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Abstract: [ Objective] Agarwood extract is one of the main applications. According to the problem that there are significant
differences in the demand for agarwood ingredients in different application fields, this work focused on the main components of
agarwood by crude separation during the extraction process, and clarified the incense release behavior of different extracts, aiming
to provide references for the directional and efficient utilization of agarwood in specific fields. [ Method] Taking the traditional
agarwood (CX) and new variety Qinan agarwood (QN) as the research objects, three extracts of essential oil, extractum, and
alcohol precipitation were obtained by the steam-solvent multi-stage extraction. The main chemical components of CX and QN’s
multi-stage extracts were studied by gas chromatography-mass spectrometry (GC-MS) combined with high performance liquid
chromatography (HPLC). Headspace-gas chromatography (HS-GC-MS) was used to analyze the aroma release rules of CX and
QN’s multi-stage extracts at 40—160 °C. [ Result] The crude separation of CX and QN sesquiterpenoids and chromones was
achieved by the steam and solvent multi-stage extraction. There is little effect on the components of the essential oil obtained by
distillation in water and out of water. The relative peak areas of sesquiterpenoids and other small molecules were =99%. After
distillation, solvent extraction was carried out and the extractum mainly contained chromone, and the relative peak area was =

90%. The alcohol precipitation method was suitable for CX extract extractum to effectively separate impurities. There were
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significant differences in the main components and aroma release components between CX and QN. The elemenol and a-santalol
were the main component from CX and QN essential oil, respectively. Both of CX and QN had good aroma release ability at low
temperatures. The main aroma releasing substances of CX and QN were eucalyptol and (1R,3aR,5aR,9aS)-1,4,4, 7-tetramethyl-
1,2,3,3a,4,5a,8, 9-Octahydrocyclopenta [c]benzofuran at 40 °C, respectively. The types of chromones in CX extractum were
relatively richer. The chromone could be dissociated to form small molecule volatile substances at 160 “C. Both of the number and
intensity of CX’s pyrolysis products were significantly higher than those of QN. [ Conclusion] By multi-stage extraction method,
agarwood essential oil rich in sesquiterpenoids, agarwood extract rich in chromones and alcohol precipitation with high impurities
were obtained. Essential oil has a good aroma release ability at low temperature, which is suitable for the development of perfumes,
daily chemicals and other room temperature fragrance release products. Extractum is suitable for high temperature incense release,
and can be developed incense, burning incense and other products. QN extract mainly contains 2-(2-phenylethyl) chromone and

2-[2-(4-methoxyphenyl) ethyl] chromone, which can be used for monomer separation of the chromone. The active substance of

agarwood in alcohol deposition is obviously reduced, and low value products can be developed.
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Fig. 1

Multi-stage extraction process and products of CX and QN

a. fEGE DU M2 f T JFOR ZN I E 5 Appearance morphology of CX and QN raw materials; b. ¥} ##F iy Crushed samples; c. 7K H 28 B # BUS £ df Samples
extracted by water vapor (in water); d. F548 95% 9 2 BEHE UG B i Samples extracted by 95% ethanol; e. N [FHEHCY), W HAE 0 . =25 . BEUT Different

extraction products, including essential oil, extractum, and ethanol precipitation.
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Fig. 2 Analysis of chemical constituents of essential oils of CX and QN
a. CX K il Al £ 44 GC-MS . T-ift Total ion current (TIC) of essential oil and ethanol extract of CX by GC-MS; b. QN il Al Z B 44 GC-MS H& 1
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their ethanol extracts.
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Tab.2 Analysis results of classified extracts of agarwood by GC-MS

AT AR LE ) e T AR L £
LA 42 ) (0~55min)  (55~85 min) FHE WA (57)
The extract of agarwood  Peak area Peak area Main component (five)
percent(%) percent(%)
2-Q2-HR L H)E T (31.07%) . 6-F58 He-2-2-7K £ H) B (12.82%) . 6-H Sk -2-(2-7% £ B ) i
OXZ, BB IR (11.59%) . 6,7-XL H1 4 Hk -2-(2-7% £ K6 ) (1l (10.18%) . - K24 £ e (1.57%)
CX ethanol extract 15.98 84.02 2-(2-phenylethyl)chromone( 31.07%) , 6-hydroxy-2-(2-phenylethyl)chromone( 12.82%) , 6-methoxy-2-(2-
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ARHNZ FE @ (8.92%) | 2-[2-(3,4- XU HT AR JE 2K 3 ) 2 FE T I (2.23%) | A4 I -4(14)-Js -1 -1
QNZ s 42 (1.21%)
QN ethanol extract 7.59 9241 2-[2-(4-methoxyphenyl)ethyl]chromone( 47.26%) , 2-(2-phenylethyl)chromone( 31.2%) , 2-[2-(4-hydroxy-
3-methoxyphenyl)ethyl]chromone( 8.92%) , 2-[2-(3,4-dimethoxyphenyl)ethyl]chromone( 2.23% ) ,
Eudesm-4(14)-en-11-01( 1.21%)
b p g B B (14.02%) | K 1 -4(14)-45 -11-B% (10.16%) . | FE T bt (5.87%) . MG B) (4.78%) | it
CXIF 7K 7% 1 R i N,
CX essential oil by 100.00 0 el 5 4.74%)
R : Elemol( 14.02%) , Eudesm-4(14)-en-11-01( 10.16%) , Patchoulane( 5.87%) , Dubnenol( 4.78%) ,
distillation out of water
Spathulenol( 4.74%)
CXOK 2 K5 3 *ﬁﬁ-«m)-m-l 11 (15.72%) « M7 (14.47%) | KI5 B (8.72%) . B-ilr 25065 (3.83%) . AT
CX essential oil by 99.63 0.37 AL (3.47%)
AR : : Eudesm-4(14)-en-11-01( 15.72%) , Elemol( 14.47%) , Dubnenol( 8.72%) , p-gurjunene( 3.83%) ,
distillation in water .
Caryophylleneoxide( 3.47%)
_ oM A B (13.91%) | KM (9.89%) . A AT S AL (9.11%) . HE & 2 (6.43%) . Lk AL T JZ
QNP 7K 28 18 K5 iih B ( 5.44%)
digill\i;is(iinézls;g’;er 99.56 0.44 a-santalol( 13.91%) , Durenol( 9.89%) , Caryophylleneoxide( 9.11%) , Elemol( 6.43%) ,
Viridiflorol( 5.44%)
QNK r ZE 48 RS il a0 7 B (13.44%) . A4 B (9.82%) . 7 B (9.70%) . M WUl 5 (6.85%) . 1 17 45 S8 AL 4
QN essential oil by 99.59 0.41 (5.24%)
distillation in water a-santalol( 13.44%) , Durenol( 9.82%) , Elemol( 9.70%) , Ledol( 6.85%) , Caryophylleneoxide( 5.24% )
2-2-7K 2, ) T (49.53%) | 6-H1 A 3 -2-2K 2, 3 Y il (16.65%) . 6,7-B H A H-2-2- K 2
CX&H BV TR (11.09%) | 6-58 Kk -2-2-K & H ) (8 i (13.09%) B 75 B (6.49%)
CX extractum 9.64 9036 2-(2-phenylethyl)chromone( 49.53% ) , 6-methoxy-2-(2-phenylethyl)chromone( 16.65%) , 6,7-dimethoxy-
2-(2-phenylethyl)chromone( 11.09%) , 6-hydroxy-2-(2-phenylethyl)chromone( 13.09%) , Elemol( 6.49%)
2-[2-(4-H S FE IR 36 2 1 (55.02%) | 2-(2-4 £ 3 )@ Bl (39.93%) | 2-[2-(4-F% 3 -3-H A 3
QN )L FEVOT (419%) | 2-[2-(4-F2 5 -3- 1 S B A8 ) £ B 1A T (0.44%) | 1 77 7 (0.42%)
ON extractum 0.42 99.58 2-[2-(4-methoxyphenyl)ethyl]chromone( 55.02%) , 2-(2-phenylethyl)chromone( 39.93%) , 2-[2-(4-
hydroxy-3-methoxyphenyl)ethyl]chromone( 4.19%) , 2-[2-(4-hydroxy-3-
methoxyphenyl)ethyl]chromone( 0.44%) , Elemol( 0.42%)
2-(2-7K 2, F ) (33.79%) . 6-H1 48 Fk -2-(2- K 2 FE Y (O B ( 16.88%) | 6,7-FL Hl 48, 3 -2-(2-7K 2
CXEEYL ) (13.95%) . 6-F4 5 -2-2- 4 £ )AL (12.99%) | 482K — H iR2-2 3 L 3 T 1 (5.10%)
CX ethanol precipitation 11.87 88.13 2-(2-phenylethyl)chromone( 33.79%) , 6-methoxy-2-(2-phenylethyl)chromone( 16.88%) , 6,7-dimethoxy-
2-(2-phenylethyl)chromone( 13.95%) , 6-hydroxy-2-(2-phenylethyl)chromone( 12.99%) , Phthalic acid,
butyl 2-ethylhexyl ester( 5.10%)
2-[2-(4-H AL B IR ) B 6 i (50.99% ) | 2-2-2R £ FE) (L (35.55%) | 2-[2-(4-F2 4 3-SR 4%
ONFE L BRI FE VO (8.09%) | 2-[2-(3-F2 Kk -4-H S FE R B ) L FE 1 i (1.12%) . A1 -1(10)-4% -11-
QN ethanol 3.22 96.78 BR(0.55%)
L ’ : 2-[2-(4-methoxyphenyl)ethyl]chromone( 50.99%) , 2-(2-phenylethyl)chromone( 35.55%) , 2-[2-(4-
precipitation

hydroxy-3-methoxyphenyl)ethyl]chromone( 8.09%) , 2-[2-(3-hydroxy-4-
methoxyphenyl)elhyl]chromone( 1.12%) , Guai-1(10)-en-11-01( 0.55%)

@ F TRy FIE S T B R % ) 5 0

A B W AL L 1 . The data in the “ principal component”  column brackets in the table

is the proportion of the peak area of the substance to the total peak area.

YOy 9 AR R 3k

: 0.817, QN [ 17T A0 X or 42 ) #4) A 4R
JE£35 0.999, B BETLH & A —E & W UTE OB R 5 o

@ B B B R LA BRI, R
TR PR E B XSRS QN BRI —E

JE T B % B, CX BT o I S 68 I 1) 5 0 B T
Xt N SBT3 B, Fidersia B 2-(2- 8 2 35 ) {0
] £ JOT 5 4 505 % I i R AR B, 156 P D A T
5T LW, Fidersia B 2-(2-2K £ 3 ) {5 i Xk L
BT KGR B . QN BT 2-Q2- 4 3

i sh A — B 1e), Ud B SR EE UL 7 Uit — 2 X
Gy UL 2 AR Y v iR i L TR €6 TR LA R AT
k5 (H 2, QN ' 32 % Fidersia I 2-2-4 2, %) (0 i
WAy, BT B i W% G 3 % L 5 BOH B A T, K
B 007 1 AN T QN i B 1) 2% Joi 73 15
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Tab.3 Quantitative analysis of chromone components of classified extracts
6,7-— W & H-2-
. 6-F% 3 -2-(2-7K ; )
e - . 4 -H A FE DT N . RIE L HE i~
o i 0 WRARRE  cummm  cmem R o ko mam
LA 4 L Py 6,7-dimethoxy-2-
Agarotetrol/ Isoagarotetrol/ 6-hydroxy-2- 2-(2-phenylethyl)
The extract of agarwood 1 4’ -methoxyagarotetrol/ 1 (2-phenylethyl) 1
(mg'g ) i (mg'g) phenethyl chromone/ chromone/(mg-g )
(mg-g) (mg-g) chromone/
(mgg")
CXZ B 4 L)
CX ethanol extract 21.54 3.28 3.80 26.23 23.14 47.35
QNZ i $2 L
QN ethanol extract 0 0.36 0.14 5.58 0 413.60
CXPf 7K 7 18 RS il
CX essential oil by distillation 0 0.06 0.03 0.03 0 2.01
out of water
CXIK H ZE 1 kS i
CX essential oil by 0.03 0.18 0.07 0.32 0 2.36
distillation in water
QNI /K 2% 1K il
QN essential oil by distillation 0 0.06 0.01 0.40 0 11.04
out of water
QNUK A 2% 18K il
QN essential oil by distillation 0 0.07 0.03 0.26 0 6.70
in water
CX## 7 CX extractum 28.28 6.19 4.69 39.85 35.29 55.38
QN2 QN extractum 0.28 1.01 0.35 16.34 0 799.26
CXJ# i CX ethanol precipitation 5.70 1.16 1.05 26.52 28.11 43.03
QN T QN ethanol precipitation 0 0.84 0.26 9.64 0 516.17
a GC-MSTIC b HPLC | CX ZEHZH CX ethangl extract
@ CX 2 CX extractum
(3 QN ZEEHEHUY QN ethangl extract
(@) QN 27 QN extractum
QN 2 7@ . I.Ll o
ON extractum . L l 3)
CX 12 ; l @ T
CXextractum | ! L Dl ol

-

10 20 30 40 50 60 70
[ [E] Time/min

—
o]
80

0 10 20 30 40 50 60 70 80 90 100
[} [a] Time/min

B3 2 BRI R AL B A 4 5
Fig. 3 Analysis of chemical constituents of extractum of CX and QN
a. CX Fll QN 28 GC-MS £ & T it TIC of extractum of CX and QN by GC-MS; b. CX, QN &5 [ H: 2, B 42 U4 = % A0 K] 7% HPLC chromatogram of

extracum of CX, QN and their ethanol extracts.

MEFESRENYNBELRSW

FARVGEMEERREHZ —, 2 REHEE
PE B S S R AR 0 45 5, 6 U0 32 o R AT
FLA™ 5385, AT AR A A B2 O 103 RN R L R )
st o JT0 A RIS 5] 42 B0 1 2 1) o7 FH 32 BERL 22 4 &
&5 BT 7R R CX Fil QN K 28 1RORS Il . B . B DOAE
AN TR) I BE B ) R O o RG2S N Ay
T 5 R T, AR B A R 2 I, CXORG R QN
e TTE A [ B B 1 75 R4 1 B 804220 (8] 5a, b) s
F 4 WoR, CXORG KR I 45 & ) b & B

2.5

JE R W R B (R A ) L RN B (FE A ) . A-B-UT
A Wk (R A ) o R BB (A (R )« B-100 7 1R i (AR Jo
L ISR AR ), BE A IR T, DU IR R (A A
R RZ A A R ) e T R o R e TR A LG ) 8, i BE A
160 °C B, 0T -A% i - 6-05 - 1B (FE 7 ) . DD IR B | o-
TR I A W R B MR B ) R o

(Ishihara et al., 1993; Jirovetz et al., 2002; Pripdeevech et
al., 2011; Suchatanugal ef al., 2021) . QN # i 1% i A+
FERL (1R,3aR,5aR ,9aS)-1,4,4,7-PU H 3£-1,2,3,3a,4,5a,
8,9-/\ &L BRI I I [c] AR IR IR | LI M A B L
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a GC-MSTIC

QN T
QN ethanol precipitation

I} e

Ll

CX [HIL
CX ethanol precipitation

b HPLC
D CX Z.FEHEH) CX ethanol extract
@ CX [T CX ethanol precipitation
(3 QN ZEHEH) QN ethanol extract
@ QN L QN ethanol precipitation

® |
2 [k
©)

|t b

L
10 20 30 40 50 60 70 80
] Time/min

0 10 20 30 40 50 60 70 80 90 100
fifE] Time/min

&4 2 MR IR AYBETTAL 80T 44l
Fig. 4 Analysis of chemical constituents of ethanol precipitation of CX and QN
a. CX Ml QN [T GC-MS . B T i TIC of ethanol precipitation of CX and QN by GC-MS; b. CX. QN [ it K& H 2, st 512 B4 25 %50 4 181 3% HPLC

chromatogram of ethanol precipitation of CX, QN and their ethanol extracts.

a S-GC-MS TIC CX 7K H 218 c CX 24 e CX FElT

CX distillation in water CX extractum CX ethanol precipitation
2-(2- K IR i
2-(2-phenylethyl)chromone
4 160°C
" 2-(2-7R L) (i

P ml%ﬁjﬁ%—b 2-(2-ph(enyl§thyl))chromone lL N l 97
eax number 134 160°C ) 20 120°C
78__160%C 20 120 al s L v
~ Meen St v
i e — o
1 Losia 35 " vi 70°C, 0 40%C

r T T T T 1 r = T T
0 20 40 60 80 100 O 20 40
fifa] Time/min

fifa] Time/min

60 80 100 0 20 40 60 80 100
i 1] Time/min

b -GC-MS TIC QN /K 17518 QN 2 f QN [T
QN distillation in water QN extractum QN ethanol precipitation
2-(24 7. 30) (i 2-[2-(4- S Bk 2-(2-H ZIE) (A -
2-(2-pr$e ylethyl))chromone HIE) L HE] 2—(2-Pr$e Iethyl))chromone 2-[2-(4- S B
X|2-[2-(4-methoxy o] ) 2 HE] e
phenyl)ethyl] 2-[2-(4-methoxy
chromone phenyl)ethyl]
v chromone
¥
Hot bl 1 72 120C , o 7 : ) o T 170
. Ladd 66____80°C s ® 0 B
30 40°C [O RO & 0 4

0 20 40 60 80 100 0 20 40
1] Time/min

fisf 8] Time/min

60 80 100 0 20 40 60 80 100
i) Time/min

K5 2 Rl LB R R I HY HS-GC-MS 3474
Fig. 5 Analysis of fragrance releasing constituents of multi-stage extraction products of CX and QN by HS-GC-MS
a, b. CX, QN 7K 1 Z& 1 HE BORE il L B Tl TIC of essential oils by distillation in water of CX and QN; ¢, d. CX, QN 28 &5 T TIC of extractum of CX and

QN;e. f. CX. QN BEJLEE Tl TIC of ethanol precipitation of CX and QN.

G- B-T0 A W R I I AR ok (B BR ) L B-DL A UK I
W & T BE T, S R R AR A OB 2R ) 0 T AR
e W T LA B B3 o, O S B 9-HA A B i (A - 2
WR) . A RE (B AR A ) o DA B U i R0 TE AR
QN A I 7E 4% 1 B 1Y) B 0 1T AL o T CXORE il A
W £ B, QNOKE I 80 °C i S U A B 35 CXORE T
120 °C Y H U6 50 i, U8 BT QN OKG Il rP AR i 5 4 K
W53 22T CXOAE I, B3 5 IR i {5 2 Fh 0 & 6
M 120 °C THZ 160 °C, HEHa e imgg g, £2 N
W 5 J3E 3 A, 15 A il ) et P IR BE S OB 2o 120 °C
CX Fl QN =8 h E L5 A AE 24, KR 40 <C
Hf 359 A H 0, B0 3R B T 3 80 °C B 120 °C, 2 PP UL E
R L D R R, X SN A B A R

https://www.cnki.net

By A m AR L D7 F SN T (F e, d) .
A5 35 B TE 2 160 °C, CX IR i i Wi 35 134 4,
[ > i 2-(2- K £ 5L ) B A, 2 50 min /06 Y
5 2 05 2 ) R/ G 0 0T, B I T CXORS
J& 80 °C I Y 19.1 f%; i £ TF 2 160 °C, QN iR &

A R 3 2 83 AN, LIS CXVR R A ] B ML,
J& 80 °C Y 27.7 % . CX 1 QN 2 £ 40~120 °C [ B
O o S e AR E AR, LR E RS AR s
MR 208 L 57 7 WA /INAr T, 160 °C I B0 4K
e A BRL AN U e 0 TR AR I] R R R G i B4, G
WG Ak A 1 2 S e B, 7o AR 2R T | T A T R
s — e HAT 75 589 ¥ 5 (Takamatsu er al., 2018) . CX
EHPOmMEEES, AR e, B8RO0 E
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20 min {0 85 35 414, i & T CXOKS Il 20 min
A LR 0 RO, ELI N 2,2- 7 Z AR FE 2 L AN kg
BEAT RS 1-Q-H ST A )-2- N B 2-4 3 O
(RHG EEAETm ) RO BE(BEF . BT /HHEFS) . AR
R Cfl 5345 JLBR) | R W R TR (T 8RR | 45K
Be-2-TBE(RERIN A ) | 2-F 03k -4- 2 0 3 28 Wy I A
VR SEPI T . QN R (@R P A B —, Ty 2-
Q- L3 i | 2-[2-(4-FF A R 3 2K 1 (i,

it 7= W5 /D sk o H Y DA S D B J5 ek 06 T AR
@Q‘TCXE%E’JJI_%JE;QN‘E% /E 20 min Fif {2

A 1240, UL QN R E m i I Y AR D
A, CX iR Eanmﬁﬁ%‘&,m A, (R

LS L RaE Y/ R YN S

Pt YT, = B B I R 1 L W 45 2% L, GC-MIS
SyAT R, CX L BEH Yy v] 38 2o P U A R0 40 2 2% I
U, B QN 42 I 47 B AR . M\ HS-GC-MS (1)

#4 ETHS-GC-MS HRESRIZIBEERSHER

Tab.4 Analysis results of fragrance release composition of classified extracts by HS-GC-MS

B 37 W T AR
Unit peak area/
(mV-min)

LA Y
The extract of
agarwood

S

Temperature/C.

EZR I (51)

Main component (five)

LI T R B (39.23%) |

i (5.73%)
40 9

agarofuran( 5.73%)

R T R B (16.58%)

64 -11-2 (7.18%)
Xk 3w 80 127 y

i Eudesm-6-en-11-0l(7.18%)

CX essential oil . N
R I O 1 (12.28% )

by distillation in
Y UL W (6.21%)

water 120 881
B-agarofuran( 6.21%)

JIGE -2 - -6-45 -11-1% ( 8.85% )

PLA K (5.15%)
160 8013

40 28

T (17.19%) . — 4 -B-UL % W I ( 11.34%)

FNER (12.64%)

TN (9.53%)

. VLA I (8.80%) | o-

LR (7.03%) . B-UT A R

Spathulenol( 39.23%) , Benzylacetonyl( 17.19%) , Dihydro-B-agarofuran( 11.34%) , Benzaldehyde( 7.03%) , -

UL IR (9.78%) . & -B-ULF K (7.35%) « M -FE -

Spathulenol( 16.58% ) , Benzylacetonyl( 12.64%) , Agarospirol( 9.78%) , Dihydro-B-agarofuran( 7.35%) , cis-

UL A BRBE (8.83%) | i 44z I -6-45 -11-F% (7.14%) . — & -B-

Spathulenol( 12.28% ) , Benzylacetonyl( 9.53%) , Agarospirol( 8.83%) , cis-Eudesm-6-en-11-0l( 7.14%) , Dihydro-

TR A ALY (8.19%) . “E TR (5.70%) . & -B-

cis-Eudesm-6-en-11-0l( 8.85% ) , Agarospirol( 8.80%) , a-cedrene oxide( 8.19%) , Benzylacetonyl( 5.70%) ,
Dihydro-B-agarofuran( 5.15%)

(IR,3aR,5aR,9aS)-1,4,4,7-0 H % -1,2,3,3a,4,5a,8,9-/\ & 3 13 0 IF [c]78 I W g (32.12%)
FE(9.21%) . & -B-UT & Ik 1 (8.30%)
(1R,3aR,5aR 9aS)-1,4,4,7-Tetramethyl-1,2,3,3a,4,5a,8,9-octahydrocyclopenta[c]benzofuran( 32.12%) ,

« R I R A

o IV I 4 Rk (8.10% )« B-UTL & K I (5.79% )

Spathulenol(9.21%) , Dihydro-B-agarofuran( 8.30%) , Kessane( 8.10%) , B-agarofuran( 5.79%)
(IR,3aR,5aR,9a8)-1,4,4,7-PU F 3£ -1,2,3,3a,4,52,8,9-/\ & FF [ 0 [c]28 I W i (12.46%) | 57+ 7 B8 I 31

AL (11.57%) . — A -B-IL & KR (7.57%)
(1R,3aR,5aR,9aS)-1,4,4,7-Tetramethyl-1,2,3,3a,4,5a,8,9-octahydrocyclopenta[c]benzofuran( 12.46%) ,

QNK H £ 1 80 287

oA FEEE(5.70%) | UL IR EE(5.49%)

LRl Isoaromadendrene epoxide( 11.57%) , Dihydro-B-agarofuran( 7.57%) , a-costol( 5.70%) , Agarospirol( 5.49%)

QN essential oil
by distillation in

TR (5.17%)
water 120 1555 - 0

Agarospirol( 5.17%)

50 A E ALY (11.30%)
1,4,4,7-P4 §1 3 -1,2,3,32,4,52,8,9-/\ & 3R 1% 4 I [c
Isoaromadendrene epoxide( 11.30%) , Agarospirol( 6.24%) , Dihydro-B-agarofuran( 5.43%) , (1R,3aR,5aR,9aS)-

160 14976

SRR EALY (13.12%) . 9-H1 K B (9.72%)

UL IREE (6.24%) . — & -p-UT & Wk (5.43%)

LA PULTE R (7.32%) . K FEEE(5.98%) | I

Isoaromadendrene epoxide( 13.12%) , 9-cedranone( 9.72%) , Dihydro-B-agarofuran( 7.32%) , Costol( 5.98%) ,

. (IR,3aR,5aR,9aS)-

T Ik I (5.12%) . 5 K T2 (5.04%)

1,4,4,7-tetramethyl-1,2,3,3a,4,5a,8,9-octahydrocyclopenta[c]benzofuran( 5.12%) , Globulol( 5.04%)

40 0

U7 B8 (22.08%) | 2,4a,5,8a-P0 B 3t -1,2,3,4,42,7,8,8a-/\ & -1-Z5 5L 2, TR 1% ( 17.45%) . TN il

(14.49%) . N5 - 1t -6-45 -11-B% ( 11.32%)
Agarospirol( 22.08%) , 2,4a,5,8a-tetramethyl-1,2,3,4,4a,7,8,8a-octahydro- 1 -naphthalenyl acetate( 17.45%) ,

80 4

. HEREE(7.38%)

Benzylacetonyl( 14.49%) , cis-Eudesm-6-en-11-01( 11.32%) , Furfural( 7.38%)

VLA IR (17.40%)
CXZH

o -Hg - -6-9 -11-F% (9.40%)
TIRIFRIHT kfp#12'34]z;;9ﬂ12bﬂﬁﬁ}:ﬁ§ 8.32%)

(1aR,1bS,2a8,58,5aS,7a8)-2,2,5,7a- P4 F i - &0 3F 1%
. 2,4a,5,8a-PU W 1 -1,2,3,4,4,7,8,8a-/\ & -1-

ZRH R ME (8.13%) . F A (7.15%)

CX extractum 120 90

Tetramethyldecahydrocyclopenta[2',

Agarospirol( 17.40%) , cis-Eudesm-6-en-11-01(9.40%) , (1aR,1bS,2aS,55,5aS,7a5)-2,2,5,7a-

3'lcyclobuta[1',2":3,4]benzo[ 1,2-b]oxirene( 8.32%) ,

2,4a,5,8a-tetramethyl-1,2,3,4,4a,7,8,8a-octahydro- 1 -naphthalenyl acetate( 8.13%) , Benzylacetonyl( 7.15%)

VLT IR B (6.39%) . &

vatirenene( 3.81%)
160 3087

vatirenene( 3.81%)

A I I 4 AL B (6.02%)

Ly IR BE (4.42%) . R TR (4.25%) | B-

Agarospirol( 6.39%) , Cedrene epoxide( 6.02%) , y-eudesmol( 4.42%) , Benzylacetonyl( 4.25%) , B-
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43R 4 Continued

LA 12 ;
¢ extract o Temperature/°C

B 0 1 L
Unit peak area/

agarwood (mV-min)

FEZEM (51

Main component (five)

40 0

P WS (45.83%) . BE V& i I (43.89%) . 3,4-— (W1 K Jk <HP 420 FR 3 >)2K /Y iR (10.28%)

80 0

Benzylacetonyl(45.83%) , Cubebol( 43.89%) , 3,4-bis(methoxycarbonyl)benzoic acid( 10.28%)

DA IREL(17.02%) . S HBHEIH ALY (11.75%) . HIAK-8,13- £ (10.84%) . (2S,3S,4aS,8aR)-3-(2-}8
FE TN bg-2-38 )-8a-F JE -5 BT L 1 S 25 21 (7.57%) . (3,8,8-=FH 3£ -1,2,3,4,5,6,7,8-/\ A, -2-%5% 5 )/ ik

ifs T2 g (6.93%)
120 20

ONEH
QN extractum

Agarospirol( 17.02%) , Isoaromadendrene epoxide( 11.75%) , Cedrane-8,13-diol( 10.84%) . (25,3S,4a$,8aR)-3-(2-
Hydroxypropan-2-yl)-8a-methyl-5-methylenedecahydronaphthalen-2-0l( 7.57%) , (3,8,8-trimethyl-1,2,3,4,5,6,7,8-

octahydro-2-naphthalenyl)methyl acetat( 6.93%)

2-2-7K 2 H YO i (10.03%) . 577 18 0 BB AL 9 (6.45%) | UL IR (5.56%) | 4a,5-— F JE-3-(1-H 3
. Z, 3 )-4,40,5,6,7,8-75 & -2(3H)-ZE i (4.60%) | (2S,3S,4aS,8aR)-3-(2-F% K& A i -2-3 )-8a- T JE-5-TF FF 3t

+ A %2 (431%)
160 873

2-(2-phenylethyl)chromone( 10.03%) , Isoaromadendrene epoxide( 6.45%) , Agarospirol( 5.56%) , 4a,5-dimethyl-

3-(1-methylethylidene)-4,4a,5,6,7,8-hexahydro-2(3H)-naphthalenone( 4.60%) , (2S5,3S,4aS,8aR)-3-(2-
hydroxypropan-2-yl)-8a-methyl-5-methylenedecahydronaphthalen-2-0l( 4.31%)

40 0

e WS (59.28%) . (1R,3aR,5aR,9aS)-1,4,4,7-VU Hi 3£ -1,2,3,3a,4,5a,8,9-/\ & B 1% - 97 I [c] 45 I vk i

(40.72%)
80 0

Benzylacetonyl( 59.28%) , (1R,3aR,5aR,9aS)-1,4,4,7-tetramethyl-1,2,3,3a,4,52,8,9-

octahydrocyclopenta[c]benzofuran( 40.72% )

UUF MR (14.20%) . 7K FH S (8.23%) | I -#4 I -6 -11-18 ( 8.00%) . (1R,3aR,5aR,9aS)-1,4,4,7-PU HI FE -
1,2,3,32,4,52,8,9-/\ & ¥ 15 — 4% I [c]2E I WK (7.12%) | 2,4,5,8a-P0 F 3£ -1,2,3,4,42,7,8,8a-/\ & -1-25 3

CXEE YL
CX ethanol 120 14
precipitation

LR HR (6.33%) . (2S,3S,4aS,8aR)-3-(2-F% H T g -2- 4k )-8a- 11 3t -5-37. 1Y i -+ S0 2% -2- (5.06%)
Agarospirol( 14.20%) , Benzylacetonyl( 8.23%) , cis-Eudesm-6-en-11-0l( 8.00%) , (1R,3aR,5aR,9aS)-1,4,4,7-
tetramethyl-1,2,3,3a,4,5a,8,9-octahydrocyclopenta[c]benzofuran( 7.12%) ,

2,4a,5,8a-tetramethyl-1,2,3,4,4a,7,8,8a-octahydro- 1 -naphthalenyl acetate( 6.33%) ,
(25,385,4a8,8aR)-3-(2-hydroxypropan-2-yl)-8a-methyl-5-methylenedecahydronaphthalen-2-ol( 5.06% )

TN (7.33%) . U7 2 (5.64%) . 4 B (5.57%) . (2S,3S,4aS,8aR)-3-(2- 1% 1 P o -2- 3 )-8a- 1 i -5-
WP B 2R -2-1 (4.74%) |« B-Hi W I (3.90% )
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Benzylacetone( 7.33%) , Agarospirol( 5.64%) , Benzylacetonyl( 5.57%) ,

(25,385,4aS,8aR)-3-(2-hydroxypropan-2-yl)-8a-methyl-5-methylenedecahydronaphthalen-2-01( 4.74%) , B-

eudesmol( 3.90%)

40 0
80 0

T A B L

QN ethanol 120 20
precipitation

BEVEMIBE(18.11%) | o-t8 A B (14.15%) . HIAK-8,13-FE (11.56%) . D FLAL M (8.70%) . 1(2H)-ZE i,
3,4,4a,5,6,7-75 & -4a,5-— W 3k -3-(1-H1 3 2 4 25 )-, [3S-(3a,4a0,50)]-(5.10%)

Cubebol( 18.11%) , a-santalol( 14.15%) , Cedrane-8,13-diol( 11.56%) , Aristolone( 8.70%) , 1(2H)-
naphthalenone, 3,4,4a,5,6,7-hexahydro-4a,5-dimethyl-3-(1-methylethenyl)-, [3S-(3a,4a0,5a)]-( 5.10%)

2-Q2-FK Z N (9.39%) | 7 F B0 PR E ALY (6.49%) . DUFE IR (5.92%) . 7 B (5.52%) , 4a,5-

160 964

dimethyl-3-(1-methylethylidene)-4,4a,5,6,7,8-hexahydro-2(3H)-naphthalenone( 4.55%)

OFF “FE M7 455 P A EIE J iz Y B g m L 5 s 04 i LAY L 4] . The data in the “ principal component” column brackets in the table

is the proportion of the peak area of the substance to the total peak area.

TIC U 7] & i, BAR BT RN B 28 B A0 ARRL I L e R

i, (HJE CX 0 B {37 o b B 0 1] BRI IR T CX R Y

120 1 160 °C B X}y CX 12 B (1) 15.5% 1 19.7%, i3 B
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FH T I R ARG 5 il SO R A F A AR AL DT 3 7 o
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ARARL, 36 W 5T 5 vk R 35 B QN i B 1 1 Bl A
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Yy o R B S A AR, CXRF
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HOHE) O | 2-[2-(4-H SR B A I ) 256 (i, T
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