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HS-SPME-GC-MS (2 thiBm 2 X AR EMAER R 2
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2. WERIEERE, W WD 571199

# E: BH RHAWNSEMMEER (HS-SPME) &SGR (GC-MS) 44 e rE 7 35 S AN R AL K74 & i
WGy Fik AEXE S MR M RERCLHEGERAIS, B Lio(47)IEZRAT IEAS R A Het 5 /S50 HS-SPME 21U
K& OKRARIR, ZERCRRE. THrm ). ZEMUS R, NaClLInE), HZRH GC-MS ML 2R 45 & 5 B FR B0 35
REMFFHRERER ST ST 5% E. ER  RATE NI 9K 50/30 um DVB/CAR/PDMS #Hk, BURE
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Analysis and identification of volatile components of different parts of Clausena
lansium in Hainan by HS-SPME-GC-MS

HE Xiao-wen"?, MA Yin-zheng®, CHEN Jin-ping”, DIAO Xin-peng', LIANG Cai-juan', ZHANG Lan-tong'
1. Hebei Medical University, Shijiazhuang 050017, China
2. Hainan Medical University, Haikou 571199, China

Abstract: Objective A headspace-solid phase microextraction-gas chromatography-mass spectrometry method (HS-SPME-GC-MS)
was adopted for analyzing the volatile components of different parts of Clausena lansium in Hainan Province. Methods Five different
fibers were investigated and optimized. Other five experimental parameters such as volume of water, extraction temperature,
equilibrium time, extraction time, and salt concentration had been evaluated and optimized by means of the orthogonal design with
L,4(4°) table. Finally, the volatile components of C. lansium leaves, pericarps, and seeds in Hainan were analyzed and identified by
GC-MS combined with retention index (RI). Results The optimum extraction conditions were as follows: a 50/30 um
DVB/CAR/PDMS fiber, 10 mg sample powders, 2.0 mL water, 0.2 g NaCl, extraction temperature 80 ‘C, equilibrium time 30 min,
extraction time 60 min. A total of 83 chemical components were identified from leaves, 96 from pericarps, and 106 from seeds,
representing the relative contents of 95.24%, 92.15%, and 95.92% of the total composition. The highest contents were sesquiterpenes in
all of the parts, but there were obviously different both in components and contents. Conclusion The HS-SPME-GC-MS method is
rapid and sensitive, with a small sample size, without any organic solvents. GC-MS combined with RI has improved the accuracy of
analysis and identification. The results may provide experimental basis for further exploitation of C. lansium in Hainan. This method
can be used to perform enrichment analysis of the components with high-boiling point and micro-components, which can
comprehensively and scientifically characterize and evaluate the quality of Chinese materia medica.
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¥ % Clausena lansium (Lour.) Skeels /& 27 £}
(Rutaceae) = ¥ J& Clausena Burm. f. 184, | 257
A FARALERIGH; . WG X, AE3R S TR
V. TR =i G%E, HAMEHTZ,
HAETA . RR. BUR. 10, RSETh L,
A SR [ Ah -2 A . B R o S A A
H AR F G RIE RS, BAR
o ARE. Prat. Pranpedd T BEfpE. JEMmAs.
OB A B S A M R 3 R B R AN R AL N
2y, BINEAE, X5HARFRAER S AR LA
B R, HP R TR R B S 2 o,

OV SCHRARE T 3% 52 9 R M R 1 5
S, R ARG KRR A B R 7R
HUEPY, (HIX vk e i B, IR K, #
VEB I, W AR B RT R, 5
AR R M ER, ANREHERG. Pus. AT
I35 R B R R Ay . T AR AR B
A (HS-SPME) U —FRpeEAHL, W45, M.
FEF—RIOFE ST AR BRI, & DARTIIE A D 3
2R 0 [ AR PR SO R I 43 A Ptk AT 2
BURIRAE ,  FFAE AR C i S B30 € 3 5 33 Bk FR A
(GC-MS) HIBEFE I FEAT g 3 A I H R - HS-SPME
HAHER R EHRAVER FrRARD>. R
BT W5 0 BT A A B S BLLE 28 E ARV E 25
B, HEEEW M EOR U, REEN
SR SRRy, EE TS &, K
AR R 2 AU ST AR, R AESRAE 2
RV RS I 9 % o 24 o e 4 o S5 TR AR 21 T
Iz R,

FERZM HS-SPME AEE 1 2 IR 2 FP AR UL
PR E R, THILAHE 7t AN R 1 B 1A Bk
MIREBUICR G, PR IE AR 5 A Ak A 2 ma [A]
FOREIRE M, Dgb TAER, A, Rl
SLEAERIARUEAE, R E RS HS-SPME-GC-MS
A A REIE (RD oS- s .
B AR o (0 2 R R MRy o RN B R A
B R SR 2 A R R AT B G A, AN SE R
B AT AR B R 2 A R E AT VR
1 5%

1.1 48§

GC/MS-QP2010 Plus “UAH €43 - 5 15 ¢ A (H
KEEATD, A Gerstel MPS2 £ IBE H Sk kE
%, MTEEE T (ED, DFFFHRESHE,

GC/MS-Solution £ AbFE 22555 FW-80 =i J7 ek A
Ml CRIEETTRIRHER AR AR AL104 HFRF
(HERE - FER 28 LIBA TR A D BIAHMEAERCK
(100 ym PDMS. 65 pum PDMS/DVB. 85 um CAR/
PDMS. 50/30 um DVB/CAR/PDMS. 85 um Polyacrylate,
[ Supelco AF]); 20 mL TSI, FC#&A PTFE/KE
MR R (GEE S AT,

1.2 iR%

TR R SE T 2017 4 6 R H g AW T
TeMr, iR R A2 e AR 24 5 T B B 25 0 s
AL Y B Y ¥ % Clausena lansium (Lour.)
Skeels, #5AS (CLO1-03) 75T 2= 2 B fo 2 5
At . IEMKERETRPR C8~C40 (EE o2si, Ya'T
CDGG-115320-05-1, 500 mg/L T IEE %)

2 FHE
2.1 HS-SPME &%

PR M T, s R BRI, R
RS, BT 40~50 CTE, KT
PR o R R I SR R FR T F 1 T B AR AR R
it 50 H i, A AREON R 10.0 mg T 20 mL 1%
B, 7K 2.0 mL A1 NaC10.2 g, J8%5], ZBUEFE 80
C, “PATIIA] 30 min, AZEHUNA] 60 min, 85 7EE
FELT 250 CH#EMT 5 min, K& GC-MS Ki.

2.2 GC-MS &%

GC %AF: ZB-5MS EB4IEH: (30 mX0.25 mm,
0.25 um), AEECRATFHEFET: VIGEFEE 60 CLR
£ 5 min, 10 C/min 7} 120 'C, 2 C/min FF &
170 C, 10 ‘C/min J+Z 210 C, {#¥F 10 min; #&
SNRA, FEERRE 1.0 mL/min; WA &
3.0 mL/min; #EFEIEE 250 C.

MS %A ELJE, BSFURIEE 250 C; #:HR
% 280 °C; HFAEIRTA] 2.0 min; Kl %% HL K 0.86
kV; FiEFAREE: 3.00~50.00 min, TG m/z
50~500; Jiilit A : NISTOS 1 NISTO08s.

R R AR GC-MS BB TR
ik E LA 1.

2.3 RIENE

BUE M BERIRFRIZ “2.27 BT 2 A ERESMHT
R IEMEE R A ], SR & TR A X &
B RL A : RI=1000+ 100 — 1)/ (tp1 —1,)>
ot 1, B0ty 53 AR 3 W 20 2 RO SR - 04k T
n Ml n+1 ZRMIERE 6<t<t,) 7 HIEL
1R BE B 1]
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Fig. 1 GC-MS chromatograms of C. lansium leaves (a),

pericarps (b), and seeds (c) in Hainan

24 RS

I GC-MS TAFREHE b 3 R G0 i NIST i /%
PIAL R 2R, UL i R 10 N TT RV,
HE5IFFE RSB T RLEIGE, PATS AL, A0
RIMEHEE B & m i S v i S e s R, Jfa
T T AR A — A28 B 43 H AR X 5 B R SPSS
17.0 BAF AT IEAC RS B v A7 22 20 A

TSR (R 1D AR, B S fF
FrRar A 113 123 F1 126 Mg, %2 T
83. 96 1 106 Fhfsr, &R 95.24%. 92.15%
H195.92% o 15 Bz it SR Bz AR r IR R 23 EH AR 1A
B, B BREFAE, Hbfkwi S ERE, 3K

R1 BEFERTRBUMERERS RANEE

Table 1 Volatile components of different parts of C. lansium in Hainan

FHXS 11 7355 B/ %

5 WEY 2R 7 FR RI
It R FF
1 ECE — — 0.02  CeH;,0
2 2-CU Il 0.07 — 0.02  CeHy0
3 2-2- T I — — 0.01  CeH;,0
4 oL — — 0.05  CeHy,,0
5 of T — 0.06 0.02  CsHy
6 oA A — — 0.05  CioHyg
7 TR — 0.01 0.01  CyoHyg
8 S 2- PRI — — 0.03  CH,,0
9 7% 0.42 0.85 0.55  C;HO
10 iR P 0.03 0.03 094  CoHyg
11 B-TE A — — 0.01  CyoHyg
12 FF 25 J5 475 i 0.15 0.28 036  CgH,,0
13 VER==5 — 0.02 0.07  CioHyg
14 1-ethylcyclohexene 0.02 0.01 0.05 CgHy4
15 B-7K M — 0.06 0.04  CHy
16 R, %-2,4- 0 I 0.02 — 0.02  C;H,,0
17 ou- T — 0.06 0.16  CyoHyg
18 PURLY iy — 0.07 0.09  CjHy
19 FgE N 0.02 0.09 024  CyHyg
20 o-7K IR 0.06 0.43 0.58  CjoHye
21 WKW 0.07 0.27 042  CgHgO
22 PN 0.12 0.03 0.06  CoH;0 806
23 y-H 0.02 0.07 038  CioHyg 808
24 3,5-3 —4%-2-1 0.01 — 0.02  CgH;,0 831
25 -4~ 000 A st — — 0.03  C,0H;50 836
26 RN — 0.02 0.10  CoHyg 869
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55 K HIXYF & st RI
i R i
27 2-F 0.01 0.04 0.05  CoH;50 877
28 g 0.04 0.10 035  CyH;50 897
29 IET 0.02 0.02 0.12  CoH;50 904
30 7 e AR — — 0.01  CjH;0 948
31 (2)-2-TJsms — 0.01 0.03  CoH;c0 957
32 VKA — 0.02 0.06 C,oH;0 973
33 A-T 475 T 0.02 0.24 0.86  CyH;50 981
34 melilotal 0.12 0.09 031  CoH,0 985
35 S| — 0.11 — CoH,,0 988
36 KB F 0.01 — — CHO;3 993
37 o-Fa Tl A — 0.03 0.50  CyH;50 996
38 (—)- R AT T 0.01 0.04 0.17  CyH,0 1 004
39 G- 3 £ P — 0.01 0.04  CyH;50 1 009
40 B-FRAT R B 0.01 0.02 0.10  CyH;0 1017
41 (H-F 0.01 0.04 0.02  CyH\40 1041
42 P TR — — 0.07  CyH;50 1 046
43 (E)-F7H5 e 0.02 0.03 0.03  CyH,0 1065
44 1-norbornane methanol acetate 0.08 0.04 0.07 Ci0H 60, 1073
45 KA — 0.12 0.03  Cy,H,0 1078
46 LR VK Fr s — 0.04 0.08  Cp,Hy0, 1083
47 2-caren-10-al — 0.03 — CioH 140 1 088
48 R & Il — 0.02 0.03  CyH;0, 1117
49 LRR S IR — 0.06 0.10  Cp,H;0, 1126
50 (2)- LR E e — 0.02 — C1,H;50, 1128
51 o- TN 0.05 0.01 0.05  CysHy, 1131
52 SN 0.13 0.20 0.17  CysHy, 1136
53 o-BEVE S I # 0.03 0.08 0.15  C;sHy 1145
54 P R R 0.03 0.13 0.15  CjHy0, 1153
55 SRR R R 0.11 0.16 0.34  CgHNS 1 160
56 LIRE M R 0.04 0.23 043  C;Hy0, 1173
57 Al L — 0.07 — CysHy, 1177
58 T M 0.29 0.07 — CysHy, 1186
59 B-Ha A M 0.20 0.14 0.88  CysHy 1189
60 e il 0.04 — 041  Cy;H;0 1191
61 e 0.03 0.03 0.08  CjsHy 1201
62 o-H L 0.03 0.05 — CysHyy 1207
63 ()-SR -a- T 0.02 0.04 — CysHy, 1212
64 HEM 1.13 1.28 162  CsHy 1218
65 VENUy 1.82 1.17 347  CysHy 1220
66 B-AEA K 0.02 — — CisHay 1225
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g5 fe e 4475 R e P
- RE M
67 (H)-o-FAABE I 0.45 0.43 0.32 CsHyy 1230
68 WA 0.76 0.33 0.29 CisHay 1237
69 A JEE TR 0.35 — 0.18 C3H,,0 1243
70 (H)-epi-B-TH I — 0.17 — CsHyy 1 244
71 (E)-B-4= & Wi 2.44 234 1.96 CysHyy 1249
72 TR 0.61 0.68 1.10 CisHay 1253
73 o-HA M 0.29 0.41 0.21 CisHyy 1256
74 (—)-B-FEAA W 0.03 — — CysHys 1270
75 Y-1R 25 1.01 0.74 0.36 CisHys 1275
76 B-FHhnld 0.37 0.41 0.91 CysHyy 1278
77 (2)-B-% & Wi — 0.11 0.17 CisHas 1281
78 B- MM 0.30 — 0.10 CisHyy 1287
79 AW N — 0.65 0.96 CisHas 1293
80 v W 0.72 — — CisHay 1294
81 o-1%Je i 3.83 1.92 0.97 CisHyy 1303
82 B-21 3% 2 3.57 1.56 4.11 CysHyy 1306
83 (H)-o- KM — 1.27 — CisHyy 1309
84 S-HEAN 0.39 0.57 0.30 CysHys 1315
85 B35 2K M 1.02 3.62  11.64 CisHay 1324
86 o- AT M 2.15 222 3.04 CisHay 1326
87 cubinene 0.01 0.11 0.15 CysHyy 1330
88 KR4 D 0.08 — 0.23 CisHay 1335
89 021 B AT 0.22 0.41 0.18 CysHay 1336
90 acoradien 0.87 0.16 0.15 CisHyy 1 340
91 ik — — 0.51 Ci5sHys0 1344
92 S BTN 5.40 2.06 1.71 Ci5sHys0 1357
93 LENE N — 0.35 0.26 CsHp,0 1366
94 LRl 12.76 8.34 1.69 Ci5sHy0 1372
95 AMBE TR 0.23 2.63 1.10 C;sH,,0 1377
96 AR BRI 11 0.14 1.53 0.57 CysH0 1 405
97 A -Z-o- I LRI 0.28 0.79 0.53 Ci5sHy40 1416
98 o-F — — 0.25 C;sHy0 1422
99 cubenol — 476 0.27 C,sH,0 1428
100 (E)-FFHERE — 2.34 2.13 C,5Hy 1435
101 (D)-y- 1 20 1.01 1.74 0.25 CisHyy 1442
102 aromadendrene oxide-(2) — 3.39 1.56 CsH,0 1459
103 - -8 i 29.08 1821  23.58 Ci5sHy0 1477
104 CRARY &3] =2 6.62 5.12 4.61 C5sHy0 1486
105 o187 2.88 6.58 7.33 CsH0 1493
106 (—)-isoaromadendrene-(V) 0.88 0.28 0.55 CysHyy 1 505
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gk 1
e 5 {485 FR 3 PR % A7t R
i RE AT
107 R -Z-0-F KRG Wi — 1.37 —  CysHpO 1507
108 -0 181 5 it 5.80 1.97 1.15  CysHO 1519
109 E-o-T8 1 — 1.02  0.16 C;sHpuO 1531
110 (Z,E)-0-& 5 X 0.91 — —  C;sHpO 1 541
111 ledol 0.29 0.92 —  CysHyO 1561
112 T A 0.11 — —  C;sHyuO 1 569
113 - PE g — — 0.09  C;sH,0 1573
114 T A 0.36 046 092  C;sHuO 1623
115 I -0 £7. 5% 24 — — 129 CisHy 1641
116 -Z-0- 4L A E A 0.81 0.17 040  C;sHyuO 1 644
117 TR R — 1.35 —  CysHy0 1676
118 M JRR I 0.07 0.81 —  Ci;Hp0 1 690
119 S 3 -B- 18 A 0.26 — —  CysHyO 1701
120 5 JE T 0.17 — —  CiH30 1 706
121 TR AR R FH g 0.09 006  0.18 C;H3,0, 1725
122 Y 0.03 0.05 —  CyHyuO 1745
123 FRHATR 0.90 0.46 1.85  CH30, 1763
124 KRAEIRR £ T 0.05 008  0.14 CHs0, 1791
125 SV R FF I — — 0.09  CoH3,0, 1838
126 T 1.16 — —  CyHyu0 1847
127 RIATHIE — — 0.09  C;sH;0, 1857
128 + )\ bElR 0.16 — —  CygHy0, 1 862
129 LR 2 1 — — 011  CyHj0, 1873
130 T IRRER . T — — 0.08  CyHy0, 1876

— ARG B R

—No detecetd or trace

TEBEENREZ NGRS, HIN-o-1E
(29.08%- 18.21%- 23.58%) (Ffi5 H1 43 RN %K
SITERE B SRR TR AR, FRED. Ml
(12.76% 8.34%. 1.71%)+ B-fE52F/K i (1.02%-
3.62%- 11.64%) o-THEEE (2.88%- 6.58%- 7.33%)-
o-ZLR 2GR (6.62%. 5.12%. 4.61%) %5, BRI
—H, (HANEEERRR. ALE BT
e, WIHEAIEE (1.16%), AFAER TP IERE
HERE (1.35%), NAFEER T A Mi-o- 21 3% 245 1
(1.29%) %5, WHGLET 2 MEBASEE B B2,
TR SRR o R R P R PR B
Ze 5, W] HAESR BN RN Do 2 E A AN .
3 iTie
3.1 HS-SPME ZEER& R
3.1 FEECLLF4E (Fiber) M4k HS-SPME [f]

REUEE “ AR FJREE, Fiber 1914 5 /2 520
REMZH 23 I ZE LR ik (R 3K . T Fiber 7E
SPME HJHE M, ARWFFREHEL T 5 FARPERR)
Fiber FIZERUR . B oi%k 2 4 5 Fh Fiber B 11X
& b2, fEPSLIR R SEaE -, FREGE B2 10.0 mg
F 20 mL TN, IisK 4.0 mL, ZERCEE 70 C,
ST E] 30 min, #EHX 60 min, f#HT 5 min, {Ei%
AR 5 PRV Fiber, EIZEHEAF
Fiber ZEHUS 2GR (L& M0 BIETAR,
FHARF e AR 43 3 AN B (3.00~15.00 min.
15.01~35.00 min F1 35.01~50.00 min) BEAT L%,
X 3 BRI AL S AR AT DARRAG. ey i sl
A, HARIE 2.

M 2 aTLLEH, AFH Fiber $EEUS 2 s
MZEARKR, BIEHEFRL. 3.00~15.00 min WEEF,



¢ £ % Chinese Traditional and Herbal Drugs 38 49 % %% 18 #§ 2018 £ 9 A

* 4247 -

%2 5% Fiber Z1LIBE K ATE
Table 2 Aging temperatures and times of five kinds of
Fibers

SPME Fiber ffi ZAGIRE/C B Al/min
65 um PDMS/DVB 250 30
85 pum Polyacrylate 280 30
85 um CAR/PDMS 300 30
100 pm PDMS 250 30
50/30 um DVB/CAR/PDMS 270 30

PDMS-E I RESA e DVB- 237 Polyacrylate- 28 5 45
Rl CAR-L IR bt 77

PDMS-polydimethylsiloxane =~ DVB-divinylbenzene Polyacrylate-

polyacrylate CAR-carbon adsorbent

9.0
8.0
=70
2
= 60
<50
=40
£

@ 3.0
2.0

1.0
0

"PDMS __ PDMS/DVB  CAR/P

15.01 ~35.00 min Vg ALK /N 50/30 pm
DVB/CAR/PDMS > 65 ym PDMS/DVB > 85 um
CAR/PDMS>100 um PDMS>85 um Polyacrylate,
1M 35.01~50.00 min f¥jIE[f# DVB/CAR/PDMS>
Polyacrylate>PDMS/DVB >PDMS >CAR/PDMS.
Polyacrylate J& T-HiHin)E, B AP RE K
PEVIR KR PDMS J& TAEREIRE 5 R
EARMAME R YR, DVB JB TSR, St
e A R A0 s CAR LR THIAR K 52 T IR B o4
Ny FAREW), T PDMS/DVB. CAR/PDMS Al
DVB/CAR/PDMS 73 7| L4 2 Fh Bl 3 F Fiber HI4F £,
DR R B B s R L A T, SR B 5 R IR

B g3 < 10
SR RS I AR
m3.00~15.00 min WA
B15.01~35.00 min W&

W 35.01~50.00 min i

late

2 A [ Fiber ZEZE R L

Fig. 2 Extraction efficiency of five different Fibers

BRN IR, BRI 3.00~15.00 min WA
15.01~35.00 min W F1. 35.01~50.00 min WA
X5 AMNEbR, mAEFER Fiber 4 50/30 pum
DVB/CAR/PDMS.
3.2 KIARRL. FEUREE . SPEEr R ZEE A
Al NaCl W&  FERRSL T BN
RIWFEBCEL G, [R50 HS-SPME A H ) HiAh &=
FoK¥Z, weRAAHRE, Kz . ALk
B, WAL TR — R E . RS
L6 R R A R Gt 0, TR R Z
SIS EL, R SER R RN RS, BRiR
W, b E A, BRI ABTRRA 5 K 4 KT K
IEAZ R ¥ i % HS-SPME ) 5 MR 2 K
AR (A, ZEBURE (B). IR (C). ZEHL
FE] (D). NaClisinE (B> BTk, DLs g
FUNSEIRFRFR AT et b, IR BRI /KF W3R 3,
IES RIS T 45 5 W% 4, 5 IZRAE 4 DAFEIKE
S TR PR AR A 150 LI 3

R 4 R, 3R B WA i 2 %
S R 22 7 8 B>D>A>E>C.

x3 EXERKE

Table 3 Factors and levels of orthogonal design

e RIHE =
A/mL B/C C/min D/min E/g
1 2 50 20 30 0
2 6 60 30 40 0.1
3 10 70 40 50 0.2
4 14 80 50 60 0.4

(1) KA 7 20 mL A d, MBS
K BIRFARE R, TS 2= (] I el 4 s, 4% & 1
A B RNOZIE I, HEK AR E (10.0
mg) AH[F], HF S TE 7K A AR 0 SR e A KA AR )
KRG, SRR A BTREE, BT AR
fif & K AR FR A 2.0 mL.

(2) FEHURLE : ROk 2 HURCR 1) 500 5
K, HIEE N 50~80 CHY, [t A HURE T,
FEURRAAH BT iy, DR A 28 B A A UL
80 C.

(3) Pl Ia]: eI 3 mI%N, A FE T TR
M 20~50 min X ZEHCHERMIFZIE N, 2T AR



* 4248 -

¢ £ % Chinese Traditional and Herbal Drugs 38 49 % %% 18 #§ 2018 £ 9 A

R4 EXHREATER

Table 4 ANOVA results for experimental response in L;(4°) matrix

A S SRR SS ar MS F P
A 7.718 X 10" 3 2.573% 10" 11.993 0.035
B 1.451X 10" 3 4.836X 10" 22.546 0.015
C _ _ _ _ _
D 9.468 10" 3 3.156 X 10" 14.712 0.027
E 2.564% 10" 3 8.545%10'® 3.984 0.143
RZE 6.435X 10" 3 2.145%X 10"

Mt 3.490 %X 10" 15

P<0.05 HA BE M
P < 0.05 with significant effects

o
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o
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o
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f-o ]
AN
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o
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-]
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A
e
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o]
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o
o
A
e
o
o
8
o~

%
%
.
%
.

=

AR /mL

7 o
%g BKF 1
%% Bk 2
0 BKF 3
%% @K 4
|
- ma i
LN [A]/min NaCl %Ml &=/g

B3 5ERE4NFRKERSIERRMELER

Fig. 3 Effect of total peak area of five factors at four different levels

RR HA AU a), A 2% P PR 8] 24 30 min

(4) FEWUma]: 7EZEEUE A2 30~60 min B,
B AU (] G, ZEHUSCR R E &, Fih
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