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Rapid screening of fungi that promote the production of
agarwood in Aquilaria sinensis

LIU Chuang, ZHOU Guoying, LIU Jun’ang

College of Life Science and Technology, Central South University of Forestry and Technology, Southern Plantation
Forest Pest Prevention and Control State Forestry Administration Key Laboratory, Hunan Provincial Key Laboratory of
Forest Pest Control, Economic Forest Cultivation and Protection Ministry of Education Key Laboratory, Changsha
410004, Hunan, China

Abstract: Taking the Aquilaria sinensis plantation owned by the HAINAN KEDA Forestry Co.,
Ltd. in Chengmai County, Hainan Province as experimental woodland, the solid catalysis of
(Aquilaria sinensis) was carried out by using the fungal strains isolated previously, and GC-MS
technology was used to screen out the strains having catalytic effect. It is found that the chemical
composition of agarwood changes significantly after catalysis. The screened strains with catalytic
effect were inoculated to the Aquilaria sinensis, and the volatile oil and chemical components of
agarwood were determined in 6 months after inoculation. The analysis of the extracts of the solid
catalytic products of resinated wood showed that there were 24 chemical constituents in the ether
extract, including 5 constituents in common, 6 aromatic compounds and 18 other compounds. The
three strains, Trichoderma sp., Neurospora sp. and Melanotus flavolivens, significantly changed
the chemical composition of agarwood. The analysis of the extracts of the incense wood in
6 months after treatment showed that there were a total of 84 chemical components in the ether
extract, including 30 components in common, 17 aromatic compounds, 34 sesquiterpenoids
compounds and 33 other compounds. The extraction rate of ether extract of the samples treated
with Trichoderma sp., Neurospora sp., Melanotus flavolivens and CK samples were 3.62%, 4.04%,
3.97% and 1.94%, respectively. The sums of relative content of aromatic components were
15.15%, 17.29%, 12.13% and 7.95%, respectively. The sums of relative content of
sesquiterpenoids were 10.61%, 11.19%, 11.4% and 0%, respectively. Trichoderma sp.,
Neurospora sp. and Melanotus flavolivens screened through solid catalysis of resinated wood can
effectively induce Aquilaria sinensis to generate agarwood within 6 months.

Keywords: Aquilaria sinensis; aroma-forming method; aroma-promoting fungus; GC-MS
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Fig. 1 Sampling location map.

B2 AEFmE
HLME: B#i%ka8H RAR IR G AR TR R IA

LV: K% 8 E IR Y AARTIRLE R He B8 E R Y AR F WAL R
CKl1: Z5HXf IR

HBUREAL: ERTJ55 em

Sampling hole: 5 cm from the bottom

WEFL: BHLTE ] m
\ / Drip hole: 1 m from the ground
) Q HkEAL: B 175 m

Sampling hole: 5 m from the top

Fig. 2 Agarwood samples. LV: Trichoderma sp. infecting Aquilaria sinensis trees, H: Neurospora sp.
infecting A. sinensis trees; HLME: Melanotus flavolivens infecting A. sinensis trees; CK1: Blank control.
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Fig. 3 GC-MS total ion chromatogram of each sample.
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Fig. 5 GC-MS total ion chromatogram of each sample.
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Table 2 Chemical components in ether extracts of 4 samples

i REE LG Vit oy Tt FHXT 2
No. RT (min)  Compound Molecular Molecular Relative content (%)
formula weight LV H HLME CK2

1 6.216 2-FA L3-8 e CsHy140 102 056 048 0.18 0.19
3-Pentanol, 2-methyl-

2 12.141 2R C,HsO 106 045 059 052 -
Benzaldehyde

3 18.267 [(S)-1-((S)-1-Isopropyl-but-3- Cy5HpO 218 - - 0.36 0.50
enyloxy)-ethyl]-benzene

4 20.909 R L CiHpO 148 043 127 080 -
2-Butanone, 4-phenyl-

5 25.124 i A 44 CysHas 204 021 036 020 -

Cyclohexane, 1-ethenyl-1-methyl-
2,4-bis(1-methylethenyl)-,
[1S-(1.alpha.,2.beta.,4.beta.)]-

6 25.740 VAT CI0H;;0 154 0.18 - 0.21 -
1,6-Octadien-3-ol, 3,7-dimethyl-

7 26.370 o- T RIA CisHyy 204 058 025 022 -
Alpha-Guaiene

8 27.830 (4-F AR ED)-2- TR CpHi O 178 - - 0.14 -
Benzene, 1-methoxy-4-pentyl-4-

9 27.958 2,6-UT HEXT HOR CisH 0 220 2.19 251 351 4.05
Butylated hydroxytoluene

10 28.106 o~ ZEW CisHag 204 0.17 0.16 0.15 -

Azulene,1,2,3,5,6,7,8,8a-octahydro-
1,4-dimethyl-7-(1-methylethenyl)-,
[1S-(1.alpha.,7.alpha.,8a.beta.)]-
11 29.195 - AR CisHyO 222 035 026 0.12 -
Cyclohexanemethanol,4-ethenyl-alpha,
alpha,4-trimethyl-3-(1-methylethenyl)-,
[1R-(1 alpha,3 alpha,4 beta)]-

12 29.949 o- TR i CisHO 220 027 039 0.20 -
Alpha-Santalol

13 31.164 ()=t 254 CisHag 204 030 - - -
(+)-Gurjunene

14 31.168 (H)-F 175 CisHas 204 - 036  0.14 -
Aromandendrene

15 31.295 DL e CisHysO 222 0.64 035 0.54 -
Agarospirol

16 31.415 y-RE CisHyO 222 0.50 0.64 0.62 -
Gamma-Eudesmol

17 31.425 AR CisHyO 222 - 0.52  0.60 -
Hinesol

18 31.657 B-FAA NG CisHyy 204 020 - - -

1H-3a,7-Methanoazulene,octahydro-3,8,8-
trimethyl-6-methylene-, (3R,3aS,78S,8aS)-

Tu?
o
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|2 A T i

Pregnan-20-one, 3-hydroxy-

LRAEH TR R

Himbaccol

e J

3b-Cycloeucalenol
6,6-trimethyl-(1theta)-bicyclo[3.1.1]hept-2-en
- R

Humulene

2 T i

Pregnenolone

IR 6 g

Limonen-6-ol, pivalate

- DY H IR 0
Ethyltetramethylcyclopentadiene

I\ L2
2-Naphthalenemethanol,2,3,4,4a,5,6,7,8-
octahydro-alpha,alpha,4a,8-tetramethyl-,
[2R-(2 alpha,4a beta,8 beta.)]-

FA L2 T ds-3,17-
5-alpha-androst-2-en-17-beta-ol,
17-methyl-(50,17)-17-

ZHI3E2 3- A 1H-E

1H-Indene, 2,3-dihydro-1,6-dimethyl- 1,6-
DY FH B3R 5% 0

Hedycaryol

BUH
2,4a,8,8-Tetramethyldecahydrocyclopr-
opa[d]naphthalene

0 N R

Andrographolide

P A st

Beta-Santalol

WAL

1H-Cycloprop[eJazulen-4-ol,
decahydro-1,1,4,7-tetramethyl-,
[1aR-(1a alpha,4 beta,4a beta,

7 alpha,7a beta,7b alpha)]-

Ci5sHa60

C15H26O

Ci5sHa60

C21H340,

C 15H26O

C30Hs00

C101-116

C 15H24

C21H3202

C 15H2402

C11H18

Ci5sHa60

C20H320

C111-114

C151-1260

CisHae

C201-13005

CisH240

Ci5Ha60

222

222

222

318

222

426

136

204

316

236

150

222

288

146

222

206

350

220

222

0.42

1.76

0.71

0.22

0.31

0.49

0.42

0.17

0.16

0.39

0.52

0.34

0.13

0.53

0.53

1.98

0.54

0.38

0.40

0.20

0.47

0.13

0.25

0.28

0.18

0.54

0.56

0.31

1.55

0.37

0.20

0.21

0.49

0.33

0.64

0.57

k2

\3@
o
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2R 2

38 36.814 JOEL 55 P 7 5 TR P CuH7p0, 596 017 057 - -
Cholest-5-en-3-ol (3 beta)-,
tetradecanoate

39 36954 S A BIAREE CisHyO 222 069 076 073 -
Bulnesol

40 36981 VY B IR2E 0 F CisHyO 222 - 0.61 051 -
3,7-Cyclodecadiene-1-methanol,
alpha,alpha,4,8-tetramethyl-, [s-(Z,Z)]

41 37.015 FAmE Cy3H3406 406 026 - 0.16 -
Card-20(22)-enolide,3,5,14,19-
tetrahydroxy-, (3b,5b)-

42 37.138 Acetate,(2,5,5,8a-tetramethyl-1,2,3,5, CisHyO, 250 0.53 - - -
6,7,8,8a-octahydro-1-naphthalenyl) ester

43 37.740 I 4,7-/\ Bk IR mR 1R CigH300, 290 026 - - -
4,7-Octadecadiynoic acid, methyl ester

44 37.822 (H-B1E4 CisHy, 204 - 0.55  0.50 -
(+)-Sativene

45 37.972 AROR IR T L IE 2R CpH304 362 213 489 429 2.64
1,2-Benzenedicarboxylic acid,
butyl decyl ester

46 38.064 1B 1R CisHy0, 242 - - 1.75 2.56
Pentadecanoic acid

47  38.640 16-FE R R CaoHy0s 364 .03 - - -
1H-2,8a-Methanocyclopentaa]
cyclopropale]cyclodecen-11-one,
1a,2,5,5a,6,9,10,10a-octahydro-
5,5a,6-trihydroxy-1,4-bis(hydroxymet)

48 38.645 S FL s CisHyO, 232 - - 0.88 -
Isovelleral

49 38.760 LR CisHyO 222 030 - - -
Epiglobulol

50 38972 hYRE I CsHay 204 - 040 033 -
(-)-Aristolene

51 39.235 AREFIE N T CisHy0, 232 041 027 - -
Germacra-1(10),4,11(13)-trien-
12-oic acid,6 alpha-hydroxy-,
Gamma-lactone, (E,E)-

52 39.579 1,5- 2R3 1 Cy7H50 238 032 027 - -
3-Pentanone, 1,5-diphenyl-

53 40.230 3-Oxatricyclo[20.8.0.0(7,16)]triaconta- CyHy,0 406 037 - - -
1(22),7(16),9,13,23,29-hexaene

54 40247 I3 6,9-/\fil RARTER CioH300, 290 - 026 047 -
6,9-Octadecadiynoic acid, methyl ester

55 41.345 RIATHIA CisH3,0, 280 - - 0.81 0.72
9,12-Octadecadienoic acid (Z,Z)-

56 41370 G AN C;sH30, 282 0.18 023 240 0.71
Cis-Vaccenic acid

En
S
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57 41714 o CyH;0 536 031 - -
1-Heptatriacotanol

58 41.726 R T R CigH0; 266 - 031 - -
2-Dodecen-1-yl(-) succinic anhydride

59 41.788 TR TR CisH360, 284 026 030 032 -
Octadecanoic acid

60 42.379 1-Penten-3-one, 1,5-diphenyl- C,7sH,c0 236 0.25 0.13 - -

61 42.752 EREAY) CisHyO 220 031 0.l6 028 -
Aromadendrene oxide-(1)

62 45.357 8-Naphthol, 1-(benzyloxy)- CisH140, 250 9.87 7.10 225 0.76

63 45771 O MR O R CuHyO4 - 370 - 027 033 0.25
Hexanedioic acid, bis (2-ethylhexyl) ester

64 47420 17 bik-2,3-—A-1H-Efi CasHy 342 0.17 - - -
1H-Indene, 1-hexadecyl-2,3-dihydro-

65  47.769 AR R CioH3304 330 133 - 2.80 5.05
Hexadecanoic acid, 2-hydroxy-1-(hydro
xymethyl) ethyl ester

66 49.557 Propenoic acid, 3-(4-benzyloxyphenyl)-, CisHis0; 282 - 6.16 2.67 -
ethyl ester

67 49.594 Benzene, (1-methoxy-4-methyl-3-pentenyl)- C3H50 190 0.93 - - -

68  49.641 X F AR BRI P CioH,0, 164 - 0.76  0.17 -
2-Propanone, 1-(4-methoxyphenyl)-

69 50.168 Coumarin, 6-benzyloxy-3,4- CisHi;gO; 282 1.06 050 0.52 -
dihydro-4,4-dimethyl-

70 50.308 3R SR CisH140, 214 - 048 - -
3-Benzyloxybenzyl alcohol

71 50.927 R R 5 CyHpO4 358 098 - 171 3.08
Octadecanoic acid, 2,3-
dihydroxypropyl ester

72 50.570 AR C2iHyO4 356 - 0.15 026 -
9-Octadecenoic acid (Z2)-,2,3-
dihydroxypropyl ester

73 51.096 2R LR Ci3H;,0, 200 10.56 5.66  6.67 -
Phenol, 2-(phenylmethoxy)-

74 51813 FREEAT P CioHz0, 172 - - 0.53 -
Octanal, 7-hydroxy-3,7-dimethyl-

75 52299 P& Wik A CsoHso 410 036 058 081 0.41
Squalene

76 54285 XTI CioHi,O0 150 035 - - -
Phenol, 4-butyl-

77 54.322 3-[2-(4-FRHEAIL) L HE PR Ci4H,40, 214 - 031 048 -
1-(4-Hydroxyphenyl)-2-
(3-hydroxyphenyl) ethane

78 54.400 3-[4-CR ) AR B NIR CigHi0; 256 - 038 - -
Benzenepropionic acid, 4-benzyloxy-

sk
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79 54476 1,4- R IR
Succinic acid, diamide,
N,N'-methyl-N,N’-phenyl
80  54.830 1-FAU -4 R
Anisole, p-octyl-
81 57.188 (1,2-—H&EFE IR
Benzene, (1,2-dimethoxyethyl)-
82 59.546 o
Stigmasterol
83 60.835 YA
Gamma-Sitosterol
84 62.210 2-tert-Butyl-4,6-bis(3,5-di-tert-
butyl-4-hydroxybenzyl) phenol
ik
Sesquiterpenoid
Aromatic compounds
ST Total

gik 2
CioHgO4 190 0.13
CisHx0 220 - - 0.79
CioH140, 166 - 0.51
CyoHy0 412 0.58 048  0.68
CyoH;500 414 073 052  0.69 0.25
C4HssO53 586 1.26 1.09 1.91

10.61 11.19 11.40

15.15 1729 12.13 7.95

50.22 48.71 49.88 21.17

e -, FIORAAGF]
Note: -, not detected.

SR FEXF BT A8 €0 ) BT EA T Ak 27 O3 0 B R A
IR ZTTEYI T, M E X —RE NS e
PREEHHE, X —FRIREE S H K AL #
FHE AL UK LR AT ROR 4 50 HARE LR T
S5 H MR ], A B TR AR T AT H A
R P (] 2021),

2-Q2-FR LI OIS | ARG AN TF T R
AW U 1Y B A o (K T S
2017), My N THEE S FIORE 7 258
TR i BT 1 G HEAL = S H RN A5 2018) 7L
B 0 T L A7 B DO 15 % T i 224
Z— A5 G AR B i (R S R X
oA 5 2 R (2013) i 90 e BRI #5 i DA% 2
il S 07 R o E DU N N T3R5
S, T ELAE i 28 5 7 i 55 I A G E
RIVEVESE 2014). 3 Fh BN 2 AARERIK 6
MAJE, BB T RETURFERY T, it
A S VI LA Z R0 05 FREACE W) AR 3R
BHH Trichoderma sp. 3 W) K 34 B R T A =
TR AR Aquilaria malaccensis, FTSTH ) H

1570 EMFIR

%, HIEBYA 2 ds p-remt B . BRI
AL AT AL B AR EE(Mei ef al. 2013), A%
(2016)F1| FH B 23 K 55 FN LA 25 18 B 5 5 TR
TAEF AT IIEY L, HA B b7 i or A5
B2 e LV A 0 I B A S B 2 SR B — 3
SR H A S DR B ARMIAR , 755
KAL), HAMSE HLME FE 5 B Rh Sz
R0, ARBFIEH HOFES TR kA
Neurospora sp. WK F HARTFLEE N ENE
UWHGE , H BRI 20t GC-MS 43 s i
1) ot 5 B s HE LR IR 25 J8 FL TR S TRk B B
VI R E = CAE 2021),

A 5 38 28 0 2 R ) LR R R
J8 SEAT A A, A )P AE B T 2 U
HR W) 0, 30K v 280 P 0 B A1 11 K 7 45
B B B A48 5 8 S, TR B 5 B 7 U0 A T
o TR P LR B R A AT A O ] i
RS 5UUE Y R E S G 25 DL A
(YA A S AL B AR AR 2E T 0 AH OG5k 1Y
K
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