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Optimization of flavonoid extraction process of Potentilla parvifolia
by response surface methodology combined with antioxidant activity
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Abstract:In order to optimize the extraction yield of total flavonoids in Potentilla parvifolia leaves,the optimal extraction
process was determined. Based on the single factor experiment, ethanol concentration, material-liquid yield and extraction tem-
perature were selected as independent variables, and the total flavonoid extraction yield and antioxidant capacity were used as
the response values. The Box-Behnken center combined experimental design was carried out,and the response surface method-
ology (RSM) was used to evaluate the effects of the above factors on the extraction yield and antioxidant capacity of total fla-
vonoids. The results showed that the optimum extraction conditions of total flavonoids were ethanol concentration of 51% , ma-
terial-liquid yield of 30: 1 (mL/g) , extraction temperature of 80 °C. Under these conditions, the total flavonoids extraction
yield was 2.83% , the anti-oxidant capacity was 16.37% . The extraction process optimized by RSM was reasonable and relia-
ble. And it could be used for optimal control of flavonoid extraction process in leaves of Potentilla parvifolia.
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Table 1 Response surface experimental factors and levels
K12 Factor
AP YL AT L
Level Extraction temperature Ethanol concentration Ratio of material to liquid
() (%) (ml/g)
-1 60 50 20:1
0 70 60 25:1
1 80 70 30:1
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Fig. 3 Extraction yield of total flavonoids and DPPH clearance rate under different extraction temperature
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Fig. 4 Extraction yield of total flavonoids and DPPH clearance rate under different extraction time
VE AL BRI ) X6 A P BAS R A R0 5 B SRS [a] % DPPH Y5 BR R A2 . Note: A. Effect of extraction time on extraction yield of total

flavonoids ; B. Effect of extraction time on DPPH clearance rate.

2.1.5 FRBURHTESFBRGRBAT F 0 F0R
FREUCEERL 1.0 g, BERE N L IEMR I 50% R L
J320: 1 FEPGEEE 60 C FEHL 30 min, 435 $2HC 1
2.3 4.5 K, BRI BO SRR R B 3 & DP-
PH EBRAHZM .t & SA WA $EHC2 YRy BB
R B2 BRS80S K, B 38 o 4 B B0 B B
T P2 AR 2R A 52 A AN K5 F 1D 5B AT, ZE 4R B 2 3K
i LB X DPPH [ 3 1 3 bk 4 i, B 5 T bR
FRGHTREAR, SR S RIS bR K. 5 & EH ]
RV IA 474 BT XT DPPH 5 5%, 7F Hifth 2%

FEB RE I, 2 UCh B R 4 JB ) e A
2.2 mEEARLMEEEH SERRERIZ
Mol 7 A 43 A7 325 ( response surface methodology ,
RSM) , &A1 & B S 96 BT I 38 i S 40159 31—
Bal R 2200 R m1H 5 & Sk 006 PR 3R 5 i iy
Z AN PRS2 30 X6F [0 U3 5 AR 1) 23 A o R B
22 8, ffk e 278 & 0] B8Ry — Fb 48 3t O
B RGN IE RS SR R AR L, RSM LA
SEIVRE RIS | RS 5 R B

W

B MU T AU S . SR, R



96 FR PS5 TT & Vol. 31

3.50 20.00
A B

: 2 15.00
S 300 g
o g & g

® = 210,00
= 8 S
w g ]
g 2:50 g 4

;;’3 E 5.00
[a)]

2.00 0.00

1 2 3 4 5 1 2 3 4 )
REAH RRAY
Extraction times Extraction times

5 AERBURET 2 EMRINGER DPPH FE
Fig. 5 Extraction yield of total flavonoids and DPPH clearance rate under different extraction times
T AL REBUREO S B TR EUS R K520 5 B. JEBGR B DPPH H R R A5 . Note: A. Effect of extraction limes on extraction yield of total

flavonoids ; B. Effect of extraction times on DPPH clearance rate.

N AR AR /N G R A b SR BRI A RS T 22U R, 15 3 DL R R R S R O
R IE I A I (B RN AT A RE 7 Sy o) 10 8 A [0 0 7 2
ARSI DA U BE | OB B ORH LE A 52 e A TR =2.26-6.25 x 10°4-0. 0668 +1.000 x 10
2 LI/NE 4 B M B TR R B R M A AL RE C-0.0454B +0.037AC-0. 063BC +0.23A% +0. 046B>
Sy e S AL T4 T 0 1 T 3 AT S5, A b AR B DL T SE +0. 15C7; LA ALAE J1 = 10. 43 +0. 944-0. 148 +
TRMEER(FK2), 0.27C-0.594B-0.075AC +3.694%-1. 62B* +1.94C*
{#iFf] Design expert 8. 0. 6 B A{fXF R 2 FrsCug 4
K2 MEEXRZTRER

Table 2 Response surface experiment design and results

TR PR S VLT FEL 52

R et B LB bty i o ot PURLhES

No. temperature Ethanol (C;:(;emmmn to liquid extraction yield Amlomd(i;: )Capac'ty

(C) (mL/g) (%)

1 0 0 0 2.32 10.29
2 -1 0 -1 2.67 14.87
3 1 1 0 2.47 11.52
4 1 1 0 2.50 11.13
5 1 -1 0 2.68 14. 64
6 0 1 1 2.48 10. 69
7 1 1 0 2.47 12.69
8 1 0 1 2.67 17.09
9 0 0 0 2.21 10.44
10 0 0 0 2.16 10.23
11 1 0 1 2.48 16.45
12 0 0 0 2.26 10.77
13 1 0 1 2.71 15.81
14 0 0 0 2.34 10.43
15 0 -1 -1 2.50 10.5
16 0 1 1 2.55 10.77
17 0 1 1 2.28 11.03
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Table 3 ANOVA analysis of extraction rate of total flavonoids by response surface methodology
J5 28 S5 A Fl iR 5 FAH PH BEM
Variance source S8 daf MS Fvalue P-value Significance
BE7E] Model 0.41 9 0.045 5.13 0.021 2 *
A 3.125 x10* 1 3.125 x10* 0.035 0.856 2
B 0.035 1 0.035 3.97 0.086 5
C 8.000 x 10* 1 8.000 x 10* 0.091 0.772 2
AB 8.100 x 107 1 8.100 x 107 0.92 0.370 2
AC 5.625 x 103 1 5.625 x103 0.64 0.4512
BC 0.016 1 0.016 1.77 0.2253
A? 0.22 1 0.22 24.34 0.001 7 e
B 8.909 x 107 1 8.909 x 107 1.01 0.348 8
c? 0.093 1 0.093 10.51 0.014 2 *
#%9% Residual 0.062 7 8.836 x 107
ST Lack of fit 0.039 3 0.013 2.34 0.2152 NTES
4l 2% Pure error 0.022 4 5.620 x 107
B2 Cor total 0.47 16
TR, P<0.05; " F ERHWBE,P<0.01, TR R =0.868 4,R%; =0.699 2,
Note; * significant difference,P <0.05; * * very significant difference, P <0.01. regression coefficients R? =0. 868 4 ,Ri,j =0.699 2.
R4 R ESHTE LR EESIH ANOVA 5347
Table 4 ANOVA analysis of antioxidant capacity by response surface methodology
J7 2K S5 A A ¥J7 F{g P{H BFEME
Variance source SS df MS F-value P-value Significance
F 7 Model 92.89 8 11.61 76.57 <0.000 1 o
A 7.11 1 7.11 46.86 0.000 1 o
B 0.15 1 0.15 1.02 0.343 1
C 0.60 1 0.60 3.95 0.082 0
AB 1.37 1 1.37 9.03 0.017 0 *
AC 0.022 1 0.022 0.15 0.710 1
A 57.18 1 57.18 377.08 <0.000 1 .
B? 11.08 1 11.08 73.07 <0.000 1 .
c? 15.81 1 15.81 104.25 <0.000 1 v
5% % Residual 1.21 8 0.15
AT Lack of fit 1.04 4 0.26 5.92 0.056 6 T
A1k 22 Pure error 0.18 4 0.044
S22 Cor total 94.10 16

T ERBE P <0.05; " T R EE,P<0.01, [JTRR R =0.987 1,R%,; =0.974 2,

Note; * significant difference,P <0.05; * * very significant difference,P <0.01. Regression coefficients R =0.987 1 7R§(1]

=0.974 2.
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Fig. 6 Response surface diagram of the interaction of various factors on the

extraction yield of total flavonoids in leaves of Potentilla parvifolia
HACRBUREE( C) 5B EE (% ) ;B 32 BUREE ( C) SR L (mL/g) ;C. ZEEHRE (% ) S5RHA L (mL/g) o Note:A. Extraction

temperature (°C) and ethanol concentration (% ) ; B. Extraction temperature (°C) and material to liquid ratio (mL/g) ;C. Ethanol concentration (% )

and material to liquid ratio (mL/g).
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Fig. 7 Response surface diagram of the interaction of various factors on the antioxidant

capacity of total flavonoids in leaves of Potentilla parvifolia
FACBRBURE( C) 5CBHWE (%) ;B. 3EBGEE ( C) 58 (mL/g) . Note:A. Extraction temperature (°C) and ethanol concentration

(% ) ;B. Extraction temperature (°C) and material to liquid ratio (mL/g) ;C. Ethanol concentration (% ) and material to liquid ratio (mL/g).
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