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Abstract

For analysis of composition of perfumery product, two detection technologies, one-dimensional
gas chromatography-mass spectrometry (1DGC-MS) and On-line SPE with comprehensive
two-dimensional gas chromatography-mass spectrometry (GC-SPE-GC-MS) were applied. Conven-
tional components in perfumery product were identified and classified. Results showed that
1DGC-MS can identify 45 compounds with high matched results with MF > 800 when matched with
dedicated standard library. Among these compounds, they are constituted of 7 terpenes, 17 alco-
hols, 4 esters, 6 ketones, 4 aldehydes, 7 acids and other heterocyclic compounds. While by the help
of automatic processing of software and manually deduct background, GC-SPE-GC -MS can identify
95 compounds with matched results MF > 800, and those compounds are classified 10 terpenes,
27 alcohols, 12 esters, 14 ketones, 6 aldehydes, 26 heterocyclic and alkane compounds. The inves-
tigation showed that the eight characteristic components, including 4-phenyl-2-butanone, agaros-
pirol, agarofuran, nootkatone, guaiol, eudesmol, hinesol and baimuxinal, could be used as the
quality evaluation index of Agarwoods essential oil.
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1. 5]

DIEAMUA R E S, R 2R L g4 st ik, HME N kg fF SEEREGWER, N
B, HETIEN LA, RTHE 2 5[ 1] VT &5 & RHEY A A # [Aquilaria sinensis (Lour.) Gilg]
EHRRIARKS, N (PEZS) WER R sRE LR, B B B8, BARA. 'R RS
BB Thae; FIEHIEMK R A R . B SEKEIEIg . B R A SRR (2]. AR = EUTE I — )
PR, FEAT)R . . RESE, WREPPIUE, H BT R BU A EE LS EAT
W HEGWEY TR M NG E BZE[3]. U& R 2 e B w2 &
B RO ) BRI S EIE . RIS GC-MS 738 R 5 S B S5 FR R B o3 ()
TENESE4][5]. BARRVIHERESIIES, W ESRENENIE T LK.

(GC x GC)#& 20 2l 90 FFA K BRI —FhFT I 738 I [6] [7], B R 145 — 4k ta i 25 B AKX
R BRTE, B —4E i (1DGC) i@ 2DGO)ELL /Y &, A% T GC x GC rEfe s, HASH

ik
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MR mHER . mRBUE. ST ER A, RGN 4Eaik, EERA S
AT 7 T A SRR R 3, 2 BON R VR A B oy B TR 2 — (8] BT, Eati iy
HEOARERRAY) . MAgml. Adhs RS E8. AER . P2 R R PR B SR 4 T 2 b &2 264
i AT[9]-[18].

TELR[E A LB (SPE)YR AR 1 e R BLAE VA (i v, I AR SR R TRARAR,  JUHLAE 73 BN 73 B 52 44 1 v
Ay, MEBRHBARG MR EN 2, &—Firs MMM HBEAR. EHFUFRA: 1) & T
SE = TARRAR, Wb T F LA, $Em T LAERCE: 2) SORIREEHRD THIE N iR ZE, 5 T 4R
MEERE: 3) b TRES RS, 5 TR =R 4) WA, ARRENLRIE. £ E
WAL A, A SCERRE . ASHIE TR IS H AT R AL T4 4SO Bl BRI AE 2R SPE 2% 8 7 it
DU RS AR YRSy, R DUE B SYI R, DU IO RS i E BN SR k05, JF
HONUUE 250 R VTN PR AL 18 S R .

TR AR TS5 R R S TR B B R AR A

2. RIS
2.1. HRLSRH

VBRI, METE, HEREERIA 20mg T 2mL &4, HIESEBMRIFER. Lok, &k
7%, ZE[H Fisher Scientific 24 7.

22. UES5RE

Agilent7890A/5975C GC-MS B AH AL - PSR, EHE Agilent A w7 dh); & 4 AHAIGH,
RAELE SPE 25BN B AT PAHIIS1E] 6 s (B FFEAWE, AV E] 1s); —4E <A ({6 FH DB-5 MS
EEFE(30 m x 0.25 mm x 0.25 pm), 4 45 SAH A1 K DB-1ms —4E 4 1% 44 (30 m x 0.25 mm x 0.25 pm)
A DB-WAX —4iailiF(Q2 m x 0.1 mm x 0.1 um), [ Agilent A7, A, 405N 99.9999%.

G TS M ISR L SPE BB WK 1 Fs[19], BIARRAN 1. ARIRAE 2. WA B IR A AR I 2%
R

2.3. SRR

RSt — 45K DB-1ms, 0.25 mm x 0.5 pm x 30 m; —ZEF: DB-WAX, 0.10 mm x 0.10 pm x 2.0 m;
—ZEME 1 mL/min; 48 2 mL/min; A6 6 s; 23LEE 100:1; #FEE 0.5 pL. 1 4k GC HIRAM
FITHEFE 5 N HIIRIREE 35°C, 1255 5 min, DL 5°Comin”' FHEEZE T ZE 150°C; LA 2°C-min~' FF 4 200°C;
FELL 10°C/min TF2 280°C (145 9 min).GC x GC HIF:IEA THEAEF AWIAETESE 60°C, {54F 5 min, BL 5°C-min '
THEEFTHE 100°C, LA 2°Comin~ FHEERTFE 250 CERF 10 min. B FIREE: 230°C; {EHLEE:
280°C; #EFERESE: 280°C; HARFME FHE: m/Z35-600. ¥ FIZER 300 s.

WHIE N 6.0, EREETAIY 1s, BIHEIREE N 300°C, AWM MK A 6 L/min; NISTO8 Jii
A PR 4 e & BRI AL 2 By, TR — IR I E 5 Ay AR AT 25

3. FR511R
3.1. BEHMEFARFAGERE

IR R R b, AR AR A — SRR b b s 2, RAE4 SPE ARG LUk 77 kA
A ) AL S AR 7 B . ARSI R A R i O AL RO B 2 R A AN R, fEEEAL T DB-1MS,
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Figure 1. Schematic diagram of the apparatus for online solid-phase extraction of GC of comprehensive two-dimensional

1. £ HSEEEELERERRER

DB-5MS, DB-17, DB-WAX PUARA:FIPUFHE2H A 5, & DB-1MS 1 DB-WAX HIH: R 5.

B EIE A TR R SE DT RS T 25 Pl AL 22 1o RIF 43 B k8. BT 2 8 Ens R S W7E 100°C
ZJE5E, FTUAERA R 100C2 )5, HUE/NGER 2°Cmin ' FHE. FEFFHESRM: YGRS 60C,
{34 5 min, LA 5°C min ' FHE#EZEFE 100°C, L 2°C-min ' FHEEZE T E 250 C L4 10 min. 452 R,
RIS 2] VIR R, BARRT R T, EOESURA TEORHIMGE .

3.2. IDGC-MS $&

KM 1DGC-MS 4 — 4B fE 2 SPE %% B 70 [FFE— ST A RS I e 1) B O AE T4 B AT T
R R4 UM B A 2 ] AR A IR L 70 B RE T o A P ARAR R A DB-5 MS 20 T 1ZAF: it » 73T 1] 90 min
2 51 VLT Fal R Bt ke S5, ILEEH 76 ML AW, L ILECEZ KT 800 HI3L 45 Rtk &4,
RIS T R BEE 1T R BES 4 B BESE 3 R BRESK 6 b MESS 4 B, BRAIILARIRRE o B, K
EETIE L 2.

33. RS REEAEL SPERENE

K3 9 GC x GC-MS 73 B UlE RGBTk, WS T3 LAk e e i G, JLe
268 FLEY), A ATEFE] 110 mine fEXEALEWH, 55E HUETTAARRT H 73 EE 0.01%EL 1) 95 F,
UHECEE KT 800 (A B fAdS 10 By B2 27 Fhy FES 12 Fh B2 14 Fh. W25 6 Fh. HAMZIRARIMAIK
BERREE 19 B, SIS UUERE M R WA AT e G, XA e S R 1 Rk 2 (LT
).
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Table 1. Analysis result of eaglewood essential oil by one-dimensional GC-MS

® 1. —HSRBERAO B R REES

RS WA nreE AT SE%
1 20.804 2-Butanone, 4-phenyl “%2 R 148 CioH;,0 0.723
2 26.424 o-Agarofuran i kIR 220 CisHuO  0.526
3 27.074 a-cedrene epoxide o-FFEAA AN 220 CisHO  3.532
4 27.382 p-cryophyllene - F 17 I 204 CisHy 0.290
5 27.561 B-Elemene p-Hi % #i 204 CisHas 0.434
6 27.783 Dihydro-f-agarofuran —5-3-JT AR 222 CisHyO  0.649
7 28.182 2-methyl-4,6-di-tert-butyl-phenol 4,6- T J-2- F 3 Ey 220 CisH,O0  0.767
8 28.860 a-costol o- K FE 220 Ci5H0 0.823
9 29.295 a-vetivone a- & R ()R 218 CsH»O 2.371
10 29.421 Valerianol #li 222 Ci5sHz0 0.221
11 29.545 B-Elemenone S-H 57 Bl 218 CisH»0 0561
12 29.755 Isoaromadendrene epoxide R4 5 A 44 220 Ci5HaaO 3.474
13 30.135 Longipineneepoxide M JRMH ALY 220 CisHO 0998
15 31.003 (-)Globulol % F%M 222 CisHyO 1001
16 31.196 Epi-y-Eudesmol F-y-1% M- 222 CisHyO 2328
17 31.578 y-Eudesnol T it} 222 CisHyO  3.155
18 31.725 Agarospirol LA I B 222 CisHaO 1.495
19 31.852 Hinesol AR 222 Ci5sHa60 1.531

20 31.948 Jinkoh-eremol T 7 FEAl i B2 222 CisHyO  0.741
21 32.112 Guaiol B BIAEE 222 CisHxO 3593
22 32.459 a-Eudesmol a-#5 222 CisHxO  8.063
23 32.630 Neointermedeol 41— F 3 Ffl Z 4% 3L 25 W) 222 CisHxO  3.788
24 33.017 isovalencenol 220 C;sH,40 2.452
25 33.280 a-copaen-11-ol a-1t ELF-11-iE 220 Ci5H20 5.493
26 33.455 Isooualencenyl formate FF i 55 P4 #75 liE 248 Cl6H,0, 0.764
27 33.809 a-Costal a- A7 218 CisHpO 2219
)8 33916 5-cyclodecen-1-0l,4,10-bis(methylene)-7-(1-methylethyl)- 220 C1sHuO 0.692

S-FRZEM-1-H5.,4,10- — (IF FP 58)-7-(1- P 2 2.3
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Continued
29 34.152 Sinenofuranol T M 238 CisHy0, 7713
30 35.136 Eremophila-, 9.11(13)-dien-15-al 3 B ZE7F-9.11(13)- —#-15-B% 220 C5H,,0 1.269
31 35.611 Valerenol 4 5LI7 220 Ci5H0 3.294
32 35.895 Nootkatone FF 1M 218 CisH»O 2.930
34 36.883 7-Gurjunenepoxide-(2) y- 1 2 A A4 220 Ci5H20 0.510
35 37.206 Guaia-1(10),11-dien-15-al FAIA-1(10),11-4F-15-F% 218 Ci5H0 1.486
36 37.702 Cis-Valerenyl acetate Cis-%i .5 2. BRI 262 Cl7H»0,  1.203
37 38.083 Isobaimuxinol 5 A A% iz 238 CisHyO,  0.818
38 39.137 Baimuxinal EAZEE 236 CisHx0,  6.795
39 39.967 77_}{1{_-9;(11%;;%-1111’,1122_-61%gy-;38-_§9ux1f§Eog'ﬁ'i:}r‘jg 234 Culln0: 0468
40 46.660 B-cyclodihydrocostunolide A-¥F — & A & I P il 234 Ci5H3,0, 0.989
41 48.478 B-cyclocostunolide B-FR A P i 232 CisH202  0.690
42 49.207 n-hexadecanoic acid FFAHE 256 C16H;0,  9.138
o s
44 53.423 Baimuxifuranic acid I AZFIEIEER 252 CisHuO0; 1912
45 58.462 Oleic acid TH& 282 CisHs0, 1915

Table 2. Analysis result of eaglewood essential oil by on-line SPE with two-dimensional GC-MS
F2. ETHSRBKALEL SPE RENMNEHE AL EER

ETRS HEY nTE AT SE%
1 Butanal, 3-methyl-3-F2E- T 86 CsH;00 0.026
2 Cyclopentanol ¥ ¥z 86 CsH,00 0.023
3 Benzene,(2-methoxy-2-propenyl), (2-F S JE-2- P4 5k )- 2K 148 CioH,0 0.063
4 Benzaldehyde,4-(1-methylethyl)-4-(1-F % £, 58) 28 H i 148 CoH1.0 0.07
5 1-naphthalenamine,3,6,7,8-tetrahydro-1-3,6,7,8-PU &- 25 1% 147 CioHisN 0.033
6 Butylated hydroxytoluene | J:F24EFI 2K 220 Ci5Hx40 0.257
7 y-selinene y- 7 204 CisHas 0.277
8 2-butanone,4-phenyl-~ % P il 148 CoH1.0 0.148
9 a-Agarofuran T HEHR 220 C1oH240 1.845
10 p-cryophyllene f-A 17 /i 204 CisHay 0.171
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Continued
11 f-Elemene S-Mi 5 #i 204 CisHos 0.169
12 p-agarofuran,dihydro- —Z-B-IT 7 Wk R 222 Ci5sH0 0.267
13 Phenol,4,6-di(1,1-dimethylethyl)-2-methyl-4,6- 4 T %:-2-F 52Ky 220 CisHxO 0318
14 a-copaen-11-ol a-HAMUE-11-F 220 CisHxyO  0.102
s bbbt o, o
16 Cedranoxide,8.14-8. 14-FR & AN 220 Ci5sHa40 2.018
17 B-Elemenone B-1 47 i 218 Ci5Hx20 0.228
18 Ledene MW\t 204 CisHos 0.281
19 Valerianol i 7% 222 CisHyO  0.182
20 Longipinocarveol, trans X - KA 220 Ci5sHa40 0.101
21 p-vatirenene f-£48 202 CisHa 0.271
22 Kessane HZ4i% % 204 CisHas 0.096
23 Isoaromadendrene epoxide 4857 & 220 Ci5Hx40 0.198
24 Longipineneepoxide MR 220 C5Hx40 0.255
25 o-costal -7 B 218 CisHO 1106
26 Ledene,oxide MIW\ZEHEEL 220 CisHaO  0.184
27 Isovalenonyl formate H'E2 57 X ) 248 Ci6H240 0.15
28 Valerenol #HE A 220 CisHaO 0112
29 a-vetivone o7 HLH 218 CisH220 1.267
30 Longiborneol <M &/ 222 Ci5Hx0 0.25
31 (E)-valerenyl isovalerate 3 /3R 45 5. g 304 CyH30,  0.227
32 Trans-valerenyl acetate [ -Fi A BE £ g 262 Ci7Hys0,  0.173
33 Gemazone 218 Ci5H,0 0.263
34 Cedran-diol(8S,14) (8S,14)f1A i 238 CisHx0,  0.575
35 Cembrene FAFAME 272 CyoHx, 0.41
36 Ledene oxide MW\ 4647 220 CisH240 2.356
37 Epi-p-Eudesmol & -y- - 222 CisHyO  1.069
38 Caryophyllene oxide A TT/E A 220 Ci5H20 2.554
39 2[(2s,4ar)-4a,8-diemthyl-1.2.3.4.4a.5.6.7-octahydronaphthalen-2-yl]propan-2-ol 29 C1sHaO 1028

2[(2s,4ar)-4a,8- - FE-1.2.3.4.4a.5.6.7- )\ A ZE-2-3E /-2 B
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Rar &
Continued

40 y-Eudesmol y-#% M- 222 CisHx0 1.531
41 hinesol AR 222 CisHas0 1.395
42 Agarospirol {7 g g 222 Ci5Hp60 0.795
43 hinesol AR 222 CisHas0 1.968
44 Jinkoh-eremol YT 7 Ak 5 B 222 CisHyO  2.575
45 2-hexen-1-one, 1-(2-hydroxy-5-methylphenyl)- 1-(2-5% 5-5- H 5 5 58)-2- 2 fi- 1-F 204 Ci3His0,  2.762
46 S-Eudesmol p-F M i 222 CisHy0,  2.263
47 Guaiol B BIAEE 222 CisHy0, 3217
48 a-Eudesmol o141 222 CisHxO  7.158
49 a-copaen-11-ol a-1 ELFi-11-iE 220 CisHx40 4.428
50 neointemedeol 222 CsHy60O 2.6

51 a-Costal a-RKF s 218 CisHnO 1487
52 (+)-isovalencenol (+)-7% LI 220 CisH240 1.373
53 5-hydroxy-3-methyl-1-indanone 5-3%3-3- 1 51 -] I i 162 CioH1002  2.801
54 (Z)-isovalencenal (Z)-5F FLAG T 218 CisH»0 1.629
= A2 58 S i
56 6—(1—(hydroxymethyl)vinyl)4;8a—dimethyl—1.2.3.5.6.7.8.8a—octahyiiio—Z;rlaahthalenal 236 C1sHuO» 2651

6-(1-(FRFEH 3) 225 )4,8a- — H %5-1.2.3.5.6.7.8.8a- )\ & -2- 25 %
57 Methyl isocostate ¢ H] 7] i F i 248 CigH2a02 2068
58 Methyl hinokiate i1 i H i 248 Ci6H2402 0.94
59 Ylangenal &K= 218 CisH»0 1.834
61 Aceticacid,3—I;Iydroxy—6—isopropenyl—4,8a—<ﬁmethyl—1.2.3.5.6.7.8.8a—0<faﬁydronaphthal 278 C1HyOs 1.689
LT 3-F25-6- 57 A If ik 1-4,8a- - F3E-1.2.3.5.6.7.8.8a- )\ A ZE W
62 Sinenofuranol T B A 238 CisHx0,  2.056
63 Eremophila-, 9.11(13)-dien-15-al 3 B H3F-9.11(13)-#5-15-F% 220 CisHxO 2124
64 Valerenol 41 5J7 220 CisHnO 2454
65 Nootkatone 7 AHH 218 CisH»O  1.948
66 Isobaimuxinol  AAREEE 238 Ci5H260; 2.068
67 Baimuxinal EIAZEE 236 CisHuO, 225
68 7-Gurjunenepoxide-(2) y- 1 2 M A4 220 CisH240 0.436
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Continued
69 1 4-benenediol,2.6-bis(1,1-dimethylethyl)-2.6-—(1,1-— FI 3£ 2.3k )-1,4-2 % 222 CuHnO, 0614
7-isopropenyl-1,4a-dimethyl-4,4a,5,6,7,8-hexahydro-2(3H)-naphthalenone

\ ar 218 H 0.808

70 7S HE- 1 4a-— 1 HE-4.42.5,6,7,8- /N A -2(3H)- 25 Cishz0

6-(1-(hydroxymethyl)vinyl)-4,8a-dimethyl-

) Ny yus 234 H 0.79
& 6-(1-(% F125) 208 55)-4,8a- — 3£ -42.5.6.7.8.8a- N A -2(1H)- 25 CisHu0: 7
72 Ethylestrenol 2,3 M )7 i 288 CoH50  0.366
73 Nootkaton-11,12-epoxide 11,12-FF 4 7 FfE 234 CisH0, 0458
74 Longifolenal M 220 CisHaO  0.445
75 Guaia-1(10),11-dien-15-al B EIA-1(10),11-%F-15-F% 218 CisHpO 0637
76 7-H-9(10)-ene-11, 12-epoxy-8-0xoeremophilane 234 CisH»0, 0236

7-H-9(10)-Ji-11, 12- 5 -8-F L B BLIF k%

3-hydroxy-6-isopropenyl-4.8a-dimethyl-1.2.3.5,6,7,8,8a-octahydro-2-naphthalenyl acetate

7 3FATE 653 I IE-A Sa- — H1IE-12,3,5,6.7,8 8a- )\ -2 335 2. B 278 CollOs 0296
78 1, 2-benzenedicarboxylicacid, dibutylester — ] 2402 — R 278 Ci7Hx05  0.193
» i vy
80 p-cyclodihydrocostunolide f-¥ — & A F I A i 234 CisH»0,  0.373
81 p-cyclocostunolde S- A F I P i 232 CisHx0,  0.138
s sy R B B4 Ceteo 02w
s JRPVINEEAT W Sl S B4 a0y 0212
84 Androstan-17-one,3-ethyl-3-hydroxy-(5a)-3- £, 5-3-52 5 (5 ) -1k £55 -17-1d 318 CxH30, 0401
85 Estran-3-one, 1 7-hydroxy-[Sa.17f] 17-F22%-[5a.174]-ME &5 -3-5f 276 CisHxs02  0.292
86 n-hexadecanoic acid FFAHE 256 CiH0,  3.765
87 (-)-Guaia-1(10),11-diene-15,2-olide (-)- & AIA-1(10),11-=J7-15,2- A fig 230 CisHisO, 2271
88 Baimuxifuranic acid FARZEIEER 252 Ci5H240s5 1.355
89 Estra-1,3,5[10]-trien-178-ol M {$$-1,3,5[10]-=Jfi-174-% 256 CisHaO 1.168
90 Trans-13-octadeconoic acid & 3\-13-/\BREE 282 CisH30,  0.416
91 9-octadecenoic acid 9-1/\ Bk & 282 Ci5H340, 043
92 Oleic acid TR 282 Ci3H340; 0.445
93 Linoleic acid Mg 280 CisH3.0, 0.186
94 Methyl, 7.10.13.16.19-docosapentaenoate 7.10.13.16.19- - —Hk T} & H I 344 CyHs60; 0335
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Abundance
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Figure 2. TIC of eaglewood essential oil analyzed of by IDGC-MS
& 2. IDGC-MS ST ERHE A S B FRE
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Figure 3. TIC of eaglewood essential oil analyzed by on-line SPE device for two-dimensional gas chromatography

Bl 3. £ ZHSREKATEL SPE RENTINERERI 2B FRE

DOI: 10.12677/br.2018.74047 395

LEkZE2Ti


https://doi.org/10.12677/br.2018.74047

AV

3.4. IDGC-MS 52" # S REXBEL SPE RENBELERMLLE

R4 GC-MS 54 4RI L SPE 25 B /00T A — UUA RS AR St LU nT R, A0 et Ak
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FHK
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