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ABSTRACT

Background. In the course of production of buckwheat groats by-products are produced, such as bran and
hull, which apart from high content of dietary fiber, may also constitute valuable sources of antioxidants. The
aim of these investigations was to determine the antioxidant activity of extracts from by-products produced
during processing of buckwheat for groats.

Material and method. Analyses were conducted on bran and hull of buckwheat cv. Kora. Extraction was run
using acetone, methanol and water at room temperature for 24 h. The level of phenolics was determined spec-
trophotometrically with the Folin-Ciocalteau reagent, using (+) catechin as a standard. Antioxidant activity of
extracts was analysed in relation to linoleic acid, running incubation for 19 h, by scavenging of stable radicals
of DPPH (2,2-diphenyl-1-picrylhydrazyl) and on the basis of metal chelating ability. Recorded results were
compared with the activity of BHT (butylated hydroxytoluene).

Results. The highest content of polyphenols was found in the methanol extract of hull (168.5 mg/g d.m.),
which was also characterised by the best antiradical properties. The lowest content of total phenols was found
for water extracts of bran after grinding and final bran, at 20.3 mg/g d.m. and 10.2 mg/g d.m. In the emul-
sion system the highest activity was found for methanol extracts of hull and bran after grinding (W, = 0.89),
as well as the extract of final bran (W, = 0.85). A higher chelating ability in relation to Fe (II) ions was ob-
served for bran extracts (after grinding — 76.1%, final bran — 62.2%) than for hull extracts (26%).
Conclusions. Extracts obtained from by-products of buckwheat were characterised by high antioxidant activ-
ity in the applied model systems.
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INTRODUCTION

Buckwheat is considered to be an increasingly in-
teresting material on the world market of probiotic
foodstuffs. It is a source of protein of high biological
value, lipids rich in unsaturated fatty acids, as well as
vitamins B1, B2 and B6 [Bonafaccia et al. 2003, Alva-
rez-Jubete et al. 2010]. Buckwheat constitutes also
a valuable source of biologically active compounds,
e.g. polyphenols with high antioxidant activity [Ho-
lasova et al. 2002, Bonafaccia et al. 2003]. These
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compounds protect the human organism against oxi-
dative stress and prevent the development of chronic
disease, e.g. atherosclerosis and neoplastic lesions
[Kaliora and Dedoussis 2007, Hollman 2001]. They
also indicate antibacterial, antiviral, anti-inflammatory
and anti-allergenic action [Kishore et al. 2010, Kim
et al. 2003].

Phenolic compounds are found mainly in outer lay-
ers of buckwheat grains and their fraction comprises
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flavonoids and phenolic acids found in the free form
and in ester and complex combinations. The primary
flavonoid in buckwheat is rutin found at 4-6% [Chto-
picka 2008]. Its content changes depending on the pa-
rameters of the technological processes applied in seed
processing [Zadernowski et al. 1992], e.g. seed roast-
ing, causes an approx. 4-fold decrease in flavonoid
contents. In the coats of buckwheat grains we may
find rutin, orientin, isoorientin, vitexin and quercetin
in amounts ranging from 60 mg to 74 mg/100 g coat,
while buckwheat groats contain mainly rutin and iso-
vitexin [Chtopicka 2008].

Buckwheat is processed mainly to groats, it is also
used to produce flour for the production of bread,
pasta, biscuits and pancakes and even buckwheat-fruit
mixtures for drinks are produced [Kreft et al. 2006,
Chtopicka 2008].

The technological production process of buck-
wheat groats includes such stages as cleaning and
thermal conditioning (roasting) of grains, size storing,
hulling, sorting after hulling and sorting of groats con-
nected with the separation of waste and by-products.
Similarly as in case of flours, the nutritive value of
groats, i.e. their chemical composition, is dependent
on the degree of comminution and hulling of grain.
During the production of buckwheat groats by-prod-
ucts such as bran and hull are produced, which due to
their high content of dietary fiber may be used in the
production of high-fiber preparations [Dziedzic et al.
2010]. At the same time they may constitute a valuable
source of antioxidants.

Due to the high content of biologically active
compounds in buckwheat and the positive effect of
polyphenols on the human organism, it deserves to be
focused on as a valuable raw material for functional
food. There are few studies describing the antioxidant
action of polyphenols contained in buckwheat by-
products, which may successfully be used in the pro-
duction of preparations utilized in the development of
new probiotic products. Thus the aim of the conducted
investigations was to determine the antioxidant activ-
ity of extracts from buckwheat bran and hull.

MATERIAL AND METHODS

Reagents. All chemicals used were analyti-
cal grade: 2,2-diphenyl-1-picrylhydrazyl (DPPH),
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6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid (Trolox), Folin-Ciocalteau reagent, (+) cate-
chin, ferrozine, linoleic acid, Tween (Sigma-Aldrich,
Poznan, Poland); ddH,0, KOH, K ,HPO,, metha-
nol, acetone (POCh, Gliwice, Poland); BHT (Merck,
Germany).

Grain samples. The experimental material com-
prised grains of buckwheat cv. Kora and products
coming from individual stages of production of buck-
wheat groats, i.e. unhulled buckwheat grain (UBG),
hulled buckwheat grain (HBG), buckwheat hull (BH),
final bran (FB) and bran after grinding (GB). The raw
materials were obtained from a cereal processing plant
Zaktad Zbozowo-Mtynarski in Biatystok.

Preparation of extracts. Tested material was
comminuted in a Cyclotec mill. Extraction of pheno-
lics was run twice using acetone, methanol and water
(material-to-solvent ratio of 1:15, w/v) at room tem-
perature for 24 h.

Total phenolic. The content of total phenolic
compounds in extracts was determined by colorim-
etry at a wavelength of 750 nm according to the Fo-
lin-Ciocalteau method [Horwitz 1970]. Results were
expressed as mg of (+) catechin equivalents g' d.m.
of extract.

Antioxidant activity. Antioxidant activity of ex-
tracts was estimated on the basis of the capacity of the
extracts to scavenge DPPH (2,2-diphenyl-1-picryl-
hydrazyl) radicals in relation to linoleic acid and on
the basis of metal chelating capacity. Recorded results
were compared with the activity of BHT (butylated
hydroxytoluene).

Scavenging of DPPH radical. The DPPH radi-
cal scavenging capacity was determined on the basis
of colorimetrically determined (A = 517 nm) changes
in the concentration of stable DPPH radicals in rela-
tion to the blank sample [Sanchez-Moreno et al. 1998,
Mensor et al. 2001]. Results were expressed as mM
Trolox equivalents per g d.m. of extract.

Emulsion system. The capacity of inhibit au-
tooxidation of linoleic acid was determined according
to Lingnert et al. [1979]. The method consists in the
spectrophotometric determination (A = 234 nm) of an
increase in contents of conjugated dienes in the emul-
sion of linoleic acid at a concentration of 10 mM at pH
7.2, after 19 h incubation in the dark at a temperature
of 37°C. Antioxidant efficiency (Wo) was expressed
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by a ratio of an increment in absorbance of the control
and the sample tested to the increase in absorbance of
the control:

Wo = rAbs

234K

—1Abs,., /rAbs

234K

where: Wo > 0 antioxidative properties, Wo < 0 proox-
idative properties of the additive.

Metal chelating activity. Antioxidant properties
of extracts were also estimated on the basis of metal
chelating properties [Tang et al. 2002]. The assay con-
sisted in the colorimetric measurements of the degree
of discolouration of iron (II) chloride complexes with
ferrozine caused by the extracts. The applied wave-
length was 562 nm. The chelating activity of metals
(Ach) was determined on the basis of the following
equation:

Ach [%] = {1~ Abs_ /Abs 100

conlrol} X

Statistical analysis. Results presented in the study
constitute an arithmetic mean of independent series of
measurements conducted in three replications. Least
significant differences were analysed using a one-way
analysis of variance and the analysis of the linear cor-
relation coefficient in the Statistica 9 software. Statis-
tical inference was conducted at the significance level
a=0.05.

RESULTS
Obtained extracts differed in terms of total con-
tents of phenolics. The highest contents were found for

methanol extracts, followed by acetone extracts, while
the lowest was recorded in water extracts (Table 1).

Table 1. Total phenolic content of buckwheat extracts

The highest content of polyphenols was recorded in the
methanol extract of hull (168.5 mg/g d.m.). Metha-
nol extracts from unhulled grains and hulled grains
in comparison to extracts from hull were characterised
by approx. 2-fold lower contents of phenolics (79.3
and 70.7 mg/g d.m., respectively). Contents of poly-
phenolics in extracts of bran after grinding and final
bran were 2.5- and 3-fold lower than in the extract
from hull. Acetone and water applied as extractants
exhibited a lower capacity to extract phenolics than
methanol. In their extracts from hull a 2- and 7-fold
lower content of phenolics was recorded than in case
of methanol extracts. The lowest contents of total
phenolics were found for water extracts of bran after
grinding and final bran (20.3 mg/g d.m. and 10.2 mg/g
d.m., respectively). In both cases this content was low-
er than contents of polyphenolics determined in both
types of buckwheat grains.

The highest radical scavenging capacity was found
for extracts from buckwheat hull, with methanol ex-
tract (165.8 mmol Trolox/g d.m.) exhibiting a 2 times
higher activity than the acetone extract (73.5 mmol
Trolox/g d.m.) and 8 times higher activity than the wa-
ter extract (19.9 mmol Trolox/g d.m.; Fig. 1).

A significantly lower capacity to scavenge DPPH
radicals was observed for bran extracts, which activity
was always lower than that of extracts from unhulled
and hulled buckwheat grains. Acetone extracts of bran
after grinding exhibited approx. 1.5-fold higher radi-
cal scavenging capacity than water extracts, while the
activity of final bran for these extracts was similar,
although significantly different, at 13.6 and 14.8 mM
Trolox/g d.m.

Acetone extract

Methanol extract

Water extract

Sample mg (+) catechin/g d.m. mg (+) catechin/g d.m. mg (+) catechin/g d.m.
UBG 49.04¢£1.56 79.73" £1.56 29.75¢+0.73
HBG 58.64°+1.68 70.68¢ £1,55 65.221+0.90
BH 77.43" +1,29 168.47' +1.53 23.25*+0.79
GB 25.17% +0.79 65.63+£1.30 20.34°+0.35
FB 29.85¢+1.29 52.894+1.17 10.29* +0.15

abc... — the same letters mean no statistically significant differences (p < 0.05).
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Acetone extract

Methanol extract

Water extract

0 20 40 60 80 100 120 140 160
Antiradical activity, mM Trolox/g d.m.

UBG MEEHBG MEEBH EEGB HEFB

Fig. 1. The DPPH scavenging effect of buckwheat extracts

Acetone extract

Methanol extrakt

Water extract

BHT 0.02%

o 01 02 03 04 05 06 07 08 09 1

Wo

UBG EEHBG EEBH WEGB EEFB
Fig. 2. The antioxidants activity of buckwheat extracts
in emulsion system

Statistical analysis showed a very strong posi-
tive correlation between total contents of phenolics
(r = 0.948, p < 0.05) and DPPH radical scavenging
capacity.

Figure 2 shows the effect of 0.01 ml extract on the
stability of linoleic acid in the emulsion. Calculated
protection factors (W ) showed that the highest capac-
ity to inhibit autooxidation of linoleic acid was found
for methanol extracts from hull and bran after grind-
ing (W, = 0.89). A slightly lower activity (W = 0.85)
was found for extract of final bran. The capacity of

170

95.87]
Acetone extract

Methanol extract

97.45

Water extract

BHT 0.02%

30 40 50 60 100

Ach, %

UBG MEEHBG MEBH WEGB HEFB

Fig. 3. The chelating activity of buckwheat extracts

methanol extracts from buckwheat by-products to
inhibit oxidative changes in linoleic acid was signifi-
cantly higher than that of extracts of unhulled and
hulled grains (W =0.72 and W_ = 0.51, respectively).
Water extracts exhibited a greater protective effect in
relation to emulsified linoleic acid than acetone ex-
tracts. Among extracts from buckwheat by-products,
only bran after grinding showed a better protective ef-
fect in relation to extracts of buckwheat grains. BHT
most actively inhibited oxidative changes in the emul-
sion (W, = 0.98).

Statistical analysis did not show a correlation be-
tween antioxidant efficiency and total content of poly-
phenolics.

The capacity of the tested extracts to chelate iron
ions was presented in Figure 3. Chelating activity of
1 ml extract was analysed in each sample. A significant
effect was found of the type of extract on the capacity
to form iron ion complexes. The chelating activity of
the methanol extract from unhulled buckwheat grains
was high, amounting to 97.5%. An almost 4-fold lower
activity was recorded for the extract from hulled buck-
wheat grains (25%). Among buckwheat by-products
a higher capacity of Fe(II) ion chelation was found
for bran extracts (after grinding — 76.1%, final bran
—62.2%) than hull extracts (26%). A high complexing
capacity in relation to iron ions was observed for the
acetone extract of bran after grinding, the water extract
of hulled grains, as well as the water extract from hull,
i.e. 95.9%, 74.5% and 61.1%, respectively. The other
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extracts exhibited a lower chelating capacity, ranging
from 21.6% to 40.9%. A slight activity was also shown
by BHT (19.1%).

It was shown that the chelating capacity of extracts
of buckwheat grains, both before and after hulling, was
correlated with total contents of phenolics (r = 0.73,
p < 0.05). In case of buckwheat by-products such cor-
relation was not found.

DISCUSSION OF RESULTS

Analysed extracts were characterised by a higher
content of phenolics than ethanol extracts of wheat
germs, lentil, sunflower and mung beans [Samotyja
et al. 2007] and wheat bran extracts [Klepacka and
Fornal 2006]. Studies conducted by Zielinski and Tro-
szyniska [2000] showed that the content of phenolics
differentiates the species of plant raw material. The
authors reported that the total content of phenolics
in hulled buckwheat grains was 4082 pg/g, in barley
grain it was 1118 pg/g, in oat and rye grain it ranged
from 656 to 669 pg/g, while in wheat it was 548 pg/g.
The antioxidant activity of methanol cereal extracts
was ordered similarly, i.e. buckwheat > barley > oat
> wheat = rye [Zielinski and Koztowska 2000]. Whole
buckwheat contains 2-5 times more phenolic com-
pounds than oats and barley, while buckwheat bran and
hulls have 2-7 times higher antioxidant activity than
barley, triticale and oats [Zdunczyk et al. 2006, Hola-
sova et al. 2002]. In the examined extracts contents of
polyphenolics and antioxidant activity were depend-
ent on the applied extractant. The highest activity was
found for methanol. In general, polar organic solvents
were most effective for producing higher level of phe-
nolic compounds and antioxidant activity [Przybylski
et al. 1998]. It was found that in 80% methanol extract
of buckwheat was 64 times more phenolic compounds
than in water extract. Methanol extract also showed
4 times higher antioxidant activity [Zielinski and Ko-
ztowska 2000]. Other studies investigated extraction
capacity of methanol, ethanol, butanol, acetone and
ethyl acetate in relation to phenolic compounds of
buckwheat flour [Sun and Ho 2005]. Despite the fact
that the greatest amounts of polyphenolics were ex-
tracted using acetone, the highest antioxidant activity
was recorded for methanol extracts. In turn, Gallardo
et al. [2006] showed a similar level of phenolics, but
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a higher antioxidant activity of water extracts from
buckwheat flour in comparison to 80% methanol ex-
tracts. Inglett et al. [2011] reported that 50% ethanol
extraction achieved significantly higher free phenolic
content compared with water and absolute alcohol.
The absolute ethanol extraction contained consider-
able more bound phenolic and flavonoid compounds.

The capacity of scavenging DPPH radicals was ob-
served earlier in case of phenolics extracts obtained
from rye, wheat, barley and oats grain, as well as their
processed products [Ragaee et al. 2006, Yu et al. 2002].

The effect of scavenging the DPPH radical ob-
served in this study for extracts from different buck-
wheat products is higher than that observed in case of
ethanol extracts from buckwheat flour [Inglett et al.
2011]. Alvarez-Jubete et al. [2010] showed a higher
activity in scavenging DPPH radicals by extracts of
buckwheat grains in comparison to amaranth, quinoa
and wheat. In turn, phenolic compounds extracted
with different solvents from buckwheat seeds by Sun
and Ho [2005], at a dose of 0.1 mg/ml, yielded a scav-
enging effect ranging from 40% to 80%, while in case
of acetone and methanol extracts this effect was re-
corded at approx. 80% and 60%, respectively. A simi-
larly high scavenging capacity of the DPPH radical
was shown for ethanol extracts of buckwheat groats
[Hes et al. 2006].

In the conducted investigations a strong positive
correlation was found between total contents of phe-
nolics and scavenging capacity of DPPH radicals.
However, not always a strong relationship may be
found between contents of polyphenolics and antioxi-
dant activity. A confirmation may be found in studies
by Oomah and Mazza [1996], who showed a weak
correlation between contents of flavonoids in buck-
wheat and antioxidant activity. The authors assumed
that the antioxidant activity may also be influenced by
other components of buckwheat. In contrast to Velio-
glu et al. [1998], they did not record any relationship
between contents of rutin and antioxidant activity of
buckwheat.

Analysed extracts were characterised by a high in-
hibitory activity in relation to autooxidation processes
of linoleic acid in the emulsion. Burda et al. [2001] as-
sessed the activity of antioxidants contained in wheat,
rye, barley and oat grain on the basis of a compari-
son of the capacity of the extracts to inhibit oxidation
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of B-carotene and linoleic acid. It was found that the
highest activity was exhibited by oat extract, slightly
lower for those of rye and barley, while the lowest in
that of wheat.

The metal chelating capacity may significantly in-
fluence the course of oxidative reactions, thus metal-
binding compounds are included to the class of oxida-
tion inhibitors. They comprise e.g. polyphenols, which
—as it was reported by Miura et al. [1994, 1995] — may
cause a reduced production of intermediate products in
the cycle of free radical reactions in which metal ions
participate and as a consequence also reduce amounts
of produced radicals.

In studies conducted by Baraniak et al. [2006] the
chelating activity of the extract from buckwheat at
0.6 mg amounted to 38.4% and it was almost three
times higher than the activity of synthetic BHT. It was
shown that the chelating capacity was dependent on
the concentration of the extract. The greatest differ-
ences were observed within the range from 0.1 to
0.3 mg. A further increase in the concentration of the
extract did not cause a significant increase in the activ-
ity of the tested samples. Moreover, a higher chelat-
ing capacity was found in the extract from cooked
buckwheat groats rather than that of raw buckwheat
groats [Hes$ et al. 2006]. In turn, ethanol extract of
green tea at 1000 ppm showed the chelating activity
at 27%, while for the water extract of black tea it was
17% [Gramza et al. 2004]. It seems that in view of the
above, the chelating activity of extracts from grains
and by-products of buckwheat is high.

Recorded results indicate a diversity of mecha-
nisms of the action of antioxidants contained in the
tested raw material. However, the analyses proved
a considerable potential of buckwheat as a source of
antioxidants with a high activity. According to Sun
and Ho [2005], natural antioxidants of buckwheat may
replace synthetic ones. Since they are safer, they may
be added at higher doses and the antioxidant effect
will be comparable.

CONCLUSIONS

1. Buckwheat extracts were characterised by a high
antioxidant activity in the applied model systems.

2. The capacity scavenging DPPH radicals by ex-
tracts from buckwheat hull was higher than that of
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extracts from unhulled and hulled buckwheat grains.
In turn, bran extracts exhibited a lower activity in
comparison to both types of grains.

3. The capacity of methanol extracts from buck-
wheat by-products to inhibit oxidative changes in lin-
oleic acid was significantly higher than that of extracts
from buckwheat grains.

4. Extracts exhibited a diverse capacity to chelate
metals. Methanol and acetone bran extracts to a higher
degree formed complexes with iron ions than hull ex-
tracts. An opposite dependence was observed in case
of water extracts.
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PRZECIWUTLENIAJACE WEASCIWOSCI EKSTRAKTOW Z UBOCZNYCH PRODUKTOW GRYKI

STRESZCZENIE

Wprowadzenie. Podczas produkcji kaszy gryczanej powstaja produkty uboczne, takie jak otrgby i tuska.
Oproécz duzej zawartosci btonnika, moga one by¢ cennym zrédtem zwiazkow przeciwutleniajagcych. Celem
przeprowadzonych badan byto okreslenie aktywnos$ci przeciwutleniajacej ekstraktow z produktow ubocz-
nych, powstatych podczas przerobu gryki na kasze.

Materiat i metody. Badaniom poddano otrgby oraz tuske gryki odmiany Kora. Ekstrakcje prowadzono
z uzyciem acetonu, metanolu oraz wody w temperaturze pokojowej, przez 24 h. Poziom zwigzkow fenolo-
wych oznaczono spektrofotometrycznie z odczynnikiem Folina-Ciocalteau, stosujac jako wzorzec (+) ka-
teching. Aktywno$¢ antyoksydacyjna ekstraktow badano wobec kwasu linolowego, prowadzac inkubacje
przez 19 h, metodg zmiatania trwatych rodnikoéw DPPH" (2,2-difenylo-1-pikrylhydrazyl) oraz na podstawie
zdolnosci chelatowania metali. Uzyskane wyniki pordwnano z aktywno$ciag BHT.

Wyniki. Najwicksza zawartos$¢ polifenoli stwierdzono w metanolowym ekstrakcie tuski (168,5 mg/g s.m.),
ktory charakteryzowat si¢ tez najlepszymi wlasciwosciami przeciwrodnikowymi. Najmniejszg zawartoscig
zwigzkow fenolowych ogoétem charakteryzowaty si¢ ekstrakty wodne otrgb po $rutowaniu oraz otrgb kon-
cowych, odpowiednio 20,3 mg/g s.m. i 10,2 mg/g s.m. W uktadzie emulsyjnym najwigksza aktywnos$cia
cechowaly si¢ metanolowe ekstrakty tuski i otrgb po $rutowaniu (W, = 0,89) oraz ekstrakt otrgb koncowych
(W, = 0,85). Stwierdzono wigksza zdolno$¢ chelatowania jonow Fe (II) przez ekstrakty otragb (po Srutowaniu
—76,1%, koncowe — 62,2%) niz ekstrakty tuski (26%).

Whioski. Ekstrakty otrzymane z ubocznych produktéw gryki cechowaty sie duza aktywnoscia przeciwutle-
niajacg w zastosowanych uktadach modelowych.

Stowa kluczowe: gryka, tuska, otreby, polifenole, aktywno$¢ przeciwutleniajaca
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