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This study compared the differences of two types of buckwheat sprouts, namely, common buckwheat
(Fagopyrum esculentum Moench) and tartary buckwheat (Fagopyrum tataricum (L.) Gaertn.), in
general composition, functional components, and antioxidant capacity. The ethanol extracts of tartary
buckwheat sprouts (TBS) had higher reducing power, free radical scavenging activity, and superoxide
anion scavenging activity than those of common buckwheat sprouts (CBS). As for chelating effects
on ferrous ions, CBS had higher values than TBS. Rutin was the major flavonoid found in these two
types of buckwheat sprouts, and TBS was 5 fold higher in rutin than CBS. The antioxidant effects of
buckwheat sprouts on human hepatoma HepG2 cells revealed that both of TBS and CBS could
decrease the production of intracellular peroxide and remove the intracellular superoxide anions in
HepG2 cells, but TBS reduced the cellular oxidative stress more effectively than CBS, possibly because
of its higher rutin (and quercetin) content.

KEYWORDS: Buckwheat sprouts; flavonoids; antioxidant capacity; HepG2 cells

INTRODUCTION

Free radicals have been found to be related to illnesses, cell
damages, cell death, and gene mutation (1), and the relationship
between the intake of foods containing antioxidant components
and the illnesses caused by oxidative damage has become an
important research topic in the food and nutrition area.
Buckwheat, an important staple food consumed in Japan, Korea,
Russia, and Poland, is rich in polyphenols, including six
flavonoids, rutin, orientin, vitexin, quercetin, isovitexin, and
isoorientin (2–6). The chemical structures of these flavonoids
can be found elsewhere (4–6). Among these antioxidant
components, rutin was recognized as the most health protective
and has also been proven to be anti-inflammatory and anticar-
cinogenic. Rutin also has relaxing effects on smooth muscles
(7) and is effective for preventing capillary apoplexy and retinal
hemorrhage (8, 2).

There are two types of buckwheat, common buckwheat and
tartary buckwheat. Common buckwheat, or sweet buckwheat,
is usually consumed in Asia, Europe, North America, South
Africa, and Australia (2), whereas tartary buckwheat is rarely
consumed because of its bitter taste. However, it has been
reported that the general composition of crude protein, crude

fiber, crude fat, and crude ash of common buckwheat and tartary
buckwheat are essentially the same (9). Moreover, tartary
buckwheat may even contain more bioactive components than
common buckwheat. For instance, it has been reported that the
flavonoid content of tartary buckwheat is higher than that of
common buckwheat. The flavonoid content was 40 mg/g in
tartary buckwheat seeds as compared to 10 mg/g in common
buckwheat seeds (2). The comparative composition studies of
common buckwheat and tartary buckwheat show higher thia-
mine, riboflavin, and pyridoxine contents, and they are an
excellent food for use in preventative nutrition (10).

Bean sprouts, rich in dietary fibers, various nutrients, and
bioactive components, are important vegetables consumed in
Asian countries, and, nowadays, they have become more popular
in the United States and European countries. Although the most
popular bean sprouts are cultivated from mungbean and soybean,
buckwheat seeds are also a good source of bean sprouts.
However, little is known about buckwheat sprouts. The objective
of this study was to investigate the differences between the two
kinds of buckwheat sprouts, common buckwheat and tartary
buckwheat, in general composition, functional components, and
antioxidant capacity.

MATERIALS AND METHODS

Materials. Common buckwheat was supplied by Jingshan Farm of
Taiwan, and tartary buckwheat was supplied by Erlin Farmers’
Association of Changhua, Taiwan. Rutin, quercetin, quercitrin, ascorbic
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acid, potassium ferricyanide, 1,1-diphenyl-2-picrylhydrazyl (DPPH),
ferrozine, �-nicotinamide adenine dinucleotide (NADH), trypsin, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT), 2′,7′-
dichlorofluorescein diacetate (DCFH-DA), dihydroethidium (DHE), and
dimethyl sulfoxide (DMSO) were purchased from Sigma Chemical
Co.(St. Louis, MO, USA). Trichloroacetic acid, ferric chloride, and
iron chloride tetrahydrate were purchased form Kanto Chemical Co.
(Tokyo, Japan). Methanol and ethanol were purchased form J.T. Baker
(Phillipsburg, NJ, USA). Ammonium thiocyanate and sodium phosphate
were purchased form Shimakyu Co. (Osaka, Japan). Phenazine metho-
sulfate (PMS) and nitro blue terazolium chloride monohydrate (NBT)
were purchased form Acros Organics (Phillipsburg, N. J. USA). Vitexin
was purchased form Fluka Co. (Darmstadt, Germany). Pyrogallol,
ethylenediaminete triacetic acid, potassium chloride, potassium dihy-
drogen phosphate, sodium chloride, and sodium hydrogen carbonate
were purchased form Merck Co. (Santa Ana, CA, USA). Isoorientin
was purchased form Chromadex Co. (Ronkonkoma, NY, USA).
Isovitexin was purchased form Fluka Chemika-Biochemika Co. (Buchs
SG, Switzerland). The human hepatoma cell line (HepG2 cells) was a
gift from Bioinformatics Laboratory., BCRC, Food Industry Research
and Development Institute (Shinzu, Taiwan). Dulbecco’s Modified
Eagle Medium (DMEM) was purchased from Invitrogen Corp. (Carls-
bad, CA, USA). Fetal bovine serum (FBS) was purchased from Gemini
Bio-Products (Woodland, CA, USA).

Cultivation of Buckwheat Sprouts. Buckwheat seeds, including
common buckwheat and tartary buckwheat, were soaked in water for
6 h at room temperature and then put into a germination bag for
germination in a shady, cool place for 12-15 h. The potting mix was
laid flat on a plate (35 cm long by 25 cm wide by 3 cm high) with a
perforated bottom. Once the buckwheat seeds were germinated, they
were spread evenly on the potting mix, placed in a half-day sunny
location, and watered every 4 h until the buckwheat sprouts were grown
to a length of approximately 5 cm in 6-7 days. The sprouts were then
harvested and immediately dried in a freeze-dryer (KINGMECH
FD12–2S-6P-S, Kingmech Co., Taipei, Taiwan). The dried buckwheat
sprouts were powdered by a high-speed pulverizer (250G, RT-04, Rong
Tsong Precision Technology Co., Taichin, Taiwan), packed in plastic
bottles, and stored in a freezer before analysis.

Composition Analysis of Buckwheat Sprouts. The ash, crude fat,
crude protein, and crude fiber contents of dried samples were analyzed
using the standard AOAC methods (11), and the compositions were
denoted by percentage on dry basis.

Preparation of Ethanol Extracts of Buckwheat Sprouts. One
hundred milliliters of 95% ethanol were added to 10 g of dried
buckwheat powder, and the mixture was extracted by thermal reflux at
80 °C for 3 h and then filtered by Whatman No.1 filter paper. The
above extraction was repeated twice, and the collected filtrate was
evaporated at a temperature below 40 °C and dried in a freeze-dryer to
remove the water. Finally, the dried extracts were stored at -20 °C.

Phenolic Compound Analyses. A moderate amount of ethanol
extracts from buckwheat sprouts were weighed and dissolved in
methanol (12). After filtering the solutions through 0.45 µm nylon filters,
samples were mixed with 1000 ppm of pyrogallol as internal standard
for analysis by HPLC (Hewlett-Packard series 1100, Agilent Technolo-
gies, Inc., Santa Clara, CA, USA). The HPLC analysis was carried out
under the following conditions; the Zorbax 80A Extend C18 column
(5 µm, 4.6 × 250 mm) was used with water (Mill-Q, 18.2 MΩ) as
mobile phase A, and methanol/acetic acid (95:5, v/v) was used as mobile
phase B; the gradient elution was run with 20% of solution B at 10
min, 40% of solution B at 20 min, 50% of solution B at 30 min, 70%
of solution B at 40 min, 80% of solution B at 50 min, and 100% of
solution B at 60 min at a flow rate of 1 mL/min; the injection volume
was 5 µL, and a wavelength of 254 nm was used for detection. Pure
compounds including rutin, orientin, vitexin, quercetin, quercitrin,
isovitexin, and isoorientin were also analyzed by HPLC with the same
conditions, and the retention time was used to identify the flavonoids
in the sample.

Determination of Reducing Power. The reducing power of the
ethanol extracts of buckwheat sprouts were determined according to
the method described by Oyaizu (13). Various concentrations (0.3–10
mg/mL) of the ethanol solutions of the buckwheat sprouts extracts and

ascorbic acid were prepared, and 1 mL of each was mixed with 1 mL
of 0.2 M phosphate buffer, pH 6.6, and 1 mL of 1% potassium
ferricyanide [K3Fe(CN)6]. The mixture was then incubated at 50 °C
for 20 min. The resulting solution was cooled down rapidly, spiked
with 1 mL of 10% trichloroacetic acid and centrifuged at 1400g for 10
min. After centrifugation, 1 mL of supernatant was mixed with 1 mL
of distilled water and 0.5 mL of 0.1% ferric chloride, and the absorbance
was measured at 700 nm using a spectrophotometer. Increased
absorbance of the reaction mixture indicated increased reducing
power.

Determination of Free Radical Scavenging Activity. The effect
of ethanol extracts of buckwheat sprouts on the DPPH radical
scavenging activity was measured according to the method stated by
Shimada et al. (14). Various concentrations (0.3–10 mg/mL) of the
ethanol solutions of the buckwheat sprouts extracts and ascorbic acid
were prepared, and 4 mL of each was mixed with 1 mL of freshly
prepared 1 mM DPPH methanol solution. The solution without adding
the DPPH solution served as a blank. The resulting solutions were then
left to stand at room temperature for 30 min prior to being spectro-
photometrically detected at 517 nm. Lower absorbance of the reaction
mixture indicated higher free radical scavenging activity. The percentage
of DPPH scavenging activity was expressed by {1 - [(test sample
absorbance - blank sample absorbance)/blank sample absorbance]}
× 100%.

Determination of Metal Chelating Effect. The ferrous ions
chelating effect was measured according to the method described by
Dinis, Madeira, and Almeida (15). Various concentrations (0.3–10 mg/
mL) of the ethanol solutions of the buckwheat sprouts extracts and
ascorbic acid were prepared, and 2 mL of each was added to 0.1 mL
of 1 mM FeCl2 solution. The reaction was initiated by the addition of
0.2 mL of 2.5 mM ferrozine, shaken vigorously, and then left standing
at room temperature for 10 min. The absorbance of solution was then
measured spectrophotometrically at 562 nm. The percentage of ferrous
ion chelating effect was expressed by [1 - (test sample absorbance/
blank sample absorbance)] × 100%.

Determination of Superoxide Anion Scavenging Activity. The
superoxide anion scavenging activity was measured based on the
method described by Liu, Ooi, and Chang (16) with slight modification.
Various concentrations (0.3–10 mg/mL) of the ethanol solutions of the
buckwheat sprout extracts and ascorbic acid were prepared. One
milliliter of NBT solution (156 µM NBT in 100 mM phosphate buffer,
pH 7.4), 1 mL of NADH solution (468 µM in 100 mM phosphate buffer,
pH 7.4), and 0.1 mL of each of the prepared ethanol solutions were
mixed. After adding 100 µL of PMS solution (60 µM PMS in 100
mM phosphate buffer, pH 7.4) to the mixture, the reaction mixture
was incubated at 25 °C for 5 min, and the absorbance at 560 nm was
measured against blank samples. Decreased absorbance of the reaction
mixture indicated increased superoxide anion scavenging activity. The
percentage inhibition of superoxide anion production was expressed
by [1 - (test sample absorbance/blank sample absorbance)] ×
100%.

Culture and Harvest of Human Hepatoma Cell Line. HepG2 cells
were cultured with DMEM with 10% FBS in a T75 flask at 37 °C, 5%
CO2, and 90% relative humidity. To harvest cells, HepG2 cells were
washed with PBS buffer and treated with 4 mL of trypsin-EDTA for
3 min. The reaction was stopped by adding 8 mL of DMEM with 10%
FBS. The mixture was then transferred into a tube and centrifuged at
200g at room temperature for 5 min. After removing the supernatant,
cell pellet was resuspended in 4 mL of DMEM with 10% FBS.

Cell Survival Test (MTT Assay). HepG2 cells (with an initial
concentration of 1 × 104 cells/well) were transferred and cultured into
a 96-well plate at 37 °C and 5% CO2 for 24 h. A 100 µl portion of
buckwheat sprout ethanol extract (at 0.05–1 mg/ml) was then added to
each well, and the mixture was incubated for 24 h. The incubation
medium was then replaced with 100 µl of 2 mg/mL MTT (in PBS),
and cells were incubated at 37 °C and 5% CO2 for another 2.5 h. The
MTT solution was then removed, 100 µl of DMSO was added into
each well, and cells were incubated for 15 min in the dark. Finally, the
absorbance of the cell sample was measured at 570 nm with an ELISA
reader (Tecan Spectra, Wetzlar, Germany).
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Determination of Intracellular Peroxide in HepG2 Cells. HepG2
cells (with an initial concentration of 4 × 106 cells/well) were
transferred and cultured in a 6 cm2 dish at 37 °C and 5% CO2 for 24 h.
Five milliliters of 0.5 mg/mL of buckwheat sprout ethanol extract was
added into the dish, and then the contents were incubated at 37 °C and
5% CO2 for 12 h. At 3, 6, 9, and 12 h, incubated solution was removed,
2 mL of 10 µM of DCFH-DA was added, and the sample was incubated
for 30 min. The cells were then washed with PBS buffer, trypsinized,
centrifuged, and resuspended in 0.7 mL of PBS buffer. To measure
the intracellular peroxide, cell samples were analyzed at 485 nm by
FACS Calibur (Becton Dickinson, San Diego, CA) equipped with Cell
Quest software.

Determination of Intracellular Superoxide Anions in HepG2
Cells. HepG2 cells were cultured and treated with the ethanol extracts
of buckwheat sprouts for 3, 6, 9, and 12 h, followed by the procedures
described above. For measuring intracellular superoxide anions, 2 mL
of 10 µM DHE was added into the dish, and cells were incubated at
37 °C and 5% CO2 for 30 min. Cells were then harvested and
resuspended. To measure the intracellular superoxide anion, cell samples
were analyzed at 488 nm by FACS.

Statistical Analysis. Experimental results were presented as the mean
( standard derivation of three parallel measurements. The p values
less than 0.05 were regarded as significant differences, and the p values
less than 0.01 were very significant differences.

RESULTS AND DISCUSSION

Composition Analysis of Buckwheat Sprouts. The general
composition of common buckwheat sprouts (CBS) and tartary
buckwheat sprouts (TBS) were measured, and results are shown
in Table 1. During cultivation, it was observed that CBS,
especially their stems and leaves, were thicker and stronger than
TBS. The results of analyses revealed that CBS had higher
contents of crude protein, ash, and crude fat than TBS (P <
0.05). However, the content of crude fiber was not significantly
different between these two types of buckwheat sprouts (P )
0.84). It has been reported that common buckwheat grain has
more dietary fiber and less ash than tartary buckwheat grain
and that tartary buckwheat bran has more protein content than
tartary buckwheat bran (10).

Phenolic Compounds of Ethanol Extracts of Buckwheat
Sprouts. The phenolic compounds in the ethanol extracts of
CBS and TBS were analyzed by HPLC, and their chromato-
grams are shown in Figure 1. Four flavonoids, including rutin,
isoorientin, vitexin, and isovitexin, were found in the ethanol
extract of CBS, whereas three flavonoids, rutin, quercitrin, and
quercetin, were found in TBS. Among these compounds, rutin
was the major antioxidant component in both types of buckwheat
sprouts. It is noteworthy that TBS contains only three closely
related flavonoids. Rutin is a glycoside comprised of the flavonol
quercetin and the disaccharide rutinose, and the glycoside
quercetrin is comprised of quercetin and rhamnose. All of them
show remarkable antioxidant, anti-inflammatory, and anticancer
activities. The ethanol extracts of TBS contains 655.82 mg/g
of rutin, approximately 5 fold of the rutin content in the ethanol
extracts of CBS (Table 2).

Antioxidant Capacity of Ethanol Extracts of Buckwheat
Sprouts. The reducing power of the ethanol extracts from CBS
and TBS were shown in Figure 2A. Results suggested that the

higher the concentration of buckwheat sprout ethanol extracts,
the higher their reducing power. The TBS ethanol extract had
a higher reducing power than that of CBS (P < 0.01). At a
concentration of 5 mg/mL, the reducing power of the ethanol
extracts of buckwheat sprout was even higher than that of the
ascorbic acid (data not shown). As shown in Figure 2B, the
buckwheat sprout ethanol extracts had satisfactory scavenging
effects on DPPH radicals. At low concentration (1.25 mg/mL)
the TBS ethanol extracts had higher scavenging effects on DPPH
radicals than that of CBS (P < 0.01). At a concentration of 5
mg/mL, the clearance of DPPH radicals for both TBS and CBS
were approximately 88%. Ascorbic acid had a much higher free
radical scavenging activity, and it reached approximately 93.1%
at a concentration of 0.3 mg/mL. Similarly, the superoxide anion
scavenging activity of TBS ethanol extracts was higher than
that of CBS ethanol extracts (P < 0.01) (Figure 2C). At a
concentration of 5 mg/mL, the ethanol extracts of TBS had
a 19.1% clearing capacity, whereas CBS ethanol extracts had a
value of 11.0% clearing capacity. It was also found that ascorbic
acid had a relatively higher superoxide anion scavenging
activity, which was approximately 45.0% at a concentration of
5 mg/mL.

Although the flavonoids, in general, possess ideal structure
for antioxidant activity, the differences in chemical structures
of different flavonoids would affect their antioxidant activities.
It is known that the 3-OH group on the C ring plays an important
role in flavonoid antioxidant activity, and maximum effective-
ness for radical scavenging requires a 3-OH attached to the 2,3-
double bond (17). However, the major flavonoids in TBS,
including rutin, quercetin, and quercitrin, all had their 3-OH
group in the C ring blocked by rutinose, glucose, or rhamnose.
Although the glycosylation would reduce the TBS flavonoid
antioxidant activity, the presence of the two adjacent OH-groups
in the ortho-diphenolic arrangement in the B ring certainly
enhances their activity. The CBS flavonoids, including vitexin
and isovitexin, have a lone 4′-OH group in the B ring and, thus,
have lower antioxidant activity.

As shown in Figure 2D, the ethanol extracts of buckwheat
sprouts had satisfactory chelating effects on ferrous ions, and
the CBS chelating effects were greater than that of TBS (P <
0.01). At a concentration of 1.25 mg/mL, the CBS ethanol
extracts had a 68.8% chelating effect, as compared with 45.0%
in TBS. The two major points of attachment of ferrous ions to
the flavonoids of buckwheat sprouts would be the 3′ and 4′-
dihydroxy groups in the B ring, the 4-keto in the C ring, and
5-OH in the A ring. It is suspected that the glycosylation at
3-OH in the C ring of flavonoids greatly reduces TBS metal
chelating ability. As for ascorbic acid, the chelating effect on
metal ions was too weak to be detected.

Effects of Buckwheat on Cell Survival Test (MTT Assay).
The cell survival test of HepG2 cells treated with different
concentrations (at 0.05, 0.1, 0.2, 0.5, and 1 mg/mL) of
buckwheat sprouts ethanol extracts for 24 h were examined,
and results are shown in Figure 3. The relative MTT activity
of cells treated with 0.5 and 1 mg/mL of CBS ethanol extracts
were 65.39 and 64.15%, respectively, whereas those of TBS

Table 1. General Composition of CBS and TBS

components (%)a water crude ash crude fat crude protein crude fiber

CBS 92.80 ( 0.85 a 0.68 ( 0.01 a 0.38 ( 0.03 a 0.17 ( 0.01 a 0.70 ( 0.17 a
TBS 92.34 ( 0.41 a 0.49 ( 0.01 b 0.31 ( 0.02 b 0.14 ( 0.01 b 0.73 ( 0.10 b

a Each value was expressed as the mean(standard deviation (n)3). Components were presented based on fresh weight. Values within a column superscripted with
different letters were significantly different (P < 0.05).
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ethanol extracts were 65.66% and 52.65%, respectively (P <
0.01). TBS inhibited the growth of HepG2 cells more effective
than CBS, possibly because of its quercetin content, which is
absent in CBS. Alia et al. (18) reported the effects of rutin and
quercetin on cell growth and antioxidant activity of HepG2 cells.
They found that cells were damaged even when treated with
low dose of quercetin, but rutin had no cytotoxic effect on
HepG2 cells at any dose for 24 h treatment. In this study, the
cell survival rate was greater than 90% if the HepG2 cells were
treated with buckwheat sprout ethanol extracts in the range of

0.05–0.2 mg/mL. Therefore, 0.2 mg/mL of the extracts was used
to study their effects on antioxidant system in HepG2 cells for
the following experiments.

Effects of Buckwheat on Intracellular Peroxide and Su-

peroxide Anions in HepG2 Cells. Production of intracellular
peroxide in HepG2 cells treated with 0.2 mg/ml of ethanol
extracts of buckwheat sprouts for 3–12 h are shown in Figure
4. The production of intracellular peroxide in HepG2 cells after
treatment with the TBS ethanol extracts for 3 h was significantly
inhibited (P < 0.05), but it was not inhibited by that of CBS.

Figure 1. HPLC of CBS and TBS ethanol extracts. (A) Standards, (B) CBS, and (C) TBS; I.S., internal standard, pyrogallol.

Table 2. Flavonoids Contents in the Ethanol Extracts of CBS and TBSa

components (mg/g dry weight) rutin isoorientin vitexin isovitexin quercitrin quercetin

CBS 131.19 ( 3.78 a 76.42 ( 3.61 7.52 ( 2.79 3.67 ( 1.89 ND ND
TBS 655.82 ( 3.25 b ND ND ND 18.04 ( 0.89 17.59 ( 4.47

a Each value was expressed as the mean ( standard deviation (n)3). ND: not detected. Values within a column superscripted with different letters were significantly
different (P < 0.05).
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As the treatment increased to 6 h, the production of intracellular
peroxide in HepG2 cells reached to their lowest points for both
TBS and CBS treatments, 66.0% and 76.5%, respectively. How-
ever, the inhibitory effects of TBS and CBS extracts on production
of intracellular peroxide became less effective after 9 h.

The intracellular superoxide anions of HepG2 cells treated
with 0.2 mg/mL of buckwheat sprout ethanol extracts for 3–12
h are shown in Figure 5. Compared to untreated cells, the
intracellular superoxide anions in CBS and TBS treated cells
were significantly lower (P < 0.05) for 6–9 h. However, there
was no significant difference between untreated and treated cells
after 12 h, and this data is consistent with the effect of
buckwheat sprouts on intracellular peroxide as described above.

It appeared that both TBS and CBS could protect HepG2
cells from antioxidative attack, and TBS was more effective
than CBS. Alia et al. (19) also used human hepatoma HepG2
cells to study the antioxidant effects of quercetin and rutin, and
they found that high doses of quercetin increased glutathione
concentration, whereas rutin decreased the intracellular GSH
at its highest concentration. Both quercetin and rutin decreased
malondialdehyde and ROS generation in cells pretreated with
tert-butyl hydroperoxide (t-BOOH). Kampkotter and co-workers
(20) investigated the protective effects of quercetin and rutin
on stress resistance in the organism Caenorhabditis elegans and
found that the antioxidative activity of quercetin was higher
than that of rutin under conditions of induced oxidative stress.

Figure 2. Antioxidant activities of CBS and TBS ethanol extracts. (A) Reducing power, (B) DPPH radical scavenging activity, (C) superoxide anion
scavenging activity, and (D) Ferrous ion chelating power. (-b-) Common buckwheat sprouts, (-O-) tartary buckwheat sprouts, (-2-) ascorbic
acid.

Figure 3. Dose–effects of CBS and TBS ethanol extracts on relative
MTT activity in HepG2 cells. An asterisk indicates that the values are
significantly different from untreated cells (P < 0.05).

Figure 4. Effects of CBS and TBS ethanol extracts (0.2 mg/mL) on the
production of intracellular peroxide in HepG2 cells. An asterisk indicates
that the values are significantly different from untreated cells (P < 0.05).
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They suggested that, although rutin possesses antioxidative
activity, quercetin acts as an antioxidant as well as a modulator
of cellular signaling processes to exert its oxidative stress
protection effect. In this study, it was found that the content of
rutin in TBS was higher than that in CBS, and quercetin only
existed in TBS (Table 2). Therefore, the finding that TBS is
more effective in reducing the cellular oxidative stress in the
human hepatoma HepG2 cells than CBS may be attributed to
its higher rutin and quercetin contents.

This research found that rutin was the major flavonoid in both
CBS and TBS and that it played an important role in the
antioxidant capacity of buckwheat sprouts. TBS contained 5
fold the amount of rutin than CBS. Other than rutin, the major
flavonoids in TBS include quercetin and quercitrin, and they
all have two adjacent OH-groups in the ortho-diphenolic
arrangement in the B ring. The flavonoids in CBS, including
vitexin and isovitexin, have a lone 4′-OH group in the B ring,
and, thus, TBS in general had a higher antioxidant capacity than
CBS. The effects of buckwheat sprouts on the antioxidant
system in HepG2 cells revealed that both buckwheat sprouts
could significantly decrease the production of intracellular
peroxide as well as remove the intracellular superoxide anions.
However, probably due to the fact that the content of rutin in
TBS was higher than that in CBS and that quercetin only existed
in TBS, TBS was found to be more effective in reducing the
cellular oxidative stress in the human hepatoma HepG2 cells
than CBS. It appears that the tartary buckwheat sprouts should
be consumed more often because of its health-promoting
properties. Cooking methods should be developed to render its
bitter taste more tolerable.
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Figure 5. Effects of CBS and TBS ethanol extracts (0.2 mg/mL) on
production of intracellular superoxide anions in HepG2 cells. An asterisk
indicates that the values are significantly different from untreated cells (P
< 0.05).
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