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Optimization of Ultrasonic-assisted Extraction of An Imidazole Alkaloid from
Aconitum pendulum Busch by Response Surface Methodology
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Abstract: In this study, imidazole-2-carboxylic acid butyl ester (ICABE) was ultrasonically extracted from Aconitum
pendulum Busch. Three influencing parameters,namely ratio of solvent to solid, extraction time and extraction tempera-
ture , were optimized using response surface methodology (RSM). The optimum conditions were as follows: the ratio of
solvent to solid was 23 mL/g, extraction temperature was 58 °C and extraction time was 51 min. The predicted value of
extraction rate of ICABE was 0.081% under the optimum conditions, and the experimental value was 0.079% . The vali-
dation test showed that the ultrasonic-assisted extraction process of ICABE was successfully optimized by RSM.
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Fig. 1 HPLC chromatograms of standard (a) and A. pendulum sample (b)
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Table 1 Factors and levels of response surface experiments
[KZ Factor

KF A ORHLE BEEMGREE  CHREUE]
Level Solid-liquid Extraction Extraction
ratio (mL/g) temperature ( °C) time (min)

-1 15 45 40

0 20 55 50

1 25 65 60

2 GRS

2.1 HERABER

2.1.1 FIEA 2+ ICABE 32 E 8 %h
HERMPREL 1 g T 09 80 H KM EEM, & T 50

mlL = I, BEEC 30 min, BB R, WOREEE R 15
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mL/ g, $EHUR R 45 °C, Z LA RIRYE LB (pH =
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P A GORH L I 20 mL/g B 4R EER S
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Table 2 Design and results of response surface analysis

% factor

WIS Aok BRI C Ry SRR
No. Solid-liquid  Extraction  Extraction Yield (%)
ratio ( mL/g)emperature ( °C )time (min)

1 0 0 0 0.076
2 0 0 0 0.077
3 1 0 1 0.064
4 1 1 0 0.066
5 0 1 0 0.051
6 -1 -1 0 0.052
7 1 1 0 0.075
8 0 0 0 0.076
9 1 0 1 0.049
10 0 0 0 0.079
11 0 1 1 0.051
12 1 0 -1 0.066
13 0 0 0 0.078
14 0 -1 1 0.055
15 -1 0 -1 0.042
16 0 1 1 0.057
17 -1 1 0 0.046

2.2.2 FESH
I Design Expert 7.0.0 #f4-xF 2 2 L5 5504
®3 EAFERBRHEEBEMEKRE

Table 3  Regression coefficients and significance analysis

T 25 R R F{H P{H M
Source F value P value P>F
2 Model 153 <0.0001
A 442.37 <0. 0001
B 2.37 0.1677
C 16.84 0. 0046
AB 29.61 0.001
AC 10. 66 0.0138
BC 0.13 0.7275
A? 132.25 <0. 0001
B2 209. 59 <0. 0001
c? 448.42 <0.0001
S Lack of Fit 1.27 0.3963

H:" TP <0.01 AR, " P<0.05 i,
Note: * * P <0.01 indicates extremely significant difference, * P <0. 05

indicates significant difference.
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Fig. 2 Response surface plot (a) and contour plot (b) of R = f (A,B)
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Fig. 3 Response surface plot (a) and contour plot (b) of R=f (A,C)

C:FRIBURE(C)
(a)

B4 R={(B,C)MMIE(a) RETLE (D)
Fig. 4 Response surface plot (a) and contour plot (b) of R= f(B,C)

BB (C)

R ARICK(%)

45 50 55 60 65
A BRE HE (mL/g)
(b)



Vol. 26

X KCEE S5 M L7 T8 325 P10 P B Ao P AR — o A e 2 ) B 4 A P R T 2

1315

BTEL 2 R, 48 HBC3R B i ML B2 1) T s S T i
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A5 ICABE mRREMEA G, K 4 nl g, 2 Bk
JEEFTI BB T 6T i B3 ) 52 i) 52 0 0 4 5 o O
ZE3 M AL A, WK HC R i HIGEL B X i BOA S i 114 28
HAEB R,

A Design Expert 7.0.0 HfFxt [l AR JEAT
HE— 2P B MR 3 AT , A5 B FR U B IR A6 4 < WOR
It 23 mL/g FEHGIEE 58 °C AR HUKF[E] ST min, I
ICABE [ B A< 0. 081% o R R T 2
FERAFPAT I =, A HEHCR D 0. 079% , 5 Tl
TERIAHXS IR 22 R 2. 5% o ALt , SR FH o 7 T 5 74 2]
AP A E SR 5, HA I

3 #ig

AR B AR R Z A 00 i Bl |, SR A Box-
Behnken i i VA ORAL 1 &ttt ICABE [ A5 12
BT 2, i ) e AR $R I T 25 4544 o Wk e 23
mL/g $EEGEFE 58 C $EHHTE] 51 min, JLAFTF
bR ICABE BRI 3K 0. 081% , 5L Br il 15
B4 0.079% , W335 34330, R, 16 T A A A
FERR A b T RIS 25 A . AHIEGE R i AR B R
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