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Optimization of Ultrasonic Extracting Process for Total Flavonoids from
Nardostachys chinensis Batal. By Response Surface Methodology
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Abstract : To optimize ultrasonic-assisted extraction process of total flavononids from Nardostachys chinensis Batal. On the
basis of the single factor test, ethanol concentration, extraction time, ratio of material and liquid, and extraction times
were selected for Box-Behnken central composite designing. With extraction yield of total flavononids as response value,
the extracting process was optimized by the response surface method( RSM) . The optimized extraction conditions were as
follows: ethanol concentration was 55% , the extraction time was 35 min, the ratio of material and liquid was 1:35(g/
mL) ,the extraction times was 3 times. The extraction yield of total flavononids was 39. 102 mg/g and the relative error
was 3.00% that compared with actual value. The RSM technology optimization for extracting total flavononids from N.
chinensis Batal. was suitable. In addition, it can be used to assist the quality evaluation of N. chinensis Batal.
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Fig. 1  Effect of ethanol concentration on extraction yield of

total flavonoids
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Table 1 Design and results of Box-Behnken test
it ERIIE S SURIEY: VS
1L](];l,75 X, (%) X, (mL/g) X; (min) Xy Measured value Predictive value

] (mg/g) (mg/g)
1 50( - 1) 40(1) 35(0) 3(0) 36.7 37.31
2 60(0) 35(0) 35(0) 3(0) 40.2 39.88
3 60(0) 35(0) 30(-1) 2(-1) 36.2 36.41
4 70(1) 35(0) 40(1) 3(0) 37.2 36.51
5 60(0) 30( - 1) 35(0) 2(-1) 35.2 35.58
6 60(0) 35(0) 30(-1) 4(1) 36.5 36.35
7 60(0) 35(0) 40(1) 4(1) 38.2 37.66
8 60(0) 35(0) 35(0) 3(0) 39.3 39.88
9 60(0) 30( - 1) 30(-1) 3(0) 36.6 36.78
10 60(0) 30( - 1) 40(1) 3(0) 37.1 38.04
11 70(1) 30( - 1) 35(0) 3(0) 34.9 33.96
12 70(1) 40(1) 35(0) 3(0) 35.5 36.20
13 50( - 1) 35(0) 35(0) 4(1) 38.4 38.48
14 50( - 1) 35(0) 30(- 1) 3(0) 38.9 39.36
15 50( - 1) 35(0) 35(0) 2(-1) 35.5 35.29
16 60(0) 35(0) 35(0) 3(0) 40.0 39.88
17 50( - 1) 35(0) 40(1) 3(0) 37.6 37.68
18 50( - 1) 30(- 1) 35(0) 3(0) 39.8 38.78
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19 60(0) 40(1) 35(0) 2(- 1) 35.9 35.21
20 60(0) 40(1) 40(1) 3(0) 36.9 37.28
21 60(0) 30(- 1) 35(0) 4(1) 35.5 35.96
2 60(0) 40(1) 30(- 1) 3(0) 38.7 38.31
23 60(0) 35(0) 35(0) 3(0) 39.8 39.88
24 70(1) 35(0) 35(0) 4(1) 32.7 33.46
25 70(1) 35(0) 35(0) 2(- 1) 33.9 34.38
26 60(0) 35(0) 40(1) 2(- 1) 35.5 35.33
27 70(1) 35(0) 30( - 1) 3(0) 34.9 34.60
28 60(0) 35(0) 35(0) 3(0) 40.1 39.88
29 60(0) 40(1) 35(0) 4(1) 37.7 37.10

2.2.2 ZREAE IR BFWAL
R 7 5245 T 3R S HAS BAE A R BT 5%
W, 3 FH Design Expert 7. 0.0 #ff, %36 1 447
ZRZI G A3 ik 2ot 4 )5
Y=39.88+0.19 X,-1.48 X, +0.058 X, +0.57
X, +0.93X,X,-0.58 X, X, +0.38 X, X, +0.90 X,
X,;-1.02 X, X, +0.6 X, X,-1.38 X,*-1.94 X,>-0.90
*2 HEAFEZREMHERE

Table 2 Significance of regression equation

X22.54 X2 (A1)

MR 2 [H AT 45 R Y BRI R E T 2
SR B B 3% (P <0.0001) , H R® =0.9311 R},
=0. 8621, KR4I 5 3, hd B S 88 5 vkl ¢, ml
FH B A P S 06 ) FES T, A% R X BB
TZEWERUT R X, > X, > X, > X,

P 3 S5 A ¥5795 F {8 P {H A
source Sum of squares df Mean square F-value P-value Significant
7] Model 104.22 14 7.44 13.51 <0.0001 * ok ok
X, 0.44 1 0.44 0.80 0.3863
X, 26.40 1 26.40 47.90 <0.0001 PR
X3 0.041 1 0.041 0.074 0.7895
X, 3.85 1 3.85 6.99 0.0193 #
X, X, 3.42 1 3.42 6.21 0.0259 #
X, X, 1.32 1 1.32 2.40 0.1437
XD 0.56 1 0.56 1.02 0.3296
X, X3 3.24 1 3.24 5.88 0.0295 #
X, X, 4.20 1 4.20 7.62 0.0153 *
X; X, 1.44 1 1.44 2.61 0.1283
X,? 12.31 1 12.31 22.33 0. 0003 ok ok
X,? 24.41 1 24.41 44.29 <0.0001 % %
X2 5.28 1 5.28 9.58 0.0079 -
X,? 41.85 1 41.85 75.92 <0.0001 % %
7% Residual 7.72 14 0.55 - -
ST Lack of Fit 7.21 10 0.72 5.68 0.0544 not significant
4li{R 2% pure error 0.51 4 0.13 - -
JE % Cor Total 111.94 28 - - -
R* =0.9311 R34 =0.8621 CV=2.00% R} =0.6220 Adeq precision = 12. 026

TE: " " P<0.001 MR WE; " " P<0.01 JpE s ; " P<0.05 h i,
* P <0.01 is highly significant; * P <0.05 is significant.

Note: * * * P <0.001 is extremely significant; *
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Fig. 5 Effect of interaction on extraction yield of total flavonoids from Nardostachys chinensis Batal.
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