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Abstract : In order to investigate ultrasonic extraction technology of ursolic acid from Paulownia elongate leaves , central
composite design coupled with response surface analysis was adopted to study the effects of ethanol concentration (X, ),
ratio of liquid to solid (X, ) and ultrasonic time (X;) on the extraction yield of ursolic acid. The results showed that the
effects of ultrasonic factors on the extraction yield of ursolic acid from P. elongate leaves were in the following order; eth-
anol concentration (X;) > ultrasonic time (X;) > ratio of liquid to solid (X, ) ,and the optimal extraction conditions
were as follows:89% ethanol solution as extraction solution,30 ml/g as the ratio of liquid to solid,37 min as ultrasonic
time. Under the optimal conditions, the extraction yield of ursolic acid reached 14. 80 mg/g,which was close to the pre-

dicted response value. Hence, the quadratic regression model can be used to predict the ultrasonic extraction conditions

of ursolic acid from P. elongate leaves.
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Table 1  Factors and levels of ultrasonic extraction of ursolic acid in central composite design

K LR X, W X, R X
Level Ethanol concentration ( % ) Ratio of liquid to solid(mL/g) Ultrasonic time( min)
-1.682 60 10 10

-1 68 18 18

0 80 30 30

1 92 42 42
1.682 100 50 50

x2 BREBRBEERINIZHOESZITIEER

Table 2 Central composite design arrangement and the experimental data of the ultrasonic extraction of ursolic acid

No. Xy X, X3 Y(UA) (mg/g)
1 0 -1.682 0 12.33
2 0 0 0 13.55
3 0 0 0 13.48
4 1 -1 1 13.13
5 0 0 0 13.65
6 1.682 0 0 9.76
7 0 0 1.682 13.61
8 0 0 0 13.48
9 1 1 1 13.94
10 0 0 0 13.75
11 1 1 1 10. 61
12 1 -1 -1 13.20
13 1 1 -1 11.01
14 0 1.682 0 12.94
15 1.682 0 0 13.32
16 1 -1 1 11.34
17 1 -1 -1 9.24
18 1 1 -1 8.37
19 0 0 -1.682 9.35
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Table 3 Significance test of coefficient in regression equation

28 [m] 51 75 7 ) 4% 5 2R ORI P
Parameters The coefficients and P-values in regression equation
Jh 37 A% i Independent variables X, X, X,

1.30( <0.0001) 0.143(0.4290) 1.05(0.0002)

A8 H I Interaction terms X, X, X, X5 X, X5
0.028(0.9057) -0.185(0.4336) 0.393(0.1161)

ORI Quadratic terms x? X3 X3
0.813(0.0011) -0.426(0.0359) -0.834(0.0009)

TE AT S RN PR, SRS BRI Z PR S5 AR S B 2

Note ; The numerical values in parentheses are P-values. The smaller the value is,the more significant effect the factor is on the evaluation index
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Fig. 1 Response surface plots of mutual influences of extraction conditions on the extraction yields of ursolic acid
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Fig.2  Contour plots of mutual influences of extraction conditions on the extraction yields of ursolic acid
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Table 4 The observed and predicted response values for the optimized formulation

P PR O AR - P AR R IR AR

Ultrasonic extraction yield of ursolic acid from P. elongate leaves( mg/g)

No.
SFHE I E e i 22
Experimental values Average value Predicted value Deviation
1 14.77
2 14.86 14.80 14.37 0.43
3 14.76
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