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Flavonoid Enrichment and Metabolic Regulatory Changes in Fermented
Essential Oil from Agarwood Leaves Based on Widely Targeted

Metabolomics Using UHPLC-MS/MS
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Abstract: The scarcity of agarwood resources has become a key bottleneck limiting its industrial application, and agarwood leaves—a
major byproduct of agarwood cultivation—urgently require high-value development. To investigate the effects of microbial fermentation on the
functional components and metabolic regulation of agarwood leaf essential oil, this study used agarwood leaves as raw material and inoculated
them with Penicillium camponotum and Phaeoacremonium scolyti, respectively, for solid-state fermentation. Essential oil was obtained via
subcritical extraction, and the changes in the composition of non-volatile metabolites in the agarwood leaf essential oil before and after
fermentation were systematically analyzed using UHPLC-MS/MS-based broad-range targeted metabolomics. The results showed that 981
metabolites were identified in the agarwood leaf essential oil. PCA and OPLS-DA analyses revealed significant differences in the metabolic
profiles among the three sample groups, indicating that both fungi effectively reshaped the metabolic network of the agarwood leaf essential oil.
The relative proportion of flavonoid metabolites increased from 39.43 wt.% in the unfermented sample to 55.51 wt.% in the CXYPC sample and
74.08 wt.% in the CXYPS sample. KEGG pathway enrichment analysis revealed a significant enrichment of differentially expressed metabolites
in pathways such as flavonoid biosynthesis and phenylpropanoid biosynthesis. Differences in specific regulatory patterns between the two
strains: Penicillium camponotum tended to promote the accumulation of structurally modified flavonoid products, whereas Phaeoacremonium
scolyti primarily maintained the enrichment of glycosylated flavonoids. This study provides a theoretical basis for the high-value utilization of
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agarwood leaf by-products, as well as feasible strategies and scientific support for enhancing the levels of bioactive components in agarwood
leaves through directed fermentation and for screening superior fermentation strains.
Key words: Penicillium camponotum; Phaeoacremonium scolyti; agarwood leaves; fermentation; widely targeted metabolomics;

subcritical extraction
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F PRI  AE AR IR, SRR A AR B =), HA AN PR EZ RSN 5% (2.96%).
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IAEXS ERE R A TR E M, JOICDABEEA. B, B, Be2S. ARG BB N B, BRI
BIRENS 1 SUTE RIS R A B ERE, EHES AR ER. BERE, HEIHL R =AR
an T LS AR . R KT CXY HEefi 5 39.43 wt.%, £ Penicillium camponotum &% CXYPC
PEim % 55.51 wt.%, iE— 254 Phaeoacremonium scolyti &% /5 CXYPS ik | 74.08 wt.%, 73l 4 =14 40.8%7F1 87.9%.
NESEARTZE 22 AR E A R n SE i, AWt et — e 7 AR S R S e . 45 R ER, CXY.
CXYPC H1 CXYPS [ 5 B & 543 74 0.3140.03. 0.5740.01 F1 0.7540.01 mg g™ BRI ZT7 24047 s =4 A 2
SR (F=324.21, P<0.001), Tukey HSD /oA i #2010 LU EUAATE B 22 7 (P<0.001). 48X}
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A I A AR 8 Bl 5, UFSEPP B R IR BI85 B8 56 2 (R U R T A S TR T AR 28
X—ZE RN, Pirk E AR E I A A B 4, HA Phaeoacremonium scolyti FIEHEE F o &
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FEAUWZE, H 50 14.09 wt.%. 14.42 wt.%F1 10.74 wt.%. H:t CXYPC 5 JFREARE:—3, 1] CXYPS
BEA MR, BRI WA AR, CXYPC iR i 2.19 wt%if 2 2.73 wt.%, MGINZ) 24.7%; 1M
CXYPS JI FF#£%E 1.66 Wt.%. ARV A BN E GRS, WRTERHE S R EERER2,

NARGETAN N R BB R TS LA AR R R AR I 5], SR PCA S = 2R hidb AT 1 e M B A i
I, & 1c i, BRI 3 (PCL Fl PC2) 73 BIfERE 1 A8 1K 48.43%F11 44.63%, R it ik %) 93.60%,
VAR T 7y O REHE 70 7 S LR i AT CER RIS S, e AT Hb R /R AN [ AL ERZH 2 [A) R R A AR 22 5
PCA 7357 El5ior QC FEATE PCA 15 B B R, RIALERIEBAN TR R e Rr, BdRES 5.
RGBT T AR R (CV) A, JiEE CXY. CXYPC. CXYPS J2 QC FfEAL. BEFLkEIR,
A K2 BIEHAR ERE R FUATT S, Fradsdh CV /T 0.3 [0 & EL it 85%, i QC BEAI A
BONSET . %45 BRE R R LA RIFIESENRENE. BT PCA B TR EB W, URBEEA 1 4R
TEHHFAE, It — D% OPLS-DA FEST IR, DUHE— DA A AT (] Ao 22 0. anf&l 1d s,
OPLS-DA FI NS5 nIffkE T 46.9%H1 46.0% 0 S A28 5, BHiRERIAH] 92.9%. 5 PCA 45—, =4
PRSI RS RIS, S 2 (I T, S X b, SN R B A R FIAREIREE . SR,
SR FEE AT BB EEMEAN LRERS, PR\ EGHRE, HANTRE/N, AR ZES
WRTHANZER. 9T IHE OPLS-DA B ffaE A A 4EdE, SHEMMET T 200 B #b 6P, i 1e Fis,
B Q7 [MIVALAENG EAOERER /N T 0, 25 A AT SR IO Ak, Ui B BENL B e (AR TR AE /7 81
AR T RAAHERY, BARURLEE ] S A TR . IR, JRAGHR RPY=1.000, ViWIHERIAEs T A ReAa) 732
HE; Q°=0.998, HHIT 1, FEIMRLEAT M m KT AE AR E (& 1e). RN, % QKT 0.5 B HiH]
B BA B TINGE 11, T Q% #id 0.9 MARFMI BA W RERY . Ik, AHF TS OPLS-DA £
RIREAE RS0, ATEERL R =T A RS A ZE R, P T Ja 802 AR IR gE AR T E B g AT o
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Three Types of Agarwood Leaves Essential Oils
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Fig.1 Analysis of the Composition of Non-Volatile Metabolites in Three Essential Oils
E: (a)) iz 3em R R AR R A K & b (b)) REVH I 69 IR L Kt F L aARst - (¢) A4 (PCA)
o E; (d) B =RF5 541 (OPLS-DA) ##4-H; (e) OPLS-DA A B #4838 (n=200).

2.2 CXY 5 CXYPC th 2 5 40#r

7R Penicillium camponotum & BT A MR R ARSI, L VIP>1. [Log.FC[>1 Fll P<0.05 Jyifi
HEbRAE, X CXY 5 CXYPC #HT T 2. i 2a Firow,  3EAGI 981 Al & M4, Hrb 168
RS 2 B, 334 R T, 479 M RIYITC AR . TF RS ECR 2 v BRI 2 £,
Y. B Penicillium camponotum &% == SR IR XA H ERA AR TEFER AL, TR AR AR R, KW
RIS R R AR T W SR A B,

e 2 ARSI T 7 25t (B 2b) I, NIRAGEY 2 TR T RN (90 B0 FR/E/EEE (66 ).
HABZE (370, e (37 FD) FAEHLER (36 Fin. fRMFIRE YL, $8 Penicillium camponotum A A%
il (EEREREML, FEE AR N TR, I, B B, BESRAG LRI R R, R
YRl REHE— DR NIR TR . —FRERIE3R (TCA cycle) REIERRICIERE, Mifrgf ek, Mz T,
VAR AR (37 DL HARSE (24 B, WK (22 FiD. BER (21 B KERAMEMESE (20 RO, BEAR
JEBUSARCL NN, B0 IR B, SRR B R e N B [P P S AR, St 1 I ST
KA E R . dhah, BERAPIFEIRAFLE 22 A RN 37 AR UR,  ULBH R [FIRE SR 0 R e o 2L A B
FESto —HBAIIEEA] REVE AR — BB G, 1T 5 A W LR AR R A A ORI R AT A, XS
VIBERY R R 2. SEH R — 5,

NI fEHT Penicillium camponotum & Bl R T - FE4E R AR AE W Dh e, % 22 AR T 1
KEGG @R M & 8T, FFIH KEGG B4~ E 2¢ Bz AU S5 GhEEs < IR RO R, #7204
EHE SRR 18 AR EEuY, EEH04 T Metabolic pathways (ko01100). Biosynthesis of secondary
metabolites (ko01110). Flavonoid biosynthesis (ko00941). Flavone and flavonol biosynthesis (ko00944). Biosynthesis
of phenylpropanoids (ko01061) LA Carbon metabolism (ko01200) 25 ([ 2¢) P30, (Efsvkasm, Ml
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Yiér A S E IR B R . Her, Flavonoid biosynthesis (ko00941) & BEACEM:RIRARE B2 —, 3
WA 3 FhOCEEZE AR, RS 45, 7- =R AR E A RN-3,4- R R T R
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Fig.2 Differential Analysis of Non-Volatile Metabolites Between CXYPC and CXY
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7 (a) KWWB; (b) Z/45£4KAE; (¢) KEGG & £506H.

5 It[F]R, Flavone and flavonol biosynthesis(ko00944) it — 53¢k 4',5,7-—F2 L s i F14L I ¥ 8H, i Degradation
of flavonoids (ko00946) [FIffi J¢ 4'5,7- =3 FE B, X R B S ERAR AR R m AR 8, T A 52 215
Ji GERE R PR R, TR B T, 456 22 AR aE SR SRR o B AR K a3, 4B Penicillium
camponotum F] GEIEIE (R A B RERE IR . SESR SR, HUR T SIS AL, SRS S R 4 K
V. Ik4k, Biosynthesis of phenylpropanoids (ko01061) [FIFEE 4% 4'5,7-—FFE M, B PR PRA HA RS
BRI SR A SO B, (R, FERE LR ER NIt Ea, R
Penicillium camponotum S5 (i 73 SRS SRR IERIL AL, o 456 SCIRIRAE , IX HED 5 SRR 70 WA ) A1 4 2
SR T AR P B o AR 455 15 TR BT, DA% -7 e W T e I A A 5 ) BT L /K 5 s e LA 5,
KRy AN, REFISRW AR AR . Biosynthesis of unsaturated fatty acids (ko01040) H —+ —BR TR

(DPA) 25 22 A, $7 H B K T ] BE SR M T R 2EL s S IR R AR - Brassinosteroid biosynthesis (ko00905)
G-l S SR B S R 1) AR — P Ul PR R A S B RS S 2 B . FERIAU T T, Carbon metabolism
(ko01200) #i1 Glyoxylate and dicarboxylate metabolism (ko00630) i Az L-3F5LmE4#ilE A (L-malyl-CoA), HE

H A Y RIEE Il 2R TR, IR AR AL RE R A AT A . [FIRF,  Arginine and
proline metabolism (ko00330) #11 Valine, leucine and isoleucine biosynthesis (ko00290) 43515 K N2-BEFAmE-L- 1 5
PR RERR,  UEEH IR FIFE 2 5 R e R o A B A

TEARIZ, JUEHERIZ 50 CHEA TS, MR O &SRR AR & kife 1. Rk, &
T e IR 38 (1) s R AU & BT, ANRUA R T YA R SRR “7 57 8L “Bos 7. AR
B, THRREIAM R RS AR V)R IS SRR 3 & AR IS A 2 I AR O 2 ks, HAOHLHIAE T
FLR I A AE R . SIS M ol r] SR AR R S5, (RS A A TR [RIIE B- A 0 e v
T KRN TC, BSOS BRI i FL o 5 i B, (R, Ao rh s AR & B T, SR
F R LR A MO DT A i R AN AR E N 45 A S SR R IR S S5 Ak, T = R A PR =8 5 e

AW HE— 2 VAT 2 2 T I6IE T Penicillium camponotum o0 7 i EaAC S B0E 1, s st
ik 21 F, KEGG &4 HTilFs2 Flavonoid biosynthesis (ko00941) A1 Phenylpropanoid biosynthesis (ko01061) i
BB A, XGRS KR A W A B R R SR R U T A S R R S i R
TS Je TR S R A R B . R A S AR A A I G A — B0, 3R I B R A A B A 1) 1A
0l se A BRI LN L. RN, KEGG &84 RS 2 m AL ki&#& 8, Penicillium camponotum /&
AR R B AU R FORHIE: TR, A LR SRS a2 S AR I #E, Hoh LSRR
k4 A £ Carbon metabolism (ko01200) A1 Glyoxylate and dicarboxylate metabolism (ko00630) i H [F] 25 & 4E,
PR LRGN TCA JEFME LR, R A K R AR T 78 BT ARRR 2 AE 5 50, 5 R,
FKAKAREHER (ko01061) FITHHAEYI A RIEK (ko00941) BE 4, RIHBRMNILEER U M HEHHZIKAE
A= TT n R AR E Gy, N R EHAR TR SRS D Re o AR SRt 1 B R DY 2% iR o

2.3 CXY 5 CXYPS ty £ 5 #r

W 3a fran, FEREE] 177 MU B 333 RN, 471 MR EAR L, R FRAEYEE S E T
VR, xR T A 258 (B 3b) ORI, R AT TR (72 RO BRI/
25 (70 FfD. HAhSS 47 B GHUER (43 F) FIRESS (32 R, o, AgFURIERMEMEE R s S,  EiRMA
WY EAFEARRT (49 M), BHME/EE2E (27 Bl B52 (24 B, GHUER (17 Bl FEEE (17 FD. SRR
RN E, BRI R, RREESAE IR B A SIS EMRHE. ([EATRENE, EEh EiR%
BREZHITHREME R 2 —. b, SEREYIERAZAE 24 Fh EIAFT 32 Rl NE, UiBH R EGESRLL 5%
Phaeoacremonium scolyti A BEEA 2 Ak, —irmi S n Rt — Db FRILUBERAE, 1R —H 0 e
o B AL BT IRE AT, AP T R AR P AR I 2% O Bh A TR R AP

L CXY vs CXYPC #itt, CXY vs CXYPS 1 Eiffig (49 vs 37). Mil/lE/MEE (27 vs 200 KEE2k (12vs7)
ARSI A PTG, TAPER FR%E (43vs36) uii—4m, UiH Phaeoacremonium scolyti X425 A i 2%
(RS2 T Penicillium camponotum: PEFFEE RIS RE( 12 BT RSN 2, (HLAU B A A I 2 7
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Fig.3 Differential Analysis of Non-Volatile Metabolites Between CXYPS and CXY
E: (a) KWLB; (b) 2/ %4KE; (¢) KEGG & £40H.
NIt T Phaeoacremonium scolyti & BZis F2 FR T B R AR AR AR, %) 22 ARt T 1
KEGG i@ & (01T, 45 R LA KEGG ‘& 4R 3c. 25 R W], 347 23 Fh 22 AR R ), 254 & Metabolic
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pathways (ko01100). Microbial metabolism in diverse environments (ko01120). Tyrosine metabolism (ko00350).
Glutathione metabolism (ko00480). Isoflavonoid biosynthesis (ko00943). Biosynthesis of unsaturated fatty acids

(ko01040)>. Sphingolipid metabolism (ko00600). Arginine and proline metabolism (ko00330) /% Glyoxylate and
dicarboxylate metabolism (ko00630) ZRiHEEEEY, (HANEREMRL, FRRAHIHHSEIE R AR5t S B AR
B, Isoflavonoid biosynthesis (ko00943) &4 T#4%i % (Prunetin) 1 4'5,7- =25 (Apigenin); Flavonoid
biosynthesis(ko00941) & £E 1 Iii=X-3,4- 5 R B2 4 2 A1 4' 5, 7- = #4 3L #1ifi; Flavone and flavonol biosynthesis(ko00944) .,
Degradation of flavonoids (ko00946) LA Biosynthesis of phenylpropanoids (ko01061) 34 K 4',5,7- =R 25,
1548 Phaeoacremonium scolyti ANMYAEHE S ERZAL SPIREDI G R, RIS SRR SR S A tE, RIFHE
FRACH AL T2 PHPIRES . RN RN & S8R ORI RS A SV EYD & s BB, DRI HED
Phaeoacremonium scolyti A&t i 4 P e A, eyl - S BRS hRE AR B89, 76 BB A5 i »
Biosynthesis of unsaturated fatty acids (ko01040) &4 7 —-+ B Fu/ifR, 1M Sphingolipid metabolism (ko00600)
BT 3B AT, 11 Phacoacremonium scolyti AES 12 AN Al g 2 22 S AR . k41, Microbial metabolism
in diverse environments (ko01120) ‘&4 1 4 #2744, #HH Phaeoacremonium scolyti JFLA7 R I A& R
AR T I8, w2 B iR A I 2 FhIR P FIF . 5 BEIEIRT, Glyoxylate and dicarboxylate metabolism

(ko00630)- Carbon metabolism(ko01200) . Other carbon fixation pathways(ko00720) & Methane metabolism(ko00680)
B Je LS A, Ui B CRERRIEIA S O P FI3E5R, 2 T RRIRRI R, s S AR AR
W R SR AT R R A e RO,

TERIGARUIPIRI 7T, CXYPS HAEHIR KR FFE, W2 mT CXYPC, 456 3 FT 2.2 o “tiatsn”

(R HrEs R nI15, T Phaeoacremonium scolyti XA HLERIVHAEST W2, RUIHACURF M BRIz, X5 H
FRARRT &7 LEFR IR O (74.08 wt.%) RIS RIS . S Attt, BMimE LRSS & 85/ 18.86%,
HWLH FEIRERS S A WS A I EFE Sk KIS RPA S AR T, RIS YAEXT 5t i
W, TIZKEEEY R S BRI, BB, EEE RN EIERRS AR N = BRIR
WRAERE R, ISR A ARG B AL AT AR R i — 1 A2 B TR R I AR A B ) 7 2 Pl A S s
i} Phaeoacremonium scolyti 75 A8 5t th 2 Bl H S BRI R R g /B0,

2.4 CXYPC 5 CXYPS # £ 5447

JEE# Penicillium camponotum 5 Phaeoacremonium scolyti F £ b & B2 AR R A I s, 4]
FELL VIP>1. |Log:FC>1 Fl P<0.05 Aifiikhzifl, % CXYPC 5 CXYPS #H47 T 2= Ao, il 4a i,
LU e B 499 FhzE AR, Hod 263 Fh R, 236 BRI, 482 FCEELN. ERE M RAEYSERL, B
P R R 77 3 e RO T A N 2, BT mAFE R 22 5, I tHAS R B AR AN R ) AR A,
R,

B 22 AR T o0 2 gt (B 4b) I, AR A T T IR0 (85 B FR/ME/EZS (35 FiD.
WS (3L A FAGHLER (19 F; 1 E AN 25040 T HARSE (43 Fio | RIS (42 B BR/ME/MESS (40 FiD.
AR (34 Fi). w2 (33 M) Jesalil (23 Fi0 o Horbr, MRET. FRl/ME/NaS Ak 8 R AR AR & AN R AR,
Vi B PR B B Y RE XX A AT 2 A Ak, (BAE SRS AR 7 A E A B 22 5, O 1 R 2R AR
HgEL R (EARERRZ, mERLL BN (23 F i, 8 B NIED, RWIAHELT Phaeoacremonium scolyti,
Penicillium camponotum B4 T-&B /3 B EHSE D RE R AR B kA, A HLER AR/ /T2 A EE ) = T
TR, 1585 Penicillium camponotum AH%: T Phaeoacremonium scolyti £/ 88 a4 ik 1 5 2412 A il Rl =4,
1M Phaeoacremonium scolyti T 7 GE3E— 25| X Le 9 g N g AR B A A= & g 2. X S RTALSE R
Phaeoacremonium scolyti i 4/ LI R /1 A 478 BE 22 RT3 R — B30, 2% BH FLELA S R R AR FH e 0 AN 1
A RE], IR B AR A LA A AR AR, PTARYE B PRI RER I S SR T SR ARSI T K,
U RN L e B IME DhRer= i T R SR B A4 .

RN A A BRI DT I AR R AR I 4 R 22 57, AR CXYPC 5 CXYPS 4 H) % 7
REYEAT 7 KEGG s E LT, R EEL R KEGG EHAMHE 4c. 458 ER, ZRrREMEESS
Metabolic pathways (ko01100). Biosynthesis of secondary metabolites (ko01110). Microbial metabolism in diverse
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environments (ko01120). 2-Oxocarboxylic acid metabolism (ko01210). Tyrosine metabolism (ko00350). Glutathione
metabolism (ko00480) LA A 2 Rl AH AR IR, FREHANE BB BRI A R = 2 T i3 22 b i
TEFARO, AR, BRSNS CXYPC 55 CXYPS %R & HE Bk . Flavonoid biosynthesis
(ko00941) ‘H4£E T I-34- Tt K2EZEEK (cis-3,4-Leucopelargonidin) 1 4'5,7-=$: 3L #5H (Apigenin) Z5ockk 7
SR IR A FERE TR SR, MY EE AR, BAPER. iR
MRS ThRER, B RBE R, CE A O E K E . SELIE SR DL K 22 B e 2R AT R
SR LA, U ot & 25 SR i B A5 T W28, R, Flavonoid biosynthesis (ko00941) ) 221,
ANF)FC B ] eI R S A R S A R, S BOE M DI REE R IR B A R 2 R 2T R,
Isoflavonoid biosynthesis (ko00943) [FIF:Z:5 CXYPC 5 CXYPS R RI ., 1Z@H KT 2 (Prunetin)
4 5,7-=F2FEH M . RIS A E A S e B A, AR RIE T SREE S A A
L - e EAE B OISR, 2 AR, AR B T ARSI SN R R (R AR, M A
FRZE9)5 I %.  Flavone and flavonol biosynthesis (ko00944) Al Degradation of flavonoids (ko00946) &% 2
SR, Horp 45, 7- =R IR P A S R A B SR A RS PR AR PR, B
PR R BRI R P A S AR AL T3S PHRIRES, A B A S R ORI A f, TR ] e B
AR T H IR AR BT« RN ICACHERAE IR It BH 2 284K, . Biosynthesis of phenylpropanoids (ko01061)
W 45,7-—F50, ZIER S IE RN AR S5, & SR ORIRR A B EZAW Y . RIS
Ah, O IRAEHEZE CXYPC 5 CXYPS Z R E 4 %7 - Glyoxylate and dicarboxylate metabolism (ko00630)
BET LSERHEE A, ZuER 25 Carbon metabolism (ko01200) il Microbial metabolism in diverse
environments (ko01120) B, ZREERIEFMI ARG M BEFAEMUERE S RINEELRR, WML
K S ARG S AL SR B R BB 200, R, SR 3 R 2B B PO 92 25 57 T A S ot iU R R
I R ARG B g AN R

AW FEH Penicillium  camponotum il [m] T+ 42 1 FFY 25k I 288 R B J6 I 2 5 2R A 45 A B T AR B, T
Phaeoacremonium scolyti Tl AZEREREFF RS SR & 46 0, X — MR S 22 5 5 4 S M B S [R) 0 8 0 S
RN ZE SRR — 5 LR TEMRAR AR 45 2 S T e 5 0 B B [ I A=A G . Penicillium
JRE A R BB iR, BeRE 2 FEiE ) 2 WERE R (BFRAT4E R, R, A R
%), [FINGERE A KB BAPIE . PRSI ZARHT 4, ABF9E Penicillium camponotum &7
Ji HE RSN B e B 2R S B A MBI = LB I, o] B85 1% 0 a0 1 I A N 2R 236 BE I AR R AR TR F v
PEA . fHLLZ R, Phaeoacremonium J& B & OO HGE RE =28 — RAIMAMNE CINLF4e =B, KRR, LR
sty VORI A AR, B ARSI EAT B (R a4 3. ARAF %2 Phaeoacremonium scolyti %
P e R A P R ST AR BB, AT BB T S O AL At R B o A A B AR PR TR ) PR R G
PR TE 2 B A AR 4 B G 22 572, AT Rg e A 78 Hh 2 7 28R SRR [ i B AR ) i
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Fig.4 Differential Analysis of Non-Volatile Metabolites Between CXYPC and CXYPS
Z: (a) KWAE; (b) £2R4K42KAE; (c) KEGG § £A0H.

2.5 3 At o B 3R 28 RO AT

N RGNS [F) BB R BT AL 22 A R S D R B3 TE BRI, AR T T 2 B AR 2 2R,
rAltLEL T CXYPC Al CXYPS el e i HEFE R HACHE ARk, It — B P BB S A 22
SERERY], HERFHZORECE 7ot S AR SR, R R 2 R E . PR AL EE AR I
SR T RIS, U B B I R S Al R G B A AR R AR G A A
W, BEIKD TR R /N Frb ek, TR gt A SRR, X R T R At
FEARE A o7 B« Bl =8I 23 TiC DA S IR A ARG < TR AR R R 4% o A B, PR RT3 ResZ I o - i/
REMMES . A NURR MR, Horb, IR R IR A —

SR R IEACANR], SIS S YE IR BB R RS R 3 RN BRI R %h . £ CXYPC
AbsErh, S 21 FRETERACUY) EiE: CXYPS Adbsirh, A 17 P B, BRI RR L 3 BA (il
YU IR T RE AR A B #4401 8% 71, Flavonoid biosynthesis(ko00941) & 4E T Jifizt-3 4- R 25 4256 240 4')5,7-
SRR e B A . [, 1soflavonoid biosynthesis (ko00943) ¥ K A%#E (Prunetin) £ 4'5,7-=
M, 17 Flavone and flavonol biosynthesis (ko00944) #1 Degradation of flavonoids (ko00946) 35GHk 4'5,7- =%
SR, REE R, PR ORI SR T AR R T, HE IR AR B A
T B R B SR 2 gt R ] s B AR T B, S A A R BRIR T2 P e
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o A CRRIE, HEREERE PR R KRR SRR & 2y R R, T RE(E it i RE 4 &
AR, RIS SRS AR A RS BB, DRI, SRR G A AR 1L T R 3 R
LR KT ) DI Re it 5 22 e ) B R A

I4h, Biosynthesis of phenylpropanoids (ko01061) [FIFf&E4E 4',5,7-—F2 L3, H— D3RR AR
6 HUREA T 10 R S R P R E IR, R DT i Ve R E A R O S B, B B B AR
AR Z S L WA A R A E B RTARIEEY . PRI, A E T A8 B P R 42 P BRI, SN S
KA A AR S B R, T TR B AR S (D e Al 2 AR B B,

DRI AN [F) LT R IR A T S A I 2 R BE R, ASHIEFEE— 285 CXY. CXYPC Il CXYPS Hr i)k
PP T 34850 i (& Ba~c), Mg 53 MR . &l ba R i) oA il s R A
SAAHXS A (DA ZH B IR TR O 100%01), AR a2 s it 4 2H B AR UEE TR (R U — A L AL, = S I
TALEAI AN (3.6240.15) x107, (5.8940.15) x<10° #1 (8.6840.30) x10" (¥J{H=SD, n=3), CXYPC HI CXYPS
g3 CXY 1) 1.63 £5H1 2.40 £%5: & 5b W o s B A ) 7E & 2H Bl e & AR O R e e A5 (%2 PN %
FZ AR 100%) o P 25 -G ] (RIS s B b Tt o e ek et PR 2 ) S L P SR R 5 A () B A . 25 R/, CXYPS
SRR & b s, 0% CXYPC. bAh, = Fiedl s S ACEAH id IR R 2 e, Horp “3L
flE” R HEER” e EEM IRy, HIRAIGH I L), RIADTE R B EESE FE LLAE S S AT
SAEAE, T 0 TR B A o 455 M S RAIY KT o A A R ),

BARMIE, fECXY o, “HAtZ wm B & by, 1231 56.13 wt.%, HUCONFEEZE (3518 wt.%) Flx:
TR (6,97 wt.%), HARZSAGIFAELRN ., FREE, IR B /REASE RS b LK. X —45 R, K
SEYE R DT b B E AR AT A S AEAE, TR EIE 2 M PR R R BRI ) o
DA 8 T 168 s Je T A R A AN P A 5 7 SR B B S B 1, R AR AR e e, Rt ERE A 2R i DA
O AMENS, RUBIR ORI BT Z0E, WA A 3 DR &
T A7, FREIN T Bl R B R S W I S /K A RS 1 G

£ CXYPC 1 (R HaA A R AE I R E A o b, BB ELAA] il 35.18 wt.%$i /=1 % 38.16 wt.%, St BTl
Eefil el 6.97 wt.% R P % 5.33 wt.%, 1 ARSI BIF, H 0.77 wt% i % 3.20 wt.%. U4k, Bk
ELBIEE 0.04 wt%$Ema 0.66 wt.%, MEHIZEH 0.016 wto%IinZ 0.054 wtY%. iRk FHEN, Penicillium
camponotum KE#R] RERRE | BT HHRAL S SR, Forb PRI B i) T i U HAEAS OGN T A5 PR R
SRR BB G . HRAERBAS R R Ak B G E G SEUIL ARG WIS 2 MRS e R, e
LA Oy A BRI K A A S R . R RS S UL R IS M, T X8 SRR S I G5 K A A A5
BESE, FEEEEEA L e — e, Ui Penicillium camponotum B RE{E BB EAME AL AT AR AR 2, slGmEd 4
JfEE AR R IBUR A S & T A MR BE L 5T b (R B IR o, S HrT Al AP . 1 5 AR AR 3 R AR 2 23 #rh
Flavonoid biosynthesis (ko00941). Flavone and flavonol biosynthesis (ko00944) } Biosynthesis of phenylpropanoids

(ko01061) AEfLIILE B —B, HE— 5 S RHZ B MRAES I T 5520 7 - SR I 3 S A o 2 2,

HMILLZ T, CXYPS RILHAF s B AT A28 . CXYPS Hh* HoAth 2 7S Lt — D3 i & 57.17 wi.%,
PEEF R ORFER =K (37.72 wt.9%), T s s L) T P %2 3.36 wt.%, AR T CXY 1 CXYPC. [FIRT, HIZER
bl 0.77 Wty I 0.96 wt.%, el EL{Fl i 0.04 w9 1% 0.09 wt.%, f£75 & Hfil 1 0.028 wt.o6i F &
0.047 Wt.%. iX—25 SR 15 B, Phaeoacremonium scolyti /&Rt 2 o n] B 5 A ) T4 dp i B BE H XA E AT AEMIRR R,
i} S B AR S M R A T B IR A B AR RS, BRI, CXYPS r 3 i L 451 W AEC TIT R 2 B 2% 1 ok LA B R )
HEALRE T, PR R HAR S TR )

HE—20 U AP L R AU & B, Penicillium camponotum F1 Phaeoacremonium scolyti 141585 i A8 1T & IH- 3%
FRZSACUIIAL R, (23 BA B B R 7M. Penicillium camponotum 21 5 B FEEHSFN S fe 2 b o) v, 2
ST B s R A A AN 25 K EHE; T Phaeoacremonium scolyti )2 B H 5 i Eu 491 (X s 7 2 B HoAth 5 2% 345 i
TR R, VWA BE S0 T4 R SRS, A a3, dhah, = Fioke i b s . S mmy . PRIt 2
JUAS A E I S I DRI 9], B R AR S5 s AL 7y E BB 28 S Bl SR &y
TR

SRS, TAEYIR B R CE 1 T RS i R s S AR I 2RSS A, (EAN R] B B R 3 R AN [R] P T 2 A
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Fig.5 Comparative Analysis of Flavonoid Metabolites in Three Types of Agarwood Leaves Essential Oils
iE: (a) AraE; (b) Aast Bk (%); () REAB ST,

BT LLTTE AR, 435913 FH Penicillium camponotum F1 Phaeoacremonium scolyti #E4T[Fl 45 & 1%, %A
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