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Background: Buckwheat (Fagopyrum spp., Polygonaceae) is a widely planted food crop.
Flavonoids, including quercetin, rutin, and kaempferol, are the main bioactive components in
tartary buckwheat (Fagopyrum tataricum (L.) Gaertn). From the nutriological and pharmacological
perspectives, flavonoids have great value in controlling blood glucose and blood pressure levels,
and they also have antioxidant properties. Objective: To optimize the conditions for extraction
of quercetin, rutin, and kaempferol from F. tataricum. Materials and Methods: A combination
of ultrasound-assisted extraction (UAE) and response surface methodology (RSM) was used for
flavonoid extraction and yield assessment. The RSM was based on a three-level, three-variable
Box-Behnken design. Results: Flavonoids were optimally extracted from F. tataricum by using
72% methanol, at 60°C, for 21 minutes. Under these conditions, the obtained extraction yield
of the total flavonoids was 3.94%. Conclusion: The results indicated that the UAE method was
effective for extraction of flavonoids from tartary buckwheat.
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INTRODUCTION

Buckwheat (Fagopyrum spp., Polygonaceae) is widely
planted as a food crop. Tartary buckwheat (Fagopyrum
tataricum (L.) Gaertn), an edible and medicinal crop, is
becoming increasingly popular because of its benefits
to the human body.!"”! Tartary buckwheat is receiving
widespread attention as a functional food," and a number
of commercial buckwheat products are now being
produced and distributed. Buckwheat contains many
beneficial components, such as, flavonoids, fagopyrins, and
D-chiro-inositol.>) Such components have been reported
to help control blood glucose!” and blood pressure levels.
Moreover, buckwheat (Fagopyrum esculentum Moench) may be
useful in the treatment of cancer.”’ Considerable research
done currently on buckwheat is focused on its health
efficacy and on component extraction processing.!'""’!
The amount of total flavonoids (quercetin, rutin, and
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kaempferol) contained in F. fataricum is reported to be
far higher than that in common buckwheat (F. esculentum
Moench)." Rutin and quercetin are the most intensely
studied flavonoids in tartary buckwheat, due to their
functions and high concentrations.!>*

At present, various extraction techniques have been
developed for the extraction of flavonoids from tartary
buckwheat, including, ultrasound-assisted extraction
(UAE), microwave-assisted extraction, and oscillation
extraction.!"”?!) The UAE method is a simple, rapid
extraction technique, with high extraction etficiency, which
is attributed to the effect of acoustic cavitation produced
in the solvent by the passage of an ultrasound wave.

Response surface methodology (RSM) is a powerful
statistical technique that is useful when optimizing
processes in the fields of medicine and nutrition. It has
been reported that RSM can be used to optimize complex
processes used to extract compounds from plants.”**" To
our knowledge, there are no reports on the use of RSM
to optimize extraction conditions for quercetin, rutin, and
kaempferol in buckwheat. In this study, we have focused on
establishing a rapid and convenient method for extracting
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and quantifying three of the flavonoids (quercetin, rutin,
and kaempferol) present in F. zataricum. The method uses
UAE and RSM, which is based on a three-level, three-
variable (extraction time, extraction temperature, and
methanol concentration) Box-Behnken design (BBD).
The results should be helpful in the further utilization of
flavonoids from tartary buckwheat.

MATERIALS AND METHODS

Chemicals and reagents

Quercetin, rutin, and kaempferol used as reference
standards were purchased from the National Institute for
the Control of Pharmaceutical and Biological Products
(Beijing, China). Acetonitrile and methanol (high
performance liquid chromatography (HPLC) grade) were
purchased from Fisher Scientific Co. (USA). All others
chemicals and solvents used in the study were of analytical
grade.

Plant material

The samples of F. tataricum were harvested from the
experimental farm of Chengdu University, Chengdu,
Sichuan, China, in November 2011. The species
identification was authenticated by Professor Zhao Gang
(Chengdu University). The obtained tartary buckwheat
seeds were dried, ground, and then passed through the sieve
screen. The powder obtained from the 20 and 40 mesh
sieve screens was subjected to UAE extraction.

Ultrasound-assisted extraction

Ultrasound-Assisted Extraction was performed by
mixing 0.1 g of the sieved, dried powder with 25 ml of a
predetermined concentration of ethanol in a single conical
flask, followed by weighing and ultrasonic extraction for a
predetermined time, at a predetermined temperature. The
ultrasonic device parameters were 200 W of power at a
frequency of 50 kHz. Following extraction, the mixture
was cooled to room temperature. Subsequently, the extract
was filtered and the filtrate collected for HPLC assessment.

Experimental design

The preliminary ranges of the extraction variables, namely,
methanol concentration (X)), extraction time (X)), and
extraction temperature (X)), were established by using a
single-factor test. Subsequently, a Box-Behnken factorial
design (BBD; Design-Expert software, version 7.1.0,
Stat-Ease, Minneapolis, MN, USA) with three levels and
three variables was applied, to determine the best UAE
conditions for optimizing flavonoid yield. The adjusted
R-squared (R?) values along with the F-test results and
probability (p) values were used to evaluate the results of
the model equations.
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High performance liquid chromatography analysis
The UAE-obtained I fataricum extracts were passed
through 0.45 pm filters and then placed in an HPLC
autosampler vial for immediate HPLC analysis. The rutin,
quercetin, and kaempferol reference standard solution was
prepared by dissolving rutin, quercetin, and kaempferol
in 70% methanol. The HPLC system was comprised
of two Shimadzu LC-20A pumps and a Shimadzu LC-
20A autosampler (Kyoto, Japan). A Diamonsil-ODS C
(250 mm X 4.6 mm X 5 pm) column was used. The
temperature of the column was 30°C. Separation was
performed by using a mixture of acetonitrile and distilled
water containing 0.3% H. PO, with a gradient clution:
0-8 minutes (20% acetonitrile), 8—13 minutes (20-40%
acetonitrile), 13—-29 minutes (40% acetonitrile), 29-29.1
minutes (40-20% acetonitrile), and 29.1-30 minutes
(20% acetonitrile). The flow rate was set at 1 ml/minute.
The eluent was obtained after the column was sent to a
UV/VIS detector (Shimadzu, Kyoto, Japan). The detector
wavelength was set at 365 nm.

RESULTS AND DISCUSSION

Chromatographic results

Chromatography images from the reference standard
flavonoids and from the UAE-extracted tartary buckwheat
sample are shown in Figure 1. Chromatographic results
from the I zataricum sample [Figure 1b] show that quercetin,
rutin, and kaempferol were separated well, with a retention
time of 9.337 minutes, 20.337 minutes, and 24.195 minutes,
respectively. The total flavonoid yield was the total of the
individual yields of the three assessed flavonoids: quercetin,
rutin, and kaempferol.

Selection of solvent

Flavonoids are normally extracted with methanol and
ethanol. In this study, we attempted to determine the
extraction solvent that produced the highest flavonoid
yield. Our results indicated that the extraction yield of
total flavonoids was higher when methanol was used as the
extraction solvent (3.15%) than when ethanol (3.04%) was
used. Moreover, methanol concentration was important
to investigate the effect of methanol concentration on
flavonoid yield; five different methanol concentrations were
compared [Figure 2a]. When the methanol concentration
was increased from 10 to 50%, the yields of quercetin
and kaempferol reached their peak, but the yield of
rutin was low. This could be because rutin could degrade
quickly in low methanol concentrations due to the rutin-
degrading enzyme contained in tartary buckwheat.”*"!
When the methanol concentration increased from 50 to
70%, the rutin yield reached a maximum. The yield slightly
decreased at methanol concentrations over 70%. Hence,
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Figure 1: The HPLC profiles of quercetin, rutin, kaempferol standard substance (a) and tartary buckwheat extraction (b)
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Figure 2: The effects of the extraction parameters on flavonoids yield: (a) Effect of methanol concentration on flavonoids yield. Other conditions
were 50 C extraction temperature and 25 minutes extraction time. (b) Effect of extraction time on flavonoids yield. Other conditions were 70%
methanol and 50 C extraction temperature. (c) Effect of extraction temperature on flavonoid yield. Other conditions were 70% methanol and 25

minute extraction time

70% methanol was chosen for testing in the subsequent
optimization experiments.

Extraction time

Extraction time is another important factor that influences
extraction yield, as usually, extraction yield increases with
extraction time. In this study, UAE extraction was carried
out for different durations (5 — 65 minutes). The extraction
yield increased markedly when the duration increased from
five minutes to 15 minutes [Figure 2b]. However, the yield
remained approximately constant at durations from 15
minutes to 65 minutes. On the basis of these results, the
extraction time was set at 15 minutes in the optimization
experiments.

Extraction temperature
Temperature could also influence the extraction yield,
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as an increase in temperature could accelerate the
extraction speed.” In this study, five different extraction
temperatures were tested [Figure 2¢]. The results indicated
that the extraction yield increased markedly at extraction
temperatures of 40°C and 50°C, but slightly decreased at
temperatures above 50°C and higher. We speculated that,
due to the actions of the rutin-degrading enzyme, the
speed of rutin degradation may be accelerated when the
temperature was lower than 50°C. Hence, 50°C was chosen
for testing in the subsequent optimization experiments
Figure 2.

Optimization of flavonoid yield

In order to determine the best extraction conditions, we
performed parameter optimization through RSM. The
RSM approach was based on the three levels and three
variables described in Table 1. During our assessment, 12
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factorial experiments were performed, along with three
zero-point tests, to allow error estimation. Table 2 shows
the results of those 15 experiments with the total flavonoid
yield ranging from 1.88 to 3.92%. The results indicated
that the best yield was obtained by performing UAE for 21
minutes at 60°C with a methanol concentration of 72%.
The regression equation between the flavonoid yield (Y)
and variables X, X, and X was:

Y =373+ 037 X +0.30 X, +0.050 X, + 043 X X -
0.17 X X,-0.32 X *- 0.077 X - 0.71 X?

The analysis of variance (ANOVA) results for the
regression model are shown in Table 3. The Mode/ F-value
of 70.30 implied that the model’s relationships were
significantly relative to the noise in the data, as there was
only a 0.01% chance that a Mode/ F-value this large could
occur due to noise. The model’s Lack of Fit F-value of
1.98 implied the model’s lack of fit was not significant
relative to pure error, as there was a 35.35% chance that
a Lack of Fit F-value this large could occur due to noise.
The non-significance of the Lack of it F-value indicated
the validity of the regression model. The adjusted R-square
for the equation was close to unity (R* = 0.9922), indicating
a high correlation between the observed and predicted
values. The Design-Expert statistic ‘Adeq Precision’ was
a measure of the model’s sighal-to-noise ratio, and a ratio
greater than 4 indicated adequate model discrinination.
The ratio obtained from our model was 28.781, which
indicated model adequacy. Moreover, a low coetficient
of variance (2.78) indicated a high degree of precision
in the experimental values. In conclusion, the model
(equation 1) was suitable for extracting flavonoid from
tartary buckwheat.

Three-dimensional response surface plots are presented in
Figure 3. These results differed from those of the single-
factor-test. The RSM results indicated that an increase
in extraction temperature improved the extraction yield,
which was not shown by the single-factor-test results. A
possible explanation for the difference was that at a high
methanol concentration, the extracted rutin was relatively
stable, and as a result, with an increase in temperature,
the extraction speed increased. On the basis of the RSM
results, an increase in methanol concentration from
50 to 72% improved the extraction yield. However, when
the methanol concentration was more than 72%, a slight
decline in the response was observed. In the RSM plots
in Figure 3, extraction times of over 21.4 minutes did not
have an obvious effect on the extraction yield. A possible
explanation for the result was that an increase in extraction
time could accelerate rutin degradation during extraction,
resulting in a lower yield.

The maximum extraction yield of the three flavonoids
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Table 1: The three levels of the three variables in
the RSM assessment

Independent variables Levels

Time (X,) 5 15 25
Temperature (X,) 40 50 60
Methanol concentration (X;) 50 70 90

Table 2: Response surface design and
experimentally obtained data

Test Variable levels Flavonoid
order X, X, X, yield (%)
1 5 40 70 2.74
2 25 40 70 3.38
3 5 60 70 3.28
4 25 60 70 3.92
5 5 50 50 2.69
6 25 50 50 2.65
7 5 50 90 1.88
8 25 50 90 3.58
9 15 40 50 2.37
10 15 60 50 3.38
11 15 40 90 2.86
12 15 60 90 3.17
13 15 50 70 3.69
14 15 50 70 3.69
15 15 50 70 3.81

Table 3: Analysis of variance (ANOVA) results
for regression equation 1

SD SS DF MS F-value p value
Model 4.82 9 0.54 70.30 < 0.0001
X, 1.08 1 1.08 141.98 < 0.0001
X, 0.72 1 0.72 94.61 0.0002
X, 0.020 1 0.020 2.63 0.1659
XX, 0.000 1 0.000 0.000 1.0000
XX, 0.76 1 0.76 99.46 0.0002
XX, 0.12 1 0.12 16.10 0.0102
Xz2 0.38 1 0.38 50.46 0.0009
X2 0.022 1 0.022 2.91 0.1485
X2 1.85 1 1.85 242.87 < 0.0001
Lack of Fit 0.028 3 0.0095 1.98 0.3535

SD: sources of deviation; SS: sum of squares; DF: degree of freedom; MS: mean square

combined was calculated by the Design-Expert software.
The conditions that provided the highest percentage
of extraction of total flavonoids were, a methanol
concentration of 72%, extraction time of 21 minutes,
and a temperature of 60°C. For these conditions, the
corresponding theoretical maximum yield was 4.06%. To
confirm the theoretical results, three parallel experiments
were carried out under those optimized conditions.
The average actual extraction yield obtained from the
experiments was 3.94%, very close to the predicted results
[Table 4]. By using UAE with these optimized conditions
(extraction time, 21 minutes; temperature, 60°C; and
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Figure 3: Response surface graphs for the effects of extraction time, extraction temperature, and methanol concentration on the flavonoid yield
of tartary buckwheat: (a) Temperature and Time. (b) Time and methanol concentration. (c) Temperature and methanol concentration

Table 4: Theoretical yield of total flavonoids
based on RSM-derived optimum extraction
conditions and actual yield from modified
experimental conditions

Extraction Temperature Methanol Yield
time (min) °C (%) (%)
Optimum 21.44 60 72.19 4.06
conditions
Modified 21 60 72 3.94 + 0.062
conditions

solvent, 72% methanol), the yield of total flavonoids (%)
in three varieties of tartary buckwheat were as follows:
3.98 + 0.057 in Chuangjiao 1, 3.87 + 0.065 in Xiqiao 1, and
4.04 £ 0.003 in Miqiao 1.

In conclusion, a new optimization method based on a
combination of UAE and RSM was investigated for the
extraction of total flavonoids from tartary buckwheat. The
RSM method was based on a three-level, three-variable
(extraction time, extraction temperature, and methanol
concentration) BBD. The maximum extraction yield of
total flavonoids was obtained by performing UAE with
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72% methanol at 60°C, for 21 minutes. Under these
conditions, the experimental yield of total flavonoids was
3.94%, close to the theoretical yield of 4.06%. The results
indicated that the UAE-RSM approach was effective for
maximizing the extraction of total flavonoids from tartary
buckwheat.
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