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Optimization of extraction process of angelica by
orthogonal test with three active ingredient targets

WU Jiao* ,CHEN Di-an;ZHANG Lu,SUN Guang-ting, BIAN Yu

Merrill Biomedical Technology ( Suzhou) Co. ,Lid ,Suzhou 215000 ,China

Abstract : Orthogonal test was applied toioptimize the extraction process of angelica which was extracted by alcohol first and
water later, with ligustilide, ferulic acid and polysaccharide as evaluation indexes. The effects of extraction frequency,concen-
tration of ethanol , extraction temperature , solid-liquid ratio and extraction time on ethanol extraction technology were investiga-
ted by using orthogonal table L, (4>) test with ligustilide and ferulic acid as indexes. Optimize ethanol extraction technology
was extraction frequency (‘twice), concentration of ethanol (80% ) ,extraction temperature (85 °C ) ,solid-liquid ratio (8:1)
and extraction time.(2 hours for each time). The effects of extraction frequency, extraction temperature , solid-liquid ratio and
extraction time on‘water extraction technology were investigated by using orthogonal table Ly (3*) test with polysaccharide as
index. Optimizé water extraction technology was extraction frequency ( three times) , extraction temperature (100 °C) ,solid-
liquid ratio (9:.1) and extraction time (1 hour for each time). The optimum ethanol and water extraction process showed good
repeatability , stability and feasibility.
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70 .80 95% ) .C HLEUEEF (55.70 85,100 C) .D %}
W (6.8.10 12 %) (E $& Bt E) (0.5.1.2.3 h)5
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WU AR Y a KSR B (1.2.3 W) Wb 2 IR
(60.80.100 C) \c BHE (69,12 f%) .d FEHUHS[H]
(1.2.3 h)4 DNHEZIHATHR BRI 5 00 257 K $E
AR AR AR AR 2 1.25 ~1.35(60 C),
FHEZ THEA T 60 °C L2 NFREET 457K 52 TF #r,
FREE 0 R 2 & i CR vk L 2.3.3)
2.3 moRialAE

2.3.1 HAAEHE "
2.3.1. 1 taiesi

PLANAH : A A HE, B A - 8 4l K A i 4K
320 nmyAE ;30 °C; 0. 8 mL/min; PRy =X
TR EEVEARE, 20 min [N A FHH 40% Ze14E72E 16 A 100% ;
PEREHE 10 L R A7 - B
2.3.1.2 Xt RS A il A%

HUEEAS YRGB 5L RS %5 R 5 20 mg, B 50 mL
PR, i B 2%, AR 1 mL 75 400 pg X
HR St A4 v (B 400 pg/mlL) , #55) 00 % & I E ik
XT HR S AE AU 2. 5 mL 2 25 mL B 0 P A R
B FRA], B4R 40 pg/mL 7R N g X BE S
W, & H.
2.3.1.3 MR A

FRIBURESS 0.5 g, B T 50 mL g (25 Bt b,
A5 mL 4K, F25), B 200 0 i 2 5L A £
VST, SRJE A 40 mL HEES I , 8 75 40 3 10 min
JE U R B, AP BRI BRI A5 H
0.45 wm ffALUE R I8 AR R, BIAS .
2.3.1.4 Mg

53 A 5 W JBOGT Lt 5 W 5 AL S TR TR 4% 10
L, AR A, I, RIS

2.3.2 TTégsegm e
2.3.2.1 @pEsu
WahAE : ZHE-0. 085% MR 7 Wi (17 83) 5 Kl

Pk 2316 nm; i35 °C ;i 0. 8 mL/min; P
xSRI s FEEE 10 s B RESH) : 70%
2.3.2.2  XFHESHRI A H

H B ER R AT R S PR E 10 mg, B 25 mL 43
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WEOIE A BIER REEAE 3 . Bkl stk
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2.3.3.3  ApMfEMAIL

VT 2 B 7 B0 W 0,0, 25,0, 375.,0. 50,
0.625.0.75.1.0 mL( A% T 4i%5#% 0.0.05.0. 075 .
0.10.,0.125.0.15.,0.20 mg) ¥ F 25 mL L& |,
#MIMZKZ 2.0 mL, i 1.0 mL 9 5% KBy WIR > o
NI HRERL TR 10 mL, /N TR 2 Bl 7k Hr 20
min, BB Z I, B TETE 480 nm P AR
MZEF RS, em A TLIGE WO EE(E, LA %
WL 5 A AL bR, W' BEAE A DAl b, 2 il A oA it
58
2.3.3.4  FESLINGE

HERR W G R (Y, ) BT 25 mL [ g,
MK 2 2.0 mb AR 53 Bk e WOCEE(E . M
Bl 2 1A R AR O o TR o 2
Ho

mpx Vi x vV,
X'=——x0.9 x100

m, x V, xV,
3 HR
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311 H)adgiR EsGRIR AR
FEOYH 30 g MUK ASORL, e HE 2. 2. 1 IR
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Table'd  Orthogonal test results of angelica ethanol extraction process
TEREE . 4 "
A B C D E Etha?jf ejtfct MANRERRE TR
Lis (4%) (times) (%) () (times) (h) owder ’ eld Ligustilide yield Ferulic acid yield
S © S W
My (me30m)  (mg/30g)
1 1 60 55 6 0.5 24.69 90.99%4 13.023
2 1 70 70 8 1 34.43 152.867 15.111
3 1 80 85 10 2 47.17 169.073 26.596
4 1 95 100 12 3 20.34 131.642 15.748
5 2 60 70 10 3 43.60 153.492 21.129
6 2 70 55 12 2 45.91 171.546 22.476
7 2 80 100 6 1 35.49 141.736 19.031
8 2 95 85 8 0.5 16.03 124.169 14.721
9 3 60 85 12 1 49.04 140. 022 23.704
0 3 70 100 10 0.5 33.66 111.219 17.786
11 3 80 55 8 3 44.80 187.568 22.187
12 3 95 70 6 2 30.13 111.339 21.009
13 4 60 100 8 2 49.12 149.986 25.362
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2:5% 1( Continued Tab. 1)

BER gz ™ ™~
IR pswmey mamek
5 A B C D E Ethanol extract . = " ; . Sy
L (4) (times) (%) () (times) (1) wder vield Ligustilide yield Ferulic acid yield
28 ‘0 28 vae: 2.
) (mg/30 g) (mg/30 g)
14 4 70 85 6 3 48.82 172.643 25.071
15 4 80 70 12 0.5 42.33 161.266 20.992
16 4 95 55 10 1 13.93 70. 687 120627

T A CEERIBORAG B : CBAWREE ; C o SO BE ;D ORHREE ; B - S U]

Note ; A ; Extraction frequency ; B : Concentration of ethanol ; C; Extraction temperature ;D : Solid-liquid ratio; E ; Extraction time.

3.1.2 BRI ELNFERANBFREAORALE RO
MG 1 B85 1R 15 3 B4 T2, & R 20 i

K2 BREIETWEANE

A N BRAFARBO R AT 22008 LT 3% 2.
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Table 2 Variance analysis of the influence of ligustilide yield in ethanol extraction process

Fucr s l ¥ Fous e
A FEHRYREL Extraction frequency 330.443 3 1 9.28
BBV J# Concentration of ethanol 6958. 386 3 21.058 9.28 P<0.05
C:32HGRE Fxtraction temperature 1162.532 3 3.518 9.28
DB L Solid-liquid ratio 2478.872 3 70502 9.28
E . 325U ] Extraction time 4317. 16 3 13.065 9.28 P <0.05
2% Frror 330. 44 3

H13R% 2 AR« P i 20 RN S A P T 0 385 W) e
KA B B JE (P <0.05) , HkK g E B i
[ (P <0.05) ; & P Z M e BOR AT ECN . B > E > D
>C> A SRBCREAL I ZSECN AsB,CyD,E, o

3.1.3 BRI T LA FTARBR AT R 694 AL 28 R A7
MRAER 1 LI R, 15 2 W 5 T 2045 IR 200k fif
BRI M7 220 IR 3 3

x3 BERIZHMBRBEEZMANATEZSN

Table 3 _Variance analysis of the influence of ferulic acid yield in ethanol extraction process

A9 s l d Fos v
A AR Y8 Fxtraction frequency 33.274 3 6.861 9.28
Bk Concentration of ethanol 84.453 3 17.413 9.28 P <0.05
CARBGRE Fxtraction temperature 50.035 3 10.316 9.28 P <0.05
Db Solid-liquid ratio 4.85 3 1.000 9.28
E 42 i ] Bxtraction time 131.267 3 27.065 9.28 P <0.05
2% Frror 4.85 3

FH 3% 3 AT B 20 TR AT 5 9 A5 38 5% i) e K
IR E 4RI ] (P <0.05) , HOR: B L BEHk
JE(P<0.05) Fl C $2HURE (P <0.05) ; % R Xf
BIEEIR AR E > B > C > A > D, L SECH
A,B,C,D,E;,

3.1.4 BAEER I ANBIE
L7 3.1.2 F13.1.3 450, B LBk E $2HL

Af ] C AR BE = PR RO R Y e e Y R
B 2P C 3R IBURIE Ity B, Cy  E H2 IR [E] JA
CEWES N BE TR, LT E N By A BESE
YRR D ORH LG 12 AR 3 B3R, S RE LT I 5
R AL 2N A,D,. BT ABEIR ik T2 S50
A,B,C;D,E, , B FEHREL 2 WK, Bk LN 80% , $E Gk
J& 85 C BRIy 8: 1, R HRIBURTE] Ay 2 /NI
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Table 4  Verification of optimal ethanol extraction process parameters

. CTERTTE: PRTTE PR
é ” Ethanol extract powder yield Ligustilide yield Ferulic acid yield
roup (%) (mg/30 g) (mg/30 g)
1 48.53 166.30 24.76
2 46.77 175.80 25.23
3 49.78 178.42 26.55
RSD 3.13 3.68 3.63

415, BB T 2 3B F= i rh 3E A Iy 3.2.1  HB)aK4R ERINL F

P R B9 ) 159 R 805 1 b, H O RSD Y < T30 g FRALMEHR . 2R IBUR 19 24 5 257,
5% , ML IR IRAE T 22800 A,B,CD,E; L #2118 2.2.2 KR T 2L deit Ir ST 4R K,
LGS  FRE AT AT o SLIAS RS .

3.2 HPAKRIZHAUER
F5 HAHBEKRETARER

Table 5  Orthogonal test results of angelica water extraction process

B E
BT e
4 a b c d K Water extract .
Ly (3%) . . / . Polysaccharide yield
(times) (C) (times) (h) powder yield
(mg/30 g)
(%)
1 1 60 6 1 1.80 111.00
2 1 80 9 2 1.93 194.53
3 1 100 12 3 4.73 520.97
4 2 60 9 3 3.63 256.79
5 2 80 12 1 3.83 360.70
6 2 100 6 2 4.50 493.46
7 3 60 12 2 4.90 346.91
8 3 80 6 3 4.17 395.03
9 3 100 9 1 5.70 666.71
TE ra AR EEUE b R IR BE ; ¢ DRHRLLL 5 d s SR U]
Note ; a; Extraction frequency ;b Extraction temperature ; ¢ ; Solid-liquid ratio;d; Extraction time.
3.0.2 KRBT EHABRARGRLBERIN  SHPROBMA BT F R 6.
MRIEE 5 SLIRZE R, 15 K48 T 204 R AR
x6 KERIZIHEESEREZMNWAEST
Table 6 Variance analysis of the influence of polysaccharide yield in water extraction process
F
Factor S5 df K 0-05 P value
a: KR REL Extraction frequency 56492. 857 2 16. 449 19 P <0.05
b JEHUGEEE Extraction temperature 169297.818 2 49.294 19 P <0.05
¢ B L Solid-liquid ratio 8750. 585 2 2.548 19
d: LBt E] Extraction time 3434.44 2 1 19

R 7% Error 3434. 44 2
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1% 6 AT KR AL IR TR 2 A R B i K
PR R AR IBOREE (P < 0. 05) , HyGR 4 BB (P
<0.05) ; % I ZE XTI BRRR 1 Z M R :b >a >c > d i
RIS ECH abye,d;

H 4 AT 22 45 1, BHR L AR B (] - &
FRW N R H R ZE 808 50 B, K48 ¢ BL LA d
R HUIST ] P 7K 5080 A 22 L /0 B LA BT 2 I
() AR S L7 8 BEAE R eod, o KRR T Z2S
B asbye,d,, B JREOKEL 3 Uk, 4R BURE 100 °C,
BHE LR 90 1, REURARERES ]2 1 /NG,

3.2.3 mMRARBRIELAHIIE

Fie RN SR AR KR T2, 2 il =it B 5

T ESET T ZERNET,
xR BMKRIZSHEIE

A

Table 7  Verification of optimal water extraction process parameters

o KUEFIBIE  HERE
(; Water extract Polysaccharide
roup powder yield (% ) yield (mg/30 g)
1 5.53 678.77
2 5.29 645.59
3 5.34 683.52
RSD 2.37 3.09

H13 7 45, e Pk 32 T 2540 ity 7=l HH o 22
SR 5 thE, H RSD ¥ <85%:, it vl Ik
RIRETZZHON asbyeod, R G 11T,
4 it

ABIFFE ABSAS AT (BT BRIR R 22 Wl A5 O 5 ¢
FEbR 15 e DU T 20 e 4R U 2 Uk, ik 2
1 80% , FRHGIREE 85 C , BHE kL 1y 8: 1, B IR A2 B
612 2 /NI s e oKk B T 22500 - SR HOOCR 3 I, fe it
TRLEE 100 C BHR L Jy 951, B AR LR 1] 2 1 /)
o kel UL, A2 A iR AERER K Pe T2 Em A M
U R8RE AT AT

SCARTESCS 2 /MRS F A5t 25 VA ) fe R
T BB NSRS B LA, S PR
KA IERIN ) ] 1] | REFE S HY LA AT fiE
AT , B 7 il Rt — A iRt
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