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The ultrasonic-assisted extraction technique for flavonoids from ‘Mopan’ persimmon pulp was studied and the optimization of technological
parameters were obtained by response surface methodology (RSM) with flavonoids extraction rate as index and the antioxidant activities
of the extracts were determined. The optimal extraction conditions were using 70 % ethanol as solvent, ratio of liquid to solid 50:1,
extraction time of 50 min, ultrasonic power of 450 W and obtained the extraction rate of 1.57 %. The results showed good fits with the

persimmon pulp showed high antioxidant activity and a high correlation was obtained between the flavonoids content and the antioxidant

activity of ‘Mopan’ persimmon.

INTRODUCTION

Persimmon (Diospyros kaki Thunb.) originated in China
and has been cultivated over hundreds of years throughout
eastern Asia'. Based on the statistics of FAO (2010), the produc-
tion quantity of persimmon in China is about 3.05 million
tons, accounting for about 75 % of the total world production
(4.06 million tons)*. The persimmon has been used as medicine
for healing dermatitis, antiwrinkle and treating diabetic, alle-
viating symptoms of allergy®®. Its fruit has been shown as a
rich source of bioactive compounds, including organic acids,
polyphenols, carbohydrates, vitamin C, dietary fibers, triterpenic
acid, carotenoid and flavonoids’'.

Flavonoids are ubiquitous phytochemicals, which are a
broad class of low molecular weight, secondary plant phenolics
characterized by the flavan nucleus and widely distributed in
the leaves, seeds, bark and flowers of plants. To date over 4,000
flavonoids have been identified"®. Some studies indicate that
the flavonoids can be helpful to cure myocardial infarction,
ameliorating atherosclerosis and inhibit the production of
melanin'*'’, Most of the interest of flavonoids in healthy effect
are their antioxidant and chelating abilities'*.,

There are many methods to extract flavonoids, such as
soxhlet extraction, heating extraction, boling extraction,
refluxing extraction and ultrasound-assisted extraction. Among
them, the ultrasonic-assisted extraction is considered to be the

proposed model for flavonoids extraction rate (R* = 0.95). The flavonoids extract prepared by the optimal condition from ‘Mopan’ |
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more suitable one because it's easy and efficient to use, as
well as saving time and money?'.

Response surface methodology (RSM) was firstly introduced
by Box and Draper® and then considered to be an effective
statistical method which can optimize complex processes. Several
studies on the optimized conditions for the extraction of
flavonoids from different sources using response surface
methodology have been published'*****. The main advantage
of response surface methodology is the reduced number of
experimental trials needed to evaluate multiple parameters and
their interactions. Therefore, it is less laborious and less time-
consuming than other approaches required to optimize a
process®.

In this paper, we studied the Diospyros kaki Thunb.
‘Mopan’ since it is an excellent cultivar popular in north of
China. To our best of knowledge, flavonoids extract and their
antioxidant activity of ‘Mopan’ persimmon have not been in-
vestigated before. The objective of this study was to optimize
the extraction procedures for improving extraction rate of fla-
vonoids using response surface methodology and evaluate the
antioxidant activities of the flavonoids extract obtained from
‘Mopan’ persimmon pulp in vitro.

EXPERIMENTAL

Preparation of materials: Samples of 'Mopan' persim-
mon were collected from Yi County, Baoding, China by the
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end of September 2011. The general properties of the samples
were maintained during transportation to the laboratory by
keeping them in isothermal boxes containing ice. On arrival,
ten intact fruits of the samples in each cultivar were selected
to determine the average of fruit weight (167.38 g), shape index
(the average vertical diameters of 52.16 cm and horizontal
diameters of 71.33 cm) and water content (84.87 %). After
that, the pedicle and peel were removed, then the pulp was cut
into small thin pieces and dried at 70 °C by a DGG-9203A
constant temperature drying oven (Senxin experiment corpo-
ration, Shanghai, China). Then, the dried persimmon pulp was
quickly crushed by a universal high-speed smashing machine
(Hongtaiyang Electromechanical Corporation, Yongkang,
China). Then the powder was collected and stored in desiccator
atroom temperature (15-20 °C) until used (less than one month).
2, 2-Diphenyl-1-picrylhydrazyl (DPPH) and 2,4,6-tris (2-
pyridyl)-s-triazine (TPTZ) were purchased from Sigma Chemi-
cal Corporation (St. Louis, MO, USA). Rutin was bought from
the National Institute of Control of Pharmaceutical and Biolo-
gical Products (Beijing, China) and butylated hydroxytoluene
(BHT) was purchased from the Chinese Medicine Group
Chemical Reagent Corporation (Beijing, China). Methanol
which was chromatography grade was purchased from Xingke
Biochemical Corporation of Shanghai (Shanghai, China). All
other reagents used in the study were purchased from Shanghai
Chemicals (Shanghai, China) and were of analytical grade.
Manual extraction procedure: The persimmon powder
(1 g) was conducted in centrifuge tubes (50 mL) using a KQ-
500DE model ultrasonic bath (Ultrasonic Instrument Corpo-
ration, Kunshan, China) soaked with ethanol solvent (varying
ethanol concentration from 30 to 80 %, v/v; varying ratio of
liquid to solid from 10 to 60 mL/g) for certain time (varying
from 20 to 70 min) under certain ultrasonic power (varying
from 250 to 500 W). The extracts were centrifuged at 10000
rpm for 20 min with a CT14RD model centrifuge (Biochem-
istry Instrument Factory, Shanghai, China), then filtered and
the final volume was adjusted to 50 mL with extraction solvent.
The extract was used for determining the total flavonoids.
Experimental design: Response surface methodology
was used to optimize flavonoids extraction from ‘Mopan’
persimmon pulp. A Box-Behnken design (BBD) with four
independent variables was used: ratio of liquid to solid (X),
ethanol concentration (X5), time (X3) and ultrasonic power
(X4). The input range of the selected variables was determined
by preliminary response surface methodology experiments.
The three independent variables were coded at three levels
(-1, 0, 1), which resulted in an experimental design of 27
experimental points, including four central points to evaluate
the pure error. Design Expert.V8.0.6 (Stat-Ease Inc., Minne-
apolis, USA) was used for designing experiments and statistical
data analysis (ANOVA).
Experimental data were analyzed to fit a second order
polynomial model as follows:

Y=b0+ibiXi+ibﬁXf+iibUXj )
i=l1 i=l

i=l j=i+l

where Y represents the response variables, b is a constant, by,
bii and bj; are the linear, quadratic and interactive coefficients,
respectively. X and X are the levels of the independent variables.

The models were predicted through statistical analysis and
regression analysis (ANOVA) using Design Expert V8.0.6.
Models and regression coefficients were considered signifi-
cant when P-values were lower than 0.05. The software
Design-Expert 8.0.6 (State-Ease Inc., USA) was used to obtain
the coefficients of the quadratic polynomial model. The quality
of the fitted model was expressed by the coefficient of deter-
mination R? and its statistical significance was checked by an
F-test.

Determination of flavonoids content: The total flavo-
noids content was determined using a slightly modified
colorimetric method®. 0.3 mL NaNO; solution (5 %, w/v) was
added to 1 mL extract sample. The mixture was allowed to
stand for 5 min, then 0.3 mL AI(NOs); solution (10 %) was
put in. After standing for 6 min, 4 mL NaOH solution (1 mol/
L) was added. The final volume was adjusted to 10 mL with
30 % ethanol. The mixture was allowed to stand for 15 min
and the absorption was measured at 510 nm by a UV-3200
spectrophotometer (Mapada, Shanghai, China) against the
same mixture without the sample as a blank. The amount of
the total flavonoids was expressed as rutin equivalents (mg
rutin/g sample) through the calibration curve of rutin. The
calibration curve (y = 1.1927x - 0.0112, where y is absorbance
value of sample, x presenting sample concentration) ranged
200-1000 ug/mL (R* = 0.9977).

Scavenging activity of DPPH radical: The DPPH radical
scavenging activities of extract, which was prepared by the
optimal ultrasonic-assisted treatment as above, from ‘Mopan’
persimmon pulp were determined according to the method
from Brand-Williams®. Briefly, 0. mM DPPH in methanol
was freshly prepared as DPPH working solution before
measurements. Samples were dissolved in extraction solvent
to form final concentrations of 0.05, 0.10, 0.15, 0.20 and 0.25
mg/mL, respectively. 0.1 mL samples solution were thoroughly
mixed with 5 mL of DPPH working solution. The mixture
was shaken vigorously and allowed to stand for 0.5 h in the
dark and the absorbance was then measured at 517 nm by a
UV-3200 spectrophotometer (Mapada, Shanghai, China).
Lower absorbance values of the reaction mixture indicated
higher free radical scavenging activity. Methanol was used as
the blank control. The percentage of scavenging activity of
the free DPPH radical was calculated according to the following
equation:

Scavenging activity (%) = [(Ao— A1) / A¢]l x 100 (2)

where A, is the absorbance of the DPPH solution without
addition of the sample, A; is the absorbance of the mixture
containing both the sample and DPPH solution after reacting
for 0.5 h in the dark.

Ferric reducing power: The determination of ferric
reducing power was performed as described by Benzie and
Strain®’. Prior to analysis, FRAP reagent was prepared by
making 10 mmol/L TPTZ-HCI (40 mmol/L HCl), 20 mmol/L
FeCl;-6H,0 and acetic acid buffer (0.3 mol/L, pH 3.6) mixed
by 1:1:10 (v/v/v). 120 uL sample solution of various concen-
trations (0.05, 0.10, 0.15, 0.20 and 0.25 mg/mL) with the same
concentration was added to the solution which contained 360
pL ultra pure water and 3.6 mL FRAP, respectively. Then the
mixture was incubated 37 °C for 0.5 h. After the mixture stood
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for I hin ordinary temperature, the absorbance was measured
at 593 nm against a blank which used ultra pure water instead
of sample solution and with FeSO,-7H,0 as a standard. Increasing
absorbance of the reaction mixture indicates increasing
reducing power.

Statistical analysis: In this study, all the experiments were
conducted in triplicate. Analysis of variance was performed
by ANOVA procedure. P-value < 0.05 and P-value < 0.01 were
regarded as significant and extremely significant, respectively.
The direction and magnitude of the correlation between the
variables was quantified by the square of correlation coefficient, R.

RESULTS AND DISCUSSION

Optimization of ultrasonic-assisted extraction for
flavonoids from ‘Mopan’ persimmon pulp: In this study,
ultrasound-assisted extraction was employed for flavonoids
from ‘Mopan’ persimmon pulp. The operational parameters
were optimized using Box-Behnken design based on response
surface methodology. And the four parameters value, extraction
time (40 min), ratio of liquid to solid (40:1), ethanol concen-
tration (60 %) and ultrasonic power (400 W) were chosen for
the optimized experiment as four central points based on single
factor tests (data not shown). All experimental data obtained
from 27-run-experiment were shown in Table-1.

Experimental values of extraction efficiency of flavonoids
(Table-1) were analyzed by multiple regressions to fit the
second order regression equation and the regression model in
terms of coded factors was predicted as follows:

Y =1.044+0.144 X, + 0.078 X5 + 0.102 X5+ 0.1 X4 +
0.069 X; X5+ 0.065 X; X5-0.021 X; X4 +0.151 X, X5
+0.036 Xo Xy + 0.088 X3 X4 — 0.093 X]2 -019 Xzz -
0.12X5* +0.166 X, 3)

The coefficients of the above eqn. 3 were calculated using
response surface methodology and statistical analysis of the
experimental data was used to establish the best-fitted model
for the independent variables. The model had a satisfactory
levels of adequacy (R?) (Table-2). The response values were
significantly affected by all the parameters, suggesting that
the four parameters were directly related to the flavonoids
extraction rate.

The analysis of variance (ANOVA) result of the model
was shown in Table-2. A good model performance with the
correlation coefficient (R?) value of 0.9474 was obtained. The
calculated model was able to explain 94.74 % of the result in
the case of the flavonoids extraction rate. And the adjusted
correlation coefficient of determination (Ra4?) of the equation
was 0.8860, which suggested an excellent correlation between
the every two independent variables. The corresponding
variables would be more significant if the absolute F-value
becomes greater and the P-value becomes smaller®. The
statistical analysis gave a high F-value (15.4330) and a very
low P-value (P <0.0001), implying the model was significant.
F-value for the lack of fit was insignificant (F = 8.8955),
confirming the validity of the model. The results indicated
that the model could work well for the prediction of flavonoids
extraction from ‘Mopan’ persimmon.

TABLE-1
BOX-BEHNKEN DESIGN AND OBSERVED RESPONSES

Run Ratio of liquid to soild (mL/g) Ethanol concentration (%) Time (min) Power (W) “Extraction rate (%)
X, X, X; X, Y
1 0(40) 1(70) 1(50) 0(400) 1.09
2 0(40) 0(60) -1(30) 1(450) 0.95
3 0(40) 0(60) 0(40) 0(400) 1.08
4 0(40) 1(70) 0(40) -1(350) 0.94
5 0(40) 1(70) 0(40) 1(450) 1.29
6 -1(30) 0(60) -1(30) 0(400) 0.75
7 0(40) -1(50) 0(40) 1(450) 1.11
8 0(40) 0(60) 1(50) -1(350) 1.03
9 1(50) -1(50) 0(40) 0(400) 0.84
10 -1(30) 1(70) 0(40) 0(400) 0.53
11 0(40) -1(50) 1(50) 0(400) 0.52
12 1(50) 0(60) 1(50) 0(400) 1.12
13 1(50) 0(60) -1(30) 0(400) 0.84
14 -1(30) 0(60) 0(40) 1(450) 1.06
15 0(40) 0(60) 0(40) 0(400) 1.03
16 0(40) 0(60) 1(50) 1(450) 1.38
17 1(50) 0(60) 0(40) 1(450) 1.26
18 0(40) -1(50) -1(30) 0(400) 0.62
19 0(40) 0(60) -1(30) -1(350) 0.95
20 1(50) 0(60) 0(40) -1(350) 1.16
21 -1(30) 0(60) 0(40) -1(350) 0.88
22 0(40) 0(60) 0(40) 0(400) 1.02
23 0(41) -1(50) 0(40) -1(350) 0.90
24 -1(30) 1(50) 0(40) 0(400) 0.58
25 1(50) 1(70) 0(40) 0(400) 1.06
26 -1(30) 0(60) 1(50) 0(400) 0.77
27 0(40) 1(70) -1(30) 0(400) 0.59

‘Flavonoid extraction rate means percentage content of the extracted flavonoids in the studied raw material.
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TABLE-2
ESTIMATED REGRESSION COEFFICIENTS FOR QUADRATIC POLYNOMIAL MODEL AND
THE ANALYSIS OF VARTIANCE (ANOVA) FOR THE EXPERIMENTAL RESULTS
Source® Sum of squares df Mean square F-value P-value Significant
Model 1.3471 14 0.0962 15.4330 <0.0001 S
X, 0.2474 1 0.2474 39.6788 <0.0001 S
X, 0.0726 1 0.0726 11.6446 0.0052 S
X, 0.1237 1 0.1237 19.8408 0.0008 S
X, 0.1195 1 0.1195 19.1654 0.0009 oo
X, X, 0.0188 1 0.0188 3.0220 0.1077
X, X; 0.0171 1 0.0171 2.7410 0.1237
X, X, 0.0018 1 0.0018 0.2807 0.6059
X, X5 0.0912 1 0.0912 14.6262 0.0024 S
X, X, 0.0052 1 0.0052 0.8292 0.3804
X, X, 0.0311 1 0.0311 4.9955 0.0452
X,? 0.0458 1 0.0458 7.3520 0.0189
X, 0.1927 1 0.1927 30.9126 0.0001 S
X5 0.0774 1 0.0774 12.4181 0.0042 S
X 0.1466 1 0.1466 23.5166 0.0004 S5
Residual 0.0748 12 0.0062
Lack of fit 0.0732 10 0.0073 8.8955 0.1052
Pure error 0.0016 2 0.0008
Cor total 1.4220 26
R, = 0.886 R*=0.9474

“Coefficient refer to the general model; "Degree of freedom; *Significant (P < 0.05); **Extremely significant (P < 0.01)

It can be seen from Fig. 1 that the 3D response surface
plots which express the effects of all independent variables on
the flavonoids extraction rate were provided by varying two
variables under investigation simultaneously while the other
two were in their central level value within the experimental
range.

Fig. 1a, b and c showed the effects made by ratio of liquid
to solid with each of the other three factors on the flavonoids
extraction rate. It implied that with the ratio of liquid to solid
increasing from 30:1 to 45:1 the extraction ratio increased and
became into constant at the following ratio from 45:1 to 50:1.
Fig. 1a, d and e represented the effects of ethanol concentration
on the extraction rate with each of the other three factors. The
extraction rate increased with the increase of ethanol concen-
tration up to 65 % while decreased in higher ethanol concen-
trations (65-70 %). This effect may be due to the change of
solvent polarity as ethanol concentration increases, which
would be unsuitable for extracting flavonoids. The effects of
extraction time with each of the other three factors on the
flavonoids extraction rate were shown by the Fig. 1b, d, f. Itis
obvious that the shorter extraction time resulted in the lower
yield, the extraction rate of flavonoids increased to a certain
value with increasing extraction time from 30 to 45 min and
thereafter decreased. As the extraction time prolongs, the
chemical decomposition of bioactive compound present in
extract may occur, resulting in a decrease in extraction yield.
The effects of ultrasonic power interaction with each of the
other three factors on the extraction yield of flavonoids were
shown in Fig. lc, e, f. The extraction rate of flavonoids raised
quickly when the ultrasonic power increased from 350 to 450
W. This is possible that the increase in ultrasonic power could
accelerate the mass diffusion which can increase the contact
area and improve the extraction rate.

The optimized results can be predicted as follows: the
maximum extraction rate of flavonoids by ultrasonic-assisted

extraction reached 1.62 % by using 68.73 % (v/v) ethanol and
50:1 (mL/g) liquid to solid ratio for 50 min with the ultrasonic
power of 450 W. However, considering the operability in prac-
tical, we made slightly modify as follows: 70 % (v/v) ethanol
and 50:1 (mL/g) ratio of liquid to solid for 50 min with the
ultrasonic power of 450 W.

To validate the adequacy of the model, a verification
experiment was performed under adjusted optimal conditions
mentioned above and obtained flavonoids yield of 1.57 % by
three replicated experiments.

Scavenging Activity on DPPH radical: The DPPH free
radical is a stable free radical with an absorption peak at 517
nm has been widely accepted as a tool for estimating the free
radical-scavenging activity of antioxidant®*’. The DPPH
radical can be eliminated when it come across the material
which can provide hydrogen proton such as the antioxidants.
In present DPPH experiment, the antioxidants could clear the
stable DPPH free radical with the colour fades from dark purple
to light yellow.

The result of DPPH free radical-scavenging ability of
‘Mopan’ persimmon pulp extract was shown in Fig. 2. As can
be seen from Fig. 2, a strong correlation was observed between
the antioxidant activity and the flavonoids content of ‘Mopan’
in persimmon in this study (R* = 0.9429). The scavenging
DPPH radical increased from 26.52 to 93.07 %, when the
flavonoids at concentrations of 0.05 to 0.25 mg/mL.

Ferric reducing power: It is known that at low pH, when
a ferric-tripyridyltriazine (Fe**-TPTZ) complex is reduced to
the ferrous (Fe®*) form by reaction with reductants (antioxi-
dants), an intense blue colour with an absorption maximum at
593 nm develops. During present ferric reducing power assay,
the presence of flavonoids in the tested samples would present
as the antioxidant. Then, with excess Fe(III) is used, the more
production of Fe™, the higher reducing ability of the flavonoids.
The correlation observed with the antioxidant activity values



Vol. 25, No. 12 (2013) Optimization and Antioxidant Activity of Flavonoids Extract from Diospyros kaki Thunb. 6929

a o b
1.4
1.2
[0]
[ o
c 08 ©
2 c
5 06 S
— Q
o 04 S
w 2
L
0 ;o0
& !
El 60 40 | s0
'70/ Co Ce 55 35 ‘ \'\o‘\)\d 10
ntl'at/'on 50 30 P\a‘:\o (¢)
e ©
2 E
S 5
g 8
b i
e f
1.4 14
1.2 1.2
(0] (0]
5 1 T 1
S 08 S 08
'*§ 0.6 *§ 06
";' 0.4 § 0.4
L L
450 = 450 50
on
60 enuad 400 - 40
55 4\ con P 375 35 (e
OWer 350 50 ganan® Ower 350 30 w

Fig. 1. Response surface plot for flavonoids extraction of the effect of (a) varying ethanol concentration and ratio of liquid to solid, (b)
varying time and ratio of liquid to solid, (c) varying power and ratio of liquid to solid, (d) varying time and ethanol concentration, (e)
varying power and ethanol concentration and (f) varying power and time
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pulp and flavonoids content (n = 3, mean + SD)
measured by the ferric reducing power method was even stron-
ger (R = 0.9604) than that measured by the DPPH method 0.46 to 1.98 mmol/L when the flavonoids concentrations varied
(R* = 0.9429) (Fig. 3). The formation of Fe** ranged from  from 0.05 to 0.25 mg/mL. Present data suggest that the extract
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of ‘Mopan’ persimmon pulp have a significant effect on the
reducing activity.
Conclusion

In this study, the optimal ultrasonic-assistanted extraction
of flavonoids from 'Mopan' persimmon pulp was investigated
with a four-variable, three-level Box-Behnken experiment
design based on response surface methodology. All the para-
meters had highly significant effect on the response value. The
optimal practical flavonoids yield of 1.57 % by ultrasonic-
assisted extraction was obtained with the optimum extraction
parameters: ratio of liquid to solid 50:1, enthanol concentration
at 70 %, extraction time of 50 min and 450 W ultrasonic power.
The experiment value for yield of the flavonoids was well
consistent with the predicted value (the yield of 1.62 %).

A very high correlation was observed between the anti-
oxidant activity and flavonoids content, which suggests that
the flavonoids had a positive effect on the antioxidant activity.
What's more, based on the results of DPPH radical scaveng-
ing activity and Ferric reducing power experiments, the extract
of ‘Mopan’ persimmon pulp exerted significant antioxidant
activities. According to this study, the flavonoids extract from
‘Mopan’ persimmon pulp may be developed to an effective
natural antioxidant as function foods.
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