1746 J. Agric. Food Chem. 1996, 44, 1746-1750

Flavonoids and Antioxidative Activities in Buckwheat

B. Dave Oomah*' and Giuseppe Mazza*

Agri-Food Diversification Research Centre, Agriculture and Agri-Food Canada, Morden,
Manitoba R6M 1Y5, Canada, and Food Research Program, Research Centre, Agriculture and
Agri-Food Canada, Summerland, British Columbia VOH 170, Canada

Samples of buckwheat from four cultivars grown at three locations in western Canada for 4 years
were used to study the effect of cultivar, location, and growing season on the flavonoid content and
antioxidative activities of the seed. Buckwheat contained an average of 387 and 1314 mg/100 g of
flavonoid and 47 and 77 mg/100 g of rutin in the seed and hull, respectively. Location was the
main source of variation for flavonoid and rutin contents of the seed, while growing season had
significant influence on the flavonoid content of the hulls. Variation in antioxidative activities was
mainly due to a cultivar x environment effect. Antioxidative activities expressed as AOX (A log
A470/min), AA (% inhibition relative to control), and ORR (oxidation rate ratio) ranged from 0.42,
114, and 0.16 to 1.63, 48, and 0.59, respectively. Flavonoid content in buckwheat was strongly
correlated with rutin content and weakly associated with antioxidative activities, while rutin content
was not related to antioxidative activities.
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INTRODUCTION

Buckwheat (Fagopyrum esculentum Moench) is an
important alternative crop in western Canada with an
estimated farmgate value of about $5.5 million. Much
of the grain is exported to Japan where it is used to
manufacture soba noodles and other consumer products
(Mazza, 1993). For Canadian buckwheat producers to
remain competitive in world markets, they must con-
tinue to improve the quality of their product. As part
of this effort, development of cultivars with improved
nutritional and storage stability is imperative. Char-
acteristics of importance for storage stability include the
concentration of endogenous antioxidants such as fla-
vonoids and phenolics. Cultivars differ in these char-
acteristics, which are also influenced by environmental
factors (Oomah et al., 1995; Kitabayashi et al., 1995).

Buckwheat is considered to be a major dietary source
of rutin. Hence interest in buckwheat is increasing
because of the possible beneficial health effects of rutin.
Activities demonstrated by rutin include antiinflamma-
tory, antimutagenic, antitumoral, anticarcinogenic,
smooth muscle relaxation, and estrogen receptor binding
(Pisha and Pezzuto, 1994). Rutin is also known to
reduce fragility of blood vessels associated with some
hemorrhagic diseases or hypertension in humans (Grif-
fith et al., 1944; Matsubara et al., 1985; Iwata et al.,
1990; Yildzogle-Ari et al., 1991). Under conditions of
low dietary fat intake, phenolic flavonoids such as rutin
and quercetin have been reported to considerably sup-
press colon tumor incidence (Deschner, 1992).

Varietal differences and heritability of rutin content
in common buckwheat have been attributed to geo-
graphic origin of the seed as well as environmental
conditions (Kitabayashi et al., 1995). Kitabayashi et al.
(1995) reported that rutin content in buckwheat seed
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ranges from 12.6 (for a Russian cultivar) to 35.9 mg/
100 g dry weight for a Nepalese strain.

Improvement of rutin content in buckwheat is an
important breeding objective in Japan, and high rutin
content lines of common buckwheat have been devel-
oped and are being tested for adaptability (Ohsawa and
Tsutsumi, 1995). Several factors affect the accumula-
tion of flavonoids in buckwheat. Ohara et al. (1989)
suggested that the varying amount of solar radiation
accounted for the variation in rutin content. Cropping
season such as day length conditions increased the
accumulation of rutin in buckwheat (Ohsawa and Tsut-
sumi, 1995). In addition, late flowering cultivars under
Japanese conditions had higher rutin content than early
flowering cultivars.

This study was conducted to investigate the variation
of flavonoid and rutin content due to location in different
buckwheat cultivars grown in western Canada. A
second objective was to examine the antioxidative
response of various buckwheat cultivars to assess the
prospects of improving the storability by agronomic and/
or genetic methods.

MATERIALS AND METHODS

Samples of four buckwheat cultivars (AC Manisoba, BS85601,
CM-15, and Manor) were obtained from cooperative tests
conducted at three locations (Brooks, Alberta; Morden, Mani-
toba; and Scott, Saskatchewan) in western Canada during the
1990—-1993 growing seasons. The tests were standardized
according to procedures established by the Western Expert
Committee on Grain (Anonymous, 1991). Hulls were obtained
by dehulling buckwheat seed between a stationary and a
rotating emery stone as described by Mazza and Campbell
(1985).

Whole buckwheat was ground in a Wiley mill to pass a 1
mm screen. The spectrophotometric assay for the quantitative
determination of flavonoid content was carried out, essentially,
as described by Hairi et al. (1991). Briefly, ground buckwheat
(1 g) was extracted with 80% methanol (25 mL) on a wrist
shaker for 120 min at 71 °C. The extract was filtered
(Whatman No. 5) on a Buchner funnel. The filtrate (1 mL)
was diluted twice with distilled water, and absorption was
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measured at 404 nm (DU-50, Beckman, Beckman Instruments,
Inc., Irvine, CA) after the addition of 100 uL of 1% (2-
aminoethyl)diphenylborate solution. Extract absorption was
compared to that of a standard rutin (Sigma Chemical Co.,
St. Louis, MO) curve.

Rutin content was determined by high-performance liquid
chromatography (HPLC) following a modification of the pro-
cedure described by Terada and Miyabe (1993). For a typical
assay, a 5 mL aliquot of the filtered extract (obtained for the
determination of flavonoid described above) was dried under
vacuum at 30 °C, dissolved in 1 mL of methanol—water—oxalic
acid (13/36/1 v/v/v), and filtered through a 0.45 um Millipore
filter prior to HPLC analysis. Samples (100 uL) were analyzed
by using an HPLC system consisting of two LKB pumps Model
2150, a solvent conditioner (LKB, Model 2156), a column
temperature controller (Waters-TCM model, Millipore Corp.,
Milford, MA), and an LKB variable wavelength UV monitor
(Model 2141, Pharmacia, Bromma, Sweden) interfaced through
a PE Nelson 900 series with a personal computer. Separations
were performed on a 3 um (100 x 4.6 mm i.d.) CapCell Pak
C18-SG120 column (Dychrom, Santa Clara, CA). Chromato-
graphic runs were carried out using a gradient of solvents A
[MeOH/H,O/CH3;COOH 13/36/1 (v/viv)] and B [MeOH/H,O/
CH3;COOH 73/25/2 (viviv)] at 40 °C. The following gradient
was used: linear from 10% B to 50% B during 20 min followed
by isocratic 50% B over 5 min and a return to 10% B in 5 min.
The flow rate was 0.5 mL/min. Typically, a 10 min equilibrium
period was used between samples. Detection of rutin was
measured at 350 nm. Quantitation was based on an external
standard method where the calibration curve ranged from 1
to 250 mg/mL of rutin (Sigma Chemical Co., St. Louis, MO)
using Model 2600 Chromatography Software, revision 3.1
(Nelson Analytical, Inc., Cupertino, CA).

Heat-induced oxidation of an aqueous emulsion system of
p-carotene and linoleic acid was used as the antioxidant
activity test model (Pratt, 1992). One milliliter of -carotene
(0.2 mg/mL dissolved in chloroform; Sigma Chemical Co., St.
Louis, MO) was added to Erlenmeyer flasks containing linoleic
acid (0.02 mL) and Tween 20 (0.2 mL). Each mixture was then
dosed with 0.2 mL of the corresponding filtered flavonoid
extract or butylated hydroxytoluene (15 mg/L). Samples
without dosed compounds were used as standard. Each
sample was concentrated using N in the dark. Fifty milliliters
of distilled water, saturated with air (0.5 L/min, 15 min), was
added to each mixture, and the resulting mixture was shaken.
Their absorbances were measured on a spectrophotometer
(Beckman DU-50) at 470 nm. The samples were then sub-
jected to thermal autoxidation by keeping them in a constant
temperature water bath at 50 °C for 2 h. The rate of bleaching
of s-carotene was monitored by taking the absorbance at 10
min intervals. Antioxidative activity was calculated by three
different methods. For the first method, the log of the
absorbance was plotted against time, as a kinetic curve, and
the slope was expressed as the AOX value. The second method
of calculation based on first order kinetics was conducted as
described by Al-Saikhan et al. (1995) using the following
equations:

In(a/b) x 1/5 = sample degradation rate

where 1n = natural log; a = initial absorbance at 470 nm and
at time 0; b = absorbance at 470 nm and at 10, 20, and 30
min; 5 = time (min). Antioxidant activity (AA) was also
calculated as % inhibition relative to the control using the
following relationship:

AA =
degradation rate of control — degradation rate of sample «
degradation rate of control

100

where BHT was the control. The AA values for different times
were averaged to give one AA value for the sample.
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Table 1. Total Flavonoid and Rutin Contents (mg/100 g)
of Buckwheat Seed and Hulls

flavonoids rutin
cultivar seed hull seed hull hull (%)
AC Manisoba 372.8® 1302.8° 44.7° 76.1° 256427
BS85601 396.52 1277.7° 46.4° 853> 257432
CM-15 371.5° 1212.8¢ 442° 5059 340421
Manor 407.52 1463.72 51.12 97.4% 26.4+3.0

a-d Means in a column followed by the same letter are not
significantly different by Duncan’s multiple range test at the 5%
level.

The third method of expression based on the oxidation rate
ratio, ORR, was calculated by the method of Marinova et al.
(1994) using the equation

ORR = Bs/Bo

where Bs is the rate of bleaching of g-carotene in the presence
of the sample, and Bo is the rate of bleaching in the absence
of the sample (blank).

Protein content (N x 5.53) was determined on dehulled,
ground, and oven dried buckwheat by the Kjeldahl method
with a Tecator digester and a Kjeltec (System 1002) distillation
unit (Tecator AB, Hdganas, Sweden).

Analysis of variance by the general linear models (GLM)
procedure, means comparison by Duncan’s test, Pearson
correlation, and variance components using PROC VARCOMP
procedure were performed according to SAS methods (SAS,
1990). All effects were considered random for the variance
component analysis, and calculations were based on type | sum
of squares method.

RESULTS AND DISCUSSION

Total flavonoid contents of buckwheat grown at 3
locations in 1991 differed significantly among cultivars
(P = 0.05) (Table 1). However, cultivars AC Manisoba
and CM-15 had similar (372 mg/100 g), but significantly
lower, flavonoid contents than those of BS85601 and/or
Manor. Flavonoids were highly concentrated in the
hulls which contained over 3 times the level present in
the seed. Thus, the mean flavonoid contents of buck-
wheat seed and hulls were 387 and 1314 mg/100 g,
respectively. Interestingly, a high level of hulls in cv.
CM-15 (34%) corresponded to the lowest concentrations
of flavonoid and rutin in both the seed and hulls (Table
1). Cultivar Manor which had the highest flavonoid and
rutin content in the seed also had the maximum
concentration of these compounds in the hulls. Rutin
content of buckwheat hulls differed significantly among
cultivars although its concentration was similar in the
seed except for cv. Manor. Rutin content of hulls was
about 1 1/2 times that in the seed with a mean of 47
and 77 mg/100 g for seed and hulls, respectively.

To further elucidate the variability in buckwheat
flavonoid and rutin contents, environment (location) and
seasonal (year) effects were studied in combination with
cultivars. The results of analysis of variance for fla-
vonoid and rutin contents of buckwheat grown at 3
locations for 4 years (Table 2) were parallel and showed
that flavonoid and rutin contents were dependent on
cultivar, location, and year and their interactions.
Environmental effect, i.e., location, and year x location
interaction had a much larger relative contribution to
the variation in flavonoid and rutin contents than
cultivar or seasonal effects. Location and year x
location interaction explained about 50% and 20% of the
variation, respectively, in flavonoid and rutin contents
in buckwheat (Table 2). Cultivar and its interactions,
cultivar x location, cultivar x year, and cultivar x year,
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Table 2. Analysis of Variance for Total Flavonoids
(Buckwheat Seed and Buckwheat Hulls) and Rutin of
Buckwheat Seed Grown at Three Locations in 4 Years

mean squares?

total flavonoid

source df whole seed hulls rutin
cultivar (C) 3 1.99 29.93 508.88
(8.5) (11.8) (12.0)

location (L) 2 14.87 61.03 2020.14
(52.9) (16.9) (49.8)

year (Y) 3 2.30 69.59 390.43
(4.9) (39.0) (2.7)

CxY 8 0.38 6.73 26.83¢

1.2) 9.2) 0)

CxL 6 0.10¢ 1.39P 35.04¢
(0) (0) (0.7)

Y x L 4 1.57 10.66 318.11
(18.6) (13.2) (20.4)

CxYxL 9 0.30 2.39 69.55
(9.7) (7.1) (9.4)

error 36 0.04 0.35 10.70
(4.2) (2:9) (5.0)

CV % 5.00 4.56 7.08

2 All mean squares are significant at 0.0001 probability levels,
except b and c at 0.005 and 0.05, respectively. Values in paren-
theses are percent variance components.

x location had very small effects on flavonoid and rutin
contents. Cultivar was also reported (McGregor et al.,
1952) to have little or no effect on the rutin content of
17 strains of buckwheat tested for a 3 year period.
Recently, Kitabayashi et al. (1995) observed varietal and
year effects in 27 cultivars and strains of buckwheat
grown at one location for 2 years. Differences in rutin
content of buckwheat seed were found to be highly
significant (P = 0.01) among locations (between areas)
and cultivars, while the seasonal effect was only sig-
nificant at a 1% level (Kitabayashi et al., 1995). Our
results, indicating that variation of rutin content among
buckwheat cultivars is mainly due to environmental
factors, are consistent with those of Kitabayashi et al.
(1995).

Variability in flavonoid content of buckwheat hulls
was due to the main effects, year, location, and cultivar,
which accounted for 39%, 17%, and 12% of the total
variation, respectively (Table 2). It is obvious that
differences in years were more remarkable than cultivar
and location for hull flavonoid as compared to location
for both flavonoid and rutin contents of the seed. The
cultivar x year interaction was a significant source of
variation for hull flavonoid but not for flavonoid and
rutin contents of the seed. The variation components
for cultivar x year for flavonoid contents of hulls and
seed were 9.1% and 1.2%, respectively (Table 2). The
cultivar x location interaction does not play a significant
role in the variability of flavonoid and rutin contents
since the variance component was nil.

Location was highly significant for rutin content
(Table 2), so cultivar differences were examined sepa-
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rately for the three locations (Table 3). Generally,
buckwheat grown in Scott, Saskatchewan, had higher
rutin concentration in both the seed and the hulls than
those samples grown in Brooks and Morden. Rutin
content of buckwheat grown in Scott was 68—91% and
25—76% higher than that of buckwheat grown in
Morden and Brooks, respectively. Hulls of buckwheat
grown in Scott had 2.3—2.7 and 1.2—1.6 times higher
rutin concentration than those of samples grown in
Morden and Brooks, respectively. Cultivars AC Maniso-
ba and BS85601 had similar levels of rutin content at
each location. The ratio of rutin content in hulls and
seed for these two cultivars increased from 1.4 to 1.6 to
1.9 for Morden, Brooks, and Scott, respectively. Manor
had the highest level of rutin content in the seed and
hulls but was the least stable cultivar regarding rutin
content. The exceptionally low rutin content of CM-15
hulls at Morden cannot be explained completely, since
repeated extractions (4 x) yielded the same values. The
differences in rutin content at various locations are
probably associated with soil types and conditions and
temperature and moisture stress. Brooks, Scott, and
Morden are located in the brown, dark brown, and black
soil zones, respectively. Furthermore, it was observed
that local factors also affected seed yield inversely to
those of rutin content. For example, in 1991, the
average yield of the four buckwheat cultivars grown in
Brooks, Morden, and Scott were 2130 + 499, 1339 +
145, and 602 + 25 kg/ha, respectively. Rutin as well
as flavonoid contents correlated significantly (r = —0.76,
P = 0.05 and r = —0.89, P = 0.01, respectively) with
yield of buckwheat grown at Scott. This suggests that
environmental stress which depresses yield could be
responsible for the increased accumulation of rutin in
buckwheat seed. Similar effects on rutin content due
to soil types and conditions were reported in buckwheat
seeds (Kitabayashi et al., 1995) and leaves (Hagels et
al., 1995). These results agree with those of Patil et al.
(1995) who observed similar changes in quercetin
concentration in onion due to location and soil type.

Antioxidative activity, based on the inhibition of
linoleic acid autoxidation, and expressed as AOX (A log
A470/min), AA (% inhibition relative to control), and
ORR (ratio) values showed similar trends. In the
analysis of variance, there were differences among
cultivars and years, and cultivar x location and year x
location interactions were also significant (Table 4).
Most of the variance was associated with cultivar x
location and year x location interactions for AOX, AA,
and ORR. AOX and AA values were also dependent on
years while AA and ORR values showed significant
differences due to location. From the variance compo-
nents, year, year x location, and cultivar x location
interactions accounted for 64%, 59%, and 65% of the
total variation in AOX, AA, and ORR values, respec-
tively, thereby confirming the biological significance of
these sources of variation in the experiment. Because

Table 3. Rutin Content (mg/100 g) of Buckwheat Hulls and Buckwheat Grown at Three Locations in 1991

seed hulls
cultivar/location Morden Brooks Scott Morden Brooks Scott
AC Manisoba 32.0¢ 45.5ab 56.7° 46.32 73.90 108.8ab
BS85601 31.5¢ 47.52 60.2b 44.32 76.6P 121.52
CM-15 35.5b 37.8 59.7b 14.7° 56.8° 89.9b
Manor 38.32 41.7ab 73.32 52.32 101.72 126.92
mean of location 34.32 43.1Y 62.3% 36.97 77.3Y 112.9%

a—dx-z Means in a column for location or a row for seed and hulls, respectively, followed by the same letter are not significantly different

by Duncan’s multiple range test at the 5% level.
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Table 4. Analysis of Variance for Antioxidative
Activities of Buckwheat Grown at Three Locations in 4
Years

mean squares

source df AOX AA ORR (x107?)
cultivar (C) 3 0.35¢ 695.022 7.322
(8.3) (0) (8.3)
location (I) 2 0.18 823.882 3.57°
(0) (0) (0)
year (y) 3 0.43b 662.782 3.202
(13.4) (12.8) 0)
CxY 6 0.04 114.96 0.64
(0) (0) (0)
CxL 5 0.23d 856.792 5.022
(21.3) (29.6) (34.8)
Y x L 4 0.244 559.242 5.132
(28.2) (17.0) (30.3)
CxYxL 1 0.11 582.02b 1.32
(0) (32.1) (15.1)
error 26 0.05 29.93 0.30
(28.8) (8.5) (11.5)

a-d Mean squares significant at 0.0001, 0.001, 0.005, and 0.01,
respectively.

of significant cultivar x location interaction, antioxida-
tive activities of the cultivars are presented (Table 5)
rather than means across cultivars. Mean AOX, AA,
and ORR values ranged from 0.42, 113.7, and 0.16,
respectively, for Manor grown at Scott, to 1.63, 48.0, and
0.59, respectively, for BS85601 grown at Morden. The
overall mean AOX value (1.18) was markedly different
among cultivars but not among locations. The overall
means for AA and ORR values (69.4 and 0.43, respec-
tively) differed significantly among cultivars and within
locations. When ORR, a measure of antioxidative
strength (Marinova et al., 1994), is larger than 1, the
oxidation proceeds faster in the presence of an inhibitor
than in its absence. Thus, the lower the ORR value,
the stronger the inhibitor. Buckwheat antioxidants,
depending on cultivar and location of production, are
inhibitors of a great strength because under the same
conditions for BHT ORR = 0.19 4+ 0.08. The range of
antioxidative activities of buckwheat cultivars is de-
picted in Figure 1.

Comparison of flavonoid and rutin with protein
contents of buckwheat (data for protein not provided)
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Figure 1. Antioxidative activities of (A) cultivar BS85601
grown at Morden in 1991, (B) Manor grown at Morden in 1992,
and (C) Manor grown at Scott in 1990 compared to BHT and
blank. The AOX values expressed as A log A470/min for A, B,
C were 2.21, 1.18, and 0.41, respectively. The AA values
expressed as % inhibition relative to control for A, B, C were
20.6, 60.9, and 114.2, respectively. The ORR values, oxidation
rate ratio, for A, B, C were 0.82, 0.46, and 0.15, respectively.

showed poor correlation. The Pearson correlation coef-
ficients of flavonoid and rutin were 0.337 and 0.288,
respectively (Table 6). The weak association between
flavonoid, rutin, and protein content suggests that in
buckwheat changes in flavonoid and rutin contents
should have very little effect on protein content. Fla-
vonoid contents of both whole seeds and hulls were
highly correlated with rutin content but weakly associ-
ated with antioxidative activities. Nonsignificant cor-
relation coefficients between rutin content and anti-
oxidative activities suggest that they are totally inde-
pendent of rutin concentrations in buckwheat. Never-
theless, cultivar Manor, grown at Scott and which had
the highest rutin concentration in the seed and in the
hulls (Table 3), also showed the highest antioxidative
activities (Table 5). As expected, antioxidative activities

Table 5. Antioxidative Activities (AOX, AA, and ORR Values) of Buckwheat Grown at Three Locations for 4 years

AOXf AAY ORRP
cultivar/location Morden Brooks Scott Morden Brooks Scott Morden Brooks Scott
AC Manisoba 1.29ab 1.102b 1.472 70.72 76.12b 66.30¢ 0.41P 0.392b 0.472b
BS85601 1.632 0.92b 1.17 48.0° 83.62 71.0° 0.592 0.31° 0.40P
CM-15 1.19b 1.382 1.292b 70.62 65.1¢ 59.0¢ 0.45b 0.472 0.552
Manor 1.13b 1.00° 0.42¢ 63.62 71.8b¢ 113.72 0.44b 0.392b 0.16¢
mean of location 1.27d 1.11d 1.15d 64.6¢ 74.0d 71.34 0.474 0.39¢ 0.454

a—¢ Means in a column followed by the same letter are not significantly different by Duncan’s multiple range test at the 5% level.
de Means in a row for each antoxidative activity followed by different letters are significantly different by Duncan’s multiple range test
at the 5% level. f AOX value = A log A470/min. 9 AA value = antioxidant activity expressed as % inhibition relative to control. " ORR

value = oxidative rate ratio.

Table 6. Correlation Coefficients for Flavonoids, Rutin Content, and Antioxidative Activities of Buckwheat

antioxidative activities

flavonoids for flavonoids rutin
whole seeds for hulls content AOXe AAf ORRY
protein 0.337 0.288
flavonoids for whole seed 0.703d 0.7964 —0.436° 0.447° —0.3602
flavonoids for hulls 0.800d —0.444b 0.3792 —0.275
rutin content -0.327 0.315 —0.262
AOX —0.8634 0.8624
AA —0.9384

ap <0.01.PP < 0.001. P < 0.05. 9P < 0.0001 (n = 52 except for protein where n = 30). ¢ AOX value = A log A470/min. f AA value
= antioxidant activity expressed as % inhibition relative to control. 9 ORR value = oxidation rate ratio.
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AOX, AA, and ORR were highly correlated with each
other. When rutin content from three buckwheat hull
samples (with 13.7, 36.6, and 42.7 mg/100 g sample)
were compared with their antioxidative activities, high
correlation coefficients (r = 0.999, P < 0.05) were
obtained. This suggests that components other than
flavonoids present in buckwheat seed probably contrib-
ute substantially to the antioxidative activities.

The data presented indicate that buckwheat cultivars
differ in flavonoid and rutin contents and antioxidative
activities. However, the narrow range of variations
especially in rutin content of North American cultivars
is to be expected due to its adaptation in northern
latitudes. Since the interaction of cultivars with loca-
tions and environments was large, breeding of stable
cultivars that interact less with the environments in
which they grow should be emphasized to develop a
cultivar with high levels of flavonoids. As flavonoids
are found to be accumulating preferentially in the hulls,
it may be used as a dietary source of rutin or it can be
separated and incorporated as a source of dietary fiber
rich in flavonoids.
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