25 B4 M FEXEFFFRE Vol. 25, No. 4
2019 42 A Chinese Journal of Experimental Traditional Medical Formulae Feb. ,2019

- RIS REEN -

FHH AR L WS T IR AUK 28 s B L 455 GC-MS X
A T KA R B LA

A3, gER, RER, Ria”
(1. 23 Kk% %Her, Lig 201203; 2. 22 K% WEPLER, EiE 200032;
3. A A R ARG, EiE  200233)

[WZE] BM:REMREEMALM T R ER S, I LBEH &R A TS B MUK 28 AR IR AE 2800 T 48 & M il o
T RS, iR R A AR AR T A B ROK 2R R 2RI VE IR 45 5 GC-MS 43 5% 58 40 b T 1) #2 kM L 43 BEAT T 43 B8 A
Y E ST, B Ul I FE T Tenax, Carbopack X Fil Carboxen 1000 3t 3 b i [ 3001 £ 418 42 41, 5% FH e 1o ARA — A0 06 7 E &% 20 19
AR B A A8 85 SR R F AT AR I DN SR AR M T v Sk et R MR LA 112 A, FRE g v SRR P Ry, DA I L L
R AR RS RS F R A O E . RS TIS Bt A 2008 M R W 37 4, ER SRR s R KRS
TR Sl DA S R LAy T8 A, E BRI R MR . SRAIX 3 ROy A s i A R M R 13 B, S5 iR i bt
FEANE Sy A 43 BT 2 R R A R AL TR B BIE S T Uk, AR N T R A TS 1 RS G K 2R RS R I B AR 1 B 4 b
P ERERT S B ARG R U S SR Ao X 3 RS IEAE T R M A 2 B R T AN, AN REAR A

[REIR] EWHT ; LS, ATk, KEKFEME,; SMOE-FERHER

[hESES] R284.1;R931.6;R289;R22 [ TEkERIRAD] A [XZEHE] 1005-9903(2018)21-0153-09

[doi] 10.13422/j. enki. syfjx. 20182120

[ Mg HRRMAE]  http://kns. cnki. net/kems/detail /11. 3495. R. 20180827. 1429. 002. html

[P HARATEI] 2018-08-27 15:26

Comparative Analysis of Volatile Organic Compounds in Viola yedoensis by
Needle Trap, Static Headspace and Hydrodistillation Methods Coupled with GC-MS

QIN Yan'?, WENG Jing-yan’, PANG Ying-ming', CHENG Zhi-hong'*
(1. School of Pharmacy, Fudan University, Shanghai 201203, China;
2. Zhongshan Hospital, Fudan University, Shanghai 200032, China;
3. Focus Science & Technology Co. Lid. , Shanghai 200233, China)

[ Abstract ] Objective: To systemically investigate the volatile organic compounds ( VOCs) of Viola
yedoensis, and to compare the VOCs differences of V. yedoensis obtained by the needle trap, static headspace and
hydrostillation methods. Method; The needle trap, static headspace and hydrostillation methods coupled with gas
chromatography-mass spectrometer ( GC-MS) were developed for isolation and identification of the VOCs in
V. yedoensis. The relative content of each component was obtained by peak area normalization with a triple-bed
needle packed with Tenax, Carbopack X and Carboxen 1000 sorbents. Result: The 112 compounds were trapped
by wusing needle trap, mainly moderate volatile components, including aldehydes, ketones, alcohols,
monoterpenes, sesquiterpenoids and aromatic compounds. The static headspace and hydrodistillation methods were

allowed to obtain 37 (mainly the high-volatile components) and 78 compounds ( mainly low-volatile components) ,
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respectively. Only 13 common volatile components were detected in all these three methods. Conclusion: The

results clearly demonstrated that the needle trap method is an alternative method for sampling VOCs of herbs,

characterized by fast analysis, simple operation, good enrichment effect and high sensitivity. These three methods

for VOCs analysis are complementary for each other.
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Fig.1 Scheme of needle trap-GC-MS method for sampling VOCs of

traditional Chinese medicines
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F1 SHHEZBEMZTEFMAESEBENHNES GC-MS NEXMT hLEEHMIERERS
Table 1 GC-MS data of volatile components of Viola yedoensis extracted by needle trap ( NT) ,static headspace ( SH) and hydrostalliation
(HD) methods

A BT i 43 % %
g {y/min 5 R g3 ¥
NT SH HD
i 2 2.027 butanal C,Hg0 - 3.74 _
3.039 3-methyl-butanal CsH,, 0 - 2.02 _
3.187 pentanal CsH,,0 - 11.98 -
6. 306 hexanal CeH,,0 0.84 0.13 0.01
9.544 heptanal C,H,,0 0. 90 0.35 -
11.315 (E)-2-heptenal C,H,,0 0.70 - -
12. 811 octanal CgH,cO 1. 64 0.14 -
13. 057 (E,E)-2,4-heptadienal C,H,,0 0. 67 - -
14. 418 2-isopropenyl-5-methylhex-4-enal CoH;sO0 0.10 - -
14. 567 (E)-2-octenal CgH,,0 1.07 0.05 -
14. 990 (E) -2-nonenal CyH,;O 1.36 - -
16. 007 nonanal CyH,;O 3.70 0.50 0.05
18.957 8-0x0-2-nonenal CoH,,0, 0.12 - -
19. 050 decanal C,oH, 0 0.59 - 0. 06
20. 653 (E)-2-decenal C,oH;s0 0. 67 - -
21.104 undecanal C,,H,0 0.71 - 0.08
22.224  (E,E)-2,4-undecadienal €, H,O 0.18 - -
23.442 2-undecenal C, H, 0 0.36 - 0.09
28.416 2-methyl-4-(2,6,6-trimethyl-1-cyclohexen-1-yl) -2-butenal C4H,0 - - 0.38
32.634 (Z) -7-hexadecenal C¢Hs0 - - 0.29
43.485 4,9,13,17-tetramethyl-4 ,8 ;12 ,16-octadecatetraenal C,, H3 0 0.13 - -
il 2% 12.233 2-methyl-3-octanone CyH g0 0.25 0.05 -
12. 321 6-methyl-5-hepten-2-one CgH,, 0 1.02 - -
14. 690 3,3,6-trimethyl-1,5-heptadien-4-one CoHO 1.24 0.63 -
16. 127 4-hydroxy-4-methyl-cyclohexanone C,H,,0, 0.45 - -
17.241  (18)-1,7,7-trimethyl-bicyclo[ 2. 2. 1 heptan-2-one CioH,s0 0. 89 0.21 -
17.521 5-methyl-2-( 1-methylethyl) -cyclohexanone CoH; O 0.34 - -
20. 181 (S) -2-methyl-5-(1-methylethenyl) -2-cyclohexen-1-one CoH,O0 0.15 - -
21.555 2-undecanone Gy Hy, 0 0.48 - 0.36
22.912 cyclodecanone CoH; 3O 0.12 - -
25.615 4-(2,2,6-trimethyl-7-oxabicyclo[ 4. 1. 0 T hept-1-yl) -3-buten-2-one C;Hy 0, - - 0.15
25.748 6,10-dimethyl-5 ,9-undecadien-2-one Ci3Hy, 0 0.37 - 0. 49
26. 626 (E)-4-(2,6,6-trimethyl-1-cyclohexen-1-yl) -3-buten-2-one C3H,, 0 0.42 - 1. 19
27.438 dicyclohexyl-methanone C;H,0 - - 0.91
34.632 6,10,14-trimethyl-2-pentadecanone CgH;60 0. 60 0.04 10. 61
35.540  2,2-dimethoxy-1 ,2-diphenyl-cthanone Ci6H6 05 - 0. 09 0.32
36.176 (E,E)-6,10,14-trimethyl-5,9 ,13-pentadecatrien-2-one CsHy O 0.11 - 1. 67
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gR1
AR 5T 53 %/ %
% tg/min R Y 73T
NT SH HD
[[EES 8.548 2,3-dimethyl-1-pentanol C,H,,O 0.67 - -
9. 805 cis-hept-4-enol C,H,,0 0.16 - -
11. 022 4 ,4-dimethyl-cyclohex-2-en-1-ol CgH,,0 0.10 0.28 -
11. 890 2-ethyl-1-hexanol CgH;gO 0.27 - -
12. 070 1-octen-3-ol CgH,,O 1.68 0.24 0.03
14.235 4 ,4-dimethyl-cyclohex-2-en-1-ol CgH,,0 0.18 - -
14.464 3,3 ,6-trimethyl-1,5-heptadien-4-ol CpoH, 0 0.18 - -
14.900 (E)-2-octen-1-ol CgH,,O 0.29 - -
17. 887 isoborneol C,oH;s0 0. 66 - 0.08
19. 697 4 ,8-dimethyl-1-nonanol Gy Hy, O 0.18 - -
20.938 1-decanol C,oH,,0 0. 65 - 0. 14
23. 685 1-undecanol ¢, H,,0 - - 0.14
26.251 1-dodecanol C,H,s0 0. 30 - 0. 86
28. 467 (E)-3,7,11-trimethyl-1,6,10-dodecatrien-3-ol CsHy, O - - 0.20
28.565 3,7,11-trimethyl-1-dodecanol CisH;3,0 0.12 - 0.25
33.251 n-pentadecanol CsH;,0 - - 0.32
38.303 (E,E)-3,7,11,15-tetramethyl-1,6,10,14-hexadecatetraen-3-ol CyoH3, 0 - - 0.42
39.819 phytol CypHyO 0.02 - 9.76
(S 21.374 acetic acid-1,7,7-trimethyl-bicyclo[ 2. 2. 1 Jhept-2-yl ester C,H,,0, 0.14 - -
29.267 2,2, 4-trimethyl-3-carboxyisopropyl-pentanoic acid C,sH, 0, 0.28 0.24 0. 68
35. 146 1,2-benzenedicarboxylic acid-bis(2-methylpropyl) ester C¢H, 0, 0.12 - 0.37
36.258 hexadecanoic acid methyl ester Cy,H,,0, 0.08 - 3.33
36.904 n-hexadecanoic acid C¢H3,0, 0. 04 - 2.90
37. 602 hexadecanoic acid ethyl ester CgH3 0, - - 2.33
39.484 8 ,11-octadecadienoic acid methyl ester CoH;,0, - - 1. 40
39.614  (Z,Z,Z)9,12,15-octadecatrienoic acid methyl ester CpoHyy 0, - - 2.79
40. 067 methyl 16-hydroxy-hexadecanoate Cy;H3, 04 - - 0.51
40. 364 2-dodecen-1-yl( -) succinic anhydride CieHy6 04 - - 0.45
40. 535 7 ,7Z-4 ,15-octadecadien-1-ol acetate C,0Hy O, - - 0.57
40. 699 linoleic acid ethyl ester C,H46 0, - - 0.28
41.245 acetic acid n-octadecyl ester CyoHy 0, - - 0. 60
43. 440 (all E)-2,6,10,14-hexadecatetraenoic acid-3,7,11,15-tetramethyl- C,,H;,0, 0.11 - -
ethyl ester
57 11.366 benzaldehyde C,H,0 2.72 0.34 -
13. 451 1-methyl-4-( 1 -methylethyl) -benzene CioHy, 0.31 0.40 -
13.508 1-methyl-3-( 1 -methylethyl) -benzene CoHyy 0.33 - -
14.071 benzeneacetaldehyde CgHg O 1.32 - 0.01
16.279 phenylethyl alcohol CgH,,0 0.81 - -
18.353 naphthalene CyoHg 0.18 - -
23.185 1,2-dihydro-1,1,6-trimethyl-naphthalene CyHyg - - 0.11
27.745 5,6,7,7a-tetrahydro-4 ,4 ,7a-trimethyl-2 (4H ) -benzofuranone C,H0, 0.91 0.05 0.25
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gR1
AT 5 2 53/ %
% tg/min R Y 73T
NT SH HD
B 18.871 dodecane C,Hyg 0.37 - -
21. 699 tridecane Ci3Hy 0.31 0. 06 -
24.365 tetradecane Gy Hyg 0.28 - 0.09
31.525 heptadecane C;Hy 0.09 - 0.70
31. 651 2,6,10-trimethyl-hexadecane CioHy, 0. 06 - 0. 40
31.863 tetradecyl-oxirane CisH; 0 0. 05 - 0.79
33.880 2,3-dimethyl-heptadecane CoHy 0.04 - 0.27
35.013 hexadecyl-oxirane CgH30 - - 0. 30
43.051 tetracosane Gy Hyy - - 0.33
46.296 pentacosane CysHs, - - 0.23
Bz 7. 603 5-(1,1-dimethylethyl) -1 ,3-cyclopentadiene CoH,, - 0.26 -
8.770 E,Z-4-ethylidenecyclohexene CgH), - 0.14 _
10. 388 7,7-dimethyl-2-methylene-bicyclo[ 2. 2. 1 Jheptane CioHyg 0.52 0.14 -
10. 474 a-pinene CoHy - 2. 14 -
11.799 3-isopropenyl-5,5-dimethyl-cyclopentene CioHyg - 1.20 -
11.873 (1S)-6,6-dimethyl-2-methylene-bicyclo[ 3. 1. 1 ] heptane CioHyg - 0.93 -
34.506 E-11-methyl-12-tetradecen-1-ol acetate C,;H;,0, - - 0.24
35.347 1-nonadecene CoHsg - - 1.95
41.705  E,E,Z-1,3,12-nonadecatriene-5 , 14-diol CioHyy 0, - - 0. 84
44.618 (Z)-9-tricosene C,3Hyg - - 0.45
U 3.845 2-ethyl-furan CeHg0 - 3.05 -
12.426  2-pentyl-furan CyH,,0 1.17 1.76 -
15.530 5-ethenyltetrahydro-a, o, 5-trimethyl-cis-2-furanmethanol CoH;50, 0.71 - -
20. 320 2-hexanoylfuran C, H,0, 0.31 - -
B 10. 645 (1R)-2,2-dimethyl-3-methylene-bicyclo[ 2. 2. 1 ] heptane CoHyg 0.14 - -
12. 466 3-(2-methylpropyl) -cyclohexene CoHyg 2.46 - -
12. 624 3-(1-methylpropyl) -cyclohexene CoHyg 0.74 - -
12.739 (R) -1-methylene-3-( 1 -methylethenyl ) -cyclohexane CioHg 0.36 0.15 -
13. 196 1,5,5-trimethyl-6-methylene-cyclohexene CioHyg 0.13 - -
13.273 ocimene CoHyg 0.24 - -
13. 606 D-limonene CoHg 2.62 4.15 0.02
13. 683 eucalyptol CipHi0 10. 24 5.58 -
15. 697 4-methyl-1-( 1-methylethyl) -bicyclo[ 3. 1. 0 ] hexan-3-ol CoH; 3O 0.15 - -
15.874 3,7-dimethyl-1,6-octadien-3-ol C,oH;s0 0.53 0.09 0.15
18. 089 (1a,2B8,5a)-( +/ - ) -5-methyl-2-( 1-methylethyl ) -cyclohexanol C,oH, 0 2.00 0.30 0.15
18.227 cis-B-terpineol CoH; 30 0.29 - -
18. 634 2-methyl-5-( 1-methylethenyl) -cyclohexanol CoH;50 0.22 - 0.14
18.742 neodihydrocarveol C o H;40 0.82 - 0.37
18.814 (Z)-3,7-dimethyl-3 ,6-octadien-1-ol C,oH;s0 0.19 - -
19. 296 4 -sec-butyl-cyclohexanol CoHyO 0.22 - -
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AT 5 2 53/ %
% tg/min R Y 73T
NT SH HD
19.510 (E)-(3,3-dimethylcyclohexylidene ) -acetaldehyde CoHsO 0.16 - -
20.493  6-methyl-3-( 1-methylethyl) 7-oxabicyclo[ 4. 1. 0 ] heptan-2-one C o0, 0.32 - 0.11
20171 (Z)-2-(3,3-dimethyleyclohexy-lidene ) -ethanol CioH,s0 0.19 - 0. 06
126 23.582 palustrol CisHy 0 0.12 - -
23.714 S-neoclovene CsHyy 0.59 - -
23. 834 a-cubebene CisHy, 1.76 0.57 0.23
24.082 decahydro-3a-methyl-6-methylene-1-( 1-methylethyl ) -[ 1S-( la, 3ace, CysHy, 0.19 - 0.25
3bB,6aB,6ba) |-cyclobutal 1,2:3,4 ] dicyclopentene
24.245 [1S-(1a,28,4B) ] -1-ethenyl-1 -methyl-2 ,4-bis Cys Hyy 0.27 - 0.10
(1-methylethenyl ) -cyclohexane
24.653  caryophyllene C,sH,, 0.41 - -
24.816 humulen CsHy, 0.29 - 0.41
24.988  4,11,11-trimethyl-8-methylene-bicyclo[ 7. 2. 0] undec<4-ene Cys Hyy 2.82 1.45 0.99
25.210 [1S-(1R % ,9S * ) ]-10, 10-dimethyl-2 , 6-bis ( methylene ) -bicyclo C,sHy, 0.13 - -
[7.2.0]undecane
25.357  2,6-dimethyl-6-( 4-methyl-3-pentenyl) bicyclo[ 3. 1. 1 Jhept-2-ene Cys Hyy 0.64 0.13 0.26
25.486  2-methylene-5-( 1-methylvinyl) -8-methyl-bicyclo[ 5. 3. 0 ] decane €5 Hyy 0.14 - -
25.851 (Z)-7,11-dimethyl-3-methylene-1,6,10-dodecatriene CsHy, 1.56 0.29 0.48
25.948 4-methyl-tetradecane CysHs, 0.36 - 0.22
26. 040 [1R-(1a,338,4a,78) 1-1,2,3 ,3a,4,5,6 ,7-octahydro-1 , €5y 0.14 - 0. 06
4-dimethyl-7-( 1-methylethenyl ) -azulene
26. 344 isoledene CisHyy 0.14 - _
26.411  10S,11S-himachala-3(12) ,4-diene Cys Hyy 0.23 - -
26.534  1-(1,5-dimethyl-4-hexenyl) 4-methyl-benzene CysHy, 0.27 - 0. 42
26. 685 [4aR-(4aa,7a,8aB) ]-decahydro-4a-methyl-1-methylene-7- CsHyy 0.33 - -
(1-methylethenyl) -naphthalene
26.767 caryophyllene oxide CisH,, 0 0.29 - -
27. 002 1,2,4a,5,6,8a-hexahydro4 ,7-dimethyl-1- C,sHy, 0. 14 - 0.07
(1-methylethyl) -naphthalene
27.159 trans-Z-a-bisabolene epoxide CsH,, 0 0.07 - 0.18
27.347 [ s-(E,E) ]-1-methyl-5-methylene-8-( 1 -methylethyl) -1, C,sHy, 0.13 - -

6-cyclodecadiene

27.560 (1S-cis)-1,2,3,5 6 ,8a-hexahydro4 ,7-dimethyl-1 - C,sHy, 0.85 - 1.16
(1-methylethyl) -naphthalene

28.290  caryophyllene oxide C,sH,, 0 0.10 - 0.19

28.892 8-isopropenyl-1,3,3,7-tetramethylbicyclo[ 5. 1. 0 ] oct-5-en-2-one CsHy,0 - - 0.55

29.036 [15-(1a,338,4a,78,8a8) ] -decahydro-1,5 5, 8a-tetramethyl-1, € sHy O 0.34 - 5.72

4-methanoazulen-7-ol

29. 479 octahydro-3,8 ,8-trimethyl-6-methylene-1H-3 a-7-methanoazulen-5-ol CsH,, 0 - - 0.27

29. 646 [1R-(1R * ,3E,7E,11R % )]-1,5,5, 8-tetramethyl-12-oxabicyclo C,sH,, 0 0. 06 - 1.30
[9.1.0]dodeca-3,7-diene

30. 834 58,78H,10a-eudesm-11-en-1a-ol CsH, O - - 4.62
e — . ARBI ] NT. B4 4R 15 SH. F A T A U5 s HD. K 28R
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FFNEE 18.91% , MiE 10.35% , kI 4. 81% I 13
4.81% %P5 2. 449 FOER 1.02% 55 ; &% m & 0
(>3%) bk & WA XEE (11.98%), ¥ A
(5.58% ), Kr 4 (4.15% ) , 1E T [ (3.74% )
2-2, kg (3.05% ) %
3.3 OKZESR BB S M T 5 K M L5 Y GC-
MS ZrHr SRR S8 B 7K 78 A8 Bk B0 48 il 2
B 0y 7 R SR AR T #E Al AT T ARG, AR
Pt Vs ik I ERE S BT, BT AR R GC-MS [ 4n 2D Tk,
M AT LA M A K 28 A28 R AR 4 il
B AR B LY (1, =25 ~42 min)

fit iz NS e T rp 8 e R L& )
T8I T, A E S A KM T70.71% , EE N
frof i 17.48% |, i I Big 16.21% , i 15.70% , &
12.20% ¥ 42 3. 48% , S )& 3. 11% F1 5§ 1. 00%
G HPEREE (> 3%) WG EEA 6,10,
14-= W e+ F-BE-2-F (10.61% ), M &% BE
(9.76% ) ,[1S-(1a,3a8,4a,78,8a8) ] decahydro-1,
5, 5, 8S-tetramethyl-1,
( 5.72%), 5B, 7BH,
(4.62% ), #5 tW B W Fg (3.33% ) F £ HH R
(2.90% )%,
3.4 3FPIEEMENR T TR L E 2
IR 1 S0 T 5 & M L4 9 GC-MS %4f vl %01, %
WL S AT Wk MK ZE SR ME M, BA U
3 AT R, O R MU B AR TR
RE AR A4 22 1 45 6 PR B 43 i (112 A, T i 25 T
25V T K 28 ROZE 08 5 I 15 09 180 0 B0 43 il ok 37 A4
T8 Ao QKM RS, N GC-MS & 1 £/
R (o) AT LA MY BT A2 05 R EE AR h SR
PR G (Can B 7 B R B 258 ) A/ i IR R P
5 CnfE ) (¢, =10 ~ 27 min) , T i 25 T2
2 E BRSPS W (R 7 B 25 ) AN
RS RS (1, =2.0 ~13.0 min) , /K ZE
SZERE E 2R — SRR R YL B W (f5 R
WP NG 17 B B2 ) (1, =25 ~42 min) , XSRS
3 A AR 3 FERR A s b, —
P2 R AE R AL A W7 SC 50 R 1 SR AR S T
23 S 48 e 1) Ak G ) T 75 8 T 0 1) 32 BRI
JEAREHE AT 2S5 K Z8 2R MR I 48Rl o 78 = TR
T(>100 C) F#EAT, — 26 m 5 &M 0 & W) 7 2%
TR Ao A DA R R T o e B ) R v T B R B
A&, M — SRR & P A W AE o i 45 DUSR HG, h
Bt A A R AE AR A i A B T XA R AT R AR
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4-methanoazulen-7-ol

10@-eudesm-11-en-1a-ol

TRAIE 5 52 P JR A3 ¥ A B I, L R S ) 05 B 350
RE B 32 W% B 15 3% 07 125 R 65 45 S 4 T b Ik
LA T S R IR B R . B0 i I R A
JiE |, 7E A (R B RE i i R, MR & P 20 F0 15 5 iR
TR Ol B, B Al 48 v R 25 IO 2% ik 9 R A
Bl LR 3 Rh AT AL B Oy BB T, R 13
G432 3 Ry v LR B, R, X T A T TR
S AL T 4 S A 2 A% 3% 3 Bl s R R L AT
AR TR b
4 #ig

A58 e FEVT 47 4 v ) T 25 S5 46 M T B 4 2
SRSy BEAT T RIFSE , 345 15 55 1 K 28 R 2R ML A 4
T2 P EAT T HAR A0 T, e B0 24 T 25 ok T 15 9 4
KLY 2 0 AR R AR IR Y, K 78R FE N T A5 5
B4 % IR 23 2 SR IR 4 2 P 4, T B 4 vk
ARAS SR PRI B AY A R T K 28R R
R 0 5 O 2 1 e 2 B4 P A 2 5 LR A5 T
PR R B RO L DR A A AT AR, T LU
AT T AR 25 AR R R AY , S A 4E 1 -G C-MS
VRS AR TR 3R AR A R R A R B I
(IR N RS- L i e S
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