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213 150 min, 2
60 min, Table 2 Experimental designs and extraction
3 3 0 10 results of glycyrrhizic acid by ultrasonic
/%
mL /g ! ! Trial X1 X2 X3 Extraction rate of
: 10 mL /g , : No glycyrrhizic acid
1 -1 0 -1 20 30
! 2 1 0 -1 18 50
, : 10mL /g 3 -1 0 1 19 95
4 1 0 1 19 50
5 -1 - 0 18 70
22 6 1 -1 0 18 60
7 -1 1 0 19 70
221 -
Box 8 1 1 0 18 60
B ehnken , 9 0o -1 -1 19 45
10 0 -1 1 20 02
' 11 0 1 -1 19 80
3 , 12 0 1 1 20 70
13 0 0 0 20 98
' 14 0 0 0 20 84
1, 17 , 12 5 15 0 0 0 20 92
5 (5] 16 0 0 0 20 82
' ' 17 0 0 0 20 56
1 223 D esign-
Table1l Factorsand levels in ultrasonic . . .
Expert (version 7 0, Stat-Ease Inc ,M inneapolis,
extraction experiments of glycyrrhizic acid
MN. USA) 2
L evels
Factors J (z1)
-1 0 1
n
M arinating time(Z1) 120 150 180 Y= 20 82- Q 43x:+ Q 25x2+ Q 26x3- Q 25x1x2+

operatmgﬁpr;neof 0 45 60 Q 34xixa+ Q 082xzxs- 1 18xi- Q 75x3- Q 084x3
ultrasonicw ave(Z2)
/L g b (3
mL- g
L iquid-to-solid ratio (Z3) 8 o 10 , 3,
222 4
(Z1) (z2) (z3) el 3 : F=28 79> Fon(9,4)=
xi= (Zi- Zo)/Z 2 14 66,P= Q 000 1< Q 01, ;
X 7 . Zo F= 2 86< Faos(9,3)= 8 81, P= Q 168 2>
. Z Q 05, ; R Q 9737,
! (Y) ’ ]
2 (71
3
Table 3 A nalysisof variance for quadratic polynom ial model of ultrasonic extraction of glycyrrhizic acid
F P Foo1 Foos
Source Sum of squares df M ean sgquare F value Prob> F
M odel 12 05 9 134 28 79" " Q 000 1 14 66
Residual a 33 7 Q 046
L ack of fit Q22 Q 074 2 86 Q 1682 8 81
Pure error Q 10 4 Q 026
Total 12 37 16
4 , X3 : X1X 3 ,

(3) X1, X2 X3 : xi x3
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Table 4 Test result of significance for regression coefficient of ultrasonic extraction of glycyrrhizic acid

- 95% 95% P
Coefficient Standard .
M odel tem estim ate df error 95% CI low 95% CI high Prob> F
Intercept 20 82 1 Q 096 20 60 21 05
X1 - 043 1 Q 076 - a6l - Q25 Q 000 8
X2 Q 25 1 Q 076 a 073 Q 43 Q012 6
X3 Q 26 1 Q 076 Q 085 Q 45 Q 010 3
X1X2 - Q25 1 Q11 - Q050 Q 005 Q 0535
X1X3 Q 34 1 Q11 Q 083 Q 59 Q 016 6
X2X3 Q 082 1 Q11 - Q17 Q34 Q 469 2
x? - 118 1 Q11 - 143 - Q93 < Q 0001
x3 - Q75 1 Q11 - 100 - Q50 Q 000 2
x3 - Q084 1 Q11 - 033 Q 16 Q 447 8
224
(3) 4 6 3 150min
[8-9] 6 6
omL/g , 45min :
4 4 ,
120 150 min 30 50min )
, 5 , (z4) (Z2)
45min )
5 5 , , (z1) (z2) ,
, (Z2) (z3)
, 150 min ,

Fig 4 Regonse surface plot and contour plot of the effect of marinating time and operating time of ultrasonic w ave and
their mutual interactionson the extraction rate in ultrasonic extraction process of glycyrrhizic acid
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Fig 5 Regonse surface plot and contour plot of the effect of marinating time and liquid-to-<olid ratio and
their mutual interactionson the extraction rate in ultraonic extraction process of glycyrrhizic acid
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and their mutual interactionson the extraction rate in ultrasonic extraction process of glycyrrhizic acid
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Optmization of the ultrasonic extraction technigue of
glycyrrhizic acid by using resgponse surface methodology

1,2a . - . 1 2
GUO Rong”~,L | Jian-jun®, GUO L iang’, CHENG Guang-xu
(1 School & Op toelectronical Engineering, X i'an Technological U niversity, X i'an, Shaanxi 710032, China;
2 aSchool & Energy and Pav er Engineering; b School o L if e Science and Technology, X i'an J iaotong U niversity, X i'an, Shaanxi 710049, China)

Abstract: The ultrasonic extraction process of glycyrrhizic acid from glycyrrhiza uralensis was re-
searched On the basis of one-factor tests and the BoxBehnken center-united experimental design princi-
ple, the method of regponse surface analysis with 3 factors and 3 levels was adopted A second order
quadratic equation for ultrasonic extraction of glycyrrhizic acid w as built Response surface and contour
w ere grgphed w ith the extraction rate of glycyrrhizic acid as the reponse value Based on the analysis of
the reponse surfaceplots and their correponding contour plots, effects of marinating time, operating timne
of ultrasonicw ave, and liquid-to-=olid ratio w ere explored By using this nev method, the optimum extrac-
tion condition w as obtained as follow s marinating time 151 3 minutes, operating tme of ultrasonic w ave
48 8 minutes, and liquid-to-olid ratio 10 2mL /g U nder the optimized condition, the average extraction
rate of glycyrrhizic acidw as 21 06%.

Key words glycyrrhizic acid; ultrasonic extraction; regponse surfacemethodology (RSM ); optimization
of extraction condition



