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[ Abstract | Objective: To optimize supercritical carbon dioxide fluid extraction ( SFE-CO,) process of
volatile oil from the roots of Clematis chinensis, and components of volatile oil were analyzed by GC-MS. Method :
With yield of volatile oil as index, effects of extraction time, particle size of raw materials, fluid extraction
pressure and temperature on SFE-CO, process of volatile oil from the roots of C. chinensis were investigated by
single factor test and orthogonal test, and chemical constituents of volatile oil were analyzed by GC-MS. Result:
Effects of three factors on yield of volatile oil were in order of extraction pressure > extraction time > extraction
temperature ; Optimal fluid extraction technology was as following: extraction pressure 20 MPa, extraction time
1.5 h, temperature 45 °C; Yield of volatile oil under these conditions was 0.44% . 156 compounds were
identified by GC-MS and they were accounting for 85. 03% of the total content of volatile oil, compositions that the
relative content was more than 1% accounted for 51. 78% of the total content of volatile oil. Conclusion: SFE-
CO, method had higher extraction efficiency than steam distillation, this optimized technology was stable and
reliable. In addition, chemical compositions of volatile oil were complicated, and protoanemonin, the major
bioactive component in volatile oil from the roots of C. chinensis, was found by GC-MS for the first time.
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0.093)% ,(0.830 +0.042)% ,(1.140 £0.005) % ,
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®2 HRUERBHEIESR CO, EMIZEX KB RH

No. A B 4 D(=H) P8R MR/ %
1 1 1 1 1 0.342 0. 007
2 1 2 2 2 0. 440 0. 098
3 1 3 3 3 0. 183 0. 003
4 2 1 2 3 0.293 0. 009
5 2 2 3 1 0.337 £0. 004
6 2 3 1 2 0.281 0. 001
7 3 1 3 2 0.296 £0.016
8 3 2 1 3 0.598 0. 003
9 3 3 2 1 0. 305 0. 006
K, 0.322  0.310  0.407 0.328
K, 0.304 0.458  0.346 0.339
K, 0.400 0.256  0.272 0.358
R 0.096  0.202 0.135 0. 030
x3 HEHW
R 3 SS f MS F P
A 0. 048 2 0. 024 11. 820 >0.05
B 0. 205 2 0.103 50. 475 <0.05
c 0. 080 2 0. 040 19. 699 <0.05
D(i%2%) 0. 004 2 0. 002
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No. {k&¥WH#K Iy A X 43 F . AR AR AR

/min [ h /% /%

1 linoleic acid ~ ( W.9H AR ) 25.413 280  CH;,0, 18. 47 95

2 [-( + ) -Ascorbic acid 2 ,6-dihexadecanoate 23.705 652 Cys Heg Og 3 83 29
I-( +)-BUR MR -2 ,6- A5 R TR IR

3 clionasterol (% D VAF 4 5 % ) 40.227 414 CyHy, O 5.48 86

4 betulin ([ HEJE 1) 42.723 442 C3Hs 0, 3.33 82

5 stigmasterol (&) 38. 584 412 CyH,0 3.16 %6

6 (8) -5-Hydroxymethyl-2[ SH] -furanone 14. 131 114 C.HO, 579 0
(8)-(-)-5-¥2 H1 H-2 (SH) -1k i il

7 squalene (fHEHE) 31,171 410 CyHy, 2.30 o4

8 campesterol  ( SZ i {$§ 5 ) 37.935 400 CysHy O 2.12 33

9 octadecanoic acid  (f# JJ§ R ) 25.584 284  C;gHy0, 2.03 84

10 (-)-spathulenol [ (-) -} =] 25. 097 220  Cy5H,,0 1.16 71
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No.  fLAMAT ﬁma‘l'tﬂ AT 53T AT AR AHRLE
/min g /% /%
11 2-[ 1-(4-methoxyphenyl) -2-nitroethyl ] cyclohexanone 24.306 277  C,sH,NO, 1.09 71
2-[1-(4-F &R 0L ) 2l B 2 ) SR TR
12 linoleic acid trimethylsilyl (V¥ jii /2 AP LAk ) 29. 699 352 C, H,0,Si 1.02 70
13 costunolide ( ATFZME) 24.773 232 C5HyO0, 0.79 73
14 cis-9-Hexadecenoic acid  (JIi-9-F B2 ) 23.508 254  C,H,0, 0.75 94
15 p-amyrin  ( FAHEEREL) 41.249 426 C3Hy0 0. 65 89
16 germanicol (3| & JB ) 43.442 426 CyHs O 0.64 73
17 hexatriacontane  ( IE =+ 75%%) 35.357 506  CyHyy 0.62 95
18 lup-20(29)-en-3-one (3 3 1) 41.775 424 CyuH,O0 0.59 90
19 hexadecanoic acid trimethylsilyl ester (1 3 ff 5 i FR B ) 28.328 328 CH,0,Si 0.59 60
20 lup-20(29)-en-3-ol,acetate, (38)- ( Z M3 BLER) 45.831 468  C4,H,,0, 0.55 89
21 dotriacontane  ( IF = 4%) 30. 017 450  CyHg 0.55 95
22 triarachine (= E4EKS) 30. 675 974  CgH,,p 04 0.52 77
23 neoergosterone 27.727 378  C,HykO 0.47 64
24 pentadecanoic acid (iF + H LR ) 22.561 242 C5H;0, 0. 40 94
25 3-pentadecyl-phenol  ( Ji] - Fi ke 5 ) 28.396 304 Cy Hy0 0. 40 75
26 (R)-(-)-14-methyl-8-hexadecyn-1-ol 28.785 252 C;H;,0 0. 40 84
(R)-(-)-14-F J-8-|- 75 Jo Jik -1 -
27  1-bromotriacontane  ( 1-J = %) 29.174 500  C,Hg Br 0. 40 83
28  tetradecanamide (P 575 ki) 25.749 227 C,HyyNO 0.39 73
29  oleic acid  (JI =1 /\BR-9-4 TR ) 23.413 282  C,H,,0, 0.38 92
30 4-biphenylcarboxaldehyde  (4-H% 4 F 5 21.768 182 C;;H,,0 0.37 86
31 cis-9-Hexadecenal — (Ji-9-+ 7 1HE ) 27.126 238 CHy0 0.35 90
32 lanosterol (£ K EE) 41.579 426 CyHs, O 0.34 78
33 azulene (HZHHER) 24. 656 204  CsHy, 0.33 77
34 1-docosanol (111 &7 ) 26. 659 326 C,,H, O 0.33 90
35 2-hexadecanoyl glycerol  (2-75EEH ) 28.501 330  C,HyO0, 0.33 82
36 protoanemonin  ( J& H3kH %) 8. 064 96 CsH,0, 0. 30 98
37 curzerene (FEARK) 20. 562 216  C;sH,0 0.30 77
38 cyclododecanemethanol 30. 469 198 C;HyO 0.29 68
39  tetrapentacontane ( i PU%E) 33.598 758 CsuHypo 0.29 87
40 tocopheryl acetate (Al Z TR HE) 44. 439 472 Cy Hs, 0,4 0.29 73
41 cis,cis-7,10 ,-hexadecadienal 26. 883 236 CsHyO 0.27 87
42 9,12-octadecadienoic acid (Z,Z) -, 2,3-dihydroxypropyl ester 29.964 354 C, Hy O, 0.27 82
CL-SIF 9 2 2 H i )
43 ethanone, 1-[ 4-(1,1-dimethylethyl) -2 ,6-dimethylphenyl ] - 20.215 204  C,H,O0 0.26 80
(4-BU T H2,6- " I HE 2 IEHE-)
44 ( + ) -grandiflorenic acid 28.012 300 C,0Hy 0, 0.26 67
45 diisooctyl phthalate (484K ! iz — 3K 28. 650 390 Gy HyO, 0.25 96
46 lariciresinol (75 M- FA B AE ) 37. 659 360  CyoH,, O 0.25 64
47 heptanoic acid, anhydride ( BEf2Hf) 25. 824 242 CsHy Oy 0.24 73
48  cis9-hexadecenal  (J-9--] B ) 26.225 238  CH;0 0.24 89
49 fenipentol (M) 21. 148 164 €, H,O 0.23 86
50 (6Z) -6-octadecenoic acid (- /\Bk-6-4 iR ) 22.391 282 CisH3, 0, 0.22 87

.44 .



R, A5 AR S B I A BT 2 A B2 GC-MS J3 47

MBI AN 2 e SR I Y 335 AN I, B b e
SET 156 R AL &4, 5 ¥ K i A S R 85.03%
$5 S R A 2 B R S, R LA A PLIR
LR TG B2 B2 SR A Y, MM IR Ay
() 25 H A o 5 SR R 1 R A v 2 o
Gy B 5 HAH R 0 AL 2 A AR A T B
KA 2 4 o, R A R R (18.47% ),
I-( +)-HUIR MR -2 ,6- Rl AR g (8. 83% ) , % Il ifg
5 B (5.48%), A HE NG BE (3.33% ), & § BE
(3.16% ), (S)-(-)-5-% W 32 (SH)-mk mg
(2.79% ) , 8% (2.30% ) , 32 M S5 B2 (2. 12% ) |, il
SR (2.03% ), (-)-Wi 2 (1. 16% ) ,2-[ 1-(4-H1 4
HHE) 2 2 B IR CUER (1. 09% ) , 7 1R P
(1.02% ) %, FHER S i 51.78% . Bhoh, A
I T CC-MS 43 BT 1 U & B SC ik 12 18 f9 A5 200
SR S % (0.30% ), X R 7 A% 42 3 P A
JR A B IR AIF ST T SE AR A
3 it

TR EW], BT CO, #BUH AR T 42 5
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it GC-MS & B A M Kb & ARk H X,
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FE (400 PUAL I A ST M L BT SRR
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