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Analysis of Aquilaria sinensis GC-MS fingerprints
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ABSTRACT : AIM To establish the GC-MS fingerprints of Aquilaria sinensis (Lour. ) Gilg and to make analysis.
METHODS The analysis was performed on HP-5MS column, carrier gas was He, injection volume was 1 pL,
ion source temperature was maintained at 230 °C, quadrupole temperature was maintained at 150 °C, and mass
scan range was m/z 29 —500. RESULTS Ninety chromatographic peaks were detected in ten batches of samples,
and seventy-five constituents were identified, eleven of which were common constituents. The GC-MS fingerprints
can be divided into sesquiterpene area and chromone area, whose similarities were 0.48 —0.92. When R® was
0. 67, the samples could be divide into two types. When R* was 0.82, the samples could be divide into three
types. Two artificial agarwood which produced by whole-tree agarwood-inducing technology and two unknow sam-
ples were analyzed by the fingerprint. It found that the types of constituents in two batches of A. sinensis produced
by whole-tree agarwood-inducing technique were more similar to those in Huangshuxiang, and the contents of
chromones were much higher than those of sesquiterpenes. Two batches of samples were added with dioctyl
phthalate and A. Sinensis extract, respectively. CONCLUSION GC-MS fingerprints can rapidly detect the vola-
tile constituents in A. sinensis, which can be also used for the identification.
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EH = UUE NS RAVE Y AR Aquilaria sinensis
(Lour. ) Gilg SrAMRRIIAM ", E/=Tilge. -
R, R B 7% ~10% AR
AR, T HIE G e . B B2 R
Tl NABIR 5 32 UAk, FHm b AR 45
R, ZEMBLTHEFEIRS, iy b BTt
ARER A BE, F 0 b R R R 58 %
SEURE NS . DRI WA, i AL
A R T IR G LAY ME— T %, 20 4K,
M . )RS I R IR AR, SRR N
Btz & AR A, R A 4 1 SR R Y
T, BEARREC T 10 235 35 ) i AR R TR AR AR
MIMES AR, B Tieess &k, Lhr
FAAERW, CHEEREALRER .

DU B E o AR 2R 2- (2R 2 4E)

EEZEATF TS . &4 Mk, FIH GC-MS #%
SHTILE AR L, (B H R R HE S
TWEAFSY . AMEFERT 10 #ETTA AT 00, HSr GC-
MS LR, X WL R 235 35 1k U AP AR
HRES AT oMY, LRI SR, TR ot R bR i
ST SRR E AR A
1 #MRi5FE%E
1.1 ##
.11 {¥E 53 HP6890/5975C GC/MS Bt H
L. HP-5MS 5% Phenyl Methyl Siloxane & i
(30 m x0.25 mm x0.25 wm) . FEA IR GEFE
(REZHERAT); BP22IS i T RF (X
—, WL RPI A RA ) 3 5510E-DTH &
FPCH VAL (S Bransonic 23] ) o Fr Fa 7
Mo HTa

e (Gl ~ G10) ¥y PRS2 /) 25 %8 2 15
U, SRR T 98% , 4k 4R AT
BE (G1) . & EIARN (G2) ., Ta-HI(10) -4i-
1, 12-P%-8- R BI50E (G3) | ent4 (15) -
eudesmen-11-ol-1-one (G4) ., (4aB, 78, 8aB) -
3, 4, 4a, 5, 6, 7, 8, 8a-octahydro-7- [ 1-
( hydroxymenthyl ) ethenyl ] - 4a-methylnaphthalene-
1-carboxaldehyde (G5). (1B, 4aB, 7B, 8aB) -
octahydro-7- [ 1- ( hydroxymenthyl ) ethenyl ] -1,
8a-dimethylnaphthalen4a (2H) -ol (G6), (-) 9-
hydroxy-selina-3, 11-dien-14-al ( G7). 12, 15-di-
oxo-a-selinen (G8) . ( +) -9-hydroxy-selina4, 11-
dien-14-al (G9) . 11-hydroxy -valenc-1 (10) -en-2-
one (G10),
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LL2 Fefh 10 SE 2540 X o By 2k i, il b [
A B2 B Py A W HORBE 5 A = AR
FUT 2013 AR AR, IR AR NS AR Y o F
AKFF Aquilaria sinensis (Lour. ) Gilg, FEEFRASAF
JICT v ] AT RO B 25 e By AR ) B BIF 5
PHHLRE R 25U (ZS1 R Z82) R ik
AWREHA EH L, CHRERKYLH
(71201310150138.5), HiE K AWE =T AAKF
PP, Oy 15 AERE I Y AR 75 g A 45 7 0] 4
WIS AR AT MV A AR F RS, A 10
SERHS IR A5 & R S5 B AR i 288 B
FK1 RA G, FR2 kAW, EwRIERE™ AT
PERXF IR . FERIEAFE R LK 1,

1.2 Fik

L2.1 FEMEWeHlss  DUEREMUITERS, 200
KSR PRIBRE A, ClEE S 3 R, &K 15 min,
HE S5 min, 038, S CEHERGK, &IFHRBUR,
T, EUTE R CBER I . R PR EGE &
BWTRO, MR 0. 1 mg/mL W, BIfF,
1.2.2 bRl ng il e ARICR e it il i, I
it AW, RIS,

1.2.3  GC-MS J3r#r &y

1.2.3.1 GC %4 HP-5MS 5% Phenyl Methyl Si-
loxane L PE A4 EHME M (30 m x 0.25 mm x
0.25 pm) ; FHEMRF HFEE S50 C, L5 °C/min #
HIHE 310 C, fR4F 10 min; JRALEEE 250 C;
BN AL He (99.999% ) ;3 HERIE 43 kPa; S
(He) A 1.0 mL/min; #EFEER 1.0 pL, A
I3 VERVAEIR I (E] 4. 0 min,

1.2.3.2 MS &M Ww¥F&d (EI) B, 6
70 eV BRI 230 T DUBATIREE 150 °C;
FERE 280 °C 5 FrigdAHiyu i m/z 29 ~ 500,
L3 FkgER

L3.1 FE%E WE—FER (S4) W, HEH
FES YR, ISR RSD (HEI/NT 1% , FRILEE

R LA
1.3.2 RUENE HUA—HEM (S4) W, ChkdR

BUSF0,2,5,10, 20, 36 h gEAf, 4506 L
RSD {HI/NT 1% , FWIE WAL 36 h iR E
KA

1.3.3 HEME FRBE—DUERER (S4) 5 4,
L IESRBOE T 25 FE R I WUS BERE T, DA 1T AR
RSD fHE5/NTF 1% , XS &4 & RSD {H¥ /N T
3% , FWZITIEERIERY
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Tab.1 Information of samples

e Rt B AR Fif/g R RIEMNE
AHU R, K2 13 ~17 em, T84 4 ~8 em, JEZ 0.8 ~ 1. 8 cm, R H ¥ {4, .
St sk o ) 95.95  §F 2013. 09
B g et M
6 R ARy FEEAE— <2, ~ em, $i 2y 13 ~ cm, JEZ50.3 cm,
© ’rXTR/:Jk@Jﬁ%uTE E,kj’l 16 ~18 em, 82y 13 ~ 15 cm, JEZ) 0.3 em, £ 43 W 201304
IREEA,, WA g A,
o AHLI G, K29 50 em, 5829 5 em, JEZ 4.5 em  RIATE A0, H A CIMIE,
B WA ) 86.73 I 2013.09
HIVE, B, K&
AL W, =28 ~11 em, K# ~16 cm, i Se 2 cm, , M) )
s T%}gﬂ\%ﬁw,m {8 11 em, K25 13 ~ 16 cm, FL 552 10 =R .00 Wl 201304
AR CIhAE R, R
THBDIR T, K20 25 ~27 em, S84 17 ~ 19 em JEZ1 0.5 em, F M EHi 0, 45 ,
S5 T . ] 42.19  1E 2013. 04
oy , SRl , Tl , UE
S K213 em, S5 9 em . T4 6.0 em, K e
- T%ﬂ?ﬂﬂlﬂ@%,k% 13 em, GELY9 em, =24 6.0 cm , F I A €, 15077 4 (il 811 % 201304
Jg el e, A
. AHUEF K210 ~15 em, FEZ9 7 ~13 em,JE£50.3 ~0. 8 em, KA KM, »
ST i . . 59.05 =B 2013.03
WA (R g AT, T, R
RERIN LR, K29 8 ~12 em, 55293 ~6 cm, B2 0.8 ~5 om, i R0, 5
s pi T%%J'J%ziki‘i’]fi l?ch 13 ~6 cm, (5270.8 ~5 cm, K E MG, AR 37.96 Wi 2013, 04
ARG, IR R
NHE N R, K4 cm, 5E A cm, B4 T em, F s NS,
A Tﬂ{ﬂllllﬂ%ﬂx,k,’] 12 5 110 em, [ 7 em, R [ @, M0 AR, B 5.0 Wl 201304
A A (R g B, UM
S10 ik AHLAALIR K 29 23 om, T 8 (0, W0 B OGS, A RIR Wi, <F 43.15 M 2013.09
EART (15 45,84 BAWTET, KA3 m, RO, 0 KBRS 0, migFEE, Tk, -
781 24.00 ¥R 2013. 09
447) &K
: 10 4F , #
72 lt'g&( T bk K230 o, G 6 IR T, AR 0,00 7 201309
FK1 R0 ASFUIN T IR, 2 veT SR A €6, IR A3 A 4 50, Al i 2 10.00 Ay 2013.12
FK2 R4 Bk, R E SO, WIS ER  BEARRNME, Wi, R, FREA 8.00  ¥FREF  2014.03
—  HARFIRS KR Btk B 1 JBTRE 18.35  V§E§  2014.06
2 RS54 SCHEREHE , HE TR BT, g, SRR E] 90 4
2.1 GC-MS EMo#aR B0 #ALEE S O EE 2 fagiig, W AR — b T HARX S A 5, JF

Wy, & ERIrl AR, MEEE TR, Sot@EZE Rk 5. IR, bk ik
SRS AR 48 ) Nist2005 , Wiley275 R il  HATEWZMIT DL BORSE B AT S A i, A
B, SRS DA IR A IR S Rk 2,

F2 GC-MS &R
Tab.2 Results of GC-MS analysis

. 12 IS s EE R A

" s3 6 9 4 s10 sl 2 S5 s7 s§ 7Sl 782 FKI FK2
BT % 82.08 79.85 79.72 77.51 83.22 78.40 77.91 66.48 76.47 71.41 85.56 87.56 88.93  86.96
R/ ) (37) (39) (43) (34) (38) (33) (26) (27) (32) (31) (34) (23) (21)  (32)
e 54.06 60.42 41.08 12.72 9.90 32.05 30.87 36.07 27.80 21.37 71.61 66.14 0.90  5.14
(Fp2e/F) (12)  (16) (13) (7) (7) (9 (10) (9) (7) (9) (10) (7) (2) (1)
Re2BTEH % 14.70 10.58 23.71 55.71 59.19 33.23 42.71 18.78 30.88 31.36 14.37 17.34 4.08  5.69
(Fp2e/F) (10)  (9) (14) (16) (19) (13) (10) (8) (13) (10) (17) (11) (7) (5)
Pl RHATAEYZE/%  3.00 0.99 417 0.49 0.08 0.29 0 222 273 6.83 0.64 0.83 14.84  19.88
(Fh2e/F) (2) (1) (2) (3) (1) (1) (0) (3) (2) (4) (1) (1) (14) (10)
6 1R/ % 0.48 2.20 0.8 2.8 1.96 3.33 2.58 848 9.64 6.5 0 0 0 0
(Fh2e/Fh) (4) (3) (4) (5) (4) (4) (4) (6) (6) (4) (0) (0) (0) (0)
A% 103 2.39 435 3.27 3.30 1.8 1.75 0.93 0.56 1.57 1.34 113 0.21  0.52
(Fp2e/F) (6) (8) (6) (2) (2) (2) (2) (1) (2) (3) (1) (2) (1) (2)
K1/ % 8.81 3.27 557 252 879 7.69 0 0 4.8 373 203 0 0 0
(Fp2e/F) (3) (2) (4) (1) (5) (4) (0) (0) (2) (1) (3) (0) (0) (0)
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B2 Al A, SAH X &R & 7R 66.48%  ~
83.22% =[], Hp @ EIZETE 9.90% ~ 60.42% =
], f52kiE 2 0E 10.58% ~59.19% =[], WiH &5
52.73% ~73.58% , JEULAH BB M, H2E
SR, SR S6. S3 i S9 3 ANKE S AR K,
SR ERED A R R T AR S, AR
S10 Fil S4 tE U o
2.2 GC-MS #s4 Bigey s 504 K 10 HEAE
i i GC-MS BB 7 Ui I i 8 il SO AR B 5K, F A
“ g o gk SRS AL PE T 2R 45 2004A JiT R
e, e S1 oA S IREE, BEE 0] 6 90 A
0.1 min, 2L EKIE, AL, #5717 GC-
MS o, UL 1, o, RO A B X

WRASSCIEIE, C1 o~ CI1 O 11 ANSEAT I, FUARX &
AL,

mAU
172 855

129 641

86428

43214

t/min
66.99

0 :
33.50

2233

0 11.17 44.66 55.83

B 1 GC-MS {54 Ei%
Fig.1 GC-MS fingerprints

®3 HARSEMNESHEE (%)

Tab.3 Relative contents of common constituents (% )

A WS S3 S6 S9 4 S10 S1 S2 S5 S7 S8 781 782 FK1 FK2
FAARFERE(CL) 1.40 4.07 0.83 27.20 22.55 15.88 22.63 10.28 16.50 19.20 4.95 3.35 0.67 0.30
ent<4 (15) -eudesmen-11-ol-1-

2.43  1.22 4.18 6.06 7.44 4.82 6.48 3.06 3.77 474 0.59 0.38 - -
one(C2)
11-hydroxy-valene-1 (10 ) -en-
0.51 0.8 0.36 2.50 2.18 3.16 2.40 2.04 2.20 1.73 - 0.58 - -
2-one(C3)
2-(2-FKCH) (R (C4) 395 1.90 8.64 0.15 0.39 2.74 0.49 0.72 0.78 0.05 6.74 4.42 - 1. 68
5,8-CFIE2-(2-R K
5.73  6.57 2.51 2.82 2.86 2.00 4.17 4.13 520 3.44 - - - -
L (C5)
6-F2HL-2-(2- K L HE)
4.99 513 595 1.45 1.45 430 1.52 2.62 237 0.8 7.34 3.77 - -
EI(Co)
6,7- & FE2-(2- %L
23.09 19.92 14.52 1.50 1.40 12.32 9.70 10.88 8.03 7.17 29.00 31.23 - 5.14
5 (i (C7)
5,8- T AE2-[2-(4- 1147
. 0.36  1.49 0.55 330 1.66 1.03 2.14 4.34 4.04 0.75 - - - -
HAR) CHE ) @R (C8)
6-F25E-2-[2-(4-HI 45k
e 0.35 1.8 0.70 2.65 1.44 237 0.13 2.47 2.42 0.23 - - - -
H) CHE]AMI(CY)
6,7~ EIE2-[2-(4-FF
o 0.73 6.03 1.08 0.85 0.70 5.39 4.22 7.33 4.96 599 2.37 9.95 - -
AIIR) 2B ] B (C10)
S 4-15-3-E(C11) 0.13  1.09 0.29 1.13  0.21 0.63 0.60 2.8 3.36 0.59 - - - -
TE: — FR AR
454 GC-MS EVE ] M, fe8CEGRIMR  A OIS,

FRFIEI AT LAy A X B, Horr, T IXORBA s [R] 7
10. 0 ~40. 0 min N, 1 1 X 7E 40. 0 ~60. 0 min
TN,

e T X, CREE B EIFE 10,0 ~25.0 min Z [d]
KZ KT ST, 1M 25.0 ~40.0 min Z[A] K2
FAEERE Ay, EakiER L, WERPER/N, TE T
X, FEREEAEZES;, 40.0 ~55.0 min Z[A]¥]
BorAn, TMiH 41.0 ~43.5 min Z 4 DR
B3, 53.8 ~60.0 min Z [ RZ K E RIS, &
Moy FE AR Hor, 8 AN RS (C4 ~ CI)
FIEE BBl K, [ C1L1 O SR K o4, Hige
1768

2.3 GC-MS A o4 RHBERAMZE R &
“ 2 o g SR TE AU P R 55 2004A BT &R
GAFM IR, DURRIEHE SRS A B %t B3R
FHAURE, 253 0L3% 4,

F4 HOENTER

Tab.4 Analysis results of similarties

i S3 S9 S6 SI0 4 S5 S8 S1I S2 S7
FHALE 0.48 0.50 0.63 0.81 0.84 0.87 0.88 0.91 0.92 0.92

HZen A, FLEELE 0.48 ~0.92 Z 8], M
AR S2. ST, S1. S8. S5. S4. S10. S6.
SO, S3, AHMIEEFE 0.80 Lk UL EF 245 70%
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FHISI, S2, S4. S5, S7. S8, SI0 3% 7 Lkt -

HERHE RS RO ME RE TS, H DR AP 1 22 52, i

M S3. S6 A1 89 ix 3 #HLLy A AHRUEARME. F35b, 3 ‘%‘%§§§§§

A i DR IS TELEE 10 ~ 25 min 7 A7 (1 6 L Al 2300000

T2, TIAE 25 ~40 min (45505 i I AR/ 1300 008 ‘

2.4 GC-MSREAM VLI AIEAT A AR 5 530 2 ;0_ 35 40 45 50 55
AR, R SAS 9. 1. 3 B b FRAR (41 T B A

B, RIETTERICEEE, BRI BV e 5
Mg, ZRWE 2, mERA, R M 0.67 i, 10
HERE ST A4 Ak, S1, S2, S8, S7. S5, 4
F1S10 Bk —2%, S3. S6 Ffll SO R —3K,; R* K
0.82 I, m[PAgr A3 2%, S1, S2. S8, S7 Fi1S5 &
F—2, S4 Fl S10 B —2, S3. S6 Fil S9 H
H—,

1.50

= 0.75
0.50
0.25

0

SI S2 S8 S7 S5 S4 SI0

9

SLJ:L S
B2 RESROIKE

Fig. 2 Dendrogram of cluster analysis

2.5 GAkFEFrER GC-MS 24 BEAAFM4
HERE S CBEEE Y, HEAT RIS AN, 153 AR T
T, W3, R oG E] 28 Ry, S
XEART9.12% ;5 ZS1 G F] 34 RSy, A
XFO A i85, 56% 5 ZS2 s E] 23 By, A
P A R 87.56% 5 FK1 ek I 2 27 s, &
FHXT A 1 88.93% 5 Tip S g FE i FK2 rpAGr) 51 32
PR, SAEXT A & 86. 96%

YT R R D el ey | R S Ay 10w R 1]
FIARET USRI EY R =, df DRI,
FFEBIACE YA, ATRKLI H R 2R i 2
By o ZS1 AN ZS2 Wk E B A SR s, HARXT
FAHERSN R T 61% 1 66. 14% |, 515243 5
Jg 14.37% F1 17.34% , 5k F i i, FK1
A B SR T A 1 90.08% , LASRAR
HiR— (2-23:C) Mefm, b 68.60% , & HIfE
Heyps), [EE A I E) T AR SN ER (0.03% ) L a-
DA W m (0.13% ). HARAEFE (0.67% ), 2-
[2- (4-HE3) KO H] @i (0.48% ) #16,

b
i
1 MUW

20 25 30 35 40 45 50 55

====os

&

[ REB ]
SRR STt

Sooocoocooooooooo0 S,
8222828833333232832%;
SEEEEEEEEaa

R AP IIROD,
PPN N PPN NI S

20 25 30 35 40 45 50
t/min

C.Z82

&

PRpLRpoRy A PO
2232332333333

S—NNWL B EANSNNIN

I Jmhn L e

10 15 20 25 30 35 40 45 50 55 60
t/min

D. FK1

©
S
S
=3
=3
S

+#
< M

SES SAIIINIIINIR

oo == AaNanaRaRaRaRaRaRaRaNaaY

IR BN B
OOOOTRIX XXX XX X X X X

[SYNCN)
OO O
SO S

|l|JL Lo

15 20 25 30 35 40
t/min
E. FK2

B3 GC-MS 2EFirE

Fig.3 GC-MS total ion current chromatograms

)

8- FHL-2- (2-K LK) R (0.42% ) 5 DR
PERLST, EAHXT S A R 1.73% , FHA AL 4 AH X
THBEWYEAL, KENEH . BRI R
B Ar. FK2 i S5 8 oy B9 B A X B A =R
88.69% , Hrp#En ol 2H-1-4 I LG -2-ff-6, 7-
THESL (23.81% ) 1 9-cis-PL S (10.63% ),
WA BV RRAE T B AR SN (0.13% ) . FIARFRF
B (0.30% ), 2- (2-K %) il (1.68% ) A
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6, 7-"WREI2- (2-K %) @ (5.14% ),
{HEARX & AN 7.25% .
3 #it5itig

AMFFE i GC-MS 3L 434 T U0 H (0 4% & 1
By, EREINE] 90 Sk, Y i 75 Fp
By, H A S 11 Fp, o Hr g RERM, 10 it
FERTE2E R R R ZE AR, B2
GEZE Y, BHECH A &a BEA R k%S,
& S6., S3 A1 S9 3 M imEVERES (125) e
2 B 73 ARG A B S A 2 i 2R
ARG S10 A1 sS4 (128) REFAHE, T HABRE &
(M%) AHY, ROARAEIL G P IBI A &4
i, ATLDEDIER o 3 25, 1 A i, A7
FiAEEZE 2y, Hde, 7-THEEE2- (2-K2
B EEAES T 2R S AR B e A5k
WA 3 B, Hoh FORFFIEAE 1A I 2 5
(B S5) XS & A wbdes, 1SS hMFAHY, Ui
AH HL 8 R 9 1 A bR AR M 0 o

SRIG, MR b 24 fo 3k i 20 5135 AH U IE A
FY:2004A W7 FHAE AT GC-MS BB, i
ST ARSUEE, AR R IR E A X B, T
ORGSR X, T X Ry (2 i R
X, T H, AR AT FER IS A 4t R 5 e Mo
—3, K 10 HERESL A 3 2

SCH R, PIHEEER ST T A Tk
GV S EEAEDIR B, AR & A
BETAEw R, 5 1 RN AE T
UT o A R 2 B AR R AR AR B R
Tz, hfiE—, BEiEE . s, FKL A
FK2 w3545 /D e il B SRR AE i 53, (LA
XFE A BEARARAS, HEN AT W] RE SR 7EA i & A i
RATIFEPMARBZERRE PR (2-252)
s, e & AU oA T A i DT IR
Yo BEBE, %07 ikn] D i e o A ok SRR i 5
th, ARG I B i 2R ORI — 2D I

Zi LTk, GC-MS 45 20 B3 45 & A1 U 43 B
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T, PTLLCE EOUL I AR AR | S i B A 770
TR, [RIIZ 7RI T LUSR BT RO A bt i
FTEDEES, oI R T B, al il i
PRER RS AR TR R

S 3Lk
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