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Abstract: The trunks of ten-year-old Aquilaria sinensis trees were filled with high-pressure nitrogen gas and treated
every 7 and 15 days for 3 consecutive months. The wood discoloration area was observed and measured, the content of
alcohol-soluble substances was detected, and the chemical composition and relative content of the agarwood were ana-
lyzed by GC-MS at 7 and 10 months after treatment. The effect of nitrogen gas filled on the agarwood formation was
discussed, which would provide a feasible induction method for artificial agarwood formation. The results showed that
nitrogen treatment significantly increased the longitudinal discoloration length and transverse discoloration width of
wood trunks, and the results of the treatment filled with nitrogen gas every 7 days (N;) were better than that of the
treatment filled with nitrogen every 15 days (N;s5). Ten months after N, treatment, the discoloration area was the largest,
and the length of agarwood zone and total discoloration zone in both longitudinal and transverse direction were signifi-
cantly longer than those of N5 and CK,. Inflating nitrogen treatment could significantly increase the content of alco-
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hol-soluble substances and agarotetrol, and the content of agarwood zone was higher than that of transition zone. The
content of alcohol-soluble substances and agarotetrol in agarwood area increased by 14.04% and 28.47% compared with
that of N5 and CKj, respectively, and the content of agarotetrol was 0.12%, which significantly higher than that of N
and CK;, seven months after N, treatment. The content of alcohol-soluble substances and agarotetrol in each treatment
increased with the increase of treatment time. Ten months after N, treatment, the content of alcohol-soluble substances
and agarotetrol in agarwood zone was 19.37% and 0.30% respectively, which was noticeably higher than that of N5 and
CK,. The content of alcohol-soluble substances and agarotetrol in N;s treatment increased by 9.42% and 51.50% re-
spectively, compared with CK;. The volatile component of agarwood in N, treatment was the highest, which was rich in
25 terpenes, 5 chromones and 8 other compounds, and the total relative content of terpenes and chromones reached

66.09%, significantly higher than that of N5 and CK,.
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Fig.1 Discoloration zone of holing under different treat-
ments 10 months after treatments
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Different capital letters indicate significant difference among dif-
ferent treatments (P<0.05), different lowercase letters indicate
significant difference among the same treatments (P<0.05).
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Fig. 2 Effects of treatments on longitudinal discoloration
length and horizontal discoloration width
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Fig. 3 Effect of treatments on content of alcohol soluble extract

23 MEMNESE

mE 4 Fias, BRas xR (CKy ) A4 £
DU PUBESL , T IR AS (N7 Nys) FIFTFLXT
M (CKy ) ¥Rk gh & X Ui & B R A &, HFE
SACFRCRE A, A EE 7 S H BN, N UUE
PUmE R m T CKy, 43l CKy Y 2.23 4% .
1.52 f%, AbFE 10 A B RS EE CK, 45
XYL DU e AR 7 A A B
Ny A AT PO B e, 38 0.30%, b Nis
B 42.86%, & CK, 9 2.14 f%. Nys A3 307 Y
B W B T CKy, [ CK, & 51.49%, 5%
W3, CK, AF5E 10 4 H B UTHE UEE & &0
0.14%, =T ChEZ ) BUEFRIE,



642 A AR F IR W44 3%
04907 ommEIAA 0 ER04 VAT (ARLEE 96% ) , Nys Ab B i f5 A8 i i
035r  Aa N R AT H A4 FEFETE (ML

_030r 81% ), CKy W2y 2-(2-2% £ 3 @l AHLLEE 97% ),

3 0as . CKs HF AR SRR GRS TR, 1 IR
§ 020 F (AHRLEE 94% ) AHXT & fe i o

E}ﬂ; 015 Ab Ca MALERSS 10 A4S H BF #9285 7 X i A AR 48 0

0.10} Bb W55 Pk GRS (R 1) o XL S W64 30

o0s - = FEE2L A . 6 R EEISMLAY . 2 FhisEL

0 B 17 M5 & Bk . BRIR IS S5 HoAth

N ﬁﬂémm K fEAYr . 30 RS R 7 R | 22 A5

ARKRE FRFRARAFRL BB 2E R B (P<0.05) , ARE/NE
FhEF N AH R A B 25 5 1 2 (P<0.05) o
Different capital letters indicate significant difference among dif-
ferent treatments (P<0.05), different lowercase letters indicate
significant difference among the same treatments (P<0.05).

B4 ARAENTENRESENM

Fig. 4 Effect of different treatments on content of agarotetrol
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Fig. 5 Total ion current figures of GC-MS under treat-
ments 10 months after treatment
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Tab. 1 Constituents and relative amount of agarwood oils under different treatments 10 months after treatment

P EY AR s MRS Relative content/%
No. Compound N;gi;c;lll;r Mw N; Nis CK, CK,
1 benzaldehyde 7%’ C;H¢O 106 - 1.78 0.75 -
2 2-oxo-butanoic acid 2-E T &R ® C4HqOs5 102 - - - 18.79
3 4-phenyl-2-butanone “HENER" CyoH,,0 148 - — 0.77 -
4 terpinen-4-ol 4-iff; jif " CioHi50 154 0.40 - 0.67 -
5 (1R,3R,5S)-6,8-dioxabicyclo<3.2.1>octan-3-ol CsH ;005 130 - - - 9.06
(1R,3R,58)-6,8- A M <3.2. 1> Kt-3- B ”
6 a-cedrene A" CisHas 204 0.62 058 0.13 -
7 camphene M CioHis 136 - - 0.18 -
8 santalol H7FREE" CisH20 220 280 095 - -
9  2-((2S,4aR)-4a,8-dimethyl-1,2,3,4,4a,5,6,7-octahydronaphthalen-2-yl) pro-C;5H,0 222 0.50 0.65 0.28 -
pan-2-ol  2-((28,4aR)-4a,8- " F HE-1,2,3,4,42,5,6,7-/\ F Z5-2-4L) N R
10 5-(2-hydroxypropan-2-yl)-2-methylcyclohex-2-en-1-ol  1-X%} & 45-6,8- " CioH200: 172 0.64 - - -
11 1,2,3,4,4a,5,6,7-octahydro-4a,8-tetramethyl-2-naphthalenemethanol CsH0 222 3.12 039 8091 -
1,2,3,4,42,5,6,7-/\ 4-4a,8-PU FFl 5228 I
12 agarospirol YL IEEE" Ci5sH,0 222 052 022 048 -
13 hinesol FHAE" C15Ha60 222 - - 095 -
14 aromandendrene A" CisHos 204 392 0.68 1.20 -
15 calarene 15" CisHas 204 4.89 - - -
16 elemene HEFFHi™ CisHas 204 1.12 - - -
17 g-humulene a-1 R4 CisHyy 204 1.17 - 0.09 -
18  santolina triene KB =47 CioH6 136 - 1.00 - -
19 a-selinene J+ 4" Ci5Haq 204 338 068 033 -
20 (+)-2-.alpha.-isopropenyl-3-carene o- N 4 H- B4 Ci3Hap 176~ 0.78  0.23 - -
21 B-ocimene % ¥ CioHis 136 - 1.61 1.82 -
22 isoaromadendrene epoxide &I E LY CysHp40 220 035 1.02 — -
23 alloaromadendrene oxide-(1) %7 & &L (1) Ci5H240 220 040 3.24 - -
24 B-caryophyllene £1 /74" CisHay 204 0.67 - 0.11 -
25 longipinocarvone 1K M-#A T SR CisH2,0 218 1.49 - - -
26 2-methyl-5-(1-methylethyl)-phenol 7 B 7" CoH140 150  3.76 235 - -
27 1,1,4,7-tetramethyldecahydro-1H-cyclopropa [e]azulene #F A % 4¢™ Cis5Has 206  8.76 - 0.56 -
28 (4S)-trans-(Z)-bizabolene epoxide AL 244%™ Ci5sH240 220 093 1.45 - -
29 1,2,4-triethyl-benzene 1,2,4-=Z FEH" CiHig 162 - 0.20 - -
30 (1S,6R,95)-5,5,9,10-tetramethyl-tricyclo[7.3.0.0(1,6)]dodec-10(11)-ene(1S,6R, CisH,40 232 - 0.29 - -
9S)-5,5,9,10-PU FFL 3L = $1[7.3.0.0(1,6)] + ke dE-10(11)-45°
31 cyperenone 7 Jff 4 il ™ C,5H,,0 218 - - 0.21 -
32 longifolenaldehyde 1< M-™ C5H,,0 220 045 0.26 - -
33 4,4a,5,6,7,8-hexahydro-4a,5-dimethyl-3-(1-methylethylidene)-2(3H)-naphthalen C,sHy, 204 279  0.65 0.52 -
one 4,4a,5,6,7,8-75 % -4a,5- I 3-3-(1-F 3. £, 3%)-2(3H) - 280
34 valerena-4,7(11)-diene #%-4,7(11) J&"" CisHas 204 - - 0.48 -
35  alloaromadendrene BB CisHyy 204 0.63 0.61 - -
36 1-ethenyl-1-methyl-4-methylidene-2-(2-methylprop-1-enyl)cycloheptane CisHos 204 1.45  0.29 - -
1-Z A3 1 J-4- 7 T 3 -2-(2- P TR - LI 38 R bt
37 (-)-globulolv WikimE™ Ci5Hy0 222 148  — 056 -
38 methyleugenol 13T " ChyHu0, 178 483 043 118 -
39 aromadendrene oxide-(2) FHEH ALY (2)” Ci5H40 220 1.03  0.87 - -
40 1,5-diphenylpentan-3-one 1,5- A& %E-3- /i C7H,;50 238 - - 1.07 -
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Tab. 1 Constituents and relative amount of agarwood oils under different treatments 10 months after treatment (continued)
i) (lacs ] BT g MM Relative content/%
N C d Molecular M

o ompoutt formula W N7 Nis CKi  CK,

41 valerenic acid #iHMER™
42 2-(2-phenylethyl) chromone 2-(2- 4 Z, %) A, fii *
43 docosane .+ i

44 6-methoxy-2-(2-phenethyl) chromone 6-F 48 3&-2-(2-%5 £ %5 (A i ©
45 2-(4-methoxyphenethyl)-chromone 2-(4-H & JE %K £, 3% ) (A il

46  6-benzyloxy-3,4-dihydro-4,4-dimethyl-coumarin
6- A3 4- T H 44T H-FRUR"

47  N-(4-benzyloxyphenyl)-2-cyano-acetamide N-(4-7

48 (Z)-9-octadecenamide JMARMEML”

49 squalene ffi&M"

50  6,7-dimethoxy-2-(2-phenethyl) chromone 6,7- ! 48 %-(2-75 2, 3&) 4 i

51 tetracosane iF -+ PUki®

52 7-hydroxy-2,5-dimethylchromen-4-one 2,5- " Jt-7-32 5 {7 i

53 6,7-dimethoxy-2-[2-(4-methoxyphenyl)ethyl] chromone
6,7- AR HL-2-[2-(4-H R FEIE 2 ) (R °
54 stigmasterol .5 %"

55 sitosterol 4 fif fi"
2
A 4 28
il
HAtfb A
Mt

=
=

/;

CIX

Ci5H5,0, 234 541 131 - -
Cy7H140, 250 1.94 6.49 2041 -

CaoHye 310 - 1.42 — —
CisHi603 280 399 572 18.44 -
Ci5H 603 280 - - 3.12 -
Ci5H 503 282 - 27.46  1.06 -

WEILIR D)2 - 2B CiHpN,O, 204 572 732 - -

C5H3sNO 246 6.84 - 3.28 5992
C30Hso 410 0.62 0.41 048 -
Ci9H 504 310 11.91 14.59 10.42 -
Cy4Hso 338 0.36 - - -

Ci1H¢03 190 3.52 — _ _
C0H,(05 340 346 2.58 1.07 -

CyoHy4s0 412 - 031 0.36 -
Cy9H500 414 - - 0.37 -
4126 11.87 5.09 0
8.35 4.60 3.15 0
24.82 2938 53.46 0

23.93 41.19 24.54 87.77

98.36 87.04 86.24 87.77

T CFOREE; CFORWIEZE; TRORMREE TRORER; CFORIRIIRS A2 TR IFEIRBMA Y FOR AR .

Notes:

" indicates aromatic compounds; — indicates not detected.

6. 7. 8 M TCHUREERY 2-(2-4 2 55 ) il AF %5 &
e, RS B 38.18%., 1E CKy BEf T,
FE N IBRMIBRIE N 32, A E 5 4 2m
T i Rety/

3 Itig
31 RENMNEEAMYRMAENESE
A

ANEVE T 718 BT P DU W3 & R AN
R AN ] AR, ARG PO s T AT AT
P WA . IR 3 R B ik L Ak 2R ik
B R VIR M FRR, R 3 YA 2 a
Ja W B PR B i e oo 9.7% . 18.0% Al
29.0%., ABFFEH, FERG 7 d T 1 IRESR, AR
J& 10 4~ H BT X EEE PR IO & 2 19.37%,
=T 2020 f REIZGSL) EDR, WE T LR 2
PR, AR T L SOk, XRS5k
MR A G, BhAk, R DL EHT

I . P . o
indicates chromones; indicates terpenes; indicates sesquiterpenes;

indicates steroid; © indicates fatty acids/alkane;

T UFE P UEEEN AR, HSEimEsT (b
EIZ5 80 ) brifE, o —20 Ui R AT
EHF R UIER ARSI B AL, T B A2
i o[ ok i
32 FRXMMBFELMER ST
WHK, FIRVUA B AR5 28 o Fh 28
B HREE, MATHESNTIENZ 2-2-%
23 EE AP R RS BT KR
BRI &R LR, Bl
AR, HFEda 252 1wk, hz
BT N S B A AR IR 20 N R R ) YAN
PR R B, P Tk B A U IO A 2 2
L&Y S F AL, A Rk 2R Tk T a6 Ut
i 2-Q-2R CHH A 60%LL . AR N;
AEBRS 10 4~ H B 25 00E R, & S A . mE
KA G . 5w G Y SRR
ik 41.93%, (5T E 84.52%. AHHLALFERIEY)
FEHEP, ARAEESEEF T E TS




5% 3 RIS

il

RATE T L VUER LS A KNI by 645

s T, X AT e A B e A A R U
AR T 7 A v PR, — T T 3 ol 1 o 8 ) B A
Yi, B—I ARSI S 5EBHE R, ok s
WA AP BTG A W TR AR R AR
B UIEHENSEENBL, fFilE—P A

ABEFE, KN, fl CKy AL FAFE R, R
EYRIEE & 5 FhEmZEeEY, B N, LY
5.6, 7. 8 (i A HUREE B i AH X5 &2 = T CK,
M CKy H, A 5. 6. 7. 8 BB 2-2-7K
LI AR S E i ML Z T, BARBETT,
Fr - G Y B S5 T 4% . T NIST #
WILEY Juitk e i Ak & W0 i B A A R, e H 2
CE2EY R, ATAESE GC-MS J7 14610 ) i €6 il
By 0 N T R & RS 113115 - 73 5 Y
AR i s | A S - B I R s L = AR
A3 - R BE 9 ( HPLC-MS ) 255 4y it
FTUCTE R R IR ARG PO R ) ok =22 ) 46
M B A 2 5. YANG Z5E275R Y e Aos ke
01— FL % 257 R B T T XU R 2-(2-K 23
AT A AT S, 3 T TR AR A X 43 DU R
R SO A, BRI AR flidersia 287
% 4 800, FEE KD kT, DiEd
B WAy S AR ok . Rk, R
GC-MS F1 HPLC-MS XUH J k% e PIEF ) £ 5
G W o BARXS & i, AR T A1 T
e

£ % STk
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