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Quality Analysis of Agarwood Produced by Fungal in Duction

of Aquilaria sinensis
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LIU Xuelin'  DENG Li'

(1. Guangxi State—owned Qinlian Forestry, Qinzhou, Guangxi 535017;
2. Guangxi University, College of Forestry, Nanning, Guangxi 530004 )

Abstract To investigate whether the quality of agarwood produced after 7 months of fungal inducer Aqui-
laria sinensis meets industry standards and its main chemical components. The study focuses on agarwood in-
duced by fungi in Shiwan and Xingdaohu for 7 months. The content of its alcohol—soluble extract was deter-
mined, its color reaction was observed, its fingerprint was analyzed using high—performance liquid chromatog-
raphy, and its main chemical components were analyzed using gas chromatography—mass spectrometry ( GC-—
MS). The alcohol —soluble extracts of agarwood from Shiwan and Xingdaohu were (19.29 + 8.30)% and
(22.54 £5.96) %, respectively. The chromogenic reactions showed purplish red and light purple, and the high
—performance liquid chromatography characteristic spectrum also showed 6 characteristic peaks, which met the

agarwood industry standards; Shiwan and Xingdaohu agarwood had 12 and 15 Sesquiterpene, accounting for

* BEWAB . ) VIAMLAHIH CBEARRE [20222C] 5591 9),
E—EE: ®millDT (1975—), B, BHTRIMN, FENGEHRMAET SFMPIE, E-mail: 215100932@ qq. com,
BEEE: B (1974—), 5, BRTEIG, ZEAFRME T, E-mail: 2868353830@ qq. com,



DT AE . HEE S HORE A Ui B by 113

30.80% and 30.06% respectively, 4 and 5 2- (2 - phenylethyl) chromones, accounting for 24.81% and

30. 62% respectively. In this study, the agarwood of Shiwan and Xingdaohu for 7 months induced by fungal in-

ducer can meet the industry standard of agarwood, and the content of Sesquiterpene and 2— (2-phenylethyl)

chromones can reach 55. 61% and 60.08% , providing new theory and method for artificial induction of agar-

wood.
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Note: The left picture is the sample of Shiwan, the right picture is the sample of Xingdao Lake.
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Fig. 1 Collection of agarwood samples
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1.2 FHik

1.2.1 BREpRid WECHREESHAR 1.0 g,
JMA 95% £ 100 mL, FXE, #E 1 h 5, Mk
ik 1 h, WEEANE R, BB 25 mL, KT,
FF 103 THAEH T 3 h, JECEE TSP
BHGIGERRE, R EEER L
1.2.2 2ERAE WERBYIER 3 mL THEE
M, TG M EZE K I FRE I, 4ksm
PERMM A WRY B, BUFRWEI, ek
PPk Ehme 1 %5 0.05 ¢ HEEE, F% N 95%
S ~20, BRE, WEEIEAL,

1.2.3 JHECRANFIEEESH  FREL0.2 g FEA,
JIA 10 mL95% Y L B, #E75 AL 3 60 min, 0.22
pwm AL I8, SRR AR R B HE LC-2050C,
74¥ 4 Shim-pack GIST C18 (250 mmx4. 6 mmXx
5um), MM 0.1% HERK (A) FZNE
(B), N3 C, AZhtFEEE N 4 C,
FEEN 10 pl, JEH 0.7 mL min~", &K N
252 nm'"™ |

R1 BERBREH

Table 1 Gradient elution conditions

i H]/min WA A/ % WLEAR B/ %
Time Mobile phase A Mobile phase B
0~10 85~80 15~20
10~19 80~77 20~23
19~28 77~67 23~33
28~40 67 33
40~41 67 ~65 33~35
41~50 65 35

50.1~60.0 5 95

1.2.4 AAWESE  FRECOUE IR A 1 mg

F 5 mL &M, AR A, Bk
1 g/L W58 —XF B, 38 906 B 45 3] 200, 100,
50, 20, 5 mg/L Jou i ¥k B A9 0T BRI W, R R
“1.2.37 ZMFAr N HERE, DA BRSOk B Ol B
Aetr, WETRUC AR, dilfERR

1.2.5 &AME&#E-miEay KM O0.2 g,
JA 25 mL B, voKi A 30 min, 98, &
HEOBIRBOR TG, HT/5H 3 mL & H 5%
BH, 0.22 pm AHUEIE, RAHEE Agilent <
J— (A% 5 FH X (7890B-7000D, ZE[E) #4714

Mro il &t. @i%4Ey DB-5MS Ultra Inert 5
PEAERMEH (30 mx250 pmx0.25 pm); F+
AR . WA 50 €, f44F 3 min, LA 25 C/min
FHE % 100 T, LI 10 C/min FHE ZE 180 C,
L4 C/min FHRZE 220 €, L 10 C/min AR E
300 CTHFF 6 ming B A EAAR, BAWME
I mL/min, #E&E 1 pl, N, Bk & 4.
G E P, BEiEE 70 ev; B IRIEE
230 °C; 3 BF 260 C; J5 i 4 #5633 ~
500; ZEb A Wi ik B EOE R Gk F SO kT
Nist2017 AR ik %, I AR — 2%t &
S AT B i,

2 HRERH
2.1 EAERUYMEENE

AT DU RS B R W (19,29 +
8.30)%, RS MU EHEHEMMEREERLY N
(22.54£5.96) %, 556 (hEZM) MUTEFET
B (LY/T2904-2017) MIEHEER YT KT
10% E@g;‘k[l}—lﬂ N
2.2 BBRMN

FEPER MG, A R - ER R AT L
XPRE B R M AT S S, S S N A
JEULIE 2, AT R SRR ) (0 32 B A
e, S a, HEaRNMERFE (PEZ
Hy RERAE

T e AR, AT B S IR
Note: The left picture is the sample of Shiwan, the right pic-
ture is the sample of Xingdao Lake.

E2 AZMEHSNEEREGRE
Fig. 2 Chromogenic reactions of agarwood samples
from SW and XDH
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Fig. 3 High performance liquid phase characteristic map
agarwood samples

3.00E+08 —

2.50E+08 —

2.00E+08 L J L
N‘J,h_uhm‘x e, ‘LAUMLJW | Sy

1.50E+08
1.00E+08

5.00E+07

0.00E+00 JMMMLW@JIAW_JLL

T T T T T T T
5 10 15 20 25 30 35

i []/min Time
4 JIEESR GC-MS 2B FiRE
Fig. 4 GC-MS total ion flow diagram of agarwood sample
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(58, 6R, 7R, 8S) -2- [2- (4-WHEKE-FK2
)y ] -5,6, 7, s-MUEH-5, 6, 7, 8-UAM
i, ViFEE B, DiFGE c'Y,

16 435 22 4y 22 I 6 MERF G UTH AN
FEMARAED 7 AL 5 W0 DO AR S Y 77 e R AiE
W, R R AL 5 U RE AR A UUE ATl
FRife
2.4 MENESE

DU UBERY A [FIH 5 FE R Y=34 683X-36 030
(R*=0.999 9), 7% F1 2 5 I T A FE & h UU A g
FEESr B N (0.49+0.34)%, (0.53+0.22)%,
wE T (PEZGIY BER 0. 1%FR1EN
2.5 HEFSEEMEINE GC-MS &R

A7V RN B DR AR S BRI 1) GC-MS BB
TUREANE 4 s, A TS AR S R S e I
rhILBOE 59 MBS (R2) . Hb, AR
BB RS oA 12, 154, HAH
X Z AR 30.80% . 30.06%; 2- (2-FK )
OEEALEY A 4, 54, HMG&EZRN
24.81% ., 30.62%; WEEEFRHLARNTIREAEY)
B 7 A, HMEX &8 Z Mol 6.64% .
2.97% 5 JFHUEHIAE — TR I R ik 2o 4k & W Bl o0 7 45
ANFES AR B A, IR A R A A R G 2R
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Table 2 Chemical compounds of agarwood samples identified by gas chromatography—mass spectrometry

g5 A FX REEEHEL/min

&Y

XS/ % Relative
Percentage content

No. Formula Retention time Chemical Compound

SW XDH
I GHO, 4.45 I;t;lar(u;%n_eﬁf3 %—%(%iﬁs}:yzl;f;nyim— 0.73 N
2 C,HO 6.03 X H i Benzaldehyde - 2.43
3 C,H, 6. 64 4-F LI 2 Decane, 4-methyl- 1.27 -
4 C,H, 7.09 5-Z.3 -2~ EF 5% Octane, 5—ethyl-2—methyl- 0.77 -
5 C,H,0 9.31 3243 -2-"Tfill 2-Butanone, 3-phenyl— 0.73 -
6 C,H, 9.39 4, 6- _H I+ "kt Dodecane, 4, 6-dimethyl- 0.73 -
7  C,Hy 9.50 4- 2. 3+ —J5% Undecane, 4-ethyl- 1.38 1.15
8 C, H, 10. 77 2—-H I+ = )¢ Tridecane, 2-methyl- - 0.23
9 C,H, 11.23 1 PU%5% Tetradecane 0.31 0.25
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s . N FAXT 5/ % Relative
éﬁ? ﬁ¥f§ ’ﬁé?ﬁﬂﬂ'lﬁj/mln ﬂ:‘é% Percentage content

No.  Formula Retention time Chemical Compound

SW XDH

3-2.H#-2, 6, 10-=HHA—h
C,H o -
10 16773 11.96 3-Ethyl-2, 6, 10-trimethylundecane 060

SR, A= RUT A LR G

1 CyHy0s 12.52 Pentanoic acid, 5-hydroxy-, 2, 4-di-t-butylphenylesters 8.24 8.4
12 C;H,0 13.49 a—187E . alpha. —Santalol * 0.53 0. 80
13 C,H,, 13. 66 +75%E Hexadecane 0.32 0.28
2-ZEHIE
OGO st o, S O -
[2R- (2.alpha., 4a.alpha., 8a.beta.) | -*
15 C;H,O0 14. 59 fili-6-)—4a -8 Selin-6-en—4. alpha. —ol* - 0.73
Sa-FH-4a, 8, 10, 11-PUHFIHE=3F [6.3.0.0 (2,
16 C,H,,0 14.67 4 1 F—-10-5 0. 36 -

5. alpha. ~Hydroxy-4. alpha. , 8, 10,
11-tetramethyltricyclo [6.3.0.0 (2, 4) ] undec—10-ene*
_CHHERKROE-1-
17 C,H,O 14. 67 2, 6, 6-=HIIIACIG-1-HE . - 0.38
1-Cyclohexene—1-carboxaldehyde, 2, 6, 6-trimethyl—
4- (1, 5S-"HHE-1, 4-C ) -1-HEFCHE
18 C;H,, 14.79 Cyclohexene, 4— (1, 5-dimethyl-1, 0.34 0.97
4-hexadienyl) -1-methyl-*

2, 6, 10, 15-PUHFA+Ek

C, H .
19 anm 14.99 Heptadecane, 2, 6, 10, 15-tetramethyl—

1, 3-8 (2-INEE-2-FIEIRNIE) T -2-Hi- 1-F
20 C,H,O0 15.21 1, 3-Bis— (2-cyclopropyl, 2-methylcyclopropyl) - 0.35 -
but-2-en—1-one

NE-4, 4, 8, 8-V K-4a, 7-WE-4aH-ZE [1, 8a-B]
WL
21 GsH,,0 1541 4a, 7-Methano—4aH—-naphth [1, 8a-b] oxirene, N 0.32

octahydro—4, 4, 8, 8—tetramethyl-*

2- (4a, 8-"HI3-1, 2, 3, 4, 4a, 5, 6,
TN -2-3) P2l 1
22 CsHa0 1554 2- (4a, 8-Dimethyl-1, 2, 3, 4, 4a, 5, 6, - 0.49

7-octahydro—naphthalen-2-yl) —prop—2-en—1-ol*
1= (2-WSR RS —5- I -4-C - 1-1

C,H;O . . R
23 s 15.87 1- (2-Methoxyphenyl) —5-methyl-4-hexene—1-one 131 0.52
JA5h S0 )
24 C;H,O0 16.74 2 (3H) -Naphthalenone, 4, 4a, 5, 6, 7, 8—hexahydro-4a, 0.33 -

5-dimethyl-3- ( 1methylethylidene) -, (4ar—cis) -*

25 C,H, 14 12,3, 1 z 31N XU -2, 2'—{%. _ 0.48
1, 2, 3, 1', 2", 3'-Hexamethyl-bicyclopentyl-2, 2’'-diene
(2S, 6R) -2, 6-_HH-2- (2- (4-FFEmRIH-3-3%)
ZH) WO
(2S, 6R) -2, 6-Dimethyl-2—- (2-
(4-methylfuran-3-yl) ethyl) cyclohexanone*

26 C.H,,0, 17.16 1.57 -
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FAXT 5/ % Relative

i r sl REIE]/min &Y Percentage content
No.  Formula Retention time Chemical Compound
SW XDH
1 (2H) -Naphthalenone, 3, 4, 4a, 5, 6,
27 C;H,O0 17.20 7-hexahydro—-4a, 5-dimethyl-3— (1-methylethenyl) -, 2.46 0.92
[3S- (3.alpha. , 4a.alpha., S.alpha.) ] -*
4 RE IR P I - B — A A I
C, H,;,0 -
28 T 17.80 . beta. —Santalol, 4-methylpentanoate 0.61
29 CsH,0, 18.07 8a, 11-#Kth % 8. alpha. , 11-Elemadiol* 0. 81 -
1, 1, 4, 7T-WHETH-1H-BANMH-4, 7-F
30 CH,O, 18.07 1, 1, 4, 7-Tetramethyldecahydro-1H-cyclopropa - 0.85
[e] azulene—4, 7-diol*
7, 9-TA T H-1-F M8 [4.5] 28-6, 9-HF-2, 8- [
31 C;H,,0, 18.21 7, 9-Di-tert—butyl-1-oxaspiro (4, 5) deca-6, 0.51 -
9-diene-2, 8-dione
2, 6, 11, 15-MH 75 %% Hexadecane
C H . ’ ’ ’ ’ _ .
32 07 18.33 2, 6, 11, 15-tetramethyl— 0.57
33 C.Hy, 18. 42 3, 3, 5- =M% %% Decane, 3, 3, S—trimethyl- - 0.28
34 C;H,0, 18. 69 #J 5K Valerenicacid * - 1.63
2 (1H) -ZMi, 4a, 5, 6, 7, 8, 8a—/N&-6- [1-
BRPEZEHE] -4, 8a-—MH- [dar- (dac. , 6., 8aP. ]
35 C;H,0, 18. 69 -2 (1H) -Naphthalenone, 4a, 5, 6, 7, 8, 1.02 -
8a—hexahydro—6— [ 1- (hydroxymethyl) ethenyl] —4,
8a—dimethyl-, [4ar— (4a.alpha., 6.alpha., 8a.beta.) ] -*
N 22~ =)
36 C,H,0 18.93 - RUR [4.3.0] The-2-Hi, 8-5rl N 0.35 B
Bicyclo [4.3.0] nonan-2-one, 8-isopropylidene—
AR — 5 — 6 — FH L B — 0 — HL TG
37 CyuH,0, 19.07 WE—AB-6RER-2-ETH - 0.27
Phthalicacid, butyl6—methylhept—2-ylester
38 C,H,0, 19.13 FEHE R n—Hexadecanoicacid 0.96 1.01
5, 8- #H-4a-HFE-4, 4da, 4b, 5, 6, 7, 8,
8a, 9, 10-+%-2 (3H) FEfd
39 CisH20; 19.29 5, 8-Dihydroxy-4a-methyl-4, 4a, 4b, 5, 6, 7, 8, 19.98 9-43
8a, 9, 10-decahydro—-2 (3H) -phenanthrenone*
4aR, 5S-1-F3dk-4a, 5-"HHE-3- (N-2-1HE) -4,
4a, 5, 6-PUEZE-2 (3H)
C,H,,0 > -
40 150 19.51 (4aR, 5S) -1-Hydroxy—4a, 5-dimethyl-3- (propan-2- 8.97
ylidene) -4, 4a, 5, 6-tetrahydronaphthalen-2 (3H) -one*
41 C,;H,O 20. 40 1, 5-—7K3E-3-J% i 3—-Pentanone, 1, 5-diphenyl— - 0.40
- - THEZI) —4- 2-THHAE PN
42 CLH,O 20, 40 1= (1, 1R L) —4- (2- NI 4E) K 0.5 ~
Benzene, 1- [1, 1-dimethylethyl] —-4- [2-propenyloxy] -
6-SMH-4, 8a-—H¥-1, 2, 3,5, 6, 7, 8,
Ba—/\AZ-2, 3-_¥
H 9
43 Cisty0, 20.46 6-Isopropenyl-4, 8a—dimethyl-1, 2, 3, 5, 6, 7, 8, 0.50 0.58
8a-octahydronaphthalene-2, 3-diol*
1,2,3, 3, 4,5, 54,6, 7,8, 8,9, 10,
_ S e
44 C.H, 21.00 10a—F-PHE(EE - 0. 34

Pyrene, 1, 2, 3, 3a, 4, 5, 5a, 6, 7, 8, 8a, 9, 10,
10a—tetradecahydro—
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FAXT 5/ % Relative

i r sl REIE]/min &Y Percentage content
No.  Formula Retention time Chemical Compound
SW XDH
45 C,H,,0 21.13 22 4% 34 Ylangenol * 2.46 0.72
i M TiE Azuleno [4, 5-b] furan-2 (3H) -one,
46 C,H;O, 21.23 decahydro-3, 6, 9-tris (methylene) —, [3aS- - 1.54
(3a. alpha. , 6a.alpha. , 9a.alpha. , 9b.beta.) | —*
BER-4, 10 (14) -Ji-1. B-fE
47 C;H,,0 21.24 ’ - 1.5
e Muurola—4, 10 (14) —dien—1. beta. —ol* ?
48 C,H;O0, 22.90 + /\JEfR Octadecanoic acid - 0.20
1, 3= RE-1- N -5
C,,H,O . K - .
49 17e 2318 1-Penten-3-one, 1, 5-diphenyl- 0. 68
50 CsH,0, 23.47 /K 2 K2631Bohlmann k2631 - 0.52
2- (2-HLHEE) A
51 CjH,0O 25. 65 1.8 3.76
7 2-Phenethyl-4H-chromen—4-one* o
_YAFE | —YAH L 7 e iR
50 C,H,O0, 27 64 . 2 BH-1-BP R OB TSR B 0.26
Hexadecanoic acid, 2-hydroxy—1- (hydroxymethyl) ethyl ester
8- & Fk— 2K £, FEAA i
53 C,H,0,  28.52 T2 RLIEM 6. 66 6.79
8—Methoxy—-2-phenethylchromone
T-H S -2 A
54 C4H,O 28. 96 - 0.41
1876 ? 7-Methoxy-2-phenethylchromone *
N, N-TZH-4- [2- (4-fHHEAEL) LiHE] Hk
55 C,;H,N,0, 29.01 Benzenamine, N, N-diethyl-4- [2- - 0.79
(4-nitrophenyl) ethenyl] -
56 I-FRbeR-2, 3-—&-1H-Bf
C,H K -
noe 29.36 IH-Indene, 1-hexadecyl-2, 3-dihydro- 0.79
57 C,H,;NO 30. 06 IrBRME 13-Docosenamide, (Z) — 23.15 18.97
6, 7T-_HHEIE-2- (2-FK )
58 C,H;O 30. 66 ’ 15.57 19. 14
e 6, 7-Dimethoxy-2-phenethyl-4H-chromen—4-one* ?
6, T-—HEH-2- (2- (4-FHEIFREL) 25) @O
59 C,H,,0s 33.00 6, 7-Dimethoxy—2- (4-methoxyphenethyl) 0. 69 0.52
-4H-chromen—4-one*
1o s A L (7 M e S L
AR SR (%) /AR 30, 80/12 30, 06/15
Sum of relative content of Sesquiterpene/quantity of Sesquiterpene (% )
= A L o RO
CEARA S 2R (%) /A 24, 81/4 30, 62/5

Sum of relative content of chromones/number of chromones (%)

T RORBREIRA S, A RR 2- (2K BEALEY; SWARERATEEES, XDH IURE SR,

Note: *indicates sesquiterpenoids, # indicates 2— (2-phenylethyl) chromones; SW indicates the sample of Shiwan, XDH indicates the sample of

Xingdao Lake.

e e L 26 P T 7 1 v P B B R A T
3 Wit54it 10% BB 70 | 245 ki S R T 75 v £

R ) EOE 4 7 P RO T A PR IS B 10% , DUV EUEZE BRI S 7 A A Br
PR, IR G N . DA A B PR, Dk R AR, B
FIEERAY TR TR, M, SARUER ASHLERAN T S 1% R
MR & RS CREZY) MYVIETIEE 5 NaH,PO, FSMA IR 12 1A | Kl a foms
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PRI AH 7.61% . 3. 15%H1 8. 60% , Aik%|
AZibnifE, H s T AR RR S &GS
BT, R ES 5 0 T A= 7 3k 2 25 2R 1Y
?ﬁ%@w—m] i

AN, FIFH GC-MS XL ) £ Bk B 11k
SRR, ISR E 59 R kR sy, A
AL & TR A 2wt & o 12, 15 4,
2- (2-RZHL) @EREEW NN 4, 54, H
ULA FRAE 7= 9 W A0 X & & 2 R 55.61%,
60. 68% ; WFFE N4 ¥4 il A H Y HEE /L (CRIE
) G5E 2 FRRIMTIER LM 2- (2-K 2
) EEIAAE YR H 51.57% " Ok
U T ARG T 485 T AT 0 B4 35 2 1 R 2 -
(2= ZH) EEIZEAL S YIS H 28.30%; X
W2 N R RSB SR 10 A, A5k
M2- (2= 2H) RSP N 41.52%,
FLUTEFRAE 7= Py A X i 2 AT A R R 45
F RS IOE WU, 3 % B 45 A vl
AR .

PRI, HEWHIZ B R 45 & I BE J 08 5 KR &
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