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Total phenolic content, total flavonoid content and antioxidant activity of free and bound extracts from whole and groats buckwheat flour
were evaluated. The whole buckwheat flour was found to be better with regard to total phenolic content (12.60 mg GAE/g) and total
flavonoid content (24.7 mg RUE/g). Among the two types of buckwheat flour, the antioxidant activity of the buckwheat flour as determined
by DPPH (94.24 %), Lipid peroxidation (71.98 %), metal chelating activity (9.52 mg GAE/g) and found to be better than groat buckwheat
flour. Antioxidant activities from both free and bound forms as determined by different extracting solvents were also found to be strongly
correlated with the quantity of total phenolic content (R* = 0.949 in buckwheat flour, R* = 0.934 in groat buckwheat flour) and total

revealed that VL-7 variety of buckwheat grown in Himalayan region of India possessed excellent phenolic and flavonoid content associated
with antioxidant activities. This justified that buckwheat could be a good source to extract nutraceuticals and to formulate nutritious food

products across the globe.

INTRODUCTION

Buckwheat (Fagopyrum esculentum) is a major pseudo-
cereal that is available throughout the year and can be used as
an alternative to rice and wheat. The main functional property
associated with buckwheat is the lack of gluten, which makes
it a suitable substitute for those people suffering from gluten
intolerance (celiac disease) due consumption of wheat or
others gluten containing crops. Buckwheat is a nutritious and
energizing crop that lowers the risk of developing higher
systolic pressure. Buckwheat has been reported to prevent
cardiovascular disease, obesity and ‘Type 2’ diabetes by
reducing total serum cholesterol, low-density lipoprotein
cholesterol (LDL) and lowers the formation of total cholesterol
from HDL (health-promoting cholesterol) [1]. Buckwheat is
arich source of flavonoids, especially rutin. These flavonoids
act as antioxidants that protect the human body against several
chronic diseases. The rutin and other flavonoid compounds
present in buckwheat play an important role in lowering excess
accumulation of lipids, regulate proper blood flow, prevents
blood platelets from excessive clotting and prevent oxidation
of LDL into harmful cholesterol oxides [2]. Buckwheat is
also rich in minerals, particularly magnesium, selenium
and manganese which dilates blood vessels, thereby ensures
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improvement in blood flow and nutrient delivery to different
body parts [3]. Buckwheat is high in fiber, Vitamin E, phenolic
acids, phytic acid and vitamin B. It also contains lignans that
are plant chemicals associated with estrogen activity such as
enterolactone; these lignans are linked with property of
blocking the development of breast cancer [4]. Buckwheat
contains all the eight essential amino acids, thus consumption
of this cereal makes it one of the essential sources of vegetarian
foods having complete protein [5]. Buckwheat serves as an
alternative staple food and is rich source of natural antioxidants,
which can be used for disease prevention and in formulation
of nutritional foods and nutraceuticals. But also contain anti-
nutritional factor like phytic acid, Tannin and trypsin inhibitor
[6] and some toxic photochemicals like fagopyrins which are
mainly distributed in the hull portion. Most of these factors are
removed by dehulling. So buckwheat flour is either obtained by
milling the dehulled grains (groats) or whole grains are which is
then sieved to remove the bran. The flour is extensively used in
various bakery and snack products as replacement flour. So, the
study was conducted to determine the effect of dehulling on
the phenolic and flavonoid content of whole (buckwheat flour)
and groat buckwheat flour (BWGF) and to investigate the anti-
oxidant properties of the buckwheat grown in Himalayan regions
of India.
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EXPERIMENTAL

Preparation of flour: Buckwheat grains (Fagopyrum
esculentum) cultivar VL-7 were obtained from National Bureau
of Plant Genetic Resources, Shimla, India. The grains were cleaned
for shriveled, immature, damaged grains and impurities. The
whole buckwheat flour of approximately 69 % extraction rate
was prepared by milling the cleaned buckwheat in the hammer
mill and sieving through 60 mesh sieve. Larger chunks of hulls
and broken were removed. To obtain the buckwheat groat flour
the whole buckwheat was dehulled using emery coated disk
polisher and the whole and broken groats were then milled
using hammer mill. Both the flours were kept under refrigerator
at 5 = 2 °C for further analysis.

Proximate analysis of buckwheat flour: The protein,
fat, crude fiber and ash content of flours were determined with
the standard methods [7]. Moisture was determined by means
of infrared moisture meter. The carbohydrate content was
calculated by subtraction of the remaining amount of these
components from 100.

Starch estimation: The starch content was determined
by Lane and Eynon method [8] with some modification. 5 g
of buckwheat flour was mixed with 30 mL of water in a beaker.
It was subjected to heat treatment at 60 °C for 25 min, followed
by addition of 100 mL of 95 % ethanol with vigorous mixing.
After filtering through Whatman filter paper no. 1, the residue
was soaked in the 50 % ethanol solution for 1 h. The residue
was collected in a round bottom flask with 100 mL of water
and 20 mL of 6 M HCI. The flask after attaching with the
condenser was heated for 2.5 h. The residue after cooling was
neutralized by adding NaOH solution (40 %). Then 10 mL of
Fehling solution taken into a conical flask was titrated against
neutralized sample solution. After the observance of blue color,
3 drops of methylene blue indicator was added. The titration
was continued till the observance of brick-red colour as end
point.

The starch content was calculated by the following
formula:

Factor for Fehling solution x Dilution

Reducing sugar (%) = x100

Titre value x Weight of sample

Starch (%) = Reducing sugar x 0.9

Amylose content of the buckwheat was determined from
its starch by following the method of Morrison and Laignelet
[9].

Extraction of free and bound buckwheat extracts: The
lipid content of the buckwheat flour (whole and groat) was
removed by extracting 0.5 g of flour sample with 10 mL of
hexane twice. The lipid free sample was then extracted
three times with 100 % pure methanol by shaking at room
temperature in a water bath for 2 h. The methanol extract was
then evaporated in a vacuum evaporator and the dried residues
were diluted with methanol for determination of polyphenols
and antioxidant capacity. The methanol extractable residues
were then extracted by acetone diluted with 20 % water in the
same way as given above. The remaining residues were then
digested by 10 mL of 2 N NaOH for 2 h at room temperature.
The pH of the digested mixture was then adjusted to 1 by

adding HCI. After the extraction of mixture by ethyl acetate,
the mixture was evaporated under reduced pressure and the
remaining residues were reconstituted by methanol and
revealed for antioxidant properties

Determination of total phenolic content (TPC): The
total phenolic content in both free and bound fractions of
buckwheat was analyzed by using Folin-Ciocalteu assay as
mentioned by Min et al. [10]. The prepared extract (0.05 mL)
was mixed with 0.55 mL distilled water and 0.25 mL of 20 %
Folin-Ciocalteu reagent. 0.5 mL of 0.5 M ethanolamine was
added to the mixture after a period of 5 min and the resulting
mixture was kept for 90 min at room temperature. The absorbance
of the mixture was measured at 760 nm against the reagent
blank and expressed in units of mg GAE/g.

Determination of total flavonoid content: Total flavonoid
concentration (TFC) in both the free and bound fractions was
determined as per the procedure of Min et al. [10] with slight
modification. The extract solution (0.25 mL) was mixed with
1 mL of distilled water and 0.075 mL of 5 % sodium nitrite
(w/v). After 5 min, 0.15 mL of 10 % AICl; (w/v) was added to
the mixture. The mixture was diluted with 0.5 mL 1 M NaOH
after a period of 6 min, with subsequent addition of 0.5 mL
distilled water. The resulting mixture was centrifuged at 5000
g for 10 min at room temperature and the absorbance was
determined at 510 nm against the reagent blank. The results
of total flavonoid content were expressed as mg RUE/g.

DPPH radical scavenging activity: Free radical scaven-
ging activities of buckwheat extract (free and bound) was
determined with the aid of DPPH radical as described by
Sasidharan et al. [11] with slight modifications. To 0.1 mL of
the extract solution, 3.9 mL of DPPH solution was added and
mixed followed by an incubation period of 30 min in dark at
room temperature. The absorbance of the resultant mixture
was recorded at 515 nm and scavenging effect of DPPH radical
was calculated by the following equation:

A, .. control

Inhibition of lipid per oxidation in egg yolk homogenate:
Inhibitions of lipid per oxidation in the egg yolk was deter-
mined using a modified method thiobarbituric acid-reactive
species (TBARS) assay protocol in Badmus et al. [12]. 0.5
mL of egg yolk homogenate (10 % in distilled water, v/v) was
mixed thoroughly with 0.1 mL buckwheat extract in a test tube
with volume made up to 1 mL by distilled water. Then, 0.05
mL FeSO, (0.07 M) was added to the above mixture and
incubated for 30 min, to induce lipid peroxidation followed
by addition of 1.5 mL of 20 % acetic acid and 1.5 mL of 0.8 %
TBA (w/v) in 1.1 % sodium dodecyl sulfate (SDS). Finally
0.05 mL of 20 % TCA was added and the mixture was
thoroughly mixed followed by suspending in boiling water
for heating up to 60 min. then, after cooling of tubes, 5 mL of
butanol was added to each tube and centrifuged at 4000 rpm
for 10 min. The absorbance of the organic upper layer was
measured at 532 nm and the percent inhibition was calculated
as:

. . A .., sample
DPPH radical scavenging (%) =| | -————  |x100

A
Inhibition (%) = [1 —ﬂ}doo

control
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Determination of iron chelating capacity (ICC): The
iron chelating capacity assay was used to determine the iron
chelating capacity of the buckwheat extracts following the
procedure of Min et al. [10]. The extract of free and bound
form (0.05 mL) was mixed with 0.05 mL of 1 mM ammonium
ferrous sulphate solution and 1.3 mL of 10 % ammonium
acetate buffer (w/v). After 5 min, 0.05 mL of 6.1 mM ferrozine
colour reagent was added and the absorbance was determined
at 562 nm in a spectrophotometer after 10 min. The iron chela-
ting capacity was calculated using a calibration curve of gallic
acid solutions at different concentrations and expressed as mg
gallic acid equivalents (GAE) per g.

Total antioxidant capacity by phosphomolybdenum
reduction assay: Phosphomolybdate assay system was used
to determine the total antioxidant activity of the buckwheat
extracts to 0.3 mL of the extract solution, 3 mL of reagent
solution prepared by using sulphuric acid (0.6 M), 28 mM of
sodium phosphate and 4 mM ammonium molybdate was
added. The mixture was then kept in a water bath maintained
at 95 °C for a period of 90 min. After cooling to room temperature;
absorbance of the mixture was done by spectrophotometer at
695 nm against reagent blank. Total antioxidant capacity was
expressed as mMAA/g.

Determination of proanthocyanidins: Proanthocyanidins
were quantified by the butanol/HCI depolymerization of the
buckwheat extracts (methanol and acetone + water extracts and
bound extracts) as determined by Porter ez al. [13]. In a screw
capped glass tube, 6 mL of butanol/concentrate HCI (95:5,
v/v) and 0.1 mL of 2 % (w/v) solution of NHsFe(SO,),-12H,O
in 2 M HCI were added to 1 mL of individual extracts. The
tube was vortex mixed and heated in water bath at 95 °C for
50 min. Absorbance of the reaction mixture was measured at
540 nm by U V. spectrophotometer. The quantification was
done based on the calibration curve of catchin and expressed
in units of mg catchin Equ./g.

Statistical analysis: All the results were carried out in
triplicate and expressed as mean and standard deviation. Data
were statistically analyzed by analysis of variance (ANOVA)
and Duncan’s Multiple Range test (p < 0.05) was done to
determine significant differences among the results.

RESULTS AND DISCUSSION

Proximate compositions: The proximate and physico-
chemical compositions of whole buckwheat flour and
buckwheat groat flour are presented in Table-1. The moisture
contents of the whole buckwheat flour was found to be
11.36 %, while in buckwheat groat flour it was observed to be
11.02 %. Protein contents for buckwheat flour and groat
buckwheat flour were found to be 12.76 to 13.61 %. It has
been cited from literatures, that the buckwheat flour contains
a great amount of residual protein than wheat flour. Buckwheat
flour is rich in albumin and globulin and contains lesser amount
of prolamine. The glutelin content in buckwheat has also been
reported to be much lower than that of wheat flour [14]. De-
hulled buckwheat fractions have been reported to possess
higher concentration of proteins [15]. The lipid content of groat
buckwheat flour (2.38 %) was higher than buckwheat flour
(2.03). It has been reported by Soral-Smietana et al. [16], that

TABLE-1
PROXIMATE COMPOSITION OF BUCKWHEAT FLOUR
‘Whole Groat
e o () buckwheat flour buckwheat flour
Moisture content 11.36 = 0.25% 11.02 £ 0.22%
Ash 1.86 +0.15° 1.05 +0.20°
Carbohydrate 67.14 + 0.60° 69.93 £ 0.63"
Fat 2.03 £ 0.20° 2.38 +£0.20°
Protein 12.76 + 0.30° 13.61 =0.15%
Starch 51.52+0.10° 53.44 +0.10*
Amylose 28.22+0.33" 29.39 + 0.41°
Amylopectin 71.38 +0.33* 70.61 + 0.14°
Crude fibre 5.26 +0.32° 2.43 +0.40°

Results are expressed as mean value + standard deviation of three
determinations.
Means in rows with different superscript differ significantly (p < 0.05).

buckwheat flour contains higher content of free lipids than
that of bound lipids. The higher content of ash in buckwheat
flour could be due to the residual hull associated with it. Value
of crude fibre in buckwheat flour (5.26 %) could be due to
large amount of hull in comparison to groat buckwheat flour
(2.43 %).

Starch is an energetic storage component in the endosperm
of buckwheat grains varies from 59 to 70 % of the dry mass,
depending upon variable climatic and cultivation conditions
[17]. The current results of starch analysis of whole buckwheat
flour and buckwheat groat flour were found to be 51.52 and
53.54 %. Amylose content of buckwheat starch were reported
to fluctuate between 15 % and 52 % and its degree of polymeri-
zation ranged from 12 to 45 glucose units [18]. The higher
amount of amylose content in buckwheat (29.39 %) in given
studies justified their use in patients suffering from diabetic
complications.

Total phenolic content (TPC): The total phenolic content
(TPC) of whole buckwheat flour and buckwheat groat flour
as determined by the Folin-Ciocalteu method was expressed
in unit of mg GAE/g of dry weight and the results are presented
in Table-2. Total phenolic content of the whole buckwheat
flour in bound form and in extract of methanol varied from
0.88 to 10.33 mg GAE/g respectively. The total phenolic content
of whole buckwheat flour was found to be 12.60 mg GAE/g,
which included the sum of free phenolic content as extracted
by pure methanol and acetone plus water extract (1.38 mg GAE/
g) together with bound phenols as extracted by ethyl acetate
after digestion of the remaining materials. The higher total
phenolic content in buckwheat flour may be due to the presence
of significant amount of phenolic compound like ferulic acid,
chlorogenic acid, vanillic acid, trans-ferulic acid, p-anisic acid,
salicylic acid, methoxycinnamic acid, p-coumaric acid, p-
hydroxybenzoic acid and diferulate, which are not found in
significant amounts in fruits and vegetables [19,20].

Hulls of buckwheat had higher phenolic content [21],
which reflects the higher total phenolic content in whole
buckwheat flour. The total phenolic acids in buckwheat had
been reported to account for 20 to 30 % of esterified phenolic
acid [22]. For buckwheat groat flour, the total phenolic content
was found to be 8.57 mg GAE/g that was significantly less
than buckwheat flour. The free content of total phenolic content
in buckwheat groat flour as determined by methanol and
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TABLE-2

ANTIOXIDANT PROPERTIES OF BUCKWHEAT FLOURS
Whole Buckwheat

buckwheat flour groat flour

Total phenolic content (mg GAE/g)

Methanol 10.33 £ 0.57* 6.86 +0.02°
Acetone + water 1.38 £0.53* 0.90 + 0.02*
Bound 0.88 +0.01* 0.80 = 0.02°
Total 12.60 = 1.11* 8.57 +0.02°

Total flavonoid content (mg RUE/g)
Methanol 17.70 £ 0.01* 15.15+0.01°
Acetone + Water 5.37 £0.02° 3.58 +£0.01°
Bound 1.70 £ 0.02* 0.59 +0.01°
Total 24.70 = 0.05* 19.30 = 0.04°
Lipid peroxide inhibition (%)
Methanol 56.58 = 0.20" 51.38 £0.01°
Acetone + water 5.40 +0.01° 4.73 £0.05°
Bound 10.01 £0.15° 10.66 £ 0.57*
Total 71.98 +0.10" 66.78 £0.61°
DPPH radical scavenging activity (%)
Methanol 67.38 = 0.02* 56.58 £ 0.01°
Acetone + water 22.15 £ 0.03" 26.65 +0.02*
Bound 4.70 £ 0.01° 4.77 £0.01°
Total 94.24 + 0.05" 88.00 £ 0.02°
Pro anthocyanidin content (mg catchin Equ/g)

Methanol 0.73 £0.11* 0.57 £0.01*
Acetone + water 0.35+0.01° 0.43+0.01*
Bound 0.05 £ 0.01* 0.07 £0.01*
Total 1.14 +0.12° 1.08 + 0.01°

Results are shows as mean + S.D. Means in a same row with same
superscript do not differ significantly (p < 0.05)

acetone + H,O was shown to be 6.86 to 0.90 mg GAE/g. A
strong positive correlation between total phenolic content and
DPPH radical scavenging was observed (R*=0.989 in whole
buckwheat flour and 0.949 in buckwheat groat flour). The
difference in phenolic content between whole buckwheat flour
and buckwheat groat flour could be attributed to the removal
of hull. Similar findings were reported for other cereal grains
due to varying degree of polishing depending on their consumer
choice [23].

Total flavonoid content (TFC): Total flavonoid content
was found to be higher in whole buckwheat flour (24.7 mg
RUE/g) than buckwheat groat flour (19.3 mg RUE/g) as given
in Table-2. Flavonoids in buckwheat have received a greater
attention due to their flavonoid contents, particularly the rutin.
The six flavonoids identified in buckwheat are rutin, orientin,
vitexin, quercetin, isovitexin and isoorientin, in which rutin
attributed most of the flavonoid content [24]. Flavonoid content
in buckwheat varies according to their species and the growing
environment. A value of total flavonoid content in the given
variety was found to be higher than Fagopyrum esculentum
(10 mg/g) but lower than that of Fagopyrum tataricum (40
mg/g) as reported by Li and Zhang [25]. The higher content
of polyphenols in buck wheat are strongly interatected with
proteins that account for the lower solubility of these proteins
[26]. Flavonoids in buckwheat are highly present the hulls
which are over 3 times the amount present in seed [27]. This
validated the results of buckwheat flour in the given work.
The correlation between total flavonoid content and DPPH
was found to be positive (R = 0.997 and 0.99). The bound

total flavonoid content in buckwheat flour was found to be
higher (1.70 mg RUE/g) as compared to groat buckwheat flour
(0.59 mg RUE/g). The flavonoids in buckwheat have been
reported to ensure higher antioxidant activity, which validated
their uses in pharmaceutical and nutraceuticals [27].

DPPH radical scavenging activity (% ): Antioxidative
activity, as determined by the DPPH radical scavenging activity
showed a significant different between buckwheat flour and
groat buckwheat flour. The free and bound scavenging activities
in buckwheat flour were found to be 76.59 % (in methanol),
5.40 % in acetone plus water and it showed the value of 4.70 %
in bound form giving a total value of 94.24 %. While the DPPH
scavenging activity showed a total value of 88.0 % in groat
buckwheat flour, which included the free DPPH activity in
methanol (56.58 %) and acetone + H,O (26.65 %) coupled
with DPPH activity in bound form (4.77). DPPH’ activities in
buckwheat were reported to be higher than in other cereal
grains (wheat) due to their higher polyphenolic content [28].
Holasova and co-workers [29] also reported the phenolic
compounds in buckwheat had been reported to possess higher
anti-oxidative activity than the phenolic components present
in oats and barley. The significantly higher total phenolic
content in buckwheat flour reflects the higher DPPH scaven-
ging activity in buckwheat flour. The main flavonoid compound
rutin, present in buckwheat have been reported by researchers
to exhibit a strong DPPH radical scavenging activity [30].

Lipid peroxide inhibition (%): Inhibitory capacity of
the buckwheat extracts as determined by using egg yolk homo-
genate revealed a significant difference. Wherein whole
buckwheat flour (71.98 %) had a higher value than buckwheat
groat flour (66.78 %). These results correlate well with the
values of total phenolic content and total flavonoid content.
The contrasting point revealed here is that the inhibition
capacity of bound material in whole buckwheat flour (10.01 %)
is lower than that observed in buckwheat groat flour (10.66 %).
The buckwheat extracts react with the peroxy radicals, which
propagate of the auto-oxidation of fat resulting in termination
of the chain reaction [31]. The results of lipid peroxide
inhibition in buckwheat indicate that antioxidant compounds
in buckwheat act as strong inhibitors. The higher antioxidant
capacity of buckwheat could be linked with their high poly-
phenols content, especially with their higher content of rutin
[32]. Inhibition of lipid peroxidation also depicted positive
correlations with total phenolic content (R*=0.993 and 0.982)
and total flavonoid content (R* = 0.937, 0.905), respectively.
Phenolic compounds also determine their antioxidant activity
by directly scavenging some radicals like hydroxyl, peroxyl
and superoxide radicals, which can terminate the chain reaction
in lipid oxidation resulting in inhibition of lipid peroxidation
[33].

Iron chelating activity (mM GAE/g): As shown in Fig. 1,
the total iron chelating activity is significantly higher in whole
buckwheat flour (9.52) and lower in buckwheat groat flour
(8.57). Where in the iron chelating activity in methanol and
acetone (with water) extracts of whole buckwheat flour are
3.87 and 4.23, while the values of buckwheat groat flour in
the extracts were 3.26 (methanol) and 4.52 (acetone + water).
The chealating activity of bound extracts of whole buckwheat
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flour (1.32) and buckwheat groat flour (0.97) were observed
to be lower than that of DPPH activity and lipid peroxidation
inhibition. Some phenolic compounds have been reported to
bind with pro-oxidant iron, thereby suppressing the formation
of pro-oxidant iron free radical while simultaneously main-
taining their capacity to scavenge these iron free radicals [34].
Iron chelating is considered as an important mechanism of
determining antioxidant property based on retardation of iron-
catalyzed oxidation. Ferrous ions, which are the most reactive
pro-oxidants stimulate lipid peroxidation by means of Fenton
reaction [35]. It also accelerates lipid peroxidation by decom-
posing lipid hydroperoxides into peroxyl and alkoxyl radicals,
which abstracts hydrogen resulting into perpetuation of the
chain reaction in lipid peroxidation process [36]. The higher
concentration of flavonoids and proanthocyanidins in buck-
wheat flour could account for their higher iron chelating capacity,
as flavonoids and proanthocyanidin have been considered as
strong iron chelating agent [37].

10
9 1 B Buckwheat flour
g
7
6
5 |
4 4
3 -
2
14
o0

W Groat buckwheat flour

Iron chelating activity

Methanol

Bound Total
Concentration (mg/mL)

Acetone + H,0
Fig. 1. Tron chelating activity of buckwheat flour and groat buckwheat flour

Phosphomolybdenum assay (mM AA/mL): The anti-
oxidant activity of buckwheat as determined by phospho-
molybdenum assay is based on the reduction of Mo(VI) to
Mo(V) by the antioxidants present in extracts of buckwheat
with the formation of a green phosphate, Mo(V) complex
having maximum absorption at 695 nm according to The Beer-
Lambert law [38]. The phosphomolybdenum method is simple
and rapid in procedure; it was used to determine its application
to the buckwheat extracts. A significant difference (P > 0.05)
was observed between the whole buckwheat flour and
buckwheat groat flour results. Here the antioxidant activity in
buckwheat groat flour (39.97 Mm AA/mL) was found to higher
than whole buckwheat flour (34.09 Mm AA/mL). This contras-
ting results in antioxidant activity can be due to the use of
different solvents for extraction of buckwheat, which had been
found to effect the composition of the extracting compounds
and hence the antioxidant activities of the buckwheat flour
and groat buckwheat flour extracts [39].

Proanthocyanidin content (mg catchin Equ/g): The
proanthocyanidins content varied from 1.14 to 1.04 in whole
buckwheat flour and buckwheat groat flour respectively. The
proanthocyanidin content in free form as estimated by
methanol was higher in whole buckwheat flour (0.73), while
acetone + water extracts showed higher proanthocyanidin

content in buckwheat groat flour (0.43). The proanthocyanidin
content in bound form was higher in buckwheat groat flour
(0.07) and lower in whole buckwheat flour (0.05). The diffe-
rence in proanthocyanidin content was reflected in the total
polyphenol content of buckwheat. Proanthocyanidins have
been reported to increase antioxidant property in cereals [40].
Proanthocyanidins represent one of the classes of flavonoids
having different solubility that exerts their action in the gut
[41]. The polymeric proanthocyanidins may be degraded
into smaller phenolic components by the colonic microflora
residing in the human body [42] and prevent the human body
from occurrence of plasma postprandial oxidative stress [43].

Conclusion

The whole buckwheat flour (BWF) was found to be better
with respect to total phenolic content and total flavonoid
content. Total phenolic content, total flavonoid content and
antioxidant activity of free and bound extracts from whole
and groat buckwheat flour were found to be significant. The
results of the present study revealed that VL-7 variety of
buckwheat grown in Himalayan region of India possessed high
phenolic and flavonoid content associated with antioxidant
activities. This suggests that buckwheat could be used a raw
material to extract nutraceuticals and to formulate functional
foods across the globe.
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