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Optimization of Extraction Process for Shikimic Acid from /llicium Macranthum
A. C. Smith with Central Composite Design and Response Surface Method

ZHANG Li, LIU Xin, FANG Zhengfeng , ZHANG Tao, ZHU Zihao, RUAN Bo

(Department of Pharmacy, School of Medicine, Jianghan University, Wuhan 430056, Hubei , China)

Abstract: Objective To study the optimal extraction conditions of shikimic acid from Illicium macranthum
A. C. Smith. Methods With the yield of shikimic acid as index, the central composite design (CCD)
experiment and the response surface methodology (RSM) were conducted to build a model between the
factors and response value to optimize reflux extraction process. Resulis The optimum conditions were
methanol concentration 25% , liquid—to—materia 15: 1 (mL/g) , soaking for 12 h, temperature 70 °C ,
extracting 1 time, each time 1. 5 h. Under these conditions, the extraction capacity of shikimic acid
was 92. 546 6 mg/g, bias between observed value and predicted values was less than 1%. Conclusion
Optimum extraction process for shikimic acid from [llicium Macranthum with central composite design
and response surface method is simple, reliable and highly predictive.

Keywords : Illicium macranthum A. C. Smith; shikimic acid; central composite design (CCD) ;

response surface method (RSM ) ; extraction process
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FEHRAE N A 1k 15 B - 0 — RE XS BT & WA 25 ) —— 3R FERY & BURURE , BTG TE . HRl, 3¢
LR 4 AE ) Ok R I R S BB )\ A T A RS2 B\ AR AR R, SRR Y 2R AR i A
e A ) ok U5 B A LS R

KA\ ( Hlicium macranthum A. C. Smith) J& /\ fi B} (1lliciaceae ) /\ ffi J& (Illicium ) %) , £ Z 17
e E = F S, AT AR SR s KGN A P 28 ROR A SR T 20 WL ARG . mir A PR
X KA\ AR T 2R LR A SR ORI & s 64T TSR RS R, A PO Ml . e
fith b, AT 5 DLF PR S O ) 38 0 PR 2R SR, R AL S i 1 (central composite design , CCD ) =%/
Ifll 1 (response surface methodology , RSM) "~ X KAE /\ 1 v 2 B 2 11 [l i 42 HU T 2047 A4k, o 535K e
AR 2R FEIR 245 HITAE ) BEUR , 30— 20 JF 2 AR /\ A 8 0 A 1 48 41 S S AR 4

1 U575

1.1 4=

& H: SPD—-16 A 55 ROBAH €35 A (5 B (IR M) A R A ) 5 UVmini—1240 B 58 S (5 HA AR
(TR M)A BRA W) s ME104E 4 53 B7 KF- i - Mg Re ) — 4T R 2 A FR A R ) s AUW 120D B 5~ K7 (H AR
By W) 5 W2~ 180SP Y Jie e 7€ Sk AN IR /K v B (BT AR BHECA PR 7)) 5 SHB AR PR 25 2 (L X
WA A R TTE A B s T2 R BEAL O M B 2 MU 35 A R 7)) 5 SB-120DT i 7 S BEAL (7°
BOR Z R R AR AT o
1.2 K7

I8 W R R (R IR AR R A BR A H L, HPLC I g, I — ek i B H 4l = 99% |, it 5
KJ0627CA14) , Zi§ A @3l , K A 4liK , HoAl il 1 0 [ 7 2 M4l , W A 1 25 5L 1A

RAEIN IR B FE S R T g B, G VLR A2 B 2 B 25 20 3wk e B 28 0 Sy /N R\ S g )
lllicium macranthum A. C. Smith, 22838 , 13 40 H i 2 H -

2 FERASENEMAESER

21 BIEEHRESIEAN

3% 4 . YMC—Pack ODS-A (250 mm X 4. 6 mm, 5 pm) ; g0 : 0. 198 FR K AW : 2= 97:3; %
2 0. 8 mL/min; FEIR : 25 C5 KK 2 213 nm; AR : 20 mL, 76 RIRSPFT 28 R R AE 5 A 5 b HoAth
B IR BN A8, A B EE R T 1.5, B R B A ZF R R I 55N /N T 4 000 , S fIRAG I FR 24 0. 020 mg/mL .
22 ZMXRER
221 MBS EIR G & KB PREIGE R X I L 10. 03 me, BT 50 mL 2 i, AR 2l K
PR IRIER R EZI R, 159 4 0. 200 2 mg/mlL (1% I8 5 A 459
222 AREEREGHE L KB HUK EE N 0.200 2 me/mL B X R G AE A 1.0.2.0.3.0.4.0.5.0,
6.0 mL, 73 % & F 10 mL R8I, DL 4K E 2 2 10. 0 mL, FE 21 M A5, 20 9] 45 23 FF R 20. 02,
40. 04 .60. 06 .80. 08 . 100. 10, 120. 12 mg/mL MYFRHE MW o 4% bR 3% 55053 5l EFE 20 mL, I (435
U TET AR, DA T AR R AR A, ok B Y R O R AR AR, FEA TR Y =107 % — 1.094 6, r=0.999 8,
FHIR AL\ A ZE BLFRTE 20. 02 ~ 120. 12 mg/mL 1 J3 305 BBl P 52 BRI 4R 2R
223 PR GERGE S O BIFREUE R /R R R (G 40 H ) 2 1 g, BT 100 mL JE 1[5
JEBEE H, in 50 mL FH BRI 12 h, T 70 CCACHE T I H B 1 b, 2 i, K 8 VR e e 2R R AU Tk
RN KAE AR B IZ T8 4l K % i 2 25 2 50 mL, 38 75 $2 B 76 50 mL 25 B BC— e B
VW 0. 45 mm TFLIE AR, R DR VR AR 5 2 R R 2 o ) AR A VA TR
23 EEMNE

53 SR 2 W L R 6T B TR R AR /N A K B A T 20 mL, E AR G, il SR L 4
RILE 1,
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Fig. 1 HPLC chromatograph of standard sample of shikimic acid and test samples from /llicium Macranthum A.C. Smith
24 BEERR

5 2 W BUZE B R B v VA TR (80. 08 mg/mL) 20 mL, 4% [ i (i 4% 8 5 42 A 6 Uk, I 5 6 i FHRR
S TR T AR RSD (B 0. 8% , FI DA 5 B R 4f .
25 EEMHIANE

B[] — A A 3t B V8 TR 2 30 5 (0% 2R 1 AR B3R 2.3 I 5 Ty ik, S LRI E 6 UK TR I I ALY RSD
B0 1.39% , Wiz 07 3 A BRI ry al H 52k
2.6 BEMIRXE

T AR —HE R AL\ TR R (G 40 B ) 1 g, #42.2.37 301 J7 32 il £ A6 i VA T, 42 LR i
FAFT0.1.3.5.12.24 h 43 3#EHE 20 mL, I 0 B AR A0, A28 08 % 52 1 RSD {H 1. 56 % , 3= W]
HER ST 24 h W FE EME R A
2.7 iR R

9% T HUTE B R 2 R B2 24 0. 18 mg/mL (LI A T 9 3 45 ImL ¥ T 10. 0 mL 25 10, 43 31l 4% 3%
FEIR 5 1 11 80 % 100 % 120 % N AARHE i T 25 5o b, R 2K W BE R 20 58, $55), M, B2k i
W, He bR 35 2% 1 3 FE 20 mL 0 0 TET AR BR 6 5 TR SRR [l iR 43 Sl 2 < 100. 10% L 101, 50%
100. 40% .103.80% . 104. 10% .102.99% .104.90% ,104. 60% . 102. 30 % , F¥ & i A [FISCR (1) RSD
H1.57% A5G gk,
2.8 iR A0 E = PRiK G

X ZE BR O R B 2Ry 20. 02 mg/mL [ M i V85 AN T R, 0 s o ot 0 5 W8 57 DR 5 5 1 i 5 2 5%
T 3MEAETT , DA B 2 R R AG I FR ¥ B2 4 0. 02 mg/mLL ; ZE bR 1 i 04 5 I 35 {5 5 A 5 B 29 %5 T~ 10 1)
SRR DUAS Y 2 B R A8 it BV FE M 0. 04 mg/mL

3 ERRIT-MEEEMURE/NBEERRERNTZKE

WERIFR B AE /\ S T8 K (3 40 HF ) 1. 0 g T 100 mL BB, A — & 35 7 23 B0 B v
WU 12 h 5 SR ER 1 b, 08 R IR VRO 4 F IR, FH R Sl K I S R R 2 50 mL, VE N T
KA HC L. 0 mLAARSIR T 10 mLAS T, I AIKE 728 2 10 mLAE MR, 2588 7 40315 , FH 0. 45 mm
THCFL B I i D A5 BN S VET L $22.3 7 TR T W EATHRAE I GE R R & i
31 BERRABRER
300 GREARFE WEMFRICT R RAE N AR 1.0 g, FORHA L 1:20 19 EL 491 A 57153 %5k 80 %
() RSV R L JR 06 12 h I, 20 BIHE 40 .55 .70 .85 . 100 C AR, I $2 5 1 b, M0 5 AN [R) VR 46 T 28 B
e i, N 2 TR o 4R EBURLEE7E 40 ~ 100 °C 78 [l |, 25 5008 7 4 Bl il B2 20 b T, ROk 5 BCHR BRI B2
100 C A R, 40 C RN
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Fig. 2 Effect of extraction temperature on shikimic acid
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Fig. 3 Effect of methanol concentration on shikimic acid
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14 BB A5 700 350k 80 % 1 Y BV R L 2900 12 h S, £ 85 CARPF T InI i #2 3C 1 h, 0 A )30 1L 2%
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Fig. 4 Effect of liquid—to—materia ratio on shikimic acid
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32 Emigit-s |kl igit
320 EEEGPERARREAE ERE R LRI L, DIZE R A o m  (E R P A
SRR LG Sy AR i AR R A5 DR 2 s O SE IR I e B AT O IR BT S g, 2k 20 41, A iR S R
1~20, MR SBITAEEE, R R SKF, HRIEE —a -1.0.1, o Fom (S HEE ST
a=1.682),3 1 F13& 2 th BRI AR SE PR E W P i

A3 BRGNS T 1A 2K 20 03, B0 1. 0 g, RS 26 BRI, B4 47 3 UK, T 100 mL [RJiC B |
& 2 S IR A5  IIn AHH RE 0 40 0 RORE L I R A VRO U 12 b, E A6 R S B IR R R IR 1 b,
P B IO M 4 A5 3 AL\ IR, P FH B8 2 /K T T A il 2 25 2 50 mL VB B A YR, #2250 7P, S 2% kB
1. 0 mL A & T 10 mL 25 5, RS 4l K B B G2 25 28 10 mL, VE A R IR, 288 75 Ab B8 S, FH 0. 45 mm
LB RS Aot B A5 B S IR IR, #2 2.3 W5 I EATHRAE 43 0 o 2 R e, A5 IR AR 2

£1 BEHBITEES5KE

Tab.1 Factors and levels of central composite design

B &

K X1 X2 X3
(R EZ/C) (R %% ) CAtrt)
- 1.682 40. 00 0 5.00:1
-1 52.16 10.13 9.05:1
0 70. 00 25.00 15.00: 1
1 87. 84 39. 87 20.95:1
1. 682 100. 00 50. 00 25.00:1

®2 ERARRITEER

Tab.2 Arrangements and results of central composite design

535 X1 X2 X3 FREBAFE/(mg-g")
1 -1 -1 -1 87. 067
2 -1 -1 1 92. 887
3 -1 1 -1 91.919
4 -1 1 1 92. 766
5 1 -1 -1 88. 044
6 1 -1 1 92. 134
7 1 1 -1 89. 180
8 1 1 1 90. 538
9 - 1.682 0 0 91.823
10 1. 682 0 0 90. 077
11 0 —-1.682 0 89. 824
12 0 1.682 0 90. 994
13 0 0 - 1.682 86. 470
14 0 0 1. 682 93. 286
15 0 0 0 92. 304
16 0 0 0 92.523
17 0 0 0 92. 478
18 0 0 0 92. 180
19 0 0 0 92. 870
20 0 0 0 92. 980
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322 BAEMSFE A E45H DURREREGENEA S, W SAS9.2 Ll Ge T4 3 444 5 5% 4% A
R Z Itk PIE A WA R R ZE R SRR E (A) BRI 8(B) R (C )M
W EVEED Sy EiU P A ves d A CI 1=

Coded Levels (-1,1):

Y =92. 546 64-0. 562 311 A+0. 456 819 B +1. 726 468 C — 0. 507 697 A* - 0. 648 875 AB - 0. 152 375 AC -
0. 698 97 B* 0. 963 125 BC —0. 886 708 C* .,

Uncoded Levels :

Y = 64. 335 07+0. 274 49 A +0. 523 28 B +1. 414 183 C - 0. 001 595 A* - 0. 002 446 AB — 0. 001 435 AC -
0.003 161 B* 0. 010 886 BC —0. 025 046 C* . #RIGEE R 3Hr, Z oM MIH T FRAHCRE R =0.9702,
HESEERHIA P <0.000 1, RIABIAVLA BRI, @t 3R 3 M7 2 0 Ir 25 3%, AT A R $1350 PB4 0. 082 7,
KT0.05, & W [ J5 J5 2 ¢ AL I0URS: 40 ANt 35, B RS40L 45 R 07, IR AR R 5 g b o R iR 7 o 5 R R
VA5 791 FH P 791 50 B BB B RN VRORE L 2 ) A G R o HH I ) 43 BT T | B8 UL BE RO L — YR AT
ORI R B 2 o R KT 38 LI R A R B NHER AR BC L AB i AC R E

*3 ERBRBESNTER

Tab.3 Results of variance analysis of regression model

source DF SS MS F Pr>F 2
A 1 4.318 214 4.318 214 18.156 48 0.0017 i
B 1 2. 849 961 2. 849 961 11.983 02 0. 006 1 o
C 1 40. 706 84 40. 706 84 171. 157 10 <0.000 1 s
A 1 3.714 589 3.714 589 15. 618 46 0.002 7 o
AB 1 3.368 310 3.368 310 14. 162 490 0.003 7 e
AC 1 0. 185 745 0. 185745 0. 780 989 0.3976
B 1 7. 040 754 7. 040 754 29. 603 750 0.000 3 ok
BC 1 7.420 878 7.420 878 31.202 030 0. 000 2 e
C? 1 11. 330 860 11. 330 860 47. 642 030 <0.000 1 s
Model 9 77. 562 360 8.618 040 36. 235 650 <0.000 1 s
(Linear) 3 47. 874 950 15. 958 320 67. 098 780 <0.000 1 s
(Quadratic ) 3 18. 712 470 6.237 491 26. 226 330 <0.000 1 s
(Cross Product ) 3 10. 974 930 3.658 311 15. 381 840 0. 000 4 o
Error 10 2.378 332 0.237 833
(Lack of fit) 5 1. 887 907 0.377 581 3. 849 534 0.0827
(Pure Error) 5 0. 490 425 0. 098 085
Total 19 79. 940 690

R P<0.01: 2 F £ F e P<0.001: M2 HF £ 7,

323 #om @A TN AR R IE B S a0 U A A G AR Y SR F SAS.2 B2 I 3F FOR 1 &
55 48 g [R] 14) = 2 A 1 i T PR A B e 2 TR (DL L S ~ T 7)) 3 ik SRS AT DA U b sz e 45 TR 3 52
VB X e 7 A 04 5% 0], 3 W] DURA 2 e AR SR AR 1 o > P IR B2 7E 40 ~ 100 °C, F B3 711 43 UAE 0% ~
48% , WL HETE 6 ~ 24 43305 ] A I, AR 4 322 5 90 A5 18 1 580 7 T T P o 21 0 TR ) e AR 4 B T 25 0 < 4 B
IR 70 °C, W BRI /3 B0h 25% , WORFEE R 1501, 2L 2 0F T 28 R R B9 7% B4 92. 546 6 mg/g.

324 KEANARIER T LRAGEIELZ XKL (D) BIERE  E R AR T, EE 3 ik
B R ORAE A 2F R o i, SRR A A5 R AR X b, SR T 5 S PR AR ] R 2, 45 R
*4,
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Es5s REBEEMAESFSENEERSEXMNES &M= EAEmE (R 15:1)
Fig.5 Three—dimensional response surface graphs and contour plot of effects of extraction temperature and methanol

concentration on shikimic acid content ( liquid—to-materia ratio 15:1)
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Fig. 6 Three—dimensional response surface graphs and contour plot of effects of extraction temperature and liquid—to—

materia ratio on shikimic acid content ( methanol concentration 25% )

7 HERFSBMERLENEERSEMMNES S = 4508w E (REBOR N 70 <C)
Fig. 7 Three-dimensional response surface graphs and contour plot of effects of methanol concentration and liquid—to—

materia ratio on shikimic acid content ( extraction temperature 70 °C)
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Tab. 4 Verification test (n=3)
RERSTE FMAL/ (mg-g")  FERE/(mg-g™) #= £ /% 3412 £ 1%
92.2051 0.37
Y 92.546 6 91.728 7 0. 88 0.95

91.049 2 1. 60
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(2) TR S5 - oy itk — 20 %5 S A T2 26 P RO AR M REAE ol i 20 I O 20 1% L 50 7% , I #% i
HETZ AR I, M 25 FEIR A 5 i, SEIR A R IR 50 SRR W0 F 5 S AR 22 S AN K TR IR 25 72
VRV N, BT LABOR S2 30 e fe He S O 8 T tL BB M S AR AR 45 2R, 2% B R A oMb A= 77 B 5 —
AR HE

R5 IEZHASBER

Tab.5 Experimental results of technology enlargement (n=3)
KA S M/ (mg-g™) i% £ /% FHIREI%
91.2587 1.39
20 4% 91. 667 2 0.95
91.5327 1.10
0.96
91.936 8 0. 66
501& 91.743 8 0. 87
91.796 3 0. 81

4 IFig

H A, 28 B R VA PR IR b2 G LA B A6 BULAS AN FE AR . BAR A G s 7
7RI A A — 8 L PRI R S A B JRURE SR R A R A Gl o A HOR REAS B2 N
TR B B A — 8 B AR AR B Rl 7= W I S 2% B R AN B A B, S e 28 R RR B 4 B . R, H
B ) GEURATY 2 26 FEIR 1 R R . /S T A T 2R R 7 i A e, (R A R A I fE et R Ay
ATz, L, SR8 A A 9 5 ok U5 R AR A Y

AFGE BT RAE /S 2E IR BRI 20 AT T ST, A T AR B BE | A R A0 B R
P 3 AN PR X 28 R R B ORI 52, 78 M LRl T, SR A B A5O3 E 2800 1 i 0 4R BT 20 AT AL, -
T B UESEG Ki R L E , IR AR T 25 25 R BE 70 °C, FH BRI R0 50525 %  BORHE 15: 1 (mL/g) o A
T AT 20T G R BUAC A, R S R A\ S TP R R B A3 1 Tl i ECBE S A
WAL T 28 B — AN 14 ] R AR A 9% R R U
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