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Extraction of Volatile Oil from Angelica Sinensis (Oliv) Diels and the Components Characterization Based
on GC-MS
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ABSTRACT: OBJECTIVE To optimize the extraction process of volatile components of Angelica sinensis (Oliv) Diels, and to
analyze the chemical components. METHODS The volatile oil from Angelica sinensis was extracted by steam distillation method,
the investigate factors including soaking time, extracting time and the amount of water, and the yield of volatile oil, the relative
percentage of Z-ligustilide, the number of compounds and the comprehensive score were used as the evaluation indexes. The optimal
extraction process of volatile oil from Angelica sinensis was screened based on the orthogonal design test combined with
information entropy method, meanwhile GC-MS combined with NIST database were used for the identification of the components
in volatile oil. RESULTS The optimum extraction conditions were as follows: soaking for 2 h, extracting for 10 h and adding 8
times of water. Under these conditions, the extraction rate of essential oil was 0.38%, the relative content of Z-ligustilide was 73.05%,
and 37 compounds were identified. And a total of 55 compounds were identified in this experiment based on GC-MS at the same
time. CONCLUSION The optimal extraction process of steam distillation method is reproducible, stable and feasible, and the
chemical constituents of the essential oil in Angelica sinensis can be characterized by GC-MS, which provide the basis for the
quality control and the development and utilization of medicinal materials of Angelica sinensis.

KEYWORDS: Angelica sinensis (Oliv) Diels; extraction process; volatile oils; Z-ligustilide; GC-MS
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NELENER, e AR Eit N E=KF, il
HIE B A & R B EH T L a 1, U
i e S T R R BRI T 2 R, BT
GC-MS A X 21 Y45 1w (4 oy £ 47 58 B 73
B, D9 IR 2 bR S Jo e s o R 2R 1 st 57 A Rk

— IR RS
1 #H
1.1 43

Agient 7890-5977B < AH 4 1% it 1% B FH AY
(Agient B2y F]), MassHunter TAE¥, NIST11
FRIE BT REAS 22 PR ; KS-5200B 75 I BRI (B Ll i
S AR A PR E]); BSA224S-CW HLF70Hr
K. T2 — SQP - KF-(FE E 35 2 R Rt
FANES A PR F]); Centrifage 5418 B0 HL(FEE 2L
Al i BE2E N T 5 10 mL 5 & IR IS ; ZDHW
AU Rl 2R AR A TR A D)

1.2 255 500

MRS 18073001)1 I EI 25t R4~
PR ZGERATBRA T, 2t B B e
Y R EIE R Y M H Angelica sinensis (Oliv)
Diels TR 5 Z-Bi 2 PR IR (i = R A
YRHABRAE, #5 . MUST-18051010; 4fifF .
99.55%; WeBE: 10 mgmL"); HIEE(IHTEl, K
TR KA R A R 27K iR Milli-Q 4likK
il A o
2 FESHER
2.1 GC-MS ZHr &tk
2.1.1 A Agilent HP-5MS 3P /7 95
YA HE (5% AR H L R A b, 0.25 mmx30m,
0.25 um), A NEAKEE: 99.999%), FHiE N
1 mL-min~", MR 20 = 1, #ERE RS 250 °C,
HERERE 1 pLo PR WIAGIR A 70 °C, L4 °C- min™
J+E 130 °C, #HLL 2 °C-min™' FFE 170 °C, FLU
8 °C-min '+ & 250 °CH-H#HF 10 min,

2.1.2 JERME BLE TR, B FIREE 230 °C,
BN 280 °C, PUAFIREE 150 °C, #5

0.061 1 0.1142 0.1010 0.1339
P= 0.111 1 0.1111 0.107 8 0.114 4
0.113 7 0.110 7 0.1111 0.108 0
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FEIR 2.5 min, FTEATHVERE m/z 50~500,
2.2 XF BRIV TR ) A

R 2 Z- B RS B, 10 uL T 2 mL &
S, B AR E R 0.05 mgmL [ Z-
R N EERT ISR, RSN S) A, A 0.22 pm
FLUERELYE, &H .
2.3 REUNE

KB RICS I 90 g, 3 B s/ N AT I 0t
B, WRAHE], BF 2L BUKED, IAZERK,
eI, FRLIKZERZRIIEIA TR
24 EXXRAK
24.1 ERIRAEEER G500 R 2R 5 R R
USRS IR 45 08, e BOR
[ (A) . $REEB). MIKEC)ONHERNE, LU
FEAR AR IR | Z- B8 MR AR X B 40 & i DL ek
BB TR, 1E 3K 2 5 K7 L3k
1o i Lo(3HIEAC I RALHAT, Ritieid B
IKZESZEREPE T L 54 18 A B
HARPRACE REOFRIER G Hr M. IERIAE
gESAHT LR 2, T IR 3,

Fz1 ARBFHEZFAFE

Tab. 1 Level table of experimental design factors

A B C
K mantEm IR ) /1 ok /A%
1 1 6 8
2 2 8 10
3 3 10 12

0.1316
0.117 6
0.111 6

242 75 BB SR & e AR AL E RE LR B TR bR

Ml15-16]

2.4.2.1 A FE(XG)mn
AU bR PR (X)mn

130 243 215 285 280 345 150 225 255
X=

AR D 0 bl At S

34 34 33 35 36 35 35 32 32
74.12 72.16 72.44 7042 72.74 7297 72.84 71.58 72.66

2422  #7 MERHE FE (Py)mn R PE A X
P =X, /(il X,) . AR IATER S A5 FEPE (X)mn,

ST ISR PR 8 B AR R R (Py)mn .

0.162 1 0.070 5 0.1057 0.119 8
0.114 4 0.114 4 0.104 6 0.104 6
0.1119 0.1117 0.109 8 0.1115
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Tab. 2 Scheme and results of orthogonal design test

5 YER Z-EAEN LA g
93 A B C (g fRHUR/ Egm%ﬁ%ﬂ 4@¢ IS
5 uL HAaH% B M

1 1 1 1 1 130 7412 34 03901
2 1 2 2 2 243 7216 34 0.7102
3 1 3 3 3 215 7244 33 0.6303
4 2 1 2 3 285 7042 35 0.8297
5 2 2 3 1 280  72.74 36 08162
6 2 3 1 2 345 7297 35 0.9998
7 3 1 3 2 150  72.84 35 04473
8 3 2 1 1 225 71.58 32 0.6581
9 3 3 2 3 255 7266 32 07431

Ky 1.7307 1.6672 2.0480 1.9494
K, 26457 2.1845 22830 2.1573
K; 1.8485 23732 1.8939 2.1181
R 03050 0.2353 0.1297 0.069 3

il C ¥ RS WA SRR AT
B R, SR IESC TR 22 A R, BE Y
A5 e FERR I T 220 AoBsCy, RIREAS[E]
2h, HREUREY 10 h, K 8 f5hE.
2.5 Sk

Fi BRI TE B P e A T 24500 AoBsCo, PATHAE
3 U, PRI 4 Al B B AR 340,355,335 L,
VR MPEIIIS 5N 0.38%, Z-BioR NER 34 H 40
HIE 73.05%, FiREE N ECEAIE R 37 4>, RSD 43
I 2.70%, 0.61%, 2.63%, FIAMALERYELECT
SRE. nfT. ARWE 4,

Fz4 BRIEKBRER

Tab. 4 Results of verification experiment

S BRU BORABRX A A% AR %
1 38 73.46 0.38
2 37 73.12 0.39
3 36 72.57 0.37
4 iE 37 73.05 0.38

R3I TEAMMEEFERR

Tab.3 Analysis of variance and significance test

JrEKIE BMZEYIIM AWM Bz FE BEME
A 0.1652 2 0.08 203057 P<0.05
B 0.089 1 2 0.08 109478 P>0.05
C 0.025 6 2 0.08 3.1471 P>0.05
D 0.008 1 2 0.08 1.000 0

T Fo0s(1,2)=19.00, Fy01(1,2)=99.00,

Note: Fyo5(1,2)=19.00, Fo01(1,2)=99.00.
WAL, 3 AR AL B, C XfLE

BN BRI R ASB>C, BZ it

[ >FRE > Tk, H R R A XHERRUR A

i E M R (P<0.05), METmMKAE, mKNE B
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Fig. 1 Total ion chromatogram of reference substance of
Z-ligustilide
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Fig. 2 Total ion chromatogram of volatile components of
Angelica sinensis
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Fig. 3 Mass spectrum of Z-ligustilide in NIST database
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Fig. 5 Mass spectrum of Z-ligustilide in Angelica sinensis
sample
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Fig. 6 Comparison of mass spectra of Z-ligustilide in
Angelica sinensis sample and the database
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Fig. 7 Mass spectrum and structure of 3-n-butylphthalide
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Fig. 8 Mass spectrum and structure of butylphthalide
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Fig. 9 Mass spectrum and structure of Z-ligustilide
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Fig. 10 Mass spectrum and structure of phenylbutanone
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®S LFEREE GC-MS 44T 4R
Tab.5 Results of the analysis of volatile oils from Angelica sinensis by GC-MS

5 PR EABTE/min waEw CAS. No ¥ Sy Fht FELELL 5]
1 5.716 a-JRM 80-56-8 CioHs 136.13 2~9
2 8.502 (3E)-3,7- W HaE-1,3,6- =) 3779-61-1 CoHis 136.13 1,3~9
3 11.366 2,6- " 3k-2,4,6- = J 3016-19-1 CioHg 136.23 5,9
4 11.367 FEE i 7216-56-0 CioHis 136.23 3, 6~8
5 12.326 S-pentylcyclohexa-1,3-diene 56318-84-4 CyHyg 150.14 1~9
6 13.203 2,5- I HOR F g 5779-94-2 CoH ;00 134.18 7
7 16.151 IR 927-49-1 CH,0 170.29 1~9
8 17.681 2-W A H-4- 2 A 7786-61-0 CoH 100, 150.17 1~9
9 18.989 1A4-FRC Z-1,2- T R BRI 4773-89-1 CsHeO;5 150.13 1~6, 8
10 19.198 K 487-68-3 CoH 2,0 148.20 7,9
11 19.199 ST IR SLT 582-62-7 CioH,0 148.20 1,3
12 19.201 ()-B-FE M 546-28-1 Ci5Hay 204.35 1
13 19.202 2R T 495-40-9 C1H,0 148.20 3~6, 8
14 21.370 (H)-1,7-Z3F--T WM 79120-98-2 CisHay 204.35 3~9
15 22.427 (+/-)-gymnomitrene 72346-55-5 C15H24 204.35 1~9
16 22.958 (H)-F M 489-39-4 CisHay 204.35 4~9
17 22.994 (7,7-dimethyl-1-0x0-2,3,4,5,6,7-hexahydro-1 H-inden-2-yl)acetic 55085-50-2 C14H,003 236.31 1~3,5
acid,methyl ester

18 23.051 pogostol 21698-41-9  C;sHy0 222.20 7,9
19 23.716 ()-B-1ERAIE 18431-82-8 CsHay 204.35 1~2, 4~9
20 24.442 bicyclogermacren 24703-35-3 CisHyy 204.35 1~9
21 24.442 e 16982-00-6 CysHa, 202.17 1,5
22 24.561 (H)-o-K I JEM 5989-8-2 CisHay 204.35 1~9
23 24.785 (H)-AEMFAT 16982-00-6  CysHa 202.35 1~7
24 24.888 (S)-1-F J-4-(5- 1 - 1T F B4 U D IR O 495-61-4 Ci5Hay 204.19 1~7,9
25% 25.750 B-E 1461-03-6 CisHay 204.35 5,7
26 25.750 L HAE-9-H 13794-73-5 C15sH240 220.18 2,4,7
27 27.431 eI A T 6750-60-3 C15H240 220.35 1~9
28 27.643 PN 515-20-8 Ci5H40 220.35 5,7
20%* 27.644 V-gurjunenepoxide-(2) 184705-51-9 Ci5H24,0 220.35 1,3,5,8~9
30%* 27.654 (—)- W5 HG P 489-41-8 C5H,60 222.37 2,5,7~8
31 28.297 pragel]is 489-86-1 Ci5Hy0 222.37 1~9
32 28.489 myrtenyl angelate 138530-45-7  CisH;0,  234.16 1~9
33 28.894 NS NS A 63038-10-8 CpHig0, 19224 1~9
34 29.470 megastigma-4,6(E),8(Z)-triene 71186-25-9 C3Hpo 176.16 1~2,4,6,9
35 29.605 (-)-spathulenol 77171-55-2 Ci5H0 220.35 1~9
36 30.176 3- T 3E-1(3H)- 52K -k I R 6066-49-5 CpHis0,  190.24 1~9
37 30.450 R EMLY 2 85710-39-0 C5H240 220.35 2,7~8
38 30.456 VERUES 1139-30-6 Ci5H0 220.35 4,6
39 31.001 VA RSN 72917-31-8 CpH;,0,  188.22 1~6, 8~9
40 31.250 2-propenal,3-(2,6,6-trimethyl-1-cyclohexen-1-yl)-propenal 4951-40-0 Ci2H 50 178.14 2~7,9
41 32.516 IE T SE40 A — F e R 551-08-6 CpHip0, 18822 1~7,9
42 33.969 Z-HiA N g 81944-09-4 CpHis0,  190.24 1~9
43 36.029 4-hydroxylongibornane 26804-55-7 C;5Hy60 222.20 6
44 36.034 ()-FA B 1139-17-9 Ci5H60 222.37 1~5,7~8
45 38.664 2,5,5,8a-tetramethyl-3,5,6,7,8,8a-hexahydro-1(2H)-naphthalen-1-one 108010-93-1 C14H»0 206.17 1
46 39.443 F R R 112-39-0 C7H30, 27045 1~9
47 40.667 FEf R 1957-10-3 CigH30,  256.42 1~2, 4, 6~8
48 41.850 I NS H 94596-27-7 CH 1604 224.12 1~3
49 44.626 VR R 112-63-0 CioH340,  294.47 1~9
50 44.808 W FRITR B 301-00-8 CioH3,0,  292.46 1
51 44.808 7 P 1671-75-6 C13H 0 190.28 9
52 44.813 cedrane-8,13-diol 62600-05-9  C;sHy0,  238.37 2~4, 6,8
53 38.649 arteannuin B 50906-56-4  C;sHyO;  248.32 2~4,8
54 34.975 damascenone A 23726-93-4  Cy3Hys0 190.28 2,6~7,9
55 31.125 BT 79-77-6 Ci13H50 192.15 1~9

e *FRRA 6 TG AR T I ESE B B A R Y 3 M E .

Note: *Meant three more compounds were detected in the verification experiment with experiment condition 6.
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= EER

249 — 2 H L AR T R A AR R A
G E PR BR N B, SCEkiGE , A e
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