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Abstract: To investigate the feasibility of species-level identification of Phoebe and Machilus wood
based on volatile compound chemical fingerprinting, four species, namely P. hui, P. bournei, M. pauhoi,
and M. leptophylla were selected for analysis. Volatile compounds in wood powder samples were
detected by headspace solid-phase microextraction coupled with gas chromatography-mass spectrometry
(HS-SPME-GC-MS). Their chemical fingerprint information was comprehensively compared and
analyzed. Differential compounds were first screened by orthogonal partial least squares discriminant
analysis (OPLS-DA), and then partial least squares discriminant analysis (PLS-DA) was used to construct
discrimination models for the four wood species. Finally, chemical markers for species identification
were determined. The results showed marked differences in the volatile chemical profiles among the four
species. P. hui and P. bournei were mainly characterized by terpenoids, whereas M. pauhoi and M.
leptophylla were dominated by acids, ketones, and aldehydes. The differential compounds identified by
OPLS-DA mainly included terpenoids, esters, heterocyclic compounds, and ketones, and the differences
were more pronounced in intergeneric comparisons. The PLS-DA discrimination model achieved an
overall identification accuracy of 95.24%. Further screening identified 428 significantly different
compounds, mainly esters (15.65%), terpenoids (14.95%), ketones (13.55%), and heterocyclic
compounds (12.62%), which together accounted for the major chemical differences among species.
Based on variable importance in projection (VIP) values, the top 20 significantly differential compounds
were selected as chemical markers, including 2-[(2S,4aR,8aR)-4a, 8-dimethyl-2,3,4,5,6,8a-hexahydro-
1H-naphthalen-2-yl]propan-2-ol, 2-methylnaphthalene, naphthalene, 2, 6-dimethylthiophenol, 2- [(2S,
4aR) -4a, 8-dimethyl-2, 3, 4, 5, 6, 7-hexahydro-1H-naphthalen-2-yl]propan-2-ol, and 2-piperidinimine.
Heatmap analysis further showed that these 20 chemical markers could reliably distinguish the four wood
species. Therefore, HS-SPME-GC-MS can be used to achieve species-level identification of Phoebe and
Machilus wood. These results provide a scientific basis for the rational utilization and standardized
market management of Phoebe and Machilus wood resources, and also offer practical support for wood
identification based on volatile compound chemical fingerprints.
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1.2 HS-SPME-GC-MS 41 2k £F
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Fig.1 Total ion chromatograms (TICs) of wood samples from four species
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Fig.2 Classification of compounds in wood samples

from four species
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Tab.2 Main compounds of wood samples from four species

HE AT & @ﬁ%ﬁﬁxﬁﬁ%% = =
SHM-fd I A7 TE A - A
(1R,3aS,8aS)-7-57 P 3E-1,4- — FHE-1,2,3,3,6,8a- 7N A B i 8.66+3.82 0.15+0.09
S TR [ 6.54+2.57 0.22+0.33 0.24+0.13
FEEEG [ 5.10+1.28 3.12+0.66 0.160.05 1.26+0.46
o- R EHG i 4.65+1.92 0.92+0.25 0.34+0.09
1-(1,5- = F B 4- U 3)-4- IR [ 4.30+0.28 0.88+0.31 0.17£0.09

(18,58)-2- F3&-5-((R)-6- FF £E-5- Pk 1) WU [3.1.0]-2- CU 77 3.73+2.14 0.68+0.29
(E,E)-2,4-FF 5 i3 2.19+1.59 - - -
ZEVE I i 2.110.77 0.52+0.18 0.47+0.24
(18)-2,6,6- = FH HEXUIF[3.1. 1] BE-2-Jis [ 4.95+1.09 0.12+0.04
B-Fi 1T I [ 0.52+0.41 3.18+1.53 0.29+0.07
(2R-HE)-1,2,3,4,4a,5,6,7- )\ Z-a.a.4a, 8- U FI -2 25 FA T [ 0.23+0.05 2.72+0.82 0.32+0.18
2-[(2R,8S,8aR)-8,8a- 1 H£-2,3,4,6,7,8- /N4 - | H-25-2-3E | 7 -2- i 0.64+0.49 2.67+0.70 0.2240.12
Xt AE kR [ 0.16£0.06 2.45+0.38 0.26£0.17 0.20+0.04
3,6,6-= I EE XU [3.1.1]-2-BE M i 2.15+0.28

LIRHET 12 0.960.30 0.29+0.04 15.05+2.95 8.30+2.14
2- 2T I R [z 0.56+0.15 0.17£0.03 7.69+1.32 4.55+0.75
4-CJ-3-H ] 0.62+0.22 0.14+0.01 7.59+0.65 5.51+0.31
(B)-2- O it 0.62+0.22 0.14+0.01 7.57+0.64 5.50£0.31
2- s i 0.61+0.22 0.14+0.01 7.53+0.64 5.48+0.31
6-F 32 HE i ] 3.40+0.50 0.82+0.76
(2)-3,7- = HE-2,6- — % i 0.25+0.09 2.98+0.57 2.13+0.25
3-FRAE-2-FR - 118 i 0.2120.08 - 2.91+0.36 1.76£0.16

T AXH VT AR o5 S AR 2% PA AL &8 . Bl LLF EHMEEbRHE R ZE 20, “- SRR MR dh PR 325 L S s ib &1

AT 28T 0.1%.
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Fig.3 PCA score plot of wood samples from four species
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B g TR FAL AR SO7 R A R A AR B 33
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BT U REE A E R 5 A4 2 OPLS-DA 43 5 #1331
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FRAKFE b Z R H) 73 B I L, 45 R R & %t 4
WA 47 () 35 e T8 O N B Sr ) SRR, 3R
WA R Fl a4k S e B = = 7tk 78
OPLS-DA A th, R?, (cum). R?, (cum)’3 i 5z Wi
R H AR 5 A B R R AR R R ) 2R R R
O (cum) W) X & B 7Y 1 700 AL RE . @ H AN
R’ (cum). R (cum)fi Bk #2230 T 1, HA0 AR & Al
5, 1 QP(cum)>0.5 R B AR AL HL & KLU 1) T R
J1. F3 5 H AN L4 OPLS-DA 7 [ VEAN S50

#3 TREXTHLEHRA OPLS-DA {RE S
Tab.3 Parameters of OPLS-DA models for different

comparison groups

TSR
pags ik
R*, (cum) R?, (cum) 0*(cum)
[¥2) o s £ - A 0.716 0.999 0.998
LI A vs ZH - fed 0.791 0.999 0.996
T ARG vs 41 A 0.750 0.999 0.997
AL e vs [H 4 0.867 0.998 0.997
T A vs )R 0.828 0.999 0.997
JHEI T vs B 46 A 0.537 0.999 0.981

DA 1 A AT A R B, B 28 R, (cum)
0.716+ R*,(cum)>¥ 0.999. Q*(cum)/y 0.998. iX it
K 8 B2 AR T RS I 71.6% AR SRR 2 Fhok
M FE AR 8] 99.9% 1) 2 5, B B RS FE ik 2
99.8%. FT A X bb 41 A5 B 1) R?, (cum) {8 35 £2 i
1.000, i BABEZY 6} 7 2H A8 5 B Bl SR I fRRE e

[, Q*(cum)¥ & T 0.980 (£ %70.997~0.998) ,
BE— D I0E 7 R T e ) R AR e S TS
FHorb, A S A A T b A AR T SRR R AR
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§ S 10 N % 104 A
= 0 ‘f T 0 & =0 €
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40 ® MP 40 ® ML o ML
APB P APB Py 20|AME
201 201 — 10 &
S S S 10 4
< < = e A
'y o -
g 0 ° 5 g 0 7 e 0 - 2
= = 210+ 4
= 204 = =201
'y 7' °
-20 1
-40 -40
-60 40 20 0 20 40 60 -60 -40 20 0 20 40 60 40 20 0 20 40
t1 (55.8%) t1 (53.7%) t1 (37.5%)
d @36 Fgvs [ Al e v flvs [H 1 £ 3% P30 A vs ) 36 308 Ag
4 UMM XFEL AR OPLS-DA 1547

Fig.4 OPLS-DA score plot of comparative sample groups across four wood species
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