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[ Abstract | Objective: To analyze the differences of volatile components in various parts of Trifolium
pratense. Method: The volatile oils were extracted by the method of headspace solid phase micro-extraction. The
chemical components were determined by GC-MS, quantified by the area normalization method, and analyzed by
the principal component analysis. Result; Totally 155 volatile oil compounds were identified from stems, leaves
and flowers of T. pretense, including 55 hydrocarbons, 29 alcohols, 23 ketones, 13 esters, 21 aldehydes, 2 acids,

3 phenols, and 9 heterocyclic and other compounds. Totally 95 compounds were identified from stems, accounting
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for 94.15% of volatile components, mainly containing 35 kinds of hydrocarbons (39.14% ), 18 alcohols
(10.86% ), 16 ketones (19.61% ), 6 esters (4.06% ) and 11 aldehydes (7.48% ). Totally 89 compounds were
identified from leaves, taking up 95.17% of volatile components, mainly containing 37 kinds of hydrocarbons
(41.58% ), 16 alcohols (14.88% ), 12 ketones (18.18% ), 3 esters (9.27% ) and 14 aldehydes (4.69% ).
Totally 78 compounds were identified from flowers, occupying 91. 66% of volatile components, mainly containing
28 kinds of hydrocarbons (45.24% ), 12 alcohols (4.81% ), 10 ketones (11.57% ), 8 esters (6.65% ) and 11
aldehydes (9.24% ).
were respectively 0. 56 x 10”, 1. 14 x 10”and 0. 55 x 10°, with the largest total peak area in volatile oil of leaves.

The total peak areas of volatile oil obtained from the 3 samples of stems, leaves and flowers

There were 41 constituents in 3 parts in total; stems, leaves and flowers contained 29, 41 and 14 specific
components, respectively. The 2 principal components could represent 155 kinds of volatile oil components of the 3
samples. The principal component analysis showed great differences among the samples, with the highest
comprehensive score for leaves samples. Conclusion; There are great differences between species and content of

volatile oil from stems, leaves and flowers of T. pratense.

[ Key words ]

AN N A ) N o AW A S N
TR R R AR R AR L P B AR
ATz BN WAL S ar A b
fege iy R R 2, F 20 T 1k Wi | k0% LA KR YT )R
W LRI g K B, 21 A R A
R L5 B AR PR BB AL A B 7 A B
I G

RIS ZAETE T i) — K BA 5 HER
WR 8 1L 53, 72 v 2 1 B A RO ), AL S
J7 B MRV REAL S W) S A S AT A . 2R
SR E i B R B2 A R B — i R 24 B
TP A0 A AU I RR T R B A L PR R AR AR
R o R LT A A A 4y Y BF 5 B, A
5% % H Tenax trapping F1 GLC-MS £ K447 T 7] g
A Ry v A B U5 5 300 A 40 42 gl R A R AL by
R RNE R Tham A SR K 2 T A 1k
CL A R i, ORE (8 3 5 B A (GC-MS) %
S B AL A . OIS SR 2 G IO
LLAE R BT B SR M A2, GC-MS SE5E 6 Fh
Ry o X BEWF TR 1 M 21 42 b 4 i i iy
A —E BB, B K B8 4 3 B 21 A2l 7 2K i FAE
Z A4 R A a0 ) 22 5 o

AT AF R A FH BT BRI E rh B 2 45 D i o0 o 24
FHI R = BB T 405 o 18 58 T 25 41 K [l
TR Z (B 2000 22 3, ) R 0 2 B B2
G 36 007 9 72 % I B 4 HE AT T ORF SR MR
ST I GC-MS HA AT I AR 25 v
AL 2E RO 10 22 5, & B 3 A EB A7 5 K I AL 2
SYAERN SN F2 BN o R AR AR R 2 5, Rt

.72 .

Trifolium pretense; volatile oil component; stem; leave; flower; GC-MS

IR 250 T B AR TSI IR . A A R
T0075 ] ARG AR R 45 & AOAH 63 Bk ik JH H R (HS-
SPME-GC-MS) 43 1 il SCAS [6] #4521 45 & Ve, &
R Sy 7 3 B A 25 R L . HS-SPME-GC-MS
PR AR 1 o R PRAE , & ) 3 o T b e 2 4
SRSy W A s . 3 R 4 42 HF (principal
component analysis, PCA ) if i< faj £k Fl [ 4 3 A, H
AN AR S 23 2605 B R s 4 AR i B AR R AT
Wit 248 5 X R o e R AT R W, AR 2 R B2 R
TR rh AR B R

H i KA & 1] HS-SPME-GC-MS fF 5 £1 4 il 7%
AN TR A % i il o3 Z 1AL Y 22 S il . R AN TR
TR0 EANC S R a1 D0 N B A I N
5% H] HS-SPME-GC-MS 43 #7 £1 4= 4l B A [ 4 0oz 45
SR RS, LAY by ] 21 2 gl e % 9 1 I R 4

2%,
1 ##

AK-98 R EHIL (it 06 117 B2 v 25 LA AT BR 22
) 5 T2 A8 O (L9 22 38 B s AU A IRA R 5
QP2010 Ultra B AH (0 1% o 335 15 1 ASC ( H AR 8 e il
YRR ; F3h SPME BERE T4l ,50 wm = LK 5L/ 7
T/ TR P i b AR Gk (SE1E] Supeleo A H]) o
By FEARKE P A R | I ) A= e A 4
S B R 242 e B i ) R 04 2 R O TR AL Al
Trifolium pratense 1Y T 14
2 7k
2.1 Tz AR BORE SRl 4 IR 0 4
B RS [R) AR AL 25 A1 A o, R R 80 H A o SR H]
T 225 [ R A B0 ok AR A P 4G N ) 42 2% 1 i o o



24 B S )
2018 4£ 3 A

RESEAFERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 24 ,No. 5
Mar. ,2018

FRBURE SR K 1.0 g, B F 15 mL T %S R, % 3,
80 °C T F-fif 20 min , $f A B4 A 250 C 1) GC iff
BE T4k 20 min, 28 J5 4 A 22 - i 0 25 A BE 5L Y
Tz, F 80 C N WL Fff 40 min,

2.2 GC-MS 4#7 1k

2.2.1 B4 Ris-5MS %4 (0. 25 mm x
30 m,0.25 pm) ; BB 7 FHR (R 46 IR B 40 C fR 7
2 min, k3 C -min"' F+F 140 C,{£4F 5 min, L)
4 °C-min " "F+ % 180 C , £ 10 min, L 10 C - min ™'
FZ 250 C) AR (99.999% ) , i 3 % 0E
0.8 mL-min~', ¥f £ OO0 JE #F 250 °C, # 0O & B
280 °C , fif Wk FE 250 °C, i WE B [B] 24 5 ming 43
WHERE, GC B 67.33 min,

2.2.2 ik sfF dmy & (ED B, fBF ik
70 eV, B U BE 230 °C, 5 49 Al m/z
35 ~500, WAkt 67 min,

2.3 Ak

2.3.1 @A R E S NISTIL b i
JE AT AL B, 5 b o3 B L EA T R M A T, UM )
JE >80% Y45 &M 53

2.3.2 Ewatt SRAmBE Rkl w5
GYRT SRAS A5 15 R I A3 AE AN AR b 45 Kk 1 43 v
)RR T 5 6 o

2.3.3 Frar bt R SPSS 20. 0 X 5 &
TS HEAT B -2 BT, AR A R O R B8 HE R OGS
SRR REAE AR B CAH B A REAE ) o AR R AR A
ORI A3 REOR 5 B 0 A AL SRR IR AR VR AR ) £ T
B FROHE IR AR GGG, K
1 % 35 % B Microsoft Excel 2010 {4 gF 47 AL 7

3 #RE5H5W

3.1 RFEFRALE R M B, R DA
U, 2T AR B 2 R AR 2R S R T R 4 155
Fi AL 4G 425 55 Fh BE2E 29 Bl 2 23 B BR2E 13
P RS 20 F (RS 2 B RS 3 Bl 44 A B Al 2
EEW 9 Fh, LL4fhmiZirp 3E th 95 MEE W, i
R B 94.15% . Hoh M & i m e s
YR 6,10, 14-= F 32 F L il (10. 6% ) ,2,6-—
AT X B My (8.79%), (E)-B-& & W M
(4.45% ) i -B-45 A W Hs (5. 18% ) ,2,6,10-= H
BT b (5% ) e SR MA 3 29.57% o 41
Bh By b S5 89 MG W, i HE AT By B
1) 95. 17% . HorpArx & & B Ak & ) o A AT 06
(5.1% ) ,B-FieM I (4.71% ) ,6,10, 14-= H 3£ 2-+
FkE B (4.65% ), 4-H SE-1-(1-H 3L 2 ) = 5%

[3.1.0] C %e-3-F (4.36% ), I 7 4% % il W 4 19
18.82% , £LAHhFL G 488 1 78 MG, 5 4
SR MR 91.66% . Ho b A N R S 4k
G 6,10,14-= H F-2-+ FLE R (6.86% ) ,2,6-
ORUT XS B (10.03% ), JUbE (5. 65% ) , -2
B (5. 06% ) , 3 5 #2 % i 4 19 27. 6%

%

5 10 15 20 25 30 35 40 45 50 55 60 65

5 10 15 20 25 30 35 40 45 50 55 60 65

#®

Lol !
5 10 15 20 25 30 35 40 45 50 55 60 65

t/min
Bl OFEHEARBULELRBSEBFR
Fig.1 Total ion current chromatogram of volatile oils in different

parts of Trifolium pratense
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Table 1 Volatile oils and their relative percentages in different parts of Trifolium pratense
Iy A o gy AR5 B %
No. P L& W44 [z LD &4 gy ¥ TR m P
1 10.762 benzaldehyde S C,H,0 106  0.68 0.44 1.08
2 12.179 1-octen-3-ol 1 -2 45 -3 - CgH,,O 128 0.37 - N
3 12.698 furan,2-pentyl 2 - 1§ i 1 g CyH,,0 138 0.50 - 0.46
4 13.443  octanal FpE CgH\sO0 128 0.32 0.23 0.49
5 13.850 2,4-heptadienal 2,4-FF TImTE C,H,,0 110 - 0.19 -
6 14.554 o-cymene AR -5 K CoHy, 134 - 0.32 1.07
7 14.956  eucalyptol g -y P CoH; 0 154 - 3.09 -
8 14.961 1-octyn-3-ol,4-ethyl 4-2 Fe-1 -3 CoH; 30 154 0.75 - -
9 15.130 benzyl alcohol R F i C;HgO 108 0.23 - -
10 15.399  3-octen-2-one 33 J5 2 CH,,0 126 0.19 - -
11 15.538  benzeneacetaldehyde KT CgHgO 120 0.38 0.19 0.79
12 16.514 butane-1, 1-dicarbonitrile, 1-cyclohexyl- -3 & -3-H BT Je-1, 1-2= C3HyN, 204 - 0.62 -
3-methyl Gl
13 16.522 1,5-heptadien-4-one,3,3,6-trimethyl 5 T CoH,,O 152 0. 65 - 0.70
14 17.098 3,5-octadien-2-one 3,53 42 ¢ C4H,,0 124 0.95 0.65 0.36
15 17.311  1-octanol -3 CyH, 0 130 0.21 - -
16 18.789 1,6-octadien-3-0l,3 ,7-dimethyl 4 CpoH,0 154 0.40 0.34 0.21
17 18.870 ethanone,1-(2-methyl-1-cyclopenten-1-yl) 1-(2-F 321 -3F 045 38 ) 2, C4H,0 124 0.34 - -
18 18.877 2-cyclopenten-l-one,3 ,4 ,4-trimethyl 3,4 ,4-= I 2 BF % -1 - CH L0 124 - - 017
19 19.024 bicyclo [ 3. 1.0 ] hexan-3-one, 4-methyl-1- 4-H JL-1-(1- R 2 ) =3 € H,0 152 - 4.36 -
(1-methylethyl) [3.1.0] 2 Je-3-1
20 19.027 nonanal T/ CoH 30 142 2,02 - 2.19
21 19.278 phenylethylalcohol K CgH,, O 122 0. 46 0.20 0.21
22 19.600 thujone J== 1L C,H,O 152 - 0.79 -
23 20.577 1, 3, 3-trimethylcyclohex-1-ene- 1,3,3-= B 33 & FL-1-45 L 4- CoH,cO 152 0.19 - -
4-carboxaldehyde P
24 20.746 bicyclo[ 3. 1. 1] heptan-3-ol,6,6-dimethyl- (- ) - & —# T FE B CoH60 152 0.24 - -
2-methylene
25 20.765 bicyclo[ 3. 1. 0 ] hexan-3-ol,4-methylene-1- 47 BE-T-(1-H R 2 38 ) - W €y H 60 152 - 0.23 -
(1-methylethyl) [3.1.0]-3-c" i
26 20.925 2,6,6-trimethyl-2-cyclohexene-1,4-dione 2,6,6-= F 32-3F & #i-1,4- CoH,0, 152 - - 0.17
T
27 21.444  dehydromevalonic lactone o R 2 0 P T CeH 0, 112 0.38 - 0.57
28 21.560 cyclohexanone,5-methyl-2-( 1-methylethyl) T CioH 50 154 0.21 - -
29 21.842 2-nonenal 2T CyH, 0 140 0.83 0.20 0.85
30 22.088  4-hexen-1-ol,5-methyl-2-(1-meth- SHHE2-(1-H 2 H)4-C 6~ CH, 0 154 0.61 0.46 0.32
ylethenyl) 1-fE "
31 22.372  bicyclo[ 2. 2. 1 heptan2-ol,1,7 7-trimethyl  2-3fi * CpoH,0 154 0.57 0.85 0.51
32 22.536 1-nonanol 1-T-fE " CyH,y), 0 144 0.43 0.17 0.21
33 22.837  3-cyclohexen-1-ol,4-methyl-1-(1- (=) -a-iff CoH 0 154 - 0.8 -

methylethyl)

.74 .
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ik 1
I A g MERSEC%
oo e fetr b s I Crn e w g
34 23.165 ethanol,1-(2-butoxyethoxy) 1-(2-TH 2 ) -2 B C4H,5 0, 162 - - 0.7
35 23.339  benzaldehyde,2-hydroxy-4-methyl 2-¥% k-4 - H 3L O CgH 0, 136 - - 0.29
36 23.490 2-decanone 2-%5 ] CioHy 0 156 0.18 - -
37 23.574  a-terpineol i C,oHy 0 154  0.22 1.06 0.18
38 23.735 2,3-dihydro-2,2,6-trimethylbenzalhyde 2,3-T5(-2,2,6-= H RLOE C,oH,0 150 - 0.17 -
39 24.103 bieyclo [ 3. 1.1 ] hept3-en2-one, 4, 6,  4.6,6-=HH =B [3.1.1]BE3- C, H,,0 150 0.51 ~ 0.34
6-trimethyl 975 -2 -1
40 24.191 decanal S CoHyO 156 0.80 0.61 1.35
41 24.716  methanesulfonic acid,2-(2-hydroxy- -2 M Bak A H K )2 € Hp0,5 248 0.39 - -
hexahydropentalen-3a-yl) -ethyl ester i - FF il 7R
42 24.784 2-cyclohexen-1-ol, 2-methyl-5-(1- 2-HHS5-(1-H o) 2-%F% € H,,0 152 - 1.20 -
methylethenyl ) O -1-m
43 24.860 benzothiazole S e C,H,NS 135  0.26 - 0.26
44 25.243 2-cyclohexen-1-ol , 1 -methyl-4-( 1- - J4-(1-F £ 2 0 56 ) 2-3F - G, H ;O 152 - 0.30 -
methylethenyl) O -1 -
45 25.310 benzene,2-methoxy-4-methyl-1-(1- 2-H G Fe4-H JE-1-(1-H KL 20 € H|O 164 0.26 - -
methylethyl) 9P S
46 25.621 cyclohexanone ,5-methyl-2-(1- S-HRE-2-(1-H R 2 38 31 2 iR C,oH,sO 152 0.53 - 0.19
methylethylidene )
47 26.200 2-hexanoylfuran TF 8 3 2 -1 i CoH,,0, 166 0.37 - -
48 26.376  benzaldehyde,4-methoxy 4- T AR 3-8 T i CyH 0, 136 - 0.23 -
49 26.837 2-tridecenal 2+ = C;;H,,0 196 0.36 - -
50 26.846 9, 12, 15-octadecatrienoic acid, 2, 3-bis 9,12, 15-F N =M g-2,3-—  C,5H,y 04 436 - 0.20 -
(acetyloxy ) propyl ester Tk S - T
51 27.421 ethanone,1-(2-hydroxy-5-methylphenyl) 2-F5 k-5 -H RO 2 [ CyH,,0, 150 0.43 - -
52 27.627 nonanoic acid T CyH,40, 158 0.76 0.32 0.13
53 27.876  bornyl acetate LR YK AR C,Hy0, - 0.19 -
54 28.308 2-undecanone 2+ i ¢ C, H,0 170 0.85 0.64 0.41
55 28.746 pentadecane g Cys Hsy 22 0.16 - -
56 28.751 tridecane + =k Ci3Hyg 184 - 0. 47 -
57 29.002 undecanal +— C, H,0 170 - 0.32 -
58 29.235 1,3-cyclopentadiene, S ,5-dimethyl-1-cthyl S.5- T HH-1-Z 3 3 FR R CoHy, 122 - 020 -
59 30.011 I-cyclohexene-1-ethanol,2 ,6 ,6-trimethyl 2.6,6-= I -1 -FF O -1-2, €, HyO 168 0.13 - -
60 30.567 2H-2,4a-ethanonaphthalene, 1,3,4,5,6, 1,3,4,5,6,7-54-2,5,5-=H  C;5Hy, 204 - 0.19 -
7-hexahydro-2,5,5-trimethyl - H2 4o LR ZE
61 30.752 «-cubebene (=) -a-BE M CsH,, 204 0. 40 0.41 0.99
62 30.923  eugenol T CoH,0, 164 - 0.74 -
63 31.132  aromadendrene,dehydro 4 R Cys Hy 202 - 071 -
64 31.180 2(3H)-furanone,dihydro-5-pentyl A2 (3H) -k CyH,(0, 156 0.44 - 0.21
65 31.510 2-undecenal 2 — 4 C,, H,,0 168 0. 30 - -
66 31.793  butyric acid, tridecyl ester TR+ = he He i C,;H,,0, 270 0.34 - 0.15
67 31.890 decane,3,8-dimethyl 3,8 -5 g €y, Hye 170 0.17 0.16 -
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gk 1
Iy ) \ Mty XU RU %
No. P b & W93 4 &4 ¥ FER " P
68 32.007 copaene (=) -a-JERS " C;sH,, 204 0.48  0.69 1.32
69 32.116 hexadecane,2,6,10,14-tetramethyl i b CyoHy, 282 0.27 0.26 -
70 32.346 (- )-B-bourbonene B-il 5545 CysHyy 204 0.27 0.42 0.26
71 32.836 1-tetradecene 1+ 45 Cy4Hyg 196 0.43 - -
72 32.836 trichloroacetic acid,dodecyl ester =R R bt R C,H,sCl;0, 332 - - 0.38
73 32.837 3-hexadecene 3-SR Cy6Hs, 224 - 0.46 -
74 33.065 methyleugenol 3T & C,H,0, 178 0.77 - 0.29
75 33.217 tetradecane +puke C4 Hy 198 2.08 1.59 1.73
76 33.380 1H-cycloprop[ e ] azulene,1a,2,3,4 ,4a,5, 1,1,4,7-l0H 3-1a,2, 3,4,4a, CH,, 204 - 0.47 0.19
6,7b-octahydro-1,1,4 ,7-tetramethyl 5,6,7b- )\ -1H-}F [ e] B
77 33.400 1H-cycloprop [ e ] azulene, decahydro-1, 1, 1,1,7-= § 3£4-TF B -+ H- C;Hy, 204 0.11 - -
7-trimethyl-4-methylene IH-% N [e] B
78 33.510 tetradecanal + Y gk C, Hy O 212 0.18 0.23 0.35
79 33.885 caryophyllene AT CysH,, 204 1.31 510 1.96
80 34.336 ( - )-B-cubebene B-EE Vi A% C;sH,, 204 0.25 0.39 -
81 34.462 2-butanone, 4-( 2, 6, 6-trimethyl-1-  —4(-B-48 % >4 i C;H, 0 194 - 0.48 -
cyclohexen-1-yl)
82 34.515 bicyclo [ 3. 1. 1] hept-2-ene, 2, 6-dimethyl- 2,6-2 F JE-6-(4-F 3-8 C5H,, 204 0.62 - 0.93
6-(4-methyl-3-pentenyl ) ) RW[3. 1. 1] P24
83 34.640 ethanone,1-(2-hydroxy<4-methoxyphenyl) 1-(2-J2 3 4 HEZER) 2 CoH,, 0, 166 0.17 - -
84 34.685 alloaromadendrene WA CysHy, 204 - 0.17 -
85 35.014 dimethyl phthalate A 2 — ik — ik CoH 0, 194 - 0.43 -
86 35.106 5,9-undecadien-2-one ,6 ,10-dimethyl (E)-6,10-— I %:-5,9-+—%t — C;;H,,0 194 1.46  1.21 0.89
I -2 -1
87 35.385 cis-B-farnesene 5 2 -B-45 B W CsH,, 204 5.18 - -
88 35.386 B-bisabolene B-H & 25 W C,sH,, 204 _ _ 126
89 35.398 (E)-B-famesene (E)-B-% G WM C;sH,, 204 - 3.61 -
90 35.500 heptadecane,2,6,10,15-tetramethyl 2,6,10,15-PY 1 3+ 4 C, H,, 296 0.26 - 0.22
91 35.784 hexadecane s CioHyy 226 1.57  0.74 0.83
92 36.281 y-muurolene YA 2 CysH,, 204 0.93 2.39 1.38
93 36.465 B-ionone B % L T Cy3H,00 192 - 0.84 -
94 36.563 benzene, 1-( 1, 5-dimethyl-4-hexenyl )- -5 4% * C,sHy, 202 0.94 2.12 5.06
4-methyl
95 36.720 (E,E)-7, 11, 15-trimethyl-3-methylene- (E,E)-7,11,15-= H1 H:3-F ! Cy Hy, 272 - - 0.26
hexadeca-1,6,10,14-tetraene S kE-1,6,10, 14047
96 36.909 naphthalene,  decahydro-da-methyl-1- g -4 * C,sH,, 204 2.19 471 2.49
methylene-7-( 1 -methylethenyl )
97 37.040 eicosane e CyoH,, 282 0.42 - -
98 37.257 naphthalene, 1,2,3,4, 4a, 5,6, 8a- J=El5" C,sH,, 204 1.69 3.77 1.73
octahydro-4a,8-dimethyl-2-( 1-methylethenyl)
99 37.412  @-muurolene a-AR i CysHy, 204 0.51 0.38 0.68
100 37.660 butylated hydroxytoluene 2,6- K0T HeXF H Wy C,sH,, 0 220 8.79 - 10.03

.76 -
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Gk 1
g . . HHXT 4 AHX 5 f 53/ %
No. ] L& W4 &4 ¥ -
/min + T i =% I ®
101 37.670 cyclopropanecarboxylic acid, 1-hydroxy-, -3 3-(2,6- T HAKLFR)  CloHyO4 304 3.87 -
(2,6-di-butyl-4-methylphenyl) ester g -2 75 Y iR
102 37.992  3-nonen-5-one 3-T- M55 -5 - ¢ CyHs0 140 1.79 1.17 1.48
103 38.111 cubenol D1 et CsHyO 222 0.72 - -
104 38.136 naphthalene, 1, 2, 3, 4, 4a, 5, 6, 8a- 7-H R4 B ORE-1-(1-H 3 24 CsHy, 204 - 0.82 -
octahydro-7-methyl-4-methylene-1-( - H)-1,2,3,4,4a,5,6,8a-/)\ & -%%
methylethyl )
105 38.443 naphthalene, 1,2,3,5,6,8a-hexahydro-4, 4.7- W E-1-(L-F 3R ) 1,2, C5H,, 204 0.86 1.31 1.84
7-dimethyl-1-(1-methylethyl) 3,5,6,8a-NA-ZE"
106 38.674 2 ( 4H )-benzofuranone, 5, 6, 7, Ta-  — S kNN EE " C,,H,0, 180 1. 65 3.02 2.19
tetrahydro-4 ,4 ,7a-trimethyl
107 39.424 dnaphthalene, 1,2 ,4a,5,6, 8a-hexahydro- 4.7- "W E-1-(L-F 3R ) 1,2, C5H,, 204 - 0.38 -
4 ,7-dimethyl-1-( 1-methylethyl) 4a,5,6,8a-/NE-%E
108 40.459 cyclohexane, (cyclopentylmethyl) PRSI 3L -3 2 e C,H, 166 1.28 - -
109 40. 467 1, 5-dicyclopentyl-3-( 2-cyclopentylethyl ) - 1,5- 7R R 3-3-(2- 3 k3 & C,Hyg 302 - 0. 80 -
2-pentene ) 2- 1M
110 40.900 pentadecane ,4-methyl 4-F Rk C¢Hsy, 226 0.68 0.37 -
111 41.267 heptadecane,2-methyl 2-P 3L ke CigHyg 254 - 0.52 -
112 41.381 9-undecenal,2,6,10-trimethyl 2,6,10-= 1 J-9-J - — i C,HyO 210 - 0.38 -
113 41.919  caryophyllene oxide HET Ci5Hy 0 220 0.83 1.79 1.15
114 42.249  diethyl phthalate S HER Ll C,H,,0, 222 0.93 0.96 1.84
115 42.825  cis-9-hexadecenal (Z)9-1 /NI CH; 0 238 - 0.18 -
116 43.058 pentadecane,8-hexyl T A o I C, Hy, 296 0.22 - -
117 43.243 nonadecane + ke CoHy 268 4.09 2.64 5.65
118 43.713 tridecanal b= C3H,, O 198 0.78 - 1.46
119 44.676 tetracyclo [ 6.3.2.0 (2,5).0(1,8)] 4,4- " W R-PUR[6.3.2.0(2, C;5H,,0 220 - 1.34 0.68
tridecan-9-ol ,4 ,4-dimethyl 5).0(1,8) ]+ =4t9-fs
120 45.422  pentadecane, 2,6,10-trimethyl 2,6,10-= HI - F bt~ CigHsg 254 5.00 1.41 4.03
121 45.535 1H-cycloprop[ e] azulene,1a,2,3,5,6,7, S{EHs CsHy, 204 - - 1.72
7a,7b-octahydro-1,1,4 ,7-tetramethyl
122 45.562  androstan-17-one, 3-ethyl-3-hydroxy 35 R 3-2, H-17 - L iR C,,H;, 0, 318 - 2.84 -
123 45.705 cyclohexane, decyl A N S CieHs, 224 - 0.32 -
124 45.843  tetradecane ,4-methyl 4-H By ke 212 - - 0.83
125 45.997 2-propenal ,3-(2,6,6-trimethyl-1 - 3-(2,6,6-=H H-1- IR K)- C,H,0 178 - 0.54 -
cyclohexen-1-yl) 2-T s
126 46.120 1-decanol,2-hexyl 20 He-1 -2 g C,¢H;,0 242 2.52 0.86 -
127 46.124  octacosane i AN <7 - - 1.50
128 46.390 2-methyloctacosane 2-F 5 — ke CooHgg 408 0. 88 - -
129 46.594 1-hexadecanol 1-1 7 ke st C,cH;,0 242 - 1.37 -
130 46.916 7R ,8R-8-hydroxy-4-isopropylidene-7- 7TR,8R-8-F H4-5 W N #-7-H  C5H,O0 220 - 0.36 -
methylbicyclo[ 5. 3. 1 Jundec-1-ene FETH[5.3.1 -1 2
131 47.390 2-pentadecanone 2~ Tt B Ci5H50 226 0. 38 - -
132 47.587 heptadecane +EkE C;Hse 240 2.09 1.06 2.86

- 77 -
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gkl
I A s MRS %
No. BB S, L& h X4 5 TEE " "
133 47.701 pentadecane,2,6,10,14-tetramethyl 2,6,10,14-PY HJE+ F e ™ CioHy, 268 1.74  1.13 2.66
134 48.044 pentadecanal | T C,sH5 0 226 1.20 0.78 -
135 48.583  1-decanol,2-octyl 22 Hh-1 -5 i C3Hy O 270 0. 66 - -
136 48.736 1-dodecanol,3,7,11-trimethyl 3,7, 11-=H H-1-4 C,sH;,0 228 0.33 - 0.75
137 48.744 acetic acid, 3, 7, 11, 15-tetramethyl- LR-3,7, 11,15-PU R Fe-+-75%¢  C,,Hy, O, 340 - 0.45 -
hexadecyl ester 1
138 48.953 7-isopropenyl-1,4a-dimethyl-4 ,4a,5,6,7, T-SEN M FE-1,4a-—H 4 4a,5, C5H,O0 218 - 0.40 -
8-hexahydro-3H-naphthalen-2-one 6,7,8-7N % 25-2(3H) -fiil
139 49.151 heptadecane,8-methyl R CigHyg 254 - 0.32 -
140 49.155 heneicosane e Y C, Hy, 296 0.31 0.35 0.48
141 49.335 3 ,5-di-tert-butyl-4-hydroxybenzaldehyde 3,5- TR T B4R L8 C,sH,,0, 234 - - 0.42
142 49.652  7-hexadecenal (Z) T7-F IS m s C¢H50 238 0.52 - 1.00
143 49.866 2-methyltetracosane 2-HJE = - pa ke Cys Hs, 352 0.43 0.34 -
144 50.112  heptadecane,3-methyl 3-H -+ bk CigHyg 254 0.24 - 0.24
145 51.327  2-methylhexacosane 2-F S — N ke Cyy Hse 380 - 0.40 0.68
146 51.957 2-butenal , 2-methyl-4-( 2,6, 6-trimethyl-1- 2-H34-(2,2,6-=H H-1-3%f  C,,H,,0 242 - - 0.43
cyclohexen-1-yl) WA ) 2-T s
147 52.452  phytol, acetate L 8 iR C,,H,,0, 338 - 2.42 0.55
148 52.629 2-pentadecanone, 6,10,14-trimethyl 6,10,14-=H 32+ H b il CigHy0 268 10.60 4.65 6.86
149 52.893 6,10,14-trimethyl-pentadecan-2-ol 6,10,14-= F 3+ T b 25 CsHy O 270 - - 0. 14
150 53.134 1, 2-benzenedicarboxylic acid, bis ( 2- 4B —H @R R TH " CsH,,0, 278 0.50 0.15 1.00
methylpropyl) ester
151 54.206 3,7,11,15-tetramethyl-2-hexadecen-1-ol 3,7,11,15-P9 B 3k -2- 2 0 - CyoHyO 296 0.40 0.62 0.20
1EE
152 56.389  hexadecanoic acid, methyl ester s A 1 HR g C,H,,0, 270 0.26 - 0.23
153 57.628  dibutyl phthalate AP R TR C,Hy 0, 278 - - 0.29
154 64.434  phytol IH- 25 it CyoHypO 296 1.61 1.99 0.62
155 65.052  cyclopentanone, 2-(5-oxohexyl) 2-(5-FE AR K BRI AR C,,H;50, 182 - 0.15 -

e RN s - R ARG

IR, mE2 Wl F il BRmEAeGwak, mth
) HAth 7 25 i T AR Y i T2 A, 3 S ER AL AR
w2 ) BRI 25 . s Iy
BT, A [R] 5T 28t (%) 44 RE R R R 1Y) 53 A7 5 0 40 4 Sl s i
o EA S R W B RO RT o

3.3 A[RIERALAE A il A o FORE A R A3 43 A
AR R0 L3 08 A 103 0 R AT I 23 5 ROk 4
25 MRUAE 3 SRR T A A B S 41 A 43 )
mi 25 AR S T B g B = 1Y 43.16%
46.07% ,52.56% . 41 Tl A 1 o3 A0 X o & 40 40 2
45k 54.67% ,52.37% ,59.63% . HE L5471 3
ARE SR R TR AT 52% 1) — Bk, R
3RS R Z R R A R R 22 . A

.78 -

g3 Z T A 5 et B AT B 2250, 440 6,10, 14-=
P -2 - T e B A 25 o R A HR R G B Ko Sl
4 10.60% ,4. 65% ,6.86% ,

INEE dif 2 18] 1 23 22 53 0 B, 25 i 22 47 FfOil
gy, HAEZ 36 Ry, LU AE 2 48 R sy, 3 AV HE
it FR RS X L, ZE A R 29 R Kl
ST 15.76% , 3R o B4 5
i (5. 18% ) FIFR % Ak BT BE-2F © e (1. 28% ) 5 It ¢
AT AL Bl o5 5 A SR T B 34.69% , B
Fif i i 4-HEE-1-(1- 2 0) 3R (3. 1.0] 2
Be-3-F (4.36% ), 1-F2 H-(2,6- T JA-K LR )
PE-3R N R (3.87% ) , (E) B-& 3 WChis (3.61% ),
3-FEI-3-2 He-17-1 e B (2.84% ), 1-1 7N Kt B
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Table 2 Types and relative percentages of volatile oils in different

parts of Trifolium pratense

% nf {3

%0 o *”zjgﬁ OB AR TR BOR MR R B

/A o A B A BB

ek 35 39.14 37 41.58 28  45.24
S 18 10.86 16  14.88 12 4.81
il 2 16 19.61 12 18. 18 10 11.57
IS 6 4.06 3 9.27 8 6.65
ik % 11 7.48 14 4.69 11 9.24
fii 2 1 0.76 2 2.74 2 0. 68
M 2 2 9.56 1 0.74 2 10.32

Z= I e H A 6 2.68 4 3.09 5 3.15
Bt

Bz o =i

i L =m
0
B OBR WX R BE BE BE AR
EEY

B2 EWMEREIBMELMIEERILER
Fig.2 Comparison of peak areas of volatile oils in different parts of

Trifolium pratense

(1.37% ) s 46554 B4 0 14 B, 5 92 % 10 S04 1)
8.64% , EERFAH W ME AL (1.72% ), — TN\
BE(1.5% ) ,B-FH 25975 (1. 26% ) o
3.4 OR[EIEBAOLHE K W B AT R S b R
— K AR AR A D BOLA SR G R AR I 2 T8
BGI gL A RRAE TIRA RN KR 281G
J SO (L3 ) P R

NI 5 25 SR, 3 AR I 45 K R A3
BOHE BHL, 32 8043 2 A7 T DA A B B o b b
B LLAE X RE i AR AL R 22 S5 0 A B A AT o
T R 3 AN RE S & A 1 25 5, X 155 B
MY BT R X B i BEAT T A AT . R AR T
R 2 bR AL S AT 3 B A BT, 15 B RRAE
A GTRR R W26 3, 2 3 w0, 28 1 i 1Y 5T ik
RN 60.27% 55 2 BN TR R M 39. 72% ,2 AR
A3 BT E R K H 100% |, BE 5 T e RE i 1Y 2 1A
15 5L BOBGX 2 A 3 B4 VR S B8 43 A A R0 53

2 A~ A ) 28 Aar A B G 2 SPSS 20. 0 K {4 Ak

x3 IHAWBHMEEREIEHE
Table 3 Eigenvalues of principal components contribution and their

cumulative contribution

By CURCEERR ] TR/ % RBUTTIRR %
1 93.427 60.276 60. 276
2 61.573 39.724 100

PEATAG B RRAE ] &, UL 3R 4, A5 RRAE 1) 5 R Y
JETAE N f UM 3R i SPSS 20. 0 B AR HEAR S L 45
TR S, @ik Y =0.603Y, +0.397Y, i
BHIAT AR R ARG ITES Y, SRS E
BT B TTRRAR Y, Y, s E R PEAY .

M4 v UG RN R EAE TR 1 £
B3 RO R, 4- 2 BE-1-0 B3, 397 05 -2 -, 1-
PO RE-3-F BT -1, - - A, 4-
W FE-1-(1-H R 2 38) - WA [3.1.0 ] 3-2 i, il &
I AR, S-F JE-2-(1-] £ 0 k) 4-C M -1-1%
2-HUEFEA4-H FE-1-(1-H 3 2,38 ) 2K ,9,12,15-+ )\
W =R IR -2 ,3-— OB R BN TR, A A AR A
Ao, 7-H B4 E-1-(1-H RE 2 58 ) -1,2,3 4,
4a,5,6,8a-/\ A -Z5, A SRR TR, 28 50 O ke
8-FHL-+-Eke,7-F M -1 ,4a- 34 4a,5.6,
7,8-7NE Z-2 (3H) - iy B2 IE AH DG, H 4R 4 43 0
0.996 0,0.996 0,0.919 0,0.996 0,0.996 0,0. 996
0,0.996 0,0.969 0,0.996 0,0.996 0,0.996 0,
0.996 0,0.953 0,0.996 0,0.996 0,0.881 0,0.996
0,0.996 0,0.996 0, 1] LLIA R LA I 19 Fh ) i 246 1
F R EART ., 2 F R 1-F05-3-BE,2-
G SR VR R S R A T O NG 3 2 -0k g D 0 =84
MM, 8-C FE - H e, 2-9 -1 -8 B 5 B IE AH G, FE
# A 4 9k 0.907 0,0.907 0,0.907 0,0.907 0,
0.966 0,0.907 0,0.907 O, K ik K LI | 7 Fhdy 5
S 2 U AR

R 5 WAL, ER A ES (Y E) |, 1553
ey, ol 25 6. B LR B, 3 AR R AL 21
LN a0 a2l o Vs T A 2 IR )
%5,

4 Zig

K JH HS-SPME-GC-MS B FH 43 #r % G 21 7% gl
AN TR A 5 I B A3, SRR 155 Fh o g ke 2k
55 Ffr B2 29 B RS 23 Bl 13 BhEE S 21
Flr BRE 2 A S 3 Bh A BR S OLABZEAL G 9 R
C1 A RO [ R4 A i o P S AR e 25 55, 25 it
FIAL 53 ) %6 78 45 A i3 R 95,89 ,78 Fifi, 25 (it

- 79 .
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Table 4 Eigenvalues of principal components and their loading matrix

No. (=LY PC1 PC2 FPC1 FPC2
1 5 0. 996 0 0.000 0 0.10 0. 00
2 1 -3 -3 - 0. 000 0 0.907 0 0. 00 0.12
3 23 1k iy 0. 000 0 0.907 0 0.00 0.12
4 e -1.000 0 0. 000 0 -0.10 0.00
5 RIS RS 0.000 0 -0.8180 0. 00 -0.10
6 4-7, 313 P 3 - 0.996 0 0. 000 0 0.10 0. 00
7 7 -0.917 0 0.000 0 -0.09 0.00
8 3-3F 175 -2 -1 0.919 0 0. 000 0 0.10 0. 00
9 1-PR O A3 - T -1, 1- i 0.996 0 0. 000 0 0.10 0. 00

10 1-3F 0. 996 0 0. 000 0 0.10 0. 00

11 35 e 0. 000 0 -0.926 0 0. 00 -0.12

12 AR 0.996 0 0.000 0 0.10 0. 00

13 4-7 P BE-1-(1-F 3L 2, 38) -BOR[3. 1. 0] 3-C 0. 996 0 0. 000 0 0.10 0. 00

14 I R N T 0.969 0 0.000 0 0.10 0. 00

15 S5 VA T 0.000 0 0.907 0 0. 00 0.12

16 5-FEE2-(1-F 2R3k ) 4-C ) -1-B% 0.996 0 0.000 0 0. 10 0. 00

17 (=) <4 i -0.912 0 0. 000 0 -0.09 0.00

18 2-HIA B AP HE-1-(1-I JE 23 ) 2 0.996 0 0. 000 0 0.10 0. 00

19 E S 2-0k i R 0.000 0 0.907 0 0. 00 0.12

20 4- A B3O TP 0.000 0 -0.8180 0. 00 -0.10

21 9,12, 15-F+ )\ =42 ,3- = Z B A L -N g 0.996 0 0. 000 0 0.10 0.00

22 T 0. 000 0 -0.818 0 0. 00 -0.10

23 Z R UK A TR 0.774 0 0.633 0 0.08 0.08

24 TS R 0. 996 0 0. 000 0 0.10 0. 00

25 ke 0.953 0 0. 000 0 0.10 0. 00

26 5B 1 0. 996 0 0. 000 0 0.10 0. 00

27 M -B- 45 B WM 0.000 0 0.966 0 0. 00 0.12

28 74 JE-1-(1-H 3k 2,38 ) -1,2,3 ,4,4a,5,6 ,8a- )\ &2 0. 996 0 0. 000 0 0.10 0. 00

29 AU B P TR 0.8810 0.000 0 0.09 0. 00

30 8- K- ki 0.000 0 0.907 0 0.00 0.12

31 IR 0. 996 0 0. 000 0 0.10 0. 00

32 2-3 Jk-1-B$ 0. 000 0 0.907 0 0. 00 0.12

33 T-H -1 4a- W K4 4a,5,6,7,8-75 A 252 (3H) il 0. 996 0 0. 000 0 0.10 0. 00

34 8-k -+-E ki 0. 996 0 0. 000 0 0.10 0. 00

35 6,10 ,14-= H 32+ F kil -0.724 0 0.689 0 -0.07 0.09

36 6,10, 14-= F 5+ i fg-2- 0. 000 0 -0.818 0 0.00 -0.10

37 kR s -0.9810 0.000 0 -0.10 0.00

FIAE 3 AHE din P A S S il o e Dy 41 Bl ZEHE 383 RN Y 1SS FPEE S il Ao, BE A 22 T B9 3 AR

A 0 29 Bl R B D AL Bl AERRA B e SR VRO B BOR 22 S, R I 253 6 PE O

14 Ffo d8 5 E R A Al DUA 2 A EM aT A e IR S il 8o Bl 2R M ok R 40
. 80 -
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Table 5 Evaluation results of principal components

B it Y, Y, Y
% -0.45 -0.52 -0.48
I 1.39 -0.52 0. 64
1 -0.94 -0.40 -0.73
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