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Abstract: Objective The effect of different extraction methods and solvent used on the composition of agarwood essential oils
(EOs) was studied using the gas chromatography-mass spectrometry (GC-MS). Methods Three parts of agarwood powder (30 g)
were accurately weighed, and 150 mL of three-stage water, absolute ethanol and petroleum ether were added, respectively. The
powder was stirred by magnetic force at 50 °C for 1.5 h, filtered, and the filter residue was repeated for one time. The essential oil
was prepared from aloes powder by supercritical extraction, continuous phase change extraction and steam extraction. Weigh the
essential oil and calculate the yield. The relative contents of volatile compounds were determined by GC-MS. The composition of fatty
acids in essential oils obtained by different extraction methods was detected by GC-MS. Results A total of 191 compounds were
detected in the EOs extracted with water, ethanol and petroleum ether, respectively, indicating the compositions of the EOs extracts
highly depended on the extracted solvents. The highest yield of EOs (10.70%) extracted by ethanol was obtained. For the different
extraction methods, totally 180 substances were detected in EOs extracted using the supercritical, continuous phase transition and
water vapor extraction method. Wherein, the EOs extracted using continuous phase transition method had the most abundant aroma
composition (90) and highest yield (1.42%). Totally eight fatty acids were detected in EOs extracted by three extraction methods,
where the EOs extracted by continuous phase transition have the highest amounts of fatty acids (eight kinds). Conclusion Different

solvents and extraction methods strongly affected the composition of agarwood EOs. The continuous phase transition method with
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the advantages of high yield and abundant extraction of EOs was conducive to restore the initial flavor of agarwood, which may

provide a novel technique to extract the aroma.

Key words: agarwood essential oil; extraction methods; gas chromatography-mass spectrometry (GC-MC); continuous phase

transition extraction; fatty acid

VB —Fh o7 & HAR R E AR, & T i
BEMMIIERWA . TUEARSMIE T
Gy » BRI 5T B 2 50 BB 7 AN R B
RAKEM . PO AR O 2 AERIT &K L5
BE 2 SR BN 7 B Ry e LR 2 g
BLAE VR TT R P~ JRE AR B RS , LA
A D4 71 L B 7R RO BEE B 7 790 DT R il £
O EEGRAG R S, X E S —
SEAR T B R A 5 A AU L R A T LA
MRF T A o F TR Z& AR VA R SR BURER I A
RS B E T2 ] T OO RS R Y BROR A
SERTDL O il B A B S BOUC R RS, R IZIE A
B 0E RS b SR IR RS b AR . R ERAE
) FH R W 7 522 B A o i » R L T SR A i P A i
AN BRI T /K 78 R R U Ut & A

2GR R B 4 2577 K N po M iv iES
SR S 557 BT IR BAE AR — R B AW BT R 4h 2
JTE G T AR 2 R3E R X 15 77 51 0 B
PRI o KM Y57 A7 12 ) R IR 2, HR AL
75 2R 7y IR W ¥ B RS Y . A TUR
AN TR R A 8 0 RAS ] 7 925 0 BEAT S, A S
£ 1 - J5 B I5C ) (GC-MS) 43 A7 i B 4% P e
T B AR FUAN RIS BT 2O T 2R I R R
72 51 IO RS, 4 T AT DU A 3R U (4 R 73 B it 2

B 5 TR 5 550 0 i il 8 Tk AR A 7 AT 3

RS EE .
1 &8
1.1 {2

Agilent 7890A-5975B H. I 2% A A AH 0 5 i ik
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60 CHANT , fEHT HE 71 0.4 MPa, BRIl L &, 158
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Table 1 GC-MS analysis results of agarwood extracts with different solvents

=] A *BX‘ éj\ I\ }ﬁ%ﬁj\ﬁ/%
b lidalied vk PTN — UR rum
1 JRaR-3-C8 84.16 CH,, — 0.34 —
2 EHE 8493  CH,Cl, — 1.14 0.34
3 MEME 90.17  C,HNS 0.08 — —
4 HRAEEN L 92.52  C,H,CIO — 0.19 —
5 ZRHIEE 106.12 C,HO — 4775 4.02
6 1-WH R 2- 20 R b 108.18 C¢H,, 0.08 — —
7 IR 120.15  CyH,,0 — 024 029
8 2-FRELIEHIE 122.12 C,H0, — — 0.17
9 3-HIEACEE 122.16  C4H,,0 0.14 — —
10 3-%JFE-2,6- - H S 122.17  CH,N, — 2.34 —
11 BERL6.1.013F-1-)F 122.21 CH,, 0.77 — —
12 5-2E--plis 124.14  C,H,0, 0.08 — —
13 4,4- " HR 22111 124.18  CgH,,0 0.16 — —
14 JfE-9- 24 XA [6.1.0] F ke 12620  C¢H,,0 — 0.23 —
15 1-fE3E-1-3R 2 127.14  C4H,NO, 0.24 — —
16 2-2.3E-1,3- T HEH 134.22 C,H,, 0.09 — —
17 ZEFfmEmk 135.19  C,H,NS — — 0.17
18 KIEIFrik 136.15  CyH,0, — 0.61 0.40
19 WK =0E 136.23 CoHe 0.41 — —
20 a-5-FRE3-(FHJE 2 3 - 3R B 136.23 CiHig — — 0.41
21 2,6- - HE-3-3R OV % 13821  C,H,,0 0.17 — —
22 (E,E)-2,4-F )i 13821  C,H,,0 — 0.22 —
23 (- EE 138.25 CHyg — 0.19 —
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o N FHXF 53 N J53 53 HU %
ol (idaliad TER TR T w rum
24 1-F T A1 O 138.25 C,oHy — 0.26 —
25 IRk 138.25 CoHq — — 0.31
26 EEIRJHE 140.27 CoHao 0.11 — —
27 T 142.24 C,H,;0 — 043 037
28 Bk 142.28 CoHa, — — 0.25
29 e AR H 2 T R 146.19 C,,H,,0 — 0.17 —
30 EEPHER 148.20 C,H,,0 1.20 — 9.88
31 3-4FE-2- T 148.20 C,H,,0 — 12.31 —
32 1-4H-2,4,5- =% 148.24 C.Hy — 1.18 —
33 REHIER O 150.17 C,H,,0, — — 0.27
34 2T HIR 150.22 C,H,,0 1.82 — —
35 al-2,4-% InE 152.23 C,,H,O — 0.85 0.22
36 2,4-%% IEIE 152.23 C,,H,0 — 1.27 —
37 4,8-ZHHE-1,7-F 2 152.28 C.,H,, — — 0.20
38 WA FEW 154.25 C,H,;0 3.03 — —
39 (HD-HFE 154.25 C,,H,;;0 — — 0.34
40 FE I 154.25 C,H,,0 — 0.41 —
41 2,6-HIREZE 156.22 C,H, — — 0.15
42 BEEE 156.27 C,H,,0 — — 0.21
43 I 158.24 C,H,50, 0.82 — —
44 1= 3 2K I DR ML bR 162.19  CH,N,0  4.98 — —
45 1,2,4-=Z2K 162.27 C,H 0.29 — 0.50
46 2-5-3- EﬁﬁT@aaﬁa 164.63  C,H,CIO, — 0.29 —
47  4-2.FE-1,2- T HEIEIE 166.22 C,H,,0, 1.22 — —
48  4- Z%ﬁ)ﬂﬁ” 166.22 C,H,:0, 1.29 — —
49 EALRE M 168.23 C,H,40, 0.08 — —
50 + ke 170.33 C,Ha — 0.19 —
51 3,6- - H3ESS ) 170.33 C,Ha — — 0.57
52 2-fig kA 2R =y 171.11 C.H;NO; — — 0.24
53 TRUT HECHAEID RN 17436  C,H,0Si 0.17 — —
54 12-Ekfik-4 176.21 CH,,0, 0.11 — —
55 6-HIFEERS 177.16  CHN,0 0.22 — —
56  3-KNEE LB 178.23 C,H,,0, — 1.63 2.33
57 WEAEIEANER 178.23 C,H,,0, — 2.12 —
58 2-%HE-5,6- T HI IR IR HEM: 17825  CyoH,N,S 0.13 — —
59 2,3-THEIR[2.2.11FE-2-05 , 1-FF F-4-(4- TR J7 F)-(9CD) 178.27 C, HiN, 3.96 — —
60 1-JFE-2-TH FE-FR 182.35 C,Hye — 0.38 —
61  (2)-8-1 —TlcJhi-1-1 184.32 C,,H,,0 0.17 — —
62 =kt 184.36 C;Hag — — 0.40
63 4,7-"HHAt—k 184.36 C;Hag — — 0.15
64 1,1,3,3-DYH 3-2-Eifif 188.00 C,H,0 — — 0.30
65 1-FRCE-2-HEIER 190.28 C,;H,;0 — 3.86 2.03
66 2-3F O3 2K H i 190.28 C,H,,0 7.10 — —
67 AN 194.31 C,;H,,0 0.10 — —
68  F1-PUkE 196.37 C,Hog — — 0.56
69 DUkt 198.39 C.,Hy — 0.30 —
70 B-ZHEE 202.34 C,sHa, 0.93 — —
71 EWER 202.34 C,sHa, 0.13 — —
72 - 202.34 CH,, — 0.19 —
73 AR Je ks 204.35 CH,, 0.14 088  0.79
74 B 204.35 C,sH., — 0.27 —
75 1-FFE-2,4- (R -1-05-2-38)-1- 2R bt 204.35 CsH,, 0.19 — —
76 g RN 204.35 CsHy 288 031 —
77 WEHRRE R 204.35 CsH,, — — 0.28
78 R GBI 204.35 CysHa, 0.15 — —
79 (Z,E)-0-1EWe i 204.35 CsH., 144 241 —
80 FFIE M 204.35 C,sHa, 0.09 — —
81  (+)-p-fisa 204.35 CsH,, 0.08 — 0.45
82 B-J R 204.35 CH,, — 262  5.89
83  a-iEJEN 204.35 C,H,, 0.10 — —
84 o~ RS 204.35 CsH,, — — 1.69
85 selina-3,11- )& 204.35 CsHay — — 0.45
86 [ 15-Clasda, 70 1-1,2,3,4,5,6,7,8-)\Efb-1,4-—HIF-7-(1-HEZIGHEOE - 204.35 CH,, — .14 3.02

87 o) FEFE 204.35 C, H,, — 0.85 1.71
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jald (idaliad A A AT
88 (+H)-a-Mi &I 204.35 CsH,, — 1.08 —
89 1-ZJFE-1-H R 2-(1-H R G -4-(1-FF R 2.3 - PR b 204.35 CsH,, — — 0.31
90 Rk 204.35 CsH,, — 1.19 1.80
91 Al 204.35 CsH,, — 0.47 —
92 (—)-B-Mi&E M 204.35 CsH,, 0.54 028  0.89
93 (D-FATT 204.35 C,sHa, 0.23 0.20 —
94 % 204.35 C,sH,, 3.91 — —
95 2-SFNIE-5-HIE-9-WHI3E[4.4.0]1%%-1-0% 204.35 CsHay 10.32 — —
96 1,1,7-=H3E-4- FEA+H-1H- K [eJazulene 204.35 CH,, 0.33 0.84 1.24
97 1-FA1HE 204.35 CsH,, 0.09 — 0.53
98 o~ 204.35 CsH,, 0.82 0.40 0.39
99 4,8-FRIEMEIR-2-FH IR 205.17 C,H,NO, 0.12 — —
100 J EFEF(ICD 206.37 CsHye 1.08 — —
101 4-[2,2,6-= W75 2% Z 3 [4.1.055-1-5]-3-T #5-2-HH 208.30 C;H,,0, — — 0.62
102 ¥R 154 210.40 C,sHy — 0.25 —
103 + Tk 212.41 CsH,, — 029  0.56
104+ PUkEEE TR 216.38 C.H,F — — 0.26
105 ¥R 218.29 C.H,;0, 0.09 — —
106 {5 -1k 218.33 CsH,,0 — 1.61 —
107 5% M 218.33 C,sH,,0 3.20 — —
108 A& FI R 218.34 C,sH,,0 2.23 — —
109 6,7- " F4EF-2,2- " -3 220.26 C;H,,0, — — 0.41
110 2,6- 50T JE5 H 220.35 C,sH,,0 — 6.56  29.04
11 TF&FE 220.35 C,sH,,0 0.78 — —
112 o -1 7 i 220.35 C,;H,,0 137 036 —
113 (—)-(E)-MF Bz 220.35 CH,,0 0.66 — —
114 2,4-00C1, 1- R 238 -6-H 32K 220.35 C,sH,,0 0.31 — —
115 HAAarE 220.35 CsH,,0 — 0.55 —
116 (Z)-o-18 7 220.35 C,;H,,0 6.13 — —
117 SHAATT I 220.35 C,sH,,0 1.01 — —
118 K 220.35 C,sH,,0 4.20 — —
119 2-F3E-4-FU 3 FE 2K ) 220.35 C,H,,0 0.24 — —
120 F+KE 220.35 C,H,,0 0.49 — —
121 2,5-HF T2 K 222.32 C.,H»,0, 1.67 — —
122 HIERNIRIR 0K A B 222.32 C,.H,,0, — — 0.26
123 1,2,3,4,40,5,6,7-)\&E-a,a,40, 8-V F HE-(QR-H =) -2-25 F i 222.37 CH,;0 2.38 — —
124 (—)-V5 Fiels 222.37 C,sH,0 0.64 — —
125 W\ i 222.37 C,sH, O 0.41 — —
126 (—)-Efigiz 222.37 C,sH,0 3.32 — —
127 (—)-EFRZERR 222.37 C,sH,0 1.59 — —
128  o-F% M- EE 222.37 C,sH,0 1.96 — —
129 FRE %= 222.37 C,sH,0 4.48 — —
130 7 T Ml 222.37 CsH,,0 1.70 — —
131 FAARI 222.37 CsH,,0 — — 0.20
132 HKZERE 222.37 CH,;0 — 3.26  3.46
133 B-Fnf g 222.37 C,sH,0 2.56 — —
134 SR FER A s 22539  C,HxNS 0.23 —
135 (2)-8-+ - J&-1- KB s £ 226.36 C,.H,0, 0.34 —
136 6-HFEE+ =k 226.44 C,H, — — 0.83
137 75kt 226.44 C,H,, — 0.97 1.96
138 2-%AR-1-C4-IE T EO IR g 23413 CH,BINO  — — 0.31
139 2,6- T 2-4- 2. FK W) 234.38 C,sH,0 — — 0.34
140 bk 240.47 C,,Hy, — 1.39 1.63
141 A2 242 .44 C,H,,0 — 0.43
142 1-ZJ%-1,1,3,3-PY FE3E-3-(2- T M 38 ) 77 —RE S 24351 C,H,,0Si, 1.36 — —
143 1,6-—H ke 243.97 C,H,,Br, — — 0.70
144 “EE =5 bk 247.67  CH,,CLSi — 0.54 —
145 ARk 249.23 C,H,;Br — — 0.31
146 (Z2)-14-F JE-8-~ /B I-1-4i s 252.44 C,H;,0 — 0.37 —
147 1-+)\Uf 252.48 CsHi — — 0.32
148+ )\JiE 254.49 CHag — 0.56 0.69
149 EEAHTR 256.42 C,H,,0, 2.75 — —
150 18-7& k-6 264.32 C,H,,0, 0.09 — —
151 2-77 FE-5-c % )\ & - 1H-Ei 264.49 CoHj — — 0.24
152 + iR T R 266.38 C,H,,0 — 0.34 0.27
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ol (idaliad TER TR T w rum
153 ke 268.52 C,,H,, — 0.35 0.37
154 14-3R-1-+ VU R5 I 275.27 C,,H,,Br — 1.01 —
155 AR —HERB(2- 458 258 fiE 278.34 C,sH»,0, — 0.26 —
156 ABZK W — T HE 278.34 C,H,,0, 0.44 — 0.72
157 MR 280.45 C,sH»,0, — 0.18 —
158 J\E Wi 280.53 CyoHyo — 0.19 —
159 iR % 281.48  C,Hy;NO — 0.47 —
160 AR — W — W& % L Hs 282.29 C..H,,0, 0.08 — —
161 fHkE 282.55 CyHa — 0.53 0.46
162 —t+%t 282.55 CyH,, — 0.24 0.32
163 FRAAER 2.1 284.48 C,sH30, — 1.42 —
164 figibf s SR g1 286.49 CsH;,0, — 0.37 —
165 ST\ 288.94 C,sH,,Cl — 0.27 —
166 —+—% 296.57 C, Ha — — 0.41
167 2,6,10,15-P0 FF ke 296.57 C, Ha, — 0.37 —
168 FrELAH IR 300.48 C,sH,,0; — — 0.44
169 1-—+ 4% 308.58 C,,H,, — 0.35 —
170 —+ % 310.60 CyoH. — 0.37  0.51
171 M-9-—+ =) 322.61 CysHyg — — 0.17
172 —+ =% 324.63 C,sHag — 035 057
173 1,2- 8+ 328.13  C,H,Br, — — 0.28
174 LSRR, 2,2-— -3 -(Q-HIZE- 1 IR EE)-, 2- R4 4 4-3-(2- 1] 33046  C,Hy0, 1.14 — —

S 2 ) -2- 34 [ ) - 1 -

175 Z+Nk 366.71 C,Hs, — — 0.43
176 FKAKA T 37143  C,H,NO; — 1.68 —
177 4,5-3F%-, (4o, So)-JH {552 386.65 C,,H,,0 — 0.16 —
178 )\ i = SlrE e 387.93  C,4H,,CLSi — — 0.27
179 9-3FE-—+4t 394.76 C,eHsg — — 0.78
180 M5k 400.47 Cy,H — — 0.35
181 (208)-20-F%FL 5 i 400.47  C,,HxN,O; —  15.68 —
182 3,4-—5-2,8-—F%E-2-(4,8,12-=FFE= OB 1 4t iRg- 61 402.65 CyH,,0, - 1.72 -
183 HWRTEEH 416.46 C,;H,,0, — 1.80 —
184 3a-H A Ik-50-H {4 k5e-6- 416.68  ChH,s0, — 5.35 —
185 Ny 416.68 C,sH,,0, — — 0.22
186 FHHE 1 — Ji B2l 452.67 C,,H..0; — — 5.35
187 LIR=+Fi s 480.85 C,,H,,0, — 0.26 —
188 17-FLh VUG 490.93 CysHyo — — 0.23
189 1,2-7K — H A4 = hr HE: s 530.82 C.,Hs0, — — 0.48
190 J\(Z ) — (F hE OB 538.75 C,sH540, 0.14 — —
191 1,1-—+ ko 595.08 CyHy,0, — — 0.27

®2 AREBFANERIMNZETREEE
Table 2 Total peak area and yield of agarwood extracts

with different solvents

PRI ST 1 2/%
K 304 717 765 7.13
A Y T 528 982 501 0.69
L 270 190 864 10.70

3.2 ARFFERBULERHE ML ELER

W 3 FTom » #R I 5 2 SR A AR K 2RSSR BURS
TR 180 M BT , I A A S e R
M R O 2-TRFE 3T L (- R L g- o R
oM -8 7 T RS Y R 8 A 5 o R i S 2 BUKE i
Rl B 72 B s, b R ARG R 2R 18 B bRk 11
PRI RS O P &, 32 B R 70 A 4-F S R R F IR
fig (16.23%) JTH (12.52%) + 3-F 3 -1- (R FE F EE) -

B T B (8.43%) AT 1, 3- — 7 L5 g R
WE (8.11%) o 3% 2 AH A Hi2 HURS I ksr I H 90 M it
Horp AL AR S 28 26 B M IR K 18 Fh L B2 8 T R %
KA, EE R N 2- K FE-3- T (7.08%) ) 5
7 (7CD (3.93%) . 5 28 FE 1K (3.56%) 1 g- il %%
I (3.53%) o 7K ZE S HE UK b A I HS 69 B ot ,
HHALRR A JE 2 16 il e S8 2 14 B2 6 AR 2 6
P&, FE R A 2- 2R FE-3-TT il (10.02%) \4- 7 Jik -
2- T i (9.22%)  B-#4 & M (6.26%) « o~ i 3 - 18 &
B2 (5.59%) . R IR L4 BURZE 4L A1 A S A 30 Fdk
YR MAKESRE WS ENERBK, A HRE
1S AL AP, 3 PR BT L AT A S X &
B2 W ot e RN MG e 28, G o 8 A 78 150 T e
BEMETE L., BRI & LA AR BT 5K &
SR EZ A F T I8 JFE U A5 1 RIE

W 4 R, 3 R T A SR HUCY (1 15 26 B K 3
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NHEPIONIESEAR AL > I > K 78RR, FT LA I 17 3 A A AR 5 AR ek e LA 2 T A A R
H KA TREA R T ARIE TR HRR R B
x3 FRRBAEFF[BAFRIIE GC-MS HTER

Table 3 GC-MS analysis results of agarwood extracts obtained by different extraction methods

o ERSy AT 5 /%
4 PN
e e sl DA BTG AT A
1 1-FSERA 0 82.14 C.H,, 0.41
2 AU 84.93 CH,CL, 0.27 0.50 0.20
32,37 i 90.12 C.H,,0, — 0.44 —
4 MHCFR 98.14 CH,,0 — 0.53 —
5 O 100.16 CH,,0 0.15 0.62 —
6 IFCUEE 102.17 CH,,0 — 0.96 —
7 KL 104.15 CeH; 0.11 — —
8 FHIE 106.12 C.H,0 3.63 254 0.67
9 LFEFHE 106.17 CH, 0.15 — —
10 ZRH 108.14 C,H,0 0.26 — —
11 JBi-1,3- " F L3R e 112.21 CeH6 — 0.88 —
12 Lk 112.21 CH s — 0.71 —
13 3-FJL-1-5 112.21 CeH, — 0.32 —
14 RS 114.19 C.H,,0 0.11 0.39 —
15 Fht 114.23 CHyg — 1.05 —
16 4 5T ik 118.17 CH,.0, 0.25 1.60 —
17 KR 120.15 C:H O 0.10 1.40 0.25
18 AR FE I g 122.12 C,H,0, — — 0.14
19 Kl 122.12 C,H(0, — 0.35 0.15
20 1-Z.FE-4-FFEIR OVt 126.24 C,H,q — 0.34 —
21 1,1,3-=HER Ok 126.24 CoH g — 0.87 —
22 1,2,4-=HHIF Sk 126.24 CoH g — 0.53 —
23 % 128.17 C,Hg — 0.25 —
24 1,2-KIFE M 128.17 C,oHy — — 0.21
25 g 128.21 CH,.,0 0.10 0.72 —
26 2-HHE b 128.26 CyH,, — 0.45 —
27 2,3-" WLk 128.26 CoH,, — 0.51 —
28 3-HILELT 128.26 CyH,, — 0.62 —
29 Tk 128.26 C,H,, — 1.97 —
30 K& mE 136.15 CH,0, 0.18 0.26 —
31 7-C1-FETE 4 FD XA[4.1.0 5k 136.23 CoH,e — — 0.06
32 WEM 136.23 CoH, — — 0.06
33 i 136.23 CioHis 0.52 0.25 —
34 (O-FFIE M 136.23 CoH6 — 1.68 —
35 2,4,6-=H3E-1,3,6-FF =¥ 136.23 CoH — — 0.41
36 al-5-FRE3-(F 3 A3 -FF B 136.23 CoH,e 0.17 — —
37 ®mTER O 140.27 C,oH, — 0.47 —
38 1,2- B -1 BRI T 140.27 CHap — 0.80 —
39 %L 140.27 C,oHao — 0.29 —
40 1-FBL2-TR IR Ok 140.27 CoHao — 0.28 —
41 1-HIEZE 142.20 C.H,, — — 0.44
42 2-HIEZE 142.20 C,H, — — 0.15
43 T 142.24 C,H,:0 0.27 3.29 —
44 3-HE T 142.28 CoHa, — 0.67 —
45 2-HIE-3-2FEFE b 142.28 CoHa, — 0.46 —
46 L5 142.28 C,oH,, — 2.02 —
47 4-2KHE2- T 148.20 C,,H,,0 4.43 — 9.22
48 3-ZKFE-2-TH 148.20 C,H,,0 — 2.00 —
49 FEEE R 148.20 C,H,,0 — 0.56  4.56
50 2-FHE-3-T 148.20 C,H,,0 2.48 7.08  10.02
51 AAMPEERR 150.18 C,H,,0, 0.30 — —
52 2-Z4.Hk-4,5- T HIBEK 150.22 C,,H,,0 — — 0.30
53 FH 150.22 C,H,,0 — — 1.32
54 2,3,5,6-JU H FE KT} 150.22 C,H,,0 — 2.03 —
55 2-HIL-6-N 52K ) 150.22 C,,H,,0 1.22 — —
56 8-(1-FFETV 2.3 XUAR[5.1.0]1F b 150.26 C,Hy — — 4.94
57 2-1%-1 3,3- = HE AWM 150.26 C,Hy — — 0.27
58 JKIE FF 152.23 C,H,0 1.27 — —
59 1-WFHHE-5,5- " H 7S 4R 0 5.2 e 152.23 C,H,,0 — 1.21 —

60 Hr —HE T 154.25 C,H;0 0.69 — —
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" iy AH T 4 AR F /%
4 A /
i e S BT T v G
61 Sk 156.27 C,H,,0 — 0.26 —
62 4-H 2L 156.31 C,H,, — 0.28 —
63 +—%i 156.31 C, H,, — 1.86 —
64 3-HIFE-1-(FRFE D B T It 161.24 C,H, N 8.43 1.85 —
65 1-fUT %k-3,5-HZ 162.27 C,,Hy — — 2.68
66 6-J 32 H-MH MR -2 - 166.22 C,H,.0, 0.17% — —
67 + =k 170.33 C,Hae — 0.50 —
68 5-(2-MEWY 3L ) -4-18 g fi; 177.23 C:H,N,S 4.97 0.55 —
69 i Ay 3k A 178.23 C,H,.0, 0.56 — —
70 2-1 HLaEE 186.33 C,,H,,0 — 0.43 —
71 2-2.3-1-25F 186.33 C,H,,0 — 1.20 —
72 6,7~ H A FE A R Ik 19020  C,H,N,0, — — 1.05
73 2-T -6~ F A I % I I e 19022  C,H(N,0S 1.31 — —
74 45T BRI 190.28 C;H,,0 — — 2.49
75 2-FR L FE T 190.28 C;H;50 — 1.68
76 8,8- HIFE-O-HI -1, 5- M+ —HdE 190.32 C.,H,, — — 0.64
77 12-FHE-(E,E)-1,5,9,11-+ =% 190.32 C,,Ha, 1.27 — —
78 XL C1-FH B L) BRI 202.25 CoH,50, — 0.28 —
79 EEER 202.34 CsH,, — 0.68 —
80 N,N-— IR NI 203.28 C,,H,,NO 0.58 — —
81 B-FATFHE 204.35 CsH,, — — 6.26
82 A JeMs 204.35 CH,, — 0.76  2.19
83 1-H1HE-2,4- = (P-1-45-2-3)-1- 2 IR F 3 bt 204.35 C,sH,, 0.17 1.36 —
84 y-H sk 204.35 CsH,, — 0.47 1.74
85 (+H)-FHFHEIH 204.35 CsH,, 0.45 1.21 0.61
86  (+)-P-fill ) 204.35 CH,, — 0.25 1.15
87 MM 204.35 CsH,, 12.52 1.43 —
88 g kM 204.35 CsHay 0.57 3.53 2.73
89 MEIME K 204.35 C,sHay — 0.30 —
90 RHiks 204.35 CsH,, 427 — 4.04
91 o-JRM 204.35 CsH,, — 0.30 —
92 1,1,7-=H3-4- H I +5-1H-Y e Jazulene 204.35 CsH,, 0.10 — 0.15
93 (—)-3,7,7-=HHE-11-W R ILIZ[5.5]+— ke Fe-2-4% 204.35 CH,, 0.17 — —
94 B-HiEHi 204.35 CsH,, — 0.75 —
95 [15-(1a,40,700]-1,2,3,4,5,6,7,8-)\Efk-1,4-HF7-(1-HEELIGFDOE 204.35 CsH,, 0.27 0.40 —
96 & -4a-FFF-1-T HEL-7-(1- R 20535 )-(4aR, TR, 8aS)- 2% 204.35 CsHay 0.58 — —
97 o-1kJEM 204.35 C,sH., 0.78 — —
98 B-J EA 204.35 CsH,, — 0.64 —
99 o-f1 7T 204.35 CsHay 0.18 1.86 —
100 (+)-K g 204.35 CH,, 2.16 1.30 —
101 g-fifif# 204.35 CsH,, — 1.13 —
102 (—)-o-fiffi 4 204.35 CsH,, — 1.26 0.62
103 4,11, 11-= F 3-8 H 3L -XUA[7.2.0 ] — e Ik -4- 0 204.35 CsH,, 0.39 — 0.62
104 E2AG VY ARG H5 204.35 C,sH,, 0.43 — —
105 B-7EESf 204.35 C,sHa, — 1.69 —
106 y-18 7 45 204.35 CsHay 0.53 — —
107 | #&F(ICD 206.37 CsHye 426 3.93 —
108 S} 206.37 C,sHa — — 0.14
109 3-C1-REE R ) eIy -2 $5 % PR g 20725  C,H,NO,S — — 3.32
110 = 55 74 2 WU R s 208.24 C,H,,0,P 0.13 — —
111 4o- P FE-7-T4-2-F-Z5 k-2 - i 208.34 C,.H,,0 — 0.82 —
112 +=% 212.33 C;H,,0, — — 0.11
113 +F ke 212.41 CHs, 0.43 — —
114/ Ji ey 218.33 CH,,0 — — 0.42
115 It S 4 5 1 218.33 CH,,0 — — 0.25
116 vk 220.26 C;H,,0, — — 1.21
117 2,6- U T 25 H il 220.35 C,sH,,0 — — 0.99
118 2,4-X0 (1, 1- - F Z.58)-5- 1 FL 25y 220.35 CsH,,0 — — 0.09
119 4,6- U T FAL H 220.35 C,H,,0 — — 0.83
120 K- 220.35 C,sH,,0 — — 0.18
121 1-HfEEE-2,2, 6- = H1 3E-3- e 20-(3-FH - T 20 58 ) -5- 34 O 220.35 CH,,0 — — 1.90
122 FEIHENY) 220.35 CH,,0 — — 0.25
123 &M R A 220.35 CsH,,0 — — 1.93
124 o= =X -8 7 220.35 C,;H,,0 0.58 1.74 559
125 2,4-fUT 2-6-FH 2K 220.35 CsH,,0 — — 0.77
126 1-540 nkme )G 220.35 C,H,,0 — — 2.84
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180 i (= F1JE Ffdoe Bt ) — JGUfck PR 5 7 i

H3R3

. AT 43 AR F /%
Vi I 4
i e S BT T % G
127 2-W H 3£-6,8, 8- = H FE-=3£[5.2.2.0(1,6) |+ —%x-3-fF 220.35 CisH,,0 - - 3.42
128 2,2,7,7-V0 B 3k-5, 6- I S = FR[2.2.1.01,6 ]+ —% 220.35 CH,,0 — — 2.51
129 2,4,6-=(1-F 2.3 -FE 220.35 CH,,0 0.18 — —
130 2,4-X0 (1, 1- - H 2 258 -6- 1 - 2Ky 220.35 CsH,,0 0.30 — —
131 @A 1T)a 220.35 C,sH,,0 0.10 — —
132 (Z2)-o-1E A I 220.35 C,;H,,0 — 1.55 3.63
133 HHEImE DY) 220.35 CsH,,0 0.13 — —
134 MK EE 220.35 C,H,,0 0.14 — —
135 (4-FUT FEORSAFD 2.1 222.28 C:H,:0, — — 1.17
136 FRAE T 2K 222.37 CisH,0 — — 4.43
137 E5 g iR i 222.37 C,sH,0 — 0.91 —
138 LWefE 222.37 C,sH,0 — — 0.61
139 2,4- T 2 g 222.39 C.H,,S — — 1.00
140 (2)-8-+ Jfi-1- B R £h 226.36 C.,H,0, 0.17 — —
141 SRR 23230  C,H,,0,8 — 3.56 —
142 Wi IR 232.32 C,sH,,0, — 2.49 —
143 KRE R MBS 232.32 C,sH,0, 0.36 3.39 —
144 FEIRME-D-i% 233.27 CsH, N, — 1.01 —
145 47558 2 8 FH R H g 24227 CsH,,0, 16.23 — —
146 ~+ e 2R 45 /K H i g 242.40 C,sH,,0, — 0.32 —
147 SB2K — IR — R N I 250.29 C.H,0, 0.22 — —
148 1,2-15,16- "3 T 75k 254.41 C,6H;,0, — — 0.16
149 + )\ 254.49 CHag 0.27 — —
150 KRR 256.42 C,H,,0, — — 0.14
151 (130)-D-Homo-5a- 1 & ¢ 274.48 CoHay 0.20 — —
152 /j%ﬁJrlk* 277.28 C,,H,,Br — — 0.08
153 402K R H (2- 2.5 3D I 278.34 C,H,,0, 0.50 0.37 —
154 Wil = (= Rk fis 27838  C,H,;b0,Si 0.13 0.38 —
155 iR 280.45 CsH3,0, 0.85 1.50 0.43
156 — 1%t 282.55 CooHa 0.32 — —
157 3R IE 284.44 C,H,,0 0.10 — —
158 & AR/t 288.94 C,sH;,Cl — — 0.05
159 1,1, 1"-C1-PA fE 3E-2-TF X 38) =3 b 290.53 C, Hyg — — 0.16
160 V3 iR H i 294.47 C,,H,,0, 1.46 — —
161 —+—% 296.57 C,Huy 0.30 — 0.13
162 J\ FJEFRE I 296.62  C¢H,,0,Si, — — 0.09
163 N,N-Z"F 8- L- L AR 297.43  C,H,,NO — 1.16 —
164 1,3- 5545 R s g 31032 CH,FN,0, 8.1 3.31 —
165 AR — HIER A ( = H 3 F R g ) 31049  C,H,0.Si, — 0.31 —
166 —+ ki 310.60 CyoHyg — 0.35 —
167 —+ =% 324.63 Cy;Hug — — 0.06
168 il ria 32943  C,HyNO, — — 0.40
169 4 PYke 338.65 C,,Hyo — — 0.09
170 7-5-5-F - 1-( = F R kb 3)-1,3- A -2H-1,4- K FF — & 24-2-Fd 342.89 C,H,CIN,OSi — 0.61 —
171 8-$§{§§BX:$E§TE§‘ 362.50 C»H;,0, - - 0.06
172 48—+ )l 368.64 C,,H,50, — — 0.10
173 WY (= Rk g A O E 384.84  C,H,0,Si; 0.09 0.89 —
174+ HE AN 384.84  C,H,0,Si; — 0.29 —
175 =+ )\ ki 394.76 C,Hsg 0.49 — 0.14
176 14, 15B-A M I5-3B, 19- F2 FE-5B-A1i1%:-20, 22- I A g 400.51 C,,H;,05 2.39 — —
177 &l 410.72 CsHyo 0.64 0.31 —
178 ARASE 41449  C,HyN,0, 0.15 — —
179 1-=-+-klE 537.00 C,,H,,0 3.10 — —

577.20  CiH50,8i 0.19 0.25 —

®4 FAEEBAEFFRAEHFHNZIERRSHEER

Table 4 Total peak area and yield of agarwood extracts

obtained by different extraction methods

PRI 1% SUET AR 3%
i 5 1529732 174 0.824

SRR 703 897 440 1.420
KES 3061 068 612 0.520

3.3 AREFGFERBULE 1M a0Bs AT ER4H A
SCRRARIE", YA b IR D7 R AR 23 T B R I
MR JHT R A A R 55 T R 4% @ﬁﬂ‘éﬂﬁﬁ?ﬁ‘]@@ﬁ
AL, 3 5 S5 RR WY, SRR T T 8 b IR R
%Hj‘/EE@32\ﬁfﬂéﬂﬁﬁ\ﬂﬁvﬂﬂﬁﬁﬁff/ﬁfﬂé’mﬂ@&jﬂi%}%aHﬁ
W2, 3 4 Fof Jig iy R AE AN [R] 32 U7 92 B 49 3 B v 3
AR (EAREE M2 S AR BT A5 8 7 R
T ik %,y 8 i, 4035 Jodth 2 Fh 42 BTy T A 1)
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Table 5 Fatty acid composition of agarwood essential oil

extracted by different methods

47 4t Gk LU
BIE RS KES
FRHAER C16:0 2529 12.62 4237
AR R Cl6:1  1.00 0.25 13.02
filt JIG 1R C18:0  3.11 1.85 —
IR CI8:1 56.87 71.28 27.26
T MR C18:2  6.53 7.88 17.29
-V KR C18:3 720 2.02 —
“mEm Cc20:1 — 0.25 —
AR C20:2 — 3.84 —

ARG R A R RER . T 3 AR L 2
T o AN G 97 R 9 g DT R ) 3 R S (57.63%~
85.53%) , H o i 2 AH AR £ B 7 v oy R AT o
BRI 71.28% o
4 g

K S BRI R E ) S A U H 191 Fh A ot
3 PRV TR B T AR M S 2 S OR, PR AR R BV A
B AR 5 7K 5y B BB A P B K (1 M s 2 R e 2%
W, A i TR R 2 U] B 5 49 B ot 8 2 LI R SR
MRV T s L BESR AT e d i » N 10.70%. BIEFE
i RN DA I 28 S0R] A /N BV, T R 4B AE
(1) 32 B oy 2 R L A oy R AR BT BRI
2 S A AR F R PR A RS
ZGEAE RN KRIRAUTE SRR B IS, G
y-2 2 T (GABA) /K- 2 35 19 It 1ff GABA 7£
Bof ML 1S 70 SR AR 189 558 G 3% 77 B AL PR 55 7 T R 4 R
TR

FB G it 2 252 KH AR AN K 28 3R EORS Tl AR I H
180 FH T , 3 R 53 38 R ot e RN S R I 3%
SR SRS A SR B %, N 90 B, HiE
SEAHAR P A RE IAS 238 5, N 1.42%. 3 PP U7 2
FIT 45K e LA 0 1) 8 i I M 1 5 3% 82 4H % T 494 Tk
MR R PP K2 , N8 Fl . AT LAE Y, IE LA AR IR B
K e TR KA S YRR T 2, H UG I 542
B, 3 A] GEYR T B BT I 2 B 5 SR 7 — & 1 E
JE A3 U I 20 M SR R 3G, B v T R TR S
LA W R B R T % SRR AR $2 Bk A A AR 7
NI, BT T R Al TAR RS i, B A A0S 107 2
T A WIAH T (15 B, 555 53 F AR Mt 2 R AR X
A A G ARG R ) AR PR RE T X
Hi 0 BR AL W (R R PR DT

e Gt (T A G i 4R BT i 2 SR K 78 A% 18
FEHOE , BRI SR B L 2 Rk 5 2 R .
K FRTFRORVE R AR Ty 5 (ELIR P vy, SR DU [A] 42
Ko e I S 52 IR 150 ok 5 A (HAR B DS, e
BN T AR A 7 — 5 R BR 1 o A AR
BB — MO R BN TR . e R R A
FAFEAS R I 3 AN E T B A AR AT 25 ) o o
B, BE SRR G » B AT IZBOR 2 Eh T
TS A TR O SR AR P vk i AR, R B
AR o [ AN i 282 R AR 1) 26 G T s &2 IR WSCRT AT
1115 FL A B g A AT s 77 B W 5 I I IS, I8k
A 7RO RE ) SE R L AR I R A A
PRRRA A KK AR, 5% R BT B, BA R
PN GEEE - NN & SETINTE TOING Vg % N 19
R JXONRE SR BUR AL 15— R,

ARV T AIAS 7] 7 SR B A LA 3, (HE &L
AL $R BUIE D — o B AT S S U 5, A
SRR > 2 AR R B SR AT A
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