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[Abstract] Objective: Headspace solid-phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-
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MS) and GC-triple quadrupole MS(GC-QqQ-MS) in combination with non-targeted and targeted metabolomics were employed to
systematically analyze the chemical composition differences of Xihuangwan prepared with natural musk and artificial musk, and
establish an identification system for them. Methods: The volatile components of 9 batches of Xihuangwan samples from 8§
manufacturers were analyzed by HS-SPME-GC-MS non-targeted metabolomics, and identified by comparing their MS data with the
National Institute of Standards and Technology (NIST) spectral library. Orthogonal partial least squares-discriminant analysis
(OPLS-DA) was used to identify differential volatile components of Xihuangwan prepared with natural musk and artificial musk.
Additionally, GC-QqQ-MS targeted metabolomics was applied to quantify the levels of « -pinene, B -elemene, muscone,
dehydroepiandrosterone, bornyl acetate, and octyl acetate in 27 batches of samples from 9 manufacturers. Cluster analysis,
principal component analysis (PCA) , and partial least squares-discriminant analysis (PLS-DA) were conducted to further explore
the differences in volatile components between Xihuangwan samples prepared with natural musk and artificial musk. Results: Non-
targeted metabolomics identified 291 volatile compounds in Xihuangwan, including alkanes, esters, alkanes, alcohols, ketones,
naphthalenes and others. OPLS-DA analysis revealed distinct separation between Xihuangwan samples containing artificial musk
(A1, C1, DI, E1, F1, G1, I1) and those containing natural musk(H1, H3). A total of 30 differential metabolites were identified.
The relative contents of these 30 differential metabolites were visualized using a radar chart, revealing significant differences in the
levels of octanol, borneol acetate and muscone. Cluster analysis and PCA results from targeted metabolomics indicated that
Xihuangwan could be classified into two distinct groups: one composed of natural musk(H1, H3) and the other of artificial musk,
sample H2. PLS-DA identified muscone, octyl acetate, and dehydroepiandrosterone as key differential volatile components.
Although no significant difference was observed in the content of octyl acetate between the two groups, statistically significant
differences were found for muscone and dehydroepiandrosterone(P<0.05). Conclusion: Muscone and dehydroepiandrosterone can
be used for the differentiation of Xihuangwan samples containing natural musk from those containing artificial musk. This study
systematically and comprehensively analyzed the differences in the types and contents of major volatile components in Xihuangwan
prepared with natural musk and artificial musk, providing a scientific basis for quality evaluation and control of Xihuangwan.
[Keywords] Xihuangwan; headspace solid-phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS) ;
GC-triple quadrupole MS(GC-QqQ-MS) ; natural musk; artificial musk; identification; muscone; dehydroepiandrosterone
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Fig. 1 Radar analysis of relative contents of volatile components

in Xihuangwan from different manufacturers
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D1 5 RSB n A e
3.2.4  A[EJT 0 AL E 25> % & 1Y PLS-DA
R TECE TN = DI 5 KR = VRS B S S T
B ,RX N 0.818,R’Y 4 0.630, O’ & 0.386, PLS-DA
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K3 FRATFBEAPFEEZELERSIHEE (n=3)

Table 3 Content of main volatile components in Xihuangwan from different manufacturers (n=3) mg-g’
T a- R B-Bi T I 5% A B I 2 2 Ml 55 1) LR Nl i LR BE
Al 0.0119 - 0.3554 0.0757 0.010 2 0.160 1
A2 0.0120 - 0.3326 0.063 9 0.008 7 0.193 6
A3 0.011 2 - 0.292 1 0.059 5 0.003 9 0.222°5
Bl 0.026 0 0.133 5 0.376 3 0.0715 0.013 6 0.9879
B2 0.026 3 0.1358 0.3799 0.072 0 0.014 5 0.967 9
B3 0.026 2 0.1353 0.378 6 0.070 7 0.013 8 0.9579
C1 0.0112 0.046 4 0.3715 0.069 3 0.014 8 0.1809
C2 0.0118 0.0510 0.343 4 0.073 5 0.0170 0.228 1
C3 0.0116 0.0327 0.3750 0.074 0 0.027 4 0.2215
Dl 0.068 2 0.2472 0.3050 0.064 6 0.014 3 1.778 8
D2 0.0179 0.128 1 0.2819 0.059 8 - 1.258 9
D3 0.0189 0.1320 0.280 1 0.052 8 - 1.294 8
El 0.023 9 0.419 6 0.360 4 0.077 4 - 0.906 0
E2 0.023 8 0.398 5 0.434 1 0.072 3 - 0.966 1
E3 0.032 4 0.361 1 0.2513 0.063 0 - 1.149 8
Fl1 0.0119 0.106 2 0.2416 0.053 2 - 0.302 6
F2 0.0116 0.104 2 0.3250 0.057 3 - 0.270 7
F3 0.0111 0.097 4 0.300 9 0.058 2 - 0.206 6
Gl 0.023 6 0.172 8 0.284 8 0.102 8 0.007 5 0.645 4
G2 0.024 9 0.1553 0.268 8 0.055 4 0.007 5 0.630 8
G3 0.017 5 0.170 4 0.3272 0.061 9 0.006 9 0.457 6
H1 0.038 0 0.103 5 0.136 5 - 0.059 7 1.184 0
H2 0.023 2 0.0917 0.291 1 0.0579 0.060 6 1.458 0
H3 0.014 6 0.094 1 0.120 8 - 0.0330 0.9227
11 0.037 4 0.296 7 0.293 1 0.050 8 0.005 2 2.279 4
12 0.037 1 0.303 9 0.305 8 0.053 4 0.005 2 2.2783
13 0.036 6 0.295 8 0.300 6 0.054 1 0.005 0 2.193 6
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Fig. 2 Content analysis of differential components in Xihuangwan
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