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Vigna angularis, also called adzuki bean, a member of the family Fabaceae, has long been cultivated in Asian
countries. This legume has received considerable attention owing to the presence of polyphenols. The optimal
extraction conditions for total polyphenols from V. angularis and their antioxidant activities were investigated
in this study. Ultrasound-assisted extraction was used to optimize the extraction of total polyphenols from .
angularis. Factors that influenced the extraction efficiency, such as ethanol concentration, liquid-solid ratio,
and ultrasonic time were investigated by Box-Behnken design. Folin-Ciocalteu colorimetry was adopted to
determine the total polyphenol content by using gallic acid as a reference. Antioxidant activities of the total
polyphenols were evaluated by 1,1-diphenyl-2-picrylhydrazyl, hydroxyl and superoxide radical-scavenging
activity assays. The optimized extraction conditions were as follows: ethanol concentration of 44.3%:; liquid-
solid ratio of 21.6:1 and ultrasonic extraction time of 30 min. Under these optimal conditions, the model’s
predicted extraction efficiency was 4.19 mg/g. The mathematical model had a high correlation (P<0.05) and
could be employed to extract total polyphenols from V. angularis. In vitro antioxidant activity results showed
that total polyphenols had strong antioxidant capacity and could be used as potential antioxidant agents.
This study provided a reference for the exploration of new natural antioxidants.
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The extraction of phytochemicals from food plants
using solvents is an important step in separation
and bioactivity research. Thus, efficient extraction
techniques are required to harvest the natural products.
Ultrasound-assisted extraction (UAE) is an efficient
extraction technique that can help solutes more rapidly
diffuse from the solid material into the solvent!). UAE
has been widely used owing to its high efficiency, shorter
processing time and reduced solvent consumption.

Vigna angularis, also called adzuki beans, a member
of the family Fabaceae, is an important food crop
and used as folk medicines in Asian countries™. V.
angularis have relatively small beans (about 5 mm).
Most of the adzuki beans cultivated in Eastern Asian
countries are red in color. This legume is rich in
dietary fibers, proteins, minerals, vitamin A, vitamin
B9 and folateP®.. Due to its biochemical components,
V. angularis has been evaluated as a new treatment
option. In addition, it has received considerable
attention owing to the presence of polyphenols, such
as proanthocyanidins and quercetin. Numerous
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studies have demonstrated that polyphenols possess
antioxidant™>®), anticarcinogenic”?, antiglycation®™ and
neuroprotective'” properties. However, there are no
data relating to optimized extraction conditions of total
polyphenols (TPs) from V. angularis using response
surface methodology (RSM), and there is little
information about their antioxidant activities. RSM
is a statistical technique, which includes the design of
experiment, modeling, identifying optimal conditions,
predicting the maximum response and an evaluation
of interactions. It has been previously employed to
optimize the extraction of phenolic compoundst'-'2!,

In this study, process parameters that affect UAE such as
ethanol concentration, liquid-solid ratio, ultrasonciation
time were optimized using RSM, by employing a Box-
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Behnken design (BBD), to maximize the yield of TPs
from V. angularis. The antioxidant activities of the
TPs were investigated by measuring 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical, hydroxyl radical and
superoxide radical scavenging.

MATERIALS AND METHODS

Dried adzuki beans were purchased from Zhang Jiakou
herbal material company, Hebei Province, China. A
specimen is deposited at Department of Pharmacy,
Hebei North University, Zhang Jiakou, China. Gallic
acid was supplied by the National Institutes for Food
and Drug Control, China (Batch number: 110831-
201204). Folin-Ciocalteu reagent, 1,1-diphenyl-2-
picrylhydrazyl (DPPH*), nitrobluetetrazolium (NBT),
nicotinamide adenine dinucleotide hydrogen (NADH)
and phenazine methosulfate (PMS) were purchased
from Sigma Chemical Co., Ltd. All the other reagents
used were of analytical grade.

Extraction process:

Dried adzuki beans were ground and sifted through
a 0.75 mm sieve. An ultrasonic cleaner (KQ-250 V,
Kunshan Ultrasonic Instruments Co., Ltd, Kunshan,
China) was used for the preparation of TPs. V.
angularis powder (6.0 g) was mixed with solvent
in a conical flask and sonicated (frequency 50 kHz,
power 100 W and temperature of 25°) under different
extraction conditions. Changes to only a single-factor
were performed in a series of experiments, where the
ethanol concentration ranged from 20-80%, liquid-
solid ratio ranged from 5:1 to 40:1, the ultrasonic time
ranged from 20-60 min and the number of extractions
ranged from 1 to 5. In the optimization experiments, the
experimental variable settings were based on the BBD
results with a three-factor, three-level system, which
resulted in an experimental design of 15 experimental
points, including three central points. The three
independent variables were coded at three levels (-1,
0, +1), 0 was central point, and the high and low levels
of the factors are coded as +1 and -1, respectively. At
the end of the ultrasonic time, the extract solution was
centrifuged (10 min, 3000 rpm), filtered and analyzed
for TPs content by UV/Vis spectrophotometry (model
2100, Labtech, USA).

Determination of TP content:

The TP content in the extracts was determined using
Folin-Ciocalteu colorimetry as described previously!!l.
In each replicate, 1 ml of the diluted extract solution,
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1 ml of Folin-Ciocalteu reagent and 20 ml of 20%
Na,CO, were mixed together and vortexed. The mixture
was diluted to 50 ml with distilled water and then
incubated for 30 min in the dark at room temperature.
After incubation the absorbance of the mixture against
the blank solution was measured at 760 nm. Gallic
acid solutions in methanol (20, 40, 60, 80, 100, 200
pug/ml) were used as standards, and were treated in a
similar manner to the samples. A standard curve was
conducted, resulting in the following regression Eqn.,
A=0.0036C+0.0084 (r=0.9992), with good linearity
in the range of 20-200 pg/ml. The TP content of the
sample was expressed as gallic acid equivalent (mg/g
dry weight).

DPPH radical scavenging activity assay:

TPs were prepared on the basis of the optimal level
and were diluted to different concentrations (0.15, 0.2,
0.4, 0.6, 0.8 and 1 mg/ml). DPPH radical scavenging
activity was tested following a previously published
protocol!'*!51, Briefly, 2 ml of 0.2 mM DPPH was mixed
with 2 ml of extract solution at different concentrations.
The reaction mixture was vortexed thoroughly and
incubated in the dark at room temperature for 30
min. The absorbance of the mixture was measured
spectrophotometrically at 517 nm. Ascorbic acid
was used as positive control. Percent DPPH radical
scavenging activity was calculated with the following
Eqn., DPPH radical scavenging activity (%)=[(A, -
A)/A %100, where A is the absorbance of the control,
and A | is the absorbance of sample.

Hydroxyl radical scavenging activity assay:

The hydroxyl radical scavenging activity was carried
out as described previously, with slight modifications!¢!.
The reaction contained 1 ml of EDTA-Fe (II) (0.945
mM), 1 ml of H,O, (3%, V/V), 1 ml of safranin (40
pg/ml), 1.5 ml of extract solution (0.15-1 mg/ml),
and 1 ml of phosphate buffered saline (0.15 M, pH
7.4). The mixture was then incubated at 37° for 1 h.
The absorbance of the mixture was measured at 510
nm using ascorbic acid as a positive control. Percent
hydroxyl radical scavenging activity was calculated
using the following equation, hydroxy radical
scavenging activity (%)=[(A,-A /A ]x100, where A
is absorbance of blank and A | is absorbance of sample.

Superoxide radical scavenging activity assay:

Sample solutions were prepared as per section 1.4.
Superoxide radical scavenging activity was determined
according to the NBT reduction method!”. Extract
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samples (1.5 ml) of different concentrations were
mixed with 1.5 ml of reaction solution containing 0.5
ml of NBT solution (300 pmol/l), 0.5 ml of NADH
solution (468 pumol/l) and 0.5 ml of PMS solution
(60 pumol/l). The mixture was incubated at RT for
5 min, and the absorbance was read at 560 nm. The
Percentage superoxide radical scavenging activity was
calculated using the following equation, Superoxide
radical scavengingactivity (%)=[1-(A -A,)/A ]*x100,
where 4 is the absorbance of the control group, 4, is
the absorbance of sample and 4, is the absorbance of
blank.

Statistical analysis:

All the experiments were performed in triplicate, and
the data were expressed as the mean+SD (standard
deviation). Optimal extraction conditions were
determined by RSM, which was performed using the
Design-Expert Version 9.0.2 software (Stat-Ease, Inc.,
Minneapolis, MN). Experimental data were analyzed
using variance (ANOVA) and the adequacy of the
model was determined by evaluating the lack of fit,
coefficient of regression (R?) and the Fisher test value
(F-value). The level of significance of the model and
model variables was set at P<0.05. The contour plots
and response surfaces were drawn using Design-Expert
9.0.2. Then, the maximum was predicted by analysis
for the response surfaces.

RESULTS AND DISCUSSION

Single-factor experiments are defined as experiments
where there is a change in only one factor at a time,
while the other factors are fixed when performing an
experiment. These experiments can help to determine
reasonable factors and levels in the design of future
experiments. In this study, the effects on the extraction
of TPs were investigated.

Fig. 1 illustrated the effect of ethanol concentration,
liquid-solid ratio, ultrasonic time and extraction times
on the yield of TPs. TPs were extracted with water
and different concentrations of ethanol (20, 40, 60 and
80%). The optimal ethanol concentration for obtaining
extracts was 40% in all the samples tested, therefore,
ethanol concentrations between 20 and 60% were
investigated in RSM. In fact, ethanol concentration
was found to be the dominant factor in maximizing
TP extraction. Solvent volume also had a significant
effect on the extraction efficiency!'®!"l. The ratio of
liquid to solid was changed from 5:1 to 40:1 during the
experiments and it was found that the extraction yield
of TPs rose as the ratio of liquid to solid was increased,
reaching a maximum (3.66 mg/g) when the ratio was
20:1. However, there were few changes when the ratio
increased further. For this reason, ratios of 10:1, 20:1,
30:1 were all found to give high yields of TPs. Different
ultrasonic treatment time (20, 30, 40, 50, 60 min) was
also used in the experiment. The TP extraction yield
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Fig. 1: Effect of various parameters on extraction yield.

Ethanol concentration (a); liquid-solid ratio (b); ultrasonic time (c); and extraction times (d).
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increased gradually up to 40 min of treatment, but
after 40 min, there was no difference in yield. These
results were expected since an increase in ultrasonic
time enhances the solubility of phenolic compounds,
but longer ultrasonic times might also have increased
the resolution ratio of the compounds resulting in a
stable yield?”. Therefore, in the optimization process,
30, 40, 50 min were chosen as the level of extraction
time. The influence of multiple extraction rounds (1,
2, 3, 4 and 5) on the yield of TPs was also tested.
The extraction yield of TPs increased gradually as
the number of extraction rounds increased, with TPs
yields of 3.71 mg/g after the third extraction, 3.73 mg/g
after the fourth extraction and 3.69 mg/g after the fifth
extraction. Therefore, three rounds of extraction were
chosen as the best options as it took into account the
costs and benefits. The number of extraction rounds
was a discontinuous value and was not an examined

factor in RSM, so was fixed at 3 rounds in the response
surface experiments.

BBD was developed based on the results of the single-
factor experiments. The code and levels in the BBD
and the responses were listed in Table 1. Among them,
the highest yield of TPs was in the combination of 40%
ethanol, liquid-solid ratio of 20:1 and ultrasonication
time of 40 min. The ANOVA for the response
surface of the quadratic model was listed in Table 2.
The model F-value of 44.96 implied the model was
significant (P<0.05). X,, X, X, X, X,* and X * were
significant model terms with low P-values (P<0.05).
Other terms (X,, X X,, XX, and X;*) were of no
significance since they had larger P-values (P>0.05).
The results of the multiple regression analysis for
response variables were as follows (the equation is in
terms of coded factors, response Y is the yield of TPs):

TABLE 1: CODED AND LEVELS IN BOX-BEHNKEN DESIGN AND THE RESPONSE

Run X, Ethanol concentration (%)

X, liquid-solid ratio X, ultrasonic time (min)

Yield of TPs (mg/g)

1 0(40) 1(30)
2 0(40) 0(20)
3 1(60) 1(30)
4 1(60) -1(10)
5 -1(20) 1(30)
6 0(40) -1(10)
7 0(40) 0(20)
8 0(40) 1(30)
9 1(60) 0(20)
10 -1(20) 0(20)
11 0(40) 0(20)
12 1(60) 0(20)
13 0(40) -1(10)
14 -1(20) -1(10)
15 -1(20) 0(20)

-1(30) 3.60£0.21
0(40) 4.15+0.22
0(40) 2.90+0.20
0(40) 2.54:0.29
0(40) 2.70:0.27
1(30) 3.25:0.26
0(40) 4.17+0.38
1(50) 3.75:0.14
1(30) 3.69:0.25
1(30) 2.87+0.22
0(40) 4.09+0.25
1(50) 3.06+0.06
1(50) 3.49+0.41
0(40) 3.60£0.18
1(50) 4.15:0.33

TABLE 2: ANOVA FOR RESPONSE SURFACE QUADRATIC MODEL

Source SS DF MS F- Value P-value Prob>F
Linear effects Model 5.16 9 0.57 44.96 0.0003"

X, 0.18 1 0.18 14.11 0.0132°

X, 0.29 1 0.29 22.34 0.0052"

X, 0.003 1 0.002 0.22 0.6585
Interactioneffects X, X, 0.008 1 0.008 0.63 0.4617

X, X, 0.26 1 0.26 20.39 0.0063"

XX, 0.002 1 0.002 0.16 0.7068
Quadratic effects X2 3.21 1 3.21 251.43 <0.0001"

X2 1.46 1 1.46 114.71 0.0001"

X7 0.0008 1 0.0008 0.069 0.8036

Residual 0.064 5 0.013

Lack of fit 0.060 3 0.020 11.60 0.0804

Pure error 0.00303 2 0.002

Cortotal 5.23 14
* Significant at P<0.05
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Y=4.136+0.150X,+0.189X +0.019X -0.045X X,-
0.255X X,-0.023X,X,-0.933X 2-0.630X,*+0.015X 2

Alack offitwith P>0.05 (P=0.0804) was not statistically
significant, which showed that the model fitted well
with the experimental data. The R? of 0.8138 is in
reasonable agreement with the Adj R? of 0.9658 i.e. the
difference is less than 0.2. Therefore, this experimental
model was adequate and reproducible for predicting
the TPs yield. Contour plots and response surfaces
were shown in fig. 2. TPs content increased with
increased ethanol concentration and the ultrasonication
time, and the interaction between the two factors was
significant (P<0.05). However, interactions between
the other factors were not significant, and this was in
agreement with the ANOVA results. The RSM guided
optimization demonstrated that the optimum extraction
conditions for maximizing TPs yield were 44.3%
(ethanol concentration), 21.6:1 (liquid-solid ratio) and
30 min (ultrasonication time). A verification test was
performed on the basis of this optimal level, and the
observed responses Y=4.16 (mg/g) agreed well with
the predicted response (4.19 mg/g), and the relative
standard deviation (RSD) of Y was 3.5%. The predicted
values and test data of the optimized formulation
showed a good correlation.

Free radicals are responsible for many diseases,
including degenerative diseases, cancer, cardiovascular

diseases and so on!!. The assay of radical scavenging
activity is a widely used method to evaluate the
antioxidant activity of various plant extracts. Fig. 3
showed the radical scavenging activity of TPs from
V. angularis on DPPH radicals, hydroxyl radicals and
superoxide radicals. Antioxidant capacity of the TPs
was determined by diminishing the absorbance of
DPPH radicals. Within the experimental concentration
range of 0.15~1 mg/ml, DPPH radical scavenging
activity increased from 21.0+£0.68% to 52.54+2.14%.
It was evident from the data that TPs showed
strong scavenging activity for DPPH radicals in a
concentration-dependent manner.

Oxidative damage is usually caused by hydroxyl
radicals???. Therefore, scavenging hydroxyl radicals
is important to many diseases that are the result of
oxidative stress injury. It was found that the TPs
significantly decreased hydroxyl radical concentration
in a dose-dependent manner at the test concentrations.
Superoxide radicals cause oxidative damage to many
biomolecules and are the most common free radicals
produced in vivo by several oxidative enzymes®l. The
ability of the TPs to scavenge superoxide radicals was
determined by the reduction of NBT. The scavenging
effect was 12.5+£2.51% at 0.15 mg/ml, 14.3+£1.53% at
0.2 mg/ml, 21.7+1.53% at 0.4 mg/ml, 27.6+2.65% at
0.6 mg/ml, 36.5+1.53% at 0.8 mg/ml and 42.24+2%
at 1 mg/ml. A significant concentration-dependent
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Fig. 2: Contour plots for the extraction of TPs.

a. Ethanol concentration, liquid -solid ratio, b. ethanol concentration and ultrasonic time and c. ultrasonic time and liquid -solid
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Fig. 3: DPPH radical, hydroxylradical andsuperoxide radical scavenging activity of different concentration.

-u- DPPH radical, -0- hydroxyl radical, -m- superoxide radical.

scavenging effect was shown against superoxide
radicals. At a concentration of 1 mg/ml, radical
scavenging activities were 52.5+2.14%, 44.9+£3.06%
and 42.2+2% for DPPH radicals, hydroxyl radicals
and superoxide radicals, respectively. The strongest
scavenging activity was shown for DPPH radicals,
followed by hydroxyl radicals and superoxide radicals.

Considering the results, V. angularis extracts showed
potent antioxidant activity. The antioxidant function
of these extracts is associated with polyphenols.
The radical scavenging properties of polyphenols
are thought to be due to their hydroxyl groups that
possess hydrogen donating ability®. Therefore, TPs
of V. angularis can be considered as potential radical
scavengers.

In this study, TPs have been successfully prepared from
V. angularis using UAE, and the extraction conditions
were optimized using a single-factor experiment
approach coupled with BBD. The three factors
investigated in this study could be ranked as follows in
terms of influence on extraction performance: liquid-
solid ratio>ethanol concentration>ultrasonic time.
The results demonstrated that a combined treatment
of 44.3% (ethanol concentration), 21.6:1 (liquid-
solid ratio), 30 min (ultrasonic time) and three rounds
of extraction were optimal for maximizing the TP
yield. On the basis of these optimal conditions, the
predicted response was 4.19 mg/g. The prediction
models developed here showed good correlation
with the experimental data at the 95% confidence
level. Extraction is the first step for the production of
polyphenols, and the results presented here are useful
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for the further utilization of V. angularis. This study
has also provided a reference point for the extraction
of polyphenols from other herbal medicines that are
rich in phenolic compounds. TPs from in V. angularis
showed strong antioxidant activity against DPPH
radicals, hydroxyl radicals and superoxide radicals. V.
angularis is a natural plant resource and could serve as
a source of high-value antioxidants or nutraceuticals.
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