even
promoted oxidation, while BHT almost completely inhibited oxidative changes in the
emulsion.

Presented results indicate high antioxidant activity of analyzed extracts in applied
model systems. They were characterized by high efficiency in neutralizing free radicals,
higher than the activity of green tea, oolong and black tea extracts [Yen and Chen
1995]. In the opinion of many authors, antioxidant activity of buckwheat groats extracts
depends on the content of flavonoids, including mainly rutin, catechins and quercetin
[Dietrych-Szostak and Oleszek 2001, Kreft et al. 2006, Zielinska et al. 2007]. Phenolic
compounds, extracted with the use of different solvents from buckwheat seeds by Sun
and Ho [2005], at 0.1 mg/ml yielded the scavenging effect ranging from 40% to 80%,
while in case of ethanol extract this effect was approx. 70%. Antioxidant activity of
produced extracts in relation to linolic acid was not dependent on the level of phenolic
compounds they contained, which was reflected in a study by Kédhkoénen et al. [1999].

Conducted investigations showed that buckwheat groats, widely used in Polish diet,
due to their content of biologically active substances, may be a raw material for the
production of functional food.

www.food.actapol.net



Contents of selected bioactive components in buckwheat groats 81
CONCLUSIONS

1. Buckwheat groats were characterized by high contents of dietary fibre. The frac-
tion found in the highest amounts was the hemicellulose fraction, while the cellulose
fraction was found in the smallest amounts. Buckwheat groats contained more insoluble
than soluble fibre. Also the content of thiamine in buckwheat groats was high.

2. Ethanol extracts of buckwheat groats were characterized by high antioxidant ac-
tivity.

3. Gallic acid exhibited the highest anti-radical activity, while BHT exhibited better
antioxidant properties in relation to linolic acid.

REFERENCES

Asp N.-G., Johansson C.-G., Hallmer H., Siljestrom M., 1983. Rapid enzymatic assay of inso-
luble, and soluble dietary fiber. J. Agric. Food Chem. 31, 476-482.

Christa K., Soral-Smietana M., 2007. Gryka — cenny surowiec w produkcji zywnosci funkcjonal-
nej [Buckwheat — a valuable raw material for the production of functional food]. Przem. Spoz.
12, 36-37 [in Polish].

Dietrych-Szostak D., Oleszek W., 2001. Obrobka technologiczna a zawarto$¢ antyoksydantéw
w przetworach gryczanych [Technological processing and antioxidant contents in buckwheat
products]. Przem. Spoz. 1, 42-43 [in Polish].

Diplock A.T., Agget P.J., Ashwell M., Bornet F., Fern E.B., Roberfroid M.B., 1999. Scientific
concepts of functional foods in Europe: consensus document. Brit. J. Nutr. 81, Supp. 1, 1-27.

Grigelmo N., Martin O., Martin M., 1999. Comparison of dietary fibre from by-products of
processing fruits and greens and from cereal. Lebensm.-Wiss. Technol. 32, 503-508.

Horwitz W., 1970. Official Methods of Analysis of the Official Analytical Chemists (AOAC).
Washington, 15.049-15.055.

Kéahkonen M.P., Hopia A.T., Vuorela H.J., Rauha J-P., Pihlaja K., Kujala T.S., Heinonen M.,
1999. Antioxidant activity of plant extracts containing phenolic compounds. J. Agric. Food
Chem. 47, 3954-3962.

Kreft 1., Fabjan N., Yasumoto K., 2006. Rutin content in buckwheat (Fagopyrum esculentum
Moench) food materials and products. Food Chem. 98, 508-512.

Krkoskova B., Mrazova Z., 2005. Prophylactic components of buckwheat. Food Res. Int. 38, 561-
-568.

Lingnert H., Vallentin K., Eriksson C.E., 1979. Measurement of antioxidative effect in model
system. J. Food Proc. Preserv. 3, 87-103.

McQueen R.E., Nicholson J.W.G., 1979. Moadification of the neutral detergent fiber procedure
for cereals and vegetables by using a-amylase. J. Assoc. Off. Anal. Chem. 62, 676-680.

Mehta R.S., 2005. Dietary fiber benefits. Cereal Foods World 50, 2, 66-71.

Mensor L.L., Menezes F.S., Leitao G.G., Reis A.S., dos Santos T.C., Coube C.S., Leitao S.G.,
2001. Screening of Brazilian plant extracts for antioxidant activity by the use of DPPH free
radical method. Phytother. Res. 15, 127-130.

Newman R.K., Newman C., 1991. Barley as a food grain. Cereal Foods World 36, 800-805.

Rettenmaier R., Vuilleumier J.P., Miiller-Mulot W., 1979. Zur quntitativen Vitamin-B; — Be-
stimmung in Nahrunggsmitteln und biolgischem Material. Z. Lebensm. Unteres.-Forsh.-Ber.
168, 120.

Sanchez-Moreno C., Larrauri J. A., Saura-Calixto F., 1998. A procedure to measure the antiradi-
cal efficiency of polyphenols. J. Sci. Food Agric. 76, 270-276.

Acta Scientiarum Polonorum, Technologia Alimentaria 8(2) 2009



82 D. Gorecka ...

Stedman K.J., Burgoon M.S., Lewis B.A., Edwardson S.E., Obendorf R.L., 2001. Buckwheat
seed milling fractions: Description, macronutrient composition and dietary fibre. J. Cereal
Sci. 33, 271-278.

Sun T., Ho Ch.-T., 2005. Antioxidant activities of buckwheat extracts. Food Chem. 90, 743-749.

Szymandera-Buszka K., 2003. The quantitative changes of thiamine in sterilized pork in the
presence of selected technological additives. Pol. J. Food Nutr. Sci. 12/53, 59-62.

Tomotake H., Yamamoto N., Yanaka N., Ohinata H., Yamazaki R., Kayashita J., Kato N., 2006.
High protein buckwheat flour suppresses hypercholesterolemic diet and body fat in rats be-
cause of its low protein digestibility. Nutrition 22, 166-173.

Van Soest P.J., 1963. Use of detergents in the analysis fibrous feeds. I. Preparation of fiber resi-
dues of low nitrogen content. JAOAC 46, 825-835.

Van Soest P.J., 1967. Use of detergents in the analysis of fibrous feeds. IV. Determination of
plant cell wall constituents. JAOAC 50, 50-55.

Wronkowska M., Soral-Smietana M., 2008. Buckwheat flour — a valuable component of gluten-
free formulations. Pol. J. Food Nutr. Sci. 58, 1, 59-63.

Yen G.-C., Chen H.-Y., 1995. Antioxidant activity of various tea extracts in relation to their
antimutagenicity. J. Agric. Food Chem. 43, 27-32.

Zdunczyk Z., 1999. Zywno$¢ funkcjonala — nowe wyzwania dla badaczy i producentéw zywnosci
[Functional food — new challenges for researchers and food producers]. Przem. Spoz. 3, 2 [in
Polish].

Zielinska D., Szawara-Nowak D., Michalska A., 2007. Antioxidant capacity of thermally-treated
buckwnheat. Pol. J. Food Nutr. Sci. 57, 4, 465-470.

ZAWARTOSC WYBRANYCH SKEADNIKOW BIOLOGICZNIE
AKTYWNYCH W KASZY GRYCZANEJ

Woprowadzenie. O warto$ci odzywczej zywno$ci decyduje zawarto$¢ w niej podstawo-
wych sktadnikow pokarmowych niezbednych do prawidtowego funkcjonowania organi-
zmu czlowieka. Ziarno gryki jest jednym z najcenniejszych surowcoéw kaszarskich, a tak-
ze materiatem do produkcji zywnosci funkcjonalnej. Charakteryzuje si¢ ono duzg zawar-
toscig skrobi, biatka oraz blonnika pokarmowego. Oprocz wymienionych sktadnikow
pokarmowych, w kaszy gryczanej znajduja si¢ zwigzki flawonoidowe, pelnigce role prze-
ciwutleniaczy. Celem pracy bylo okre$lenie zawarto$ci btonnika pokarmowego i jego
sktadu frakcyjnego, tiaminy oraz zwiazkow fenolowych w kaszy gryczanej prazonej, jak
réwniez wlasciwosci przeciwutleniajacych etanolowych ekstraktow kaszy gryczane;.
Material i metody. Materialem do badan byta kasza gryczana prazona zakupiona w skle-
pie spozywczym. Zawarto$¢ neutralnego detergentowego btonnika pokarmowego (NDF)
i jego frakcji oznaczono metodg detergentowg Van Soesta. Do trawienia skrobi wykorzy-
stano termostabilng a-amylaze (Termamyl 120 L). Zawarto$¢ blonnika pokarmowego
catkowitego (TDF), rozpuszczalnego (SDF) i nierozpuszczalnego (IDF) okreslono metoda
Aspa i in. Zawarto$¢ tiaminy oznaczono metodg tiochromows. Zawarto$¢ polifenoli 0go-
fem oznaczono kolorymetrycznie metoda Folina-Ciocalteu. Wtasciwosci przeciwutlenia-
jace ekstraktow oszacowano na podstawie zdolnosci ekstraktow do zmiatania rodnika
DPPH" (1,1-difenylo-2 picrylhydrazyl) oraz wobec kwasu linolowego. Zdolno$¢ do ha-
mowania autooksydacji kwasu linolowego okre$lono metoda Lingnerta i in.

Wyniki. Kasza gryczana cechowatla si¢ duza zawartoscia NDF i TDF, odpowiednio 5,63
i 8,4%. Frakcja wystgpujaca w najwiekszej ilosci byta frakcja hemicelulozowa (3,42%).
Poziom frakcji IDF byt znacznie wyzszy (5.94%) niz frakcji SDF (2,46%). Zawartos$é
tiaminy w kaszy gryczanej ksztattowata si¢ na poziomie 0,519 mg/100 g produktu, a cat-
kowita zawarto$¢ zwigzkoéw fenolowych wyekstrahowanych z kaszy gryczanej wynosila
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30,592 pg-cm™. Ekstrakt etanolowy kaszy gryczanej cechowat si¢ duza zdolnoscig wyga-
szania rodnikow DPPH" (80,8%) oraz wykazywal duzg zdolno$¢ do hamowania samo-
utleniania kwasu linolowego W, = 0,86.

Whioski. Przeprowadzone badania wykazaty, ze kasza gryczana, powszechnie stosowana
w polskiej diecie, moze spelia¢ role surowca do produkcji zywnos$ci funkcjonalnej
ze wzgledu na zawarto$¢ substancji biologicznie aktywnych.

Stowa kluczowe: kasza gryczana, blonnik pokarmowy, przeciwutleniacze, tiamina
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