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Abstract: [Objective] This study aimed to determine the optimal spacing for drilling-induced agarwood
formation in Qi-Nan agarwood and to explore the quality of resulting agarwood, providing guidance for
high-quality and efficient production, and future applications. [Methed] Different drilling distances of 4 cm

(FW), 8 cm (EW), and 16 cm (SW) were used to induce agarwood formation over 12 months. The contents
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of alcoholic extracts and essential oils were analyzed, along with chromatic reactions. Volatile
sesquiterpenes and 2-(2-phenylethyl) chromones (PECs) were characterized using gas chromatography-mass
spectrometry (GC-MS), and non-volatile PECs were further analyzed by high performance liquid
chromatography-mass spectrometry (HPLC-MS). [Result] (1) The contents of alcoholic extracts for FW,
EW, and SW treatments were (42.01 + 1.86)%, (46.60 = 0.73)%, and (42.54 £ 2.15)%, respectively, with
essential oil contents of (37.47 £+ 1.45)%, (40.47 £ 0.91)%, and (37.33 + 1.14)%. (2) Chromatic reactions of
the Qi-Nan agarwood samples appeared purple, cherry red, and reddish-purple, all conforming to the
standards of Pharmacopoeia of the People’s Republic of China. (3) A total of 40 volatile compounds were
identified, with the combined sesquiterpenes and PECs under FW, EW, and SW treatments amounting to 36,
38, and 38, and relative contents of 86.63%, 91.89%, and 79.10%, respectively. (4) A total of 62 non-volatile
PECs were identified, including 5 kinds of 2,2'-diepoxy-2-(2-phenylethyl) chromone (DEPECs), 6
monoepoxy-2-(2-phenylethyl) chromone (EPECs), 3 tetrahydro-2-(2-phenylethyl) chromone (THPECsS), and
48 flidersia-type 2-(2-phenylethyl) chromone (FTPECs), with detailed analysis of cleavage patterns for these
chromone types. Metabolomics analysis successfully distinguished samples under different drilling distances
(SW and EW-FW). [Conclusion] Drilling treatment demonstrates a high efficacy in inducing agarwood
formation in Qi-Nan agarwood, with EW treatment being particularly effective. This innovative method not
only significantly enhances resin formation efficiency, but also drastically reduces the required time, thereby
improving both the yield and quality of agarwood, offering promising applications.

Key words: ‘Qi-Nan’; Chinese agarwood; drilling; chemical composition; gas chromatography; high

performance liquid chromatography; mass spectrometry
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Fig. 1 Chinese agarwood ‘Qi-Nan’ samples
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Tab. 1 Chinese agarwood ‘Qi-Nan’ information

EEE TR AL B /em AL PEIN 6]/ WA S W Hi/m Hi4%/cm
FW 4 12 3 6.49 + 0.64 591+0.71
EW 8 12 3 5.67+0.39 578 +0.54
SW 16 12 3 6.23 +0.66 5.77+0.56
CK 3 6.01+0.61 5.61+0.52
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Tab. 2 Gradient elution procedure

Wil/min - FESIMARRDEEENL RSB HE
0~1.0 90%—80% 10%—20%
1.0~9.0 80%—50% 20%—50%
9.0~17.0 50%—0 50%—100%
17.0~19.0 0 100%
19.0~19.1 0—90% 100%—10%
19.1~23.0 90% 10%
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Fig. 2 Ethanol extract and essential oil contents (mass fraction) of
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Chinese agarwood ‘Qi-Nan’ induced by drilling
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Fig. 3 Sample chromogenic reaction of Chinese agarwood ‘Qi-Nan’ induced by drilling
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Tab.3 GC-MS identification of chemical substances in samples of Chinese agarwood ‘Qi-Nan’ induced by drilling

o AEAT 25/ %
wy pw  REE et f
1/\7]“73655 FW EW SW

s 1 27840-40-0 1,8a-— W 5E-7-T5-2- I £-1,2,6,8- DU 5 25 Ci5H,, 012  0.12
2 154098-14-3 1,1,7,7a-PY H %£-2,6,7,7b- VU - 1aH-3 A A [a] 2% CysHay, 0.12 025 0.2
3 22489-11-8 4a,5-— WHE-3-T5-1-M-2-5£2,3,4,5,6,8a- 7N E 551 -Hl CisHpO 016 013 027
4 115-71-9 (D-o0-TEFF C,5H,,0 1.19 039 039
5 1000159-36-6 2,7,7,10-PU B L-3- B PU A [7.3.0.02,4.06,8]F 4% C,sH,,0 1.86  1.92 242
6 210637-49-3 3,5,9- = F3E-2- 1 F 3t = 3£[6.3.0.01,5]+—Ji-3-J CisH,, 0.12 012  0.11
7 515-13-9 (1S2R,48)-1- L J#JE-1-FH 32 4- XU (P -1-48-2-F) 3 )5 CsHay 0.61 0.46 0.1
8 1000151-98-4 IR 57 WU C;5H,,0 028  0.87
9 65018-14-6 2-[(2R,4aR )-4a,8- - F3£-2.3.4,5,6,7-/NE-1H-Z5-2-3E A -2-%-1-FF  CsHp,0 0.1 036  0.11
10 473-16-5 2-[(2R,4aR )-4a,8- —F}£-2.3 4,5,6,8a- /N A -1 H-25-2- 3 | -2- CisHyO 052  0.64
11 489-41-8 (—)-BRE AR C,5H,s0 052 058 0.7
12 6750-60-3 B 4 et C,sH,,0 0.3 0.16 0.1
13 25532-79-0 (48)-1-F3E-4-[2E)-6-FA L PE-2,5- Jf-2- L 1 O )i CysHyy 022  0.12
14 515-20-8 LR EW C,5H,,0 0.12  0.11 0.16
15 77887-60-6 (55,98)-2,3,5,9-V4 H 3 = 3£[6.3.0.01,5]+—J-2-Jii-4- i C,5sH,,0 1.1 1.02 1.2
16 5090-89-1 2-$2%k-4a 5- I FE-3-15-1-075-2-%5-2,3,4,5,6,8a- /N E Z5-1-TR CisHp0, 052 031 0.1

(1R,4aR,7R,8aR)-7-(2-¥2 N -2-FE)-1,4a- ~FH %£-2,3,4,5,6,7,8,8a- )\
-1

18 19598-45-9 (4aR,58)-4a,5- — W FE-3-15-2- 3£-5,6,7, 8-V R -4 H-25-2- C,5H,,0 022 027 017
(1aR,7R,7aS,7bR)-1,1,4,7-PU F %£-2,5,6,7,7a,7b-7< R~ 1aH-3 T 3

17 92857-25-5 CysHpO,  0.17 0.18 0.23

19 34413-94-0 [e] 44 )5 -3- CisHpO  0.65 0.73

20 352457-43-3 4,8,13-= FI3E-11,14- 22 PU31[8.4.0.01,13.04,9] 1 DU k%-8-4 CisHpO, 124 166 1.92
(1aR.45,4aS,7R,7aS,ToR)-1,1,4,7-I0 H1 #-1a,2,3,4a,5,6,7a,7b- )\ A3

2220432 e S T PHE10234256 70T N ¢ g0, 044 073 04

285,35,4a8,8aR)-3-(2-F2FE N -2- 2 ) -8a- F 3-5- 17 FH 2~
1,2,3,4,42,6,7,8- )\ & 25 -2-IF
(18,28,48,55)-5- ) 3E-2-(2-F2 FE P -2- 58 ) -5- F JE -4 - 1-J5-2- FF

22 36061-11-7 CysHp60, 1.56 0.98 0.76

23 64373-81-5 SR O g 1 CisHy0, 062 082 071
24 1000159-37-0  2,2,7,7-PU % =FR[6.2.1.01,6]+—Ji-5-J-10-F CisHyO 095 137 122
25 562-23-2 4a,5- -3 TR -1-05-2-56-2,3,4,5,6,7- 75 A 251 - CisHpO 111 111 032
26 109897-57-6 6-(3-FR N F5-1-J5-2-55)-4,8a- — Hi 3E-1,40,5,6,7,8- 7N E.25-2- i CisHpO, 157 161 179
. 3569/10/6 (Eg;éij[_(;%ﬁlgmxalz H3E-2,4,5,6,7,7a-7N A - 1 H-15| -4 F]-2- CHn0, 172 199  1.63
28 94327-62-5 5,8- 25k da-H5E-3,4,4b,5,6,7,8,8a,9,10-+ & FE-2-Fl CisHpO; 435 354 329
29 669064-29-3 1-$2k-4a,5- — FIHE-3-Ple-2- 3 FH Jk-5,6- -4 H-25-2-1 CisHyO, 413 447 457
30 41610-68-8 1-FR -8 fi-2-Tok = 3 [4.4.0.02,7] 55 -3-45-3- F S CisH),O 016 012 024
31 1000190-51-4  6-(3-FRFEH-1-Ji-2-55)-4,8a- - Hi $E-1,3,5,6,7,8- /N .25 -2 CisHp0, 033 043

32 1000196-83-5 (22)-2-[(E)-5-F A Fk-3-F 3 IR -2- W I 3 1-3,3- H LI O-1-f CysH40,  0.21 0.15  0.18

PECs 1 61828-53-3 2-(2-ZK ) i Cj;H;40, 2738 31.73 25.04
2 1000422-88-7 2-[2-(2-HER IR EL) £ B (i CigHigO; 187 197 186
3 1000422-88-8 7-FEEHE-2-(2- K 25D (i CigHi0;  0.18 0.11
4 84294-89-3 6- 4 3 -2-(2-2K 2, 5 il CigHi03 011 0.1 0.14
5 61828-56-6 8- FH 4 JE-2-(2-FK 2 5 il CisHis0; 008 005  0.19
6 92911-82-5 2-[2-(4- R IR L) 2 FE T B CigHi03  28.72 32,53 27.33
7 77764-84-2 6,8- FAHE-2-(2-2 2 F) i CyH4 0, 162 111 021
8 111286-05-6 T-$2H-6- U AH B -2-[2-(4- AR B 3D 2 B 6 i CoH 504 0.12  0.18
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Tab. 4 Means of sesquiterpenoids and PECs contents of
Chinese agarwood ‘Qi-Nan’ induced by drilling
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Fig. 5 Characteristic chemical composition contents of Chinese
agarwood ‘Qi-Nan’ induced by drilling
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Fig. 6 Chromatogram of total ion current of Chinese agarwood ‘Qi-Nan’ induced by drilling
x5 HILASHEENEEMRN HPLC-MS T4 R
Tab.5 HPLC-MS analysis of Chinese agarwood ‘Qi-Nan’ induced by drilling
FF5 ARE Al /min e B SR T RS 2
. N 301. 283 255.
S1 5.64 YA DU 319 227. 164. 91 Cy7H,304
. - N 301, 283. 255,
S2 5.97 YA U R 319 227, 164. 91 C17H1506
S3F 6.21 5,6- LA HE-7,8- e k-2 [2-(4- A O 2% 2.3 -5,6,7,8- DU A 4 i 331 313, 285, 121 C1H,506
S47 6.21 5,6,7- =2 3£-5,6,7,8- U &(-2-(2-2K ) i 303 ?gi‘ f%‘ 5?9‘ C7H;50s
S5t 6.23 5,6-F23E-7,8- Rk -2-(2- 2K 5 2, 98)-5,6,7,8- DU A i CRAN AR 1D 301 283.255.192.91 C;;H;(0s
S6P 6.47 (5R,6R,7R,8R)-5,6:7,8- ~F 4 -2-(2- 2 2. 3£)-5,6,7 8-DU S (0 FH (R Aby 1 1) 329 301, 137 Cy5H; 606
(5R,6R,7R,8R)-5,6 :7,8- A S J-2-[2-(3-F3 Jk-4- FH A B 2R HE) 2. 5K )-
D ] ] ) E )
S7 663 5678-MUAGEICRHED 329 301,137 CisHi60s
S8t 6.7 5,6-F255-7,8- " H-2-(2- K B £, 58)-5,6,7,8- VU S E TR (5744 4:2) 301 283,255, 192,91 C;;H,4Os
S9t 6.76 5,6- 58 367 ,8- iR FE-2-[2-(4- A ) IR £, 3]-5,6,7,8- DU A (1 347 329.301. 137 CysH 504
(5R,6R,7R,8R)-5,6 :7,8- 1A S JE-2-[2-(3-F8 2k -4- FH A B IR HE) 2. )-
D ] ] ) El )
S10 T2 s 67 8-PUAL G R R2) 329 301137 CisHi160s
S11F 7.82 6-F2HE-2-[2-(4-FR HR I L HE BT CRA A D 283 177. 107 C7H,404
S12° 7.84 6,7-—J3HE-2-[2-(4- AU B R AL L B CRAA D 313 121 C15H,40s5
S13E 8.12 5,6-F235-7,8- T FR HE-2-(2- 2K 2, 98)-5,6,7,8- DU A (Al CR AL 443D 301 283.255.192.91 C;;H;(Os
S14° 8.28 6-F255-2-[2-(4- 2 FE I 2 SL T CRep A2) 283 177. 107 C,7H,04
S15° 8.29 6,7- " F25E-2-[2-(4-H A AR AL 2 BL B CRef A2) 313 121 C,gH 605
S16° 8.46 (5R,6R,7R,8R)-5,6 :7,8- I 4H(-2-(2-2R £.3£)-5,6,7,8- DU A (4 4 142D 283 255,91 C,7H 404
S17° 8.66 6-F23E-2-[2-(3-F2 d-4- A JL 2RI 2 ) (B i CRAG A D 313 137 C1gH 605
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Tab.5 (continued)
PS5 AR BB IR)/min WA SEAE FE WS (A=
S18° 8.7 5,6-F43k-7,8- 5 5E-2-(2-2K 2,.35)-5,6,7,8- DU A (ol A4 44 301 283, 255, 192,91  C,;H;¢Os5
S19° 8.71 6,7- - HESE-2-[2-(3-F2 Fk-4- FAR FE R HR) 2 BE 1 (i 357 137 CaoHp04
S20° 8.74 6-F2FE-2-[2-(3- 32 k-4- A JE ORI k) 5 Ji R A 4 2) 313 137 CgH 405
S21F 9.05 6-F25E-2-[2-(4-F2 FE AR IE) L (Ll G A 43D 283 177, 107 Cy;H,40,
S22° 9.23 (5R,6R,7R,8R)-5,6 :7,8- "I -2-(2-7K £.5)-5,6,7,8- DU AL (i 44 143D 283 255,91 C;;H,,0,
S23° 9.36 6-F23E-2-[2-(4-F23-3- A BRI 2 ik B i CRe A 4R 1D 313 137, 177 CgH 405
S24F 9.42 6-F255-2-[2-(4-J2 H R 2 B i CRe i 144D 283 177 107 Cy;H,40,
S257 9.54 6-F7H2-2-[2-(4-J32 F=-3- G HR IR ) £ R 6 i (A 44k 2) 313 137,177 CygH,405
S26" 9.6 6,8- 2 Hk2-(2-F L 283 192, 164. 91 Cy7H,40,
S27° 9.85 2-[2-Q-FRHERH) ZHL VTR CRAG A 1) 267 161, 107 Cy;H,40,
S28" 9.92 2-[2-(4-F2HE-3- AR R AR AL B (R i D 297 161, 137 CigH 604
S29° 9.96 6-J2HE-2-[2-(4-F3 FE-3- AL IR L) 2 (1l (7 Mg 44k 3D 313 137177 C15H;605
S30° 10.06 6-J24E-2-[2-(4-F2 FE-3- AL IR IL) 2 (0 T e b Ak 4) 313 137,177 C15H605
S31° 10.07 2-[2-(4-F23L-3-HAH AL R AL Z AL B G 1k 2) 297 161 137 CigH604
S32° 10.07 2-[2-(3-F2FE-4-HE IO 2 B (R Ak 1D 297 137 CyH60,4
S33F 10.12 2-[2-Q-FRFEHER) 2O (R 1k 2) 267 161 107 Cy7H,404
S34° 10.32 6-F24E-2-[2-(3-F AE-4- AR IR L) L L (0l e 4k 3) 313 137 CgH 405
S35F 10.43 2-[2-(3-$2-4-H AR ) 2 2 BE (il e 1 2D 297 137 CysH 604
S36° 10.54 6-F23-2-[2-(3- 32 H-4- A BL R I 2 1 (5 i Ce A 4k 4D 313 137 CygH 405
S37° 10.58 2-[2-(3-§23-4-FA A I ) 2K 2L ) (i (R A 3D 297 137 CsH 404
S38F 10.61 2-[2-(Q2-FZIEHHL) Z I AR 3D 267 161, 107 C;H,40,
S39° 10.63 6-F2H-2-(2-2K ZHO (i CRAGE 1D 267 176, 91 Cy;H,40,
S40° 10.83 6- 4 3 -2-[2-(3- 2 3 -4- F S B K 30D 2 B B i CRe A 1) 327 137 C,oH 405
S417 10.88 2-[2-(3-F23-4- IO 2F Z 3L B CRtb ik 4) 297 137 CsH 404
S42° 10.9 2-[2-(Q2-FRIETRFL) B B T AL Ak 4) 267 161 107 Cy7H,404
S43° 11.01 2-[2-(4-F23L-3-HAH AL R AL Z AL BT G 1k 3) 297 161, 137 CigH604
S44° 11.04 6-335-2-(2-K 7.3 (il (R Rk 2 267 176. 91 Cy7H,404
S45° 11.37 6-F255-2-(2-2K ZH) i C A 1k 3D 267 176. 91 Cy7H,404
S46° 11.40 6- A BE-2-[2-(3- 32 B-4- W AR B R AR 28R (i CReig 4 2) 327 137 CyoH; 505
S47° 11.41 2-[2-(4-323-3- AL R ) 2 K 1 (5 i CRe A 4 4D 297 161, 137 CgH 404
S48F 11.45 6-F255-2-[2-(4-FHE FL R Z R B CRrAidg D 297 121 CgH 404
S497 11.75 6- 8 Jik-2-[2-(3- R J-4- FH S ORI ) 2 1 (5 i CRe it K 3D 327 137 CoH 505
S50° 12.05 6-F Ak -2-[2-(3-F2 dk-4- FE AR ORI Z B i Cre i A 4D 327 137 CyoH 505
S51F 12.12 6-F3H2-2-[2-(4-FA B R ) L BE 1l (R 1k 2) 297 121 Cy5H160,
S52F 12.21 2-[2-(4-FEASE I 23 O F CRAAR D 281 121 C5H;40;
S53F 12.24 2-(2-2K ZHO R 251 160, 91 C,,H,40,
S54° 12.53 6- 8 ik -2-[2-(4- AR B IR 3D ) (6 i e Ak 1) 311 121 CoH 504
S55° 12.7 2-[2-(4-FRAAFE IR ) 738 (il (R A A 2) 281 121 CigH 605
S56° 12.9 6- AR BE-2-[2-(4- AU IR R 2 3K (0 T ety 1 2) 311 121 CyoH,50,
S57° 12.9 2-[2-(4-FREEFE IR ) 738 (il (A A4 3D 281 121 CyH605
S58° 13.27 6-F23-2-[2-(4- A BRI 2 1 (5 i CRAa 4 3D 297 121 CgH 404
S59° 13.29 6- A B -2-[2-(4- AU IR D) 2 B (i ety 1 3) 311 121 CoH 504
S607 13.4 2-[2-(4-HIER HE SR I 2 HE B i e A 4) 281 121 CsH 405
S617 13.49 6- 5 ik -2-[2-(4- S ORI ) 2 K (5 i CRe i 1 4D 311 121 CoH 504
S62° 13.96 6-F25:-2-(2-2K 2O (i (R 1A 4) 267 176, 91 Cy7H,404
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Fig. 7 Chromone biosynthetic pathway
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Ellipse: Hotelling’s T2 (95%)
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Fig. 9 Principal component analysis (PCA) of different

borehole stress levels
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