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Comparison of Volatile Oil of Domestic and Foreign Panacix Quinquefolii Radix by
HS-SPME/GC-MS

ST Yu, LIU Yun-he, WANG Zhong-yao, LIU Jin-ping, LI Ping-ya, JIAO Yu-feng"
( Natural Medicine Research Center, School of Pharmaceutical Sciences, Jilin University, Changchun 130021, China)

[ Abstract ] Objective; To determine the volatile chemical constituents of Panacix Quinquefolii Radix of
different origins and different growth years, in order to provide the theoretical basis for the further development and
utilization of Panacix Quinquefolii Radix . Method: Headspace solid phase microextraction ( HS-SPME) combined
with gas chromatography-mass spectrometry ( GC-MS) was used to extract, analyze and identify the volatile
constituents of Panacix Quinquefolii Radix . The chromatographic peak area normalization method was used to
determine the relative amount of ingredients. Result; A total of 151 compounds were identified in Panacix
Quinquefolii Radix samples, including 99 hydrocarbons, 21 alcohol phenols, 7 aldehydes, 8 ketones, 1 ester,
15 heterocyclics and other compounds. Totally 68 kinds of compounds were identified in the roots of three-year-old
Jilin Baishan, and the mass fraction accounted for 98.27% , 67 compounds were identified in the roots of four-
year-old Jilin Baishan, and the mass fraction accounted for 98. 79% , 65 compounds were identified in 3-year-old
Panacix Quinquefolii Radix root, and the mass fraction accounted for 95. 81% , and 63 compounds were identified
in 4-year-old Panacix Quinquefolii Radix root, and the mass fraction accounted for 99.67% . The specific

components of the volatile oil components of the four Panacix Quinquefolii Radix samples were 24, 23, 19, and
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23, respectively, and the total composition was 16 species. Conclusion: The content and composition of volatile

chemical constituents of Panacix Quinquefolii Radix of different origins are very different. This experiment provides

a reference for the future quality evaluation of Panacix Quinquefolii Radix medicinal materials, rational

development and utilization of resources.
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Table 1 Panax Quinquefolii Radix information sheet
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Fig.1 Total ion chromatogram of volatile constituents of four Panacix Quinquefolii Radix samples
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Table 2 Volatile components and contents of Panacix Quinquefolii Radix

sAREL EAREL KR eS|

No. A 4 i WEUE pen G @m) G )
/% / % /% /%
1 1-T# 1-butene 2.553  C,H, - - 0.19 -
2 —REILZE diisopropylethylamine 2.751  C4H,N - - 0.10 -
3 5-HRE-1-C0 K5 5-methyl-1-hexene 2. 849 C,Hy, - - - 0.45
4 2-I3E-1-PH 2-methyl-1-propene 2.915  C,H, 0.35 0.55 - -
5 NHE-IF = REA S hexamethy-cyclotrisiloxane 3.204  C¢H,40,Si, - 0.09 - -
6 1-C ¥ 1-hexanol 4. 164 C¢H,,O 0.63 - 0.38 0.45
7 1,2-7HI -4 1,2-dimethyl-benzene 4.250  CgH,, - 0.34 - -
8 WIF[4.2.0]3-1,3,5-=4 bicyclo[ 4. 2. 0]octa-1,3 ,5-triene 4.749  CgH, 0.12 0.50 - -
9 IEPIEE heptanal 4.907 C;H,O 0.20 - 0.22 0.22
10 (E)-1,3-T —J-1-fi (E)-1,3-butadien-1-ol 4.953 C,HsO - 0.31 - -
11 a-Kf#% a-phellandrene 5.361 CioHyg - - 0.17 0.15
12 1R-a-JE ¥ 1 R-a-pinene 5.788 CioHyg 3.27 1.10 3.78 2.92
13 %M camphene 6. 150 CioHyg 0. 88 0.31 1.04 0.83
14 1,1-— I 3 3RPI4E 1, 1-dimethyl-cyclopropane 6.413  CH,, _ - - 0.16
15 1-%¢He-1-F5 1-pentyn-1-ol 6.439  CyH 0 - 0.14 0.18 -
16 2-H 3 2-+—Eefi % 2-methyl-2-undecanethiol 6. 446 C, Hy S 0.14 - _ _
17 ZKH [ benzaldehyde 6. 663 C,H,0 0.20 0.12 - -
18 (= )-B-JEME ( ) -B-pinene 6.781  CyoHy, - - 1. 64 -
19 1-J@EE 1-heptanol 6.788 C;H,,0O 0.35 - 0.27 0.26
20 ( =)-a-JEM ( £)-a-pinene 6.933 CyoHpg - - - 0. 86
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21 1R-a-JEH 1R-a-pinene 6.959 CioHyg - 0.29 - -
22 B-JEM B-pinene 6.965 CjHg 0.82 - - -
23 1-34 31 1-o0cten-3-ol 7.051  CgH,0 - - - 0. 14
24 2,2- " H3-1-CL [ 2,2-dimethyl-1-hexanol 7.077 CgH ;50 0.15 - - -
25 2,2- W HE-ri ks 2,2-dimethyl-pentane 7130 C,H, - - 0.22 -
26 B-ifli 4 B-terpinen 7.202  CyHy - - 0. 40 -
27 6-H 3-5-Fild-2-fil] 6-methyl-5-hepten-2-one 7.268 CgH,,O - - - 0.22
28 3,5-HIH-1-E 4% 3 ,5-dimethyl-1-hexene 7.294  CyH,q 0.18 - - -
29 2,2,8-=HI3-%¢4% 22 8-trimethyl-decane 7.294 G,y Hy - 0.12 - -
30 1-7F-mknEg 1-pentyl-furan 7.347  CoH,,O - - - 0. 40
31 B-EH: B-pinene 7.366  CyoHy, 0.43 0.43 - -
32 HObR H 3R SUBE DU R AR octamethyl-cyclotetrasiloxane 7.426  C4H,,0,Si, - - 0.11 0.10
33 SEEE octanal 7.768 CgH,,O 1.53 1.94 0.82 2.03
34 1,12 (3 el 32T 1) IR A 1, 1-dimethyl 2 7.912 CyoH - - - 171
(3-methyl-1,3-butadienyl) -cyclopropane
35 1S-a-JEH 1S-a-pinene 7.939  CyHy, - 1. 49 - -
36 1R-a-JEHi 1R-a-pinene 7.945 CioHyg 1.81 - 1. 50 -
37 B-4x4E)%E B-cymene 8.221 C, H, - - 0.17 -
38 Xf-RAPAEFR p-cymol 8.353 C, Hy, 0.25 0.20 - 0.19
39 D-Frgds D-limonene 8.445  CoHq - - - 0.75
40 FrfER limonene 8. 465 CoHye 0. 89 0.37 0.81 -
41 2-3F /3 BRI A% 2-methylene cyclopentanol 9.300 CqH, 0 0.24 - 0.18 -
42 2 3o 2-5 H-1-35 4 3 )2-F5 4 2-methyl3-( 2-propen-1-  9.379  C,H,,0 - - - 0.27
yloxy) - 2-propene
43 (E)-2-%WmE (E)-2-octenal 9.385 CgH,,0 - 0.27 - -
44 1-35F 1-octanol 9.773  CyH,;0 0.96 - 0.67  0.67
45 3,5-3 " H5-2-ffi 3.,5-octadien-2-one 9.839  C,H,,0 - 0.15 - -
46 T-f% nonanal 10. 727 CoH ;50 - 0.10 - 0.26
47 (E) - 2-Pelfs-1-F (E)- 2-hepten-1-ol 10.740 C,H,,0 0.11 - - -
48 2-TF F 3E-1-3F % B 2-methylene-1 -cyclopentanol 12.364  CgH,,0 - - 0.25  0.57
49 RN LI bis-allylamine 12. 403 CeH N 0. 46 - - -
50 3-FR KN B 3-cyclohexylpropyne 12. 410 CoHy, - 0.68 - -
51 2-H & EE3-( 1-H 3 HE )-mt % 2-methoxy-3-( 1- 12,745 CoH,N, 0 0.28 0.27 0.27 0.29
methylpropyl) -pyrazine
52 2 G E3-( 2-H M OP§ M )-Mb WE 2-methoxy3-( 2- 13.002  C,H,,N,0 - 0.19 - 0.24
methylpropyl) -pyrazine
53 1-Z M4 R 1-vinyladamantane 13.837  C,H,, - - 0.12 -
54 3-F A4y B JL-XUIR[ 3. 2. 1] 3 2-85 3-methyl<4-methylene-bicyclo 13. 870 CyoH,, - - - 0.11
[3.2.1]oct2-ene
55 13- PG 1,3-diisopropylbenzene 13.909  C,,Hy - - 0.12 -
56 1,2,4-=7Z. 3% 1,2, 4-triethyl-benzene 13.948  C,,H - 0.11 - -
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57 1-ZK3-1,3-T —fi 1-phenyl-1,3-butanedione 14.244 CioH,p0, - - - 0. 30
58 1,5-3¢ "4t 1,5-decadiyne 14. 244 CoHy, 0.26 0.42 0.34 -
59 5-3L-3-H1JE-1- & ¥fif 5-hydroxy-3-methyl-1-indanone 15.066  C;pH,;,0, 1.38 1.85 1.72 1.48
60 E-1-|—WkJGEE E-1-undecenal 15. 342 C, H,, O 0.13 - - -
61 2,3-—H 215 4% 2 ,3-dimethyl-1-pentene 15.342  C,H,, - 0.13 - -
62 29 I 2L 3R % B 2-methylene cyclopentanol 15.356  C¢H, 0 - - - 0.10
63 1-JR2-F £ T4 1-bromo-2-methyl-butane 16. 309 CsH;, Br - 0.09 - -
64 1,5-—42-HI 4 H-3-H 33 1,5-dichloro-2-methoxy-3-methyl-benzene 16.611  CyHyCL0 0.32 0.21 - -
65 =M IO A4S dodecamethyl-cyclohexasiloxane 17.078  C,,Hy04Sig - 0.26 - -
66 1, 3-= Bl Sl T H2-% 2 B 1, 3-dimethyl-5-tert-butyl- 17.183 €, H,, 0 - 0.18 0.35 -
2-acetophenone
67 1,3-%(1,1- " HUHEZ 3E) 5l 3% 98 1,3-bis (1, 1-dimethylethyl)- 17.197  C,sH,, - - - 0.28
5-methyl-benzene
68 1-(2,4,5-=72.3) Z.B 1-(2,4,5-triethylphenyl) -ethanone 17.203  C,,Hy0 0. 49 - - -
69 (+)-SKME (= )-isolongifolene 17.670  CysH,, - - - 1.26
70 4-(2,7,7 EHHEIR[3.2.0] F2H-1-38) 3-T 42 4-(2,7, 17.677  C,,Hy0 1.79 - - -
7-trimethylbicyclo[ 3. 2. 0] hept-2-en-1-y1) -3-buten-2-one
71 «-EE¥E i M a-cubebene 17.690  C,sH,, - 1.25 2.14 -
72 (=) -a-AIAME () -a-gurjunene 17.940  CysHy, 0.29 - - -
73 3-(1,1-Z H 3 Z 3 ) - B B 3-(1, 1-dimethylethyl ) -a- 18.189  C,,H,,0 - - 0.23 -
methyl-benzenepropanal
74 1,3,5-=(FPE) % 1,3,5-tris(isopropyl ) benzene 18.196  C,sH,, - - - 0.20
75 1-(2,4,5-=2,3%) Z. B 1-(2,4,5-triethylphenyl ) -ethanone 18.203  C,,HyO 0.29 0.18 - -
76 1,2,4,5-P0 H B33 H T ) 3 1,2,4, S-tetramethyl 3-(3- 18.314  C,H,, - - 0.35 -
methylbutyl) -benzene
77 i:(s%l—gr]n;;}g;:lyl)»2,3,4,5—lelramelhylbenzene 1-(3-F 3T 3)2,3, 18. 328 CsHy, B ~ 0.20 0.28
78 1,2- 233 ,4-7 H LG 1,2-diethyl-3 ,4-dimethyl-benzene 18. 334 C,Hy 0. 49 - - -
79 ( -)-A[EH (- )-copaene 18. 420 CisHyy - - 1. 69 -
80 a-EER MM a-cubebene 18.426  Cj5H,, 1.21 1.55 - 0. 86
81 B-A %5 B-panasinsene 18.558  CysH,, 3.84 1.42 2.73  2.15
82 1,2-77,3£3,4- 7142 1,2-diethyl3 ,4-dimethyl-benzene 18.637  C,,H - 0.35 0. 60 -
83 4-(3-HIZ2-TH53E) -2 4-(3-methyl2-butenyl) -phenol 18.650 C, H,,0 _ - - 0.50
84 3-2.3-1,2.4 5-PU 33 3-ethyl-1,2,4,5-tetramethyl-benzene 18.656  C,,Hq 0.82 - - -
85 B-FEVE i B-cubebene 18.762 CisHy, 0.23 0. 30 0.53 0.19
86 B-Hi# Mi B-elemen 18. 821 CisHyy 0.52 0. 46 0. 46 0.54
87 1-Z. 4 3-5 3% 1-cthyl-3-isopropylbenzene 18.972  C, H, 0.32 - 0.26  0.19
88 (- )-a-W 2 ( - )-a-gurjunene 19.314  C5Hy, 0.90 1.05 1.24 2.06
89 HIAE-V6 cedrene-V6 19.531 C,sH,, 0.88 - - -
90 ( - )-Thya M ( - ) -aristolene 19.537  CysH,, - 0.70 - 1.01
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No. TR e A R /min 737 (3 48) (4 %) (34)  (44F)
/% /% /% /%
91 (1R,8AS)-1,2,3,7,8,8a -/;N&-1,6- " H F4-(1-H 3 2 ) ZE 19.958 CsH,y - - 0.59 -
(1R, 8AS )-1, 2, 3, 7, 8, 8a-hexahydro-1, 6-dimethyl-4-( 1-
methylethyl ) naphthalene
92 (+)-FAEM®E ( +)-calarene 19. 965 CisHy, 7.81 6.79 7.12 13.73
93 ( £)-B-kARIE () -B-cadinene 19.768  CisHy, - - 0.22 -
94 «a-AZM a-panasinsanene 19.978  CsH,, - 0.63 = -
95 ( +)-a-MiFM ( +)-a-elemene 20. 004 CsHy, - - - 1.13
96 ( - )-FEHE (- ) -alloaromadendrene 20. 149 CisHy, - 0.16 - -
97 2,3,3a,4- MU K3 3a,6-= 1 HE-1-(1-1 3 2, 86) -1 H-2 2,3 ,3a, 20.155  CH,, 0.18 - - -
4-tetrahydro-3 ,3a,6-trimethyl-1-( 1 -methylethyl ) -1 H-indene
98 a-ME KM a-selinine 20. 162 CsHyy - - - 0.26
99 T & =¥ neoclovene 20. 386 CisHyy - 1.81 - -
100 T FF&F M clovene 20.392 CisHyy - - 3.85 3.22
101 S-S B-maaliene 20. 425 CsHy, 7.71 - - -
102 (E)-B-&H WM (E)-B-farnesene 20. 649 CsHy, 29.79 44. 50 36. 88 30. 25
103 A1 #s caryophyllene 20.813 CisHyy - - 0.45 0.41
104 4,11,11 = H 380 HIJEOUFR [7.2.0] - — @e4-H5 4,11,11- 20.826  C,sH,, 0.49 0.35 - -
trimethyl-8-methylene-bicyclo[ 7. 2. 0 Jundec-4-ene
105 B-# T & =& B-neoclovene 20. 931 CisHy, 0.89 0.41 0. 62 0.47
106 y-kE KM y-selinine 21.004 CsHyy - - - 0.33
107 B-&¢M-J B-patchoulene 21.017 CsHy, - - 0. 66 -
108 2-SF N Mk 4a,8 T H L H KE-1,2,3,4,4a,5,6,7- )\ & %5 2- 21.023 CsHyy 0. 65 - - -
isopropenyl-4a,8-dimethyl-1,2,3 ,4 ,4a,5,6,7-octahydronaphthalene
109 (- )-a-H 254 ( - ) -a-gurjunene 21.063 CsHy, - 0.48 - -
110 ( =)--ZFEHEK ( £ )-a-curcumene 21.135 CisHyy 0.34 0.41 0.34 0.35
111 B-Jfi-4: & W M B-cis-farnesene 21.201 CisHyy 0. 46 0.54 0.45 0. 65
112 1,2,3,4,4a,7-X5-1,6-— P H4-(1-PHZH)-28 1,2,3,4,4a, 21.405 C, H,, 0.24 0.26 0.34  0.26
7-hexahydro-1,6-dimethyl-4-( 1-methylethyl) -naphthalene
113 1,2,3,4,4a,5,6,8a-/\ % 4a,8- "W HE2-(1-F L) 251, 21.477 C;5Hy, 0.39 - - -
2, 3, 4, 4a, 5, 6, 8a-octahydro4a, 8-dimethyl-2-( 1-
methylethenyl) -naphthalene
114 ( +)-FHH ( £ )-aromadendrene 21. 464 CsHy, - - 0.50 -
115 B-%¢nt4 B-patchoulene 21.490 CisHyy - 0.50 - 0.46
116 Mi-( =) 2,4a,5,6,9a-7N F-3,5,5,9-04 H &L (1H) B IF R PEIG 21,556 CisHy, 0.61 - 0.98 -
cis-( = )2, 4a, 5, 6, 9a-hexahydro-3, 5, 5, 9-tetramethyl
(1H) benzocycloheptene
117 (Z)-a-2L 3% 25H5 (Z)-a-bisabolene 21.563 CisHyy - - - 0. 66
118 (8)-B-LTWZHs (S)-B-bisabolene 21.819  CysHy, 10. 38 12. 08 9.01  14.10
119 2-5¢ 9 HE-5-F B9 B JE-T 3R [4.4.0 ] 28-1-H 2-isopropyl-5- 21.944 CsHyy - - 0.57 -
methyl-9-methylene-Bicyclo[ 4. 4. 0] dec-1-ene
120 ( =) -B-f5FKFHM ( - )-B-sesquiphellandrene 22.089 CisHyy - _ _ 4.13
121 ( +)-8-#:#AMEM ( + ) -8-cadinene 22.095 C;5Hy, 3.83 5. 60 6.23 -
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122 1,6 HIHE4-(1-FIEZHE)-1,2,3,4 40, T-N A% 1,2,3,4,4a,7- 22.266  C,sH,, 0.16 - 0.32  0.27
hexahydro-1,6-dimethyl-4-( 1-methylethyl) -naphthalene
123 (- )-a-H W ( - ) -a-cedrene 22.279  CsHy, - 0.21 - -
124 [78-(TR# 8R* )] -T-F3E4-(1-F LW 2 45) -WIR[5.3. 1]+ — 22.575 €, H,,0 - 0.24 - -
Be-1-45 B [ 7S-(TR %, 8R % ) ]-T-methyl4-( 1-methylethylidene ) -
bicyclo[ 5. 3. 1 ] undec-1-enol
125 # /i camphene 22. 825 CoHye - - - 0.29
126 (Z,E)-a-& &M (Z,E)-a-farnesene 22.825  Cj5Hy, 0. 46 - 0.41 -
127 it -a-27 % 2545 cis-a-bisabolene 22.825  CysHy, - 0.38 - -
128 ( +)-AZefF2EmE (+ ) -valencene 22.943 CisH,, 0.41 - 0.20 -
129 A4 A ALY caryophyllene oxide 22.943  C5H,O0 - 0.22 - -
130 ( +)-HiELE ( +)-spathulenol 23.154  CsH,,0 0.16 - - -
131 ( -)-# ¥z (- ) -globulol 23.266 CisHy, O - - 0.24 0.36
132 (+)-B A TERE (+)-viridiflorol 23.266  C;sH,0 0.40 - - -
133 (+)-B-UEHHE (+)-B-selinine 23272 Cy5Hy, - 0.33 - -
134 -7k hexadecane 23.384  CHy, 0.20 0.18 - -
135 1,2,4,5-P040-3-T 225 1,2,4,5-tetrachloro-3-nitro-benzene 23.588  C,HCI,NO, 0.44 - - -
136 o~ MUK 3R 246 11 a-humulene epoxide 11 23.706 C5sHy O 0.27 - - -
137 2,6-—H15-1,5,7-5 = J53- 2 ,6-dimethyl-1,5 , 7-octatrien-3-ol 23.772 € H, 0 0.26 - - -
138 (1Z,3ac,7a8)- 1-F 2, 5 A G Ta- i - 1H-2 (1Z,3aa,7a8)-1- 23.805  C,,H,, - - 0.25 -
ethylideneoctahydro-7a-methyl-1 H-indene
139 @RIARRE guaiol 23.811  C;5HyO 0.38 - - -
140 B-HiJs B-maaliene 23. 884 CsHyy - 0.17 - -
141 1,7-3 — 4t 1,7-octadiyne 23.923  CyHy, - - 0.37 -
142 1,3-2 7k 1,3-decadiyne 23.923 CoHyy - - - 0.93
143 (=) -a-H 24 ( - ) -a-gurjunene 24.022 CisHyy - 0.27 0.92 0. 89
144 2-R NS Fda,8 WL 3E-1,2,3,4,4a,5,6, T NG % 2- 24022 CH,, - 0. 66 - -
isopropenyl4a,8-dimethyl-1,2,3 .4 4a,5,6,7-octahydronaphthalene
145 (+)-a-#FM (+)-a-elemene 24.107  CysHy, - - 0.23  0.31
146 y-Ug K4 y-selinine 24.114 CsHyy 0.32 0.41 - 0.35
147 YL MRS agarospirol 24.252  CsHy O - - 0.25  0.21
148 B-MAIAM B-guaiene 24.252  CisHy, 0.25 - - -
149 ZF AR ®EE hinesol 24.258 CsHy, O - 0.26 - -
150 Fi & il #- 4 pentachloronitro-benzene 26.106  C4CL;NO, 2.18 0.29 - -
151 FEHE PR F fiE hexadecanoic acid methyl ester 27.770 Cy,H;,0, - - 0.21 -

Hi 2 3 ATAL, M PG P 2 R i B9 4 S PR oy b
BIFME Y IS A A5 KR 28 99 i (P I 2K 21 b
BESS 7 b, B E 8 B, BRIE L AR, A% 3R JE KO i
15 il

AR = PE PSR P S E T 68 K
O3 o RIE R R IR 1 98. 27 % M X I 4 R i
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1% A 12 B Herpo A i 0 O s A (E) 8-
SN (29.79% ), (S)-B-21 1% 250 (10.38% ) ,
(+)-HE Wb (7.81% ) ,B-S MM (7.71% ) ,B- N
S5 (3.84% ), (+ ) -5-FEAA M5 (3. 83% ) , 1 R-a-JK
M (3.27% ) 1T S8 A JE-OK (2. 18% ), i J&k A 73
1 68.81%
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Table 3 Quantity and relative content of various volatile components of Panacix Quinquefoli Radix
ISES P/ W 2 i 2 [N [[FES IV ENIES &t
7 LA R CREX BT 53 B0 CHHX BT 4380 RO BT RE 4380 RO BT 6 43 450) (AR B a4 850 (AR B 43 800 (AR O B2 43 %80
/(%) /A (%) /(%) /(%) /A (%) /(%) /(%)

HARE (3 4E) 43(84.53) 11(3.78) 4(3.95) 4(2.06) - 6(3.95) 68(98.27)
HARA L (4 4F) 46(91.25) 4(0.95) 5(2.54) 4(2.43) - 8(1.62) 67(98.79)
EE (3 4) 47(92.21) 8(2.42) 2(2.07) 3(1.27) 1(0.21) 3(0.48) 64(98.66)
LHE(44F) 43(90.60) 9(3.26) 3(2.00) 3(2.51) - 5(1.30) 63(99.67)

4AFEA AR L VPSR D % E 67 AN AR
A, i B R R LAY 1 98. T9% , AH T T 43 B b
1% W47 13 By P AR B A B0 S A (E) -B-
AWM (44.50% ), (S)-B-LL ¥ 254 (12.08% ) ,
(+)-F & il (6.92% ) F1 ( + )-8-kk # i 4
(5.60% ) , 5 B 411 69.10%

3AFEAEZEES R DS E B 65 M, b
SR R LA 98, 81% , AH N T i A Bl i 1% 1Y
A 14 Fh, FHrhAEX RSB S A (E)-B-2 6
KM (36.88% ), (S)B-LL 2545 (9.01% ), ( +)-
FLEmE (7. 12% ), ( + ) -0-FEFN I (6.23% ) , T
FH WM (3.85% ), IR-a-JR J& (3.78% ), B- N\ & Js
(2.73% ) Fl o-BE P& i M (2. 14% ), 5 &% 453
() 71.74% .,

4 AR E PSR A 63 LA, b
SR R M LA 10 99. 67 % A X 5 i B i 1% 1
A 14 Ff g Forp AR X BT B S A (E) B-4a G
i (30.25% ), (S) -B-£1 % 25045 (14.10% ) , ( + ) -
A i (13.73% ), (- )-p-fF 2k K JF i
(4.13%), T F F % (3.22%), 1R-a-JEW
(2.92% ), B-NZ I (2.15% ), (- )-a-ily 25 M
(2.06% ) FEREE(2.03% ), 5 B 74.59%
3.1 RS FMEMERZER SN 34,
ML = PGV S AR e S e il 5 R, R 2 (43
Ff,84.53% ) iy 25 (11 Ff,3.78% ) , 2 (4 Fh,
3.95% ) B (4 F,2.06% ) , Fe 35 e HoA 2 (6 Fr
3.95% ) ;4 AEA ML PEVES R S 5 2k
YT, & 2K (46 Fl, 91.25% ), BE My 25 (4 FP,
0.95% ) (5 Fp,2.54% ) T (4 Ff,2.43% ),
AR S H A (8 B, 1.62% ) 53 4E A SEE = PU 2
MR % 6 KW T, K225 (47 Fh,92.21% ) , B 1
HK(8F,2.42% ) ,HZE (2 #,2.07% ) , B2 (3 Filr,
1.27% ) ,BE2E (1 #,0.21% ) , 2 35 B HoAh 2 (3 F,
0.48% ), 4 F/EZE=THIESHR T EET 5K

L IR (43 F,90.60% ), BETR 2 (9 Ff,3.26% ),
B2 (3 F,2.00% ), [E2E (3 F,2.51% ) , A 38 L He
(5 Fp,1.30% ) o th BT A, S S AR L
3,4 AEE VU VE SR MU TR AL B Y R
g3 AR AN TR b, AN [ AR BR 9 V8V 2 48 PR )
(R L R 2 R B i T AR — R 25 57
3.2 FERVERT I o AR BT e 3R
B 5 &A™ 3,4 AT SR 5 R 16 i,
G ANR 1R-a-JR U , BM , F I, 2-H A 6 -3-(1-H 5
PR3 ) MR, 5-F 3 -3- 1 31 - A Bl W, B- N S 0,
B-ZEVE M, B-REE IR, (= ) -a-ili 00, (+)-H
ECE , () -B-a & WM, B-8 T & =M, (£)-a-
LM B -4 A W H ,1,2,3,4,4a,T-75 4 -1 ,6-—
HEE-4-(1-H ) 28, (S) B-2L % 2iM o AT Al
Gy Al bR R PR LAy B 62.74% , 73.69%
67.35% ,72.30% .

AT A 5y 5 R R M R A ) R, (R
A Wy Z R & B B A BB 200, Bl (E) -B-4x
B XA A LA A 43 v ) 3 A Ay, HAE G R A
BB R 29.79% ,44.50% ,36. 88% Fil 30. 25% .

A3AT I LG £ RE A R4y, TN 3 AR AR AR
PRV S AR 24 FROREAT LAy (B A 1
17.84% ) , & 5w AL 4G B-Th M (7. 71% ) 1 4-
(2,7,7 =L TIR[3.2. 0] BF-2-4-1-38) 3-T Jis-2-
i (1.79% ) 45 ;4 A A5 AR L P2 PE VE S R v 5 23
TR 8023 (o AR 0 8. 57 % ), & B v AL 3
BT EHEZAR(L.81% ) Fll 1S-a-JEHi (1. 49% ) %533
A EE PSR P S 19 FhEEA B4 (BT
Gy 8.60% ), R AR M AL S (- ) -] B4
(1.69% ) Fi( - ) -B-IH (1. 64% ) 55 ;4 4FH: SE [ ™
VUvE S MR & 23 FhoRe A R4 (i R
11.31% ) , & BB e B ALHG 1, 1- i Be-2-(3-1 3
13-T Z-1-36) - Be (1.71% ), (=) - Kt
i (1.26% ) 1 ( + ) -a-Bi &M (1. 13% ) %5, A[E 7
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ESFE B R A o b B o A X i 22 R
LN
4 it

R FH T2 [ AR i 46 B (HS-SPME ) 4 R 45 & <
AH - BTS2 (GC-MS) 434 4 AN [R] 7= i AN
) AT PR PG 3 S B 0 5 R M Ay, R et 151 B
BAT  ALAERR2E 09 Fi (BT 2 21 Fob (RESS 7 Fb (R 2K
8 i MR 1 Ah e ERR K HABAL G W 15 B R A K
G343 R 24 Ff,23 Fif 19 FRn 23 A S R4 16
i 26 B A AR 1L 3,4 4R AR PG VS 1048 kT
43 Tl 2SR B i B4 A AE W W 25 R o R 4 R AR
SREAT AR R AL 2 A i R, BAR (E) B-
G B R 4 B W3 TE A SRR I 43 A B e {EL AR
XA A IR o A U B AR 2R R

B W B B E W R IR R
Xof 22 ol b Jed 7 AR U, B o R B ARG X R RS
PRI LA R AF MG 7 ROR . IR A S5 R T B-
A 308 3 75 P A A O T 5 o Ak B R R
B S E DI RE 305 A i TR X Ak A 245 ) 1 it 245 Pk A
207 T 3K BIPT ORI F  anBE M LA B R
PPk PLEBE T,

AR SCHBIE 5 0] R VG 3 S 10 6 O3] R (L ER 0 e
LA, [R]ISFRT A A > VU VE 2 24 M BT i DF AN BF 5 DL K
TR Y 7T 4 A B & R AR LA %
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