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[(HE] B BOKZE M (WSD) R0 ZS B AH 38 B (HS-SPME ) Xt §2 BT & 87 35 48 T # & MR 7 i . 75
5 2R TR 78 AR MR TR 0 AR 2K BBORR AR TS & B BE AL 250 rh 4 R M 0, T AU (8 - B i I GE . B R KRR Mk b
PR 05 7 BT R AR AR ARAE 20 AL S W, B & i 89. 18% , TN A W WA AR (36. 27% ) \3-HAE-6-(1-H LW 2 48 ) 2-3F ©
-1-F (28, 12% ) (1 BB (5.55% ) 5 T00 25 [ AR B 28 Ok 3R A% 23 Ak 5 9, B & 8 0 92.99% , 20 43 o W v 4 TR
(28.38% ) 3-HIJE-6-(1-W BV 2 28 ) 2-FF T M -1-H (26. 31% ) [ F B3 (9. 38% ) | (4aS-cis)-2,4a,5,6,7,8,9,9a- )\ 5-3,5,5-
= -9 P BT H-2 5 PR B (5. 07% ) o 518 - T 25 [ AH 04 IOk JTRE o &t 20, SRR vy, 2 4R T 24 0 05 46 44 6 R 0
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Optimization of the Extraction Method of the Volatile Components
from Ziziphora clinopodioides
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[ Abstract | Objective; To compare WSD and HS-SPME influence on volatile components of Ziziphora
clinopodioides. Method : Volatile components of Z. clinopodioides were extracted by methods of WSD and HS-
SPME and then analyzed by GC-MS. Result: The results showed that 20 chemical compounds were identified by
WSD, and its total content was 89.18% . The main components were pulegone (36.27% ), 3-methyl-6- (1-
methylethylidene-2-cyclohexen-1-one (28.12% ), thymol (5.55% ) ; and 23 chemical compounds were identified
by HS-SPME, and its total content was 92.99% . The main components are pulegone (28.38% ), 3-methyl-6-
( 1-methylethylidene-2-cyclohexen-1-one ( 26.31% ), thymol (9.38% ), 2, 4a, 5, 6, 7, 8, 9, 9a-
octahydro-3, 5, 5-trimethyl-9-1H-benzocycloheptene (5.07% ). Conclusion: The HS-SPME method is the best
with less sample usage and higher extraction rate for extracting volatile composition from Z. clinopodioides.
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VP B8, 45 Ak 25 3T 0 A6 P #  P  r 4R BRO5 5 1 A Ak

RN R LGS Z DR, e R BT T 2R RO i L 3R
It I IEE U S B IR YT o BT B R A £
B AT T M b g 2 W b AR K B T X, 3R )
4 Fp R E AL Z. bungeana Juz. T ¥EHT IS A6 Z.
pamiroalaica Juz. ex Nevski K IUIHIEAE Z. tomentosa
Juz. F1/Ngr 3 4E Z. tenuior Linn. | i’gfﬂ%%ﬁ%ﬁ‘” o
BB AL R 5 AR B A AR, BT A b A R
Y2y BE I, BAT ) R N T S A S s T
Chr s 4 7% F IR D24 ks e ) (1987 4R ) , AT
RAT BEBE ), 2 3 AR W B 2 R

P AR IR v [ 24 ) Wi 38 Y Ok 7R AR IR
P N, BB B BRAE R A AT YR
JAAR i S T B RO AR TP A BIL Y AR B R R il o i

M SE o B TR OT AR TR IR A R S 2 AR

PEE o3 K A AR A, TS5 il i 5 A ARt ]
Bl A IR 25 Sy R, — i R R LA (. TR
25 [& A 1 A BU 4 R (solid phase micro extraction
SPME) 72 20 {42 90 4404 42 I & e e iy HI 7
W BF O Mk 4 R DU W b B AR W B B9 RE A R A O
BT B O A WL R SR BT R R e | 2
1%, B RFE AEHC WA ERE T — RS A8 L
A ke T2 ] AR ol 2 BBUIBE P A0AH 8335 B i B R 2 Bk
RZ 7B R T8 R R B9 I , U T
JIREUESE

AR SCALL R K 28 7R 1R AN 045 A (R A6 0 2 Fh
T3 X 4 245 0T B AR AR S AT AR B, GC-MS I 2 4%
R R, HE P b R T 1% X T B AL 4 R o)
Wi 050
1w

RACE-DSQ “UAH (0,3 -5 335 15 A ( 38 B FA i 24
Al ) s P Ul A UK B i R (T b 4 B TR %
ML ge ) (RSB 5 K AR s v BEE ; BPZLLD
B3 A7 R (b 3 T LA R 2 ) A i Tl
A SPME % JHTH 28 (30 mL) [ T50 %S [ AH A% BT
SR T4 DF- 11 4 X R ) i #4488 K2 30 pm
PDMS,65 um CW/DVB,75 pm CAR/PDMS,100 pm
PDMS 4 Fp 2 ik #4977 F £ [F Supeleo 2], /KA 2
U 78K, HoAt 24 oy [ 7 23 A 2

e HRPEAET 2010 48 7 J R H T 07 58 A AL M
TU R B AZ Bk 1), 400 5t B B R R Bl BLBE 5 D1 o IR
M ENRIER BRI Y Z. clinopodioides
Lam. {42 5L
2 AFiE
2.1 (3E-FUg &M @SS TR-IMS B41E 0

HEAE (0. 25 mm x 30 m) , #EFE LR BE 220 °C L, IR R
MR F IR, P1i 40 C, & %F 1 min j5L) 8 C -
min EFE 77 C,HEES min, K51 C -
min "' EEFFE 82 C ARFEF 10 min, F-2A 1 C “min "~
BT 90 C {4 4F 3 min, fJ5 LA 4 C -min 'Y B
JE T 2250 C, 47 2 min, AN w4 AR
(99.999% ), fE Hi B, Pk 1.0 mLemin ',

% S ETUR  FL B HL R 70 eV, B U I
220 C, FAHi 5B m/z 10 ~ 100, k8 1 pl, R
53 o
2.2 JRFRVRIRIBIL B ORI A6 v i 5 R M A
FRIBUHT 85 AE 25 44 200 g, T 3 000 mL &R BE N, #%
B LG 1210 Jin A ZE B K, i 44 22k 1 |, 4 il ¥4 Bk WL
(R R R 2 /s, IR 4 b U8R 4 k1
a5 A R TCKBRR G 4 °C TR 9, 4% I 1: 100
T SR AR
2.3 HS-SPME-GC-MS il i 2 24 37 35 46 v 5 &
53
2.3.1 FERCkM il FESERE DRy 220 C Y
T BERSMA SO T EME2 h, ZELT
oG B,
2.3.2 HS-SPME & #4414k

2.3.2.1 ARk X AR BOHT BE AL 245 61 v 4 S 1R o
MR FRIUOT B 87 35 L 25 81 B3 R 0. 10 g, 73 ) il

FH30 um PDMS, 65 pm CW/DVB, 75 pm CAR/
PDMS, 100 pum PDMS 4 Fh#EH L 76 60 °C T, % H 30
min, M5 . S5 R KA 100 wm PDMS #E 1Sk ¢
B A o AR A A R o R 22 EL 0 S T AR e K
P 100 um PDMS #Hk |

2.3.2.2 ST ) 0T AE IR 55 4K 245 0 h 4 R
PERLT OS2 FREUDS A BT AL 25 M K3 2K 0.10 g,
AR 5,10,15,20,25 min 5,7 60 °CF, {fi F
100 wm PDMS #E B3k # Bt 30 min, Wl 5, 45 B %
BT, B4 15 min 904 Joe 2506 T AR A K, il EE 15
min, FUEEE &, 2 BOMRE A K TG B DL S8 2 12 R
fn A B, FEEER R IR A K, DA G i i W
2.3.2.3  ZEIIE X ZE BOR 5 1K 25 B v 48 R Ve L
STRIREIE BRI BB S AL A B R 0,10 g, A
15 min, {fi F 100 pm PDMS % 53k 43 %] 7€ 40,50,
60,70,80 °CF, % HL 30 min, il % . 45 5 054~ 2K
Y120 30, LR A 2 A H0Ch 50 C >80 C > 60
C=70C >40 C, @ gmf 60 C >40 C >
80 C >50 C >70 °C, 7 H 0K Je ¥y Joi 4> $ A 22 A
KEYIEHL T ,60 °C i A i K, ik #% 60 C
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2.3.2.4  FEHUHT ] XF A OB & A6 250 T R 1 K *3 FEENREWERYENER
STEYSEIE FREOT BB S AL A B R 0,10 g, F A A I 3 L)% SN 3L
15 min J§ , 76 60 C T, {fi Jf§ 100 wm PDMS % 5t 3k 43 /% /A /4 /pA-s
BIFEH 10,20,30,40,50 min f5, &, 455 %M, 40 30 22 2.03 x10°
1E B BB S Mg 5, 2 40 min T 759 50 30 25 1.13 x 10°
B U T B B R, B BE #F 40 min Ay F AR AR B[R] 60 30 23 3.87 x 10°
2.3.2.5  FESh XA BUP B AR 25 8 T 1 Kk 0y 70 30 23 6.18 x 107
M52 M 5 BR DT A B 55 AR 25 M f R 0,04, 80 30 24 1.17 x 10°
0.08,0.10,0.15,0.20 g, 5 i 15 min J5, 7F 60
SR NN . N 4 NEEF:V R E PO 0b-Aln
CF L 100 wm PDMS HET AL 40 min I F4 KNEZERAE XY RN
GERFN] e U RO R A A gy R WHC AR G
— N N /min /A Ve /A -
PRI R L BR 0. 15 g BF & B AT ' ' M
F 1 FEZEL 3 B R B0 B 10 30 25 5.37 x10°
8
I MUEH MR ST 20 % » 61110
OIREE e PN Juhes 30 30 24 3.87 x10°
30 pm PDMS 24 7 2.89 x 10° 40 30 24 7.21 x10°
65 um CW/DVB 30 22 9.80 x 107 50 30 23 5.13 x10*
75 wm CAR/PDMS 30 7 2.38 x 10°
100 pm PDMS 30 23 3.92 x 10 RS ARERENERDROEM
i g B R o U T AR
2SR X B R B0 /e i P Juhes
i 44 i HEE HBRE BEE R 0.04 30 24 439 % 10°
/min /4 /A /puA-s 0
0.08 30 23 1.15 x 10
5 30 23 3.87 x10° 0.1 30 21 3.87 x 10°
10 30 23 2.81 x10®
0.15 30 27 1.29 x10°
15 30 26 8.73 x10°
8
2 20 3,92 % 10° 0.20 30 24 8.10 x 10
25 30 28 6.79 x10°
3 Z£R549MH

el b, mESAM SR 015 g, H
100 pm PDMS ZE B3k, Wi 44 15 min, 7 60 C T, %
B 40 min, fESLAMET 4% MR 10 2.1 (5% - i 5% 1
HEATINE , 0 A 45 A0

oK 78 AR AR Ak BIAY B B AE AR Al i GC-
MS 32 3 B IF M58 1 20 A4y, 28 1 RH B A6 ROk Ak
HAH & AERE L M2 T 23 AN R AR I —Ae ik
TR A AL AR T 20 L AR LR 6

x6 FWHAAEFEKM GC-MS SMFBEREFELAMRSREMNSE

t AR X 73 W A 5 A X % %
No ey Tt ”?
/min TR KGR A RO

1 5.33 o-_HZK  o-xylene CgH,y 106 4.35 -

2 5.77 p-—HI  p-xylene CgHyy 106 1.19 -
5-H2E-2-(1-H 2 Z3E) - 3R 2 i .

3 17.33 CoH; O 154 1.7 -
cyclohexanone ,5-methyl-2-( 1 -methylethyl) -
-5 - JE-2- (1-H BE 2 36 ) -3F C B . i

4 1791 CoH, 0 154 3.3 _
cyclohexanone ,5-methyl-2-( 1-methylethyl) -, cis-
[1R-(1a,2d,54) ]-5-F1HE-2-(1-F L 2 3% ) -3 C B

5 18. 54 CoH, 0 156 1.57 1.71
cyclohexanol ,5-methyl-2-( 1-methylethyl) -, [ IR-(1&,2a,5a) ]-

6 19. 88 VT EE  menthol C,oH,,0 156 - 1.19
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F6 FWHMAEAEKA GC-MS AHMFBLELMERSRBEINEE

! X4 Wil A B Bt/ %
No- o feawm T ?
/min TR ki R BCEBOk

(8)-a,0,4-=H I3-IFCM-1-H i .
7 20. 81 CiyH;s0 154 0.68 -
3-cyclohexene-1-methanol, &,a,4-trimethyl-, (S) -

8 25.81 T pulegone CoH,cO 152 36.27 28.38

2-5 A -5 - k-3 -2 4 -1 -
9 27.76 CiyH,,0 152 0.85 0.8
3-cyclohexen-1-one,2-isopropyl-5-methyl-

10 34.08 AR thymol CioH, 0 150 5.55 9.38

3-HJE-6-(1-H L 2 5k ) 2-FF 2 45 -1 -1 .
11 38.88 C,oH,,0 150 28.12 26.31
2-cyclohexen-1-one,3-methyl-6-( 1-methylethylidene ) -

12 39.27 HEATUE G EA  mint furanone CoH,0, 166 0.8 1. 07
13 40. 59 T&M  eugenol CoH,0, 164 0. 65 —
14 44. 89 fif1¥4s  caryophyllene CsH,, 204 0.25 1.16

6,10-"F 3k-5 9+ —fk — 45 -2-Fil
15 46.23 C;H,,0 194 - 0.38
5,9-undecadien-2-one ,6,10-dimethyl-

S-HUEE2-(1-H1 Ak 20 ) 2-38 2 4 -1 - B .
16 46. 36 CioH;s0 152 0.41 2.02
2-cyclohexen-1-one,5-methyl-2-( 1-methylethyl ) -

( + ) -epi- 2L KT
17 47.36 CysHyy 204 - 2.2
( + ) -epi-bicyclosesquiphellandrene

4-(2,6,6-= 1 H-1-FF CM-1-2) -3-T 5 -2 -
18 47.46 C;H,,0 192 - 0.42
3-buten-2-one ,4-(2,6,6-trimethyl-1-cyclohexen-1-yl) -

4-(1,1-Z R L 2 38 ) -2- B kR 1y .
19 47.71 € H,0 164 — 0. 49
2-methyl-phenol,4-(1,1-dimethylethyl) -

20 47.91 3,7-"H R-6-2F MR 6-octenoic acid,3,7-dimethyl- CioH;30, 170 0. 83 2.2

2-F9E3,5,6- = H A2 53R 0 -1, 4-
21 48.8 CiyH,,0, 166 0.35 2.02
2,5-cyclohexadiene-1,4-dione ,2-hydroxy-3,5 ,6-trimethyl-

(4aS-cis)2,4a,5,6,7,8,9,9a-/\ 4-3,5,5-= Hl 3£-9-TF HI -

22 49.6 TH-43: 38 Bi ks 1H-benzocycloheptene,2,4a,5,6,7,8,9,9a- C,sHy, 204 0.57 5.07
octahydro-3,5 ,5-trimethyl-9-methylene-, (4aS-cis) -
(1a,4a0,8a0)-1,2,4a,5,6,8a-x 44,7 = H H-1-(-H £ 2,

23 50.02  )-2% naphthalene,1,2,4a,5,6,8a-hexahydro4  7-dimethyl-1-  C,5H,, 204 - 2.07
(1-methylethyl) -, (1a,4ad,8a0) -

24 5204  (-)-MiMEE  (-)-spathulenol CysHy, 0 220 0.34 1.86
25 52.22 AL 1T caryophyllene oxide CsH,, 0 220 0.3 1.54
26 52.46 F75%t hexadecane CoHy, 226 - 0.78
27 53.65  JEAIMMTEE  methyl jasmonate €y, Hy0, 224 - 0.72
28 54.83 WML R H M isoaromadendrene epoxide CsH,,0 220 - 0.91
29 60. 6 4-+ )\ BEF&-IG Bk morpholine ,4-octadecyl- C,, Hy;sNO 339 - 0.31
30 60.7 T3k 2% JEME-BKFR  phthalic acid, butyl 2-pentyl ester- €, H,, 0, 292 1.1 -
Bt 89. 18 92.99

R -7 RRAFZMLEY.
HI2E 6 T, K 28 78 Ik AL B p B 36 46 A9 89. 18% 5 JH T2 [ AR AR L 3R A5 T 23 Bl fk
FEAD 28 GC-MS Al LI 20 Mfb &9, BB s &%, 5 BN 92.99% . 2 FhJr vk I 5E 45 R0 3R
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