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[ Abstract ] Objective; To establish a method for the analysis of volatile chemical compositions and
determination of muscone in Moschus, explore the impact of species and producing areas on the quality of Moschus,
and provide scientific basis for its quality evaluation. Method: Chemical compositions and contents of muscone in
Moschus were analyzed by GC-MS, and chemometric analysis methods such as hierarchical cluster analysis (HCA)
and principal component analysis (PCA) were used to comprehensively evaluate the effect of different species and

producing areas on the quality of Moschus. Result: The volatile chemical compositions in three kinds of natural
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moschus ( Moschus berezovskii, M. sifanicus, M. moschiferus) were similar and mainly included muscone,
androsterone, dehydroepiandrosterone acetate, androstanediol, cholesterol and cholestanol, et al, but the relative
contents of those compounds were different among the natural moschus of different species and producing areas.
Artificial Moschus mainly contained muscone, epiandrosterone, ethyl oleate, hydroxybenzoic acid, stearic acid,
and palmitic acid, et al, which was very different from natural Moschus. The average content of muscone was
(1.21 £0.42) % in M. berezovskii from different producing areas, (0.26 £0.15) % in M. sifanicus from different
producing areas, 5.68% in M. moschiferus from Anhui province, and 5.07% in artificial Moschus. Conclusion :
The Moschus of different species and producing areas had different chemical compositions and content of muscone,
suggesting that different species and producing areas had great effects on the quality of Moschus, so it is necessary
to pay attention to species and producing areas in the process of musk domestication; meanwhile, the artificial

Moschus and natural Moschus also showed great differences in chemical compositions, suggesting that ratio in

artificial Moschus prescription needs to be further optimized.
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Table 1 Different kinds of natural musk and artificial musk
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Fig. 1 GC-MS total ion chromatograms of muscone standard
solution (A), natural musk solutions (B, C and D) and artificial

musk solution (E)
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Table 2 Chemical components in different kinds of natural musk and artificial musk

A X BT = 4350 %
No. tg/min [ax?] ¥ AH X 43 F T i
N o B J5 B N TR
1 3.95 Xof 2 R R C;Hg 04 138 - - - 5.12
2 4.26 X 32 3 2K H R 2 iR CyH,, 0,4 166 - - - 0.95
3 6.27 LRI A C,, Hy0 210 0.73 0. 64 0.53 -
4 8.05 53R+ 7 B -1 - CigHys0 236 0.54 0.99 0. 40 -
5 8.97 R A ot P CisHyO 224 1.07 0. 65 0.18 -
6 9.65 B A C,sH;00 238 45. 14 40.76 37. 45 56. 86
7 10.23 + N (k) B Ci3Hy6 O 268 _ - _ _
8 11.57 ot i) PR C,6H3,0, 256 - - - 2.05
9 12.31 kiR 2.1 CgH30, 284 - - - 1.22
10 13.96 okl Cy6H3 0, 254 1.13 3.33 2.08 -
11 14.99 R C,sH;, 0, 282 - - - 1.48
12 15. 46 ik jig iR Ci;sHs60, 284 - - - 2.44
13 15.56 iR 2. 15 CyoHyg 0, 310 - - - 5.53
14 16.01 Tifi Jig R 2. T C,0Hy 0, 312 - - - 0. 63
15 16.99 =IO TRFE ERMETR Cy H,, F 0, 384 4.61 6.01 2.93 -
16 17. 86 R 25 & AR T TR C,, H;, 0,4 330 9.42 7.71 4.53 -
17 20. 72 e i CyH;0, 290 19. 32 9.82 21.48 -
18 20. 92 LR 52 CoHy 0, 288 1.26 1.02 1.55 -
19 21.17 25 I T C,oHs, 0, 290 2.43 2.69 1. 60 21.38
20 21.26 ke — e CoH3, 0, 292 5.23 4.75 0.93 -
21 22.73 e M — Tl CoHy 0, 286 - 1.75 - -
22 23.56 JE ] Cy; HyeO 386 4.68 14. 12 18.09 1.39
23 23.77 JIFL 55 5 et C,;HyO 388 4.44 5.76 7.55 0.95
24 24. 84 I R 55 o Cyy HygO 386 - - 0.70 -
x3 AERMMFHBEERATIBELFERAIIETRR
Table 3 Relative peak areas of 13 common chromatographic peaks
R cl 2 3 C4 cs C6 c7 c8 C9 C10 Cl1 Cl12 C13
SX1 0.39 0. 40 0.20 30. 34 0.83 0.30 1.33 0.53 0.12 1.24 0.20 44.27 19. 85
SX2 0.54 0. 40 0.18 37.45 2.08 2.93 4.53  21.49 1.55 1. 60 0.93 18.10 8.22
SX3 1.20 1.12 0. 40 52.42 3.12 1.65 2.84  11.17 1. 44 2.75 4.37 14. 65 2.87
SX4 0.47 0. 68 0.28 32.22 1.30 6.31 7.24  13.82 1.63 2.22 3.67 23.45 6.71
SX5 0.73 0.54 1.07 45. 14 1.13 4.61 9.42 19. 32 1.26 2.43 5.23 4. 68 4.44
SX6 0 0 1.63 25.87 0 2.34 3.61 17.37 3.11 2.46 3.22 25.97 14. 42
SX7 1.58 1.49 0.42 60.73 4.71 0.27 0.52 11.78 1. 46 4.77 6.53 4. 40 1.34
SX8 0.52 2.01 0.45 65. 09 3.71 0.29 0.10 2.21 0.74 5.88 1.69 13. 44 3.87
SX9 0.95 0.91 0.31 43.49 3.25 6.41 10. 28 18.98 3.07 2.48 4. 66 3.78 1.43
SX10 0.70 1.29 0.49 48. 40 3.65 0. 80 1.41 9. 86 1.97 2.42 3.69 21.39 3.93
SX11 1.01 1.02 0.22 44. 60 3.00 7.09 13.37 14.75 1.39 2.24 4.35 5.52 1. 44
SX12 0. 64 0.99 0.65 40. 76 3.33 6.02 7.72 9.82 1.02 2.69 4.75 15.85 5.76
RGSX 0 0 0 72.20 0 0 0 0 0 24.27 0 2.58 0.95
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Fig.2 Dendrogram of 13 batches of Moschus
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Table 4 Matrix of correlation coefficients

J& T R FRAEE L BT Tk R X LA A
Gy W3 AN E A BN TE RN
85.97% , WU BUHT 3 A~ F A4 RO T #E 47 9F fr, B AR
RTBELM 12 w1 85.97% {5 B i,
BA R, AT RATEA B 75 265 04 10 5 5, &%
W3, 3 AL e AT, SRR (SX2)
S (SX1,SX3 ~SX9,SX11) , I i ( SX10,SX12) I
N T (RGSX) ] LU b X 53 o

I 5 1 2 3 4 5 6 8 9 10 11 12 13
1 1. 000 0. 882 0. 488 0.611 0.970 0.790 0. 806 0. 893 0. 897 -0.180 0.661 0. 632 0.616
2 0. 882 1. 000 0.305 0.328 0. 853 0. 628 0. 630 0. 654 0.651 -0.367 0.715 0. 469 0.434
3 0. 488 0.305 1. 000 0.238 0.392 0.551 0. 633 0. 545 0.511 -0.250 0.675 0.289 0. 345
4 0.611 0.328 0.238 1. 000 0.601 0.549 0.550 0.705 0. 660 0. 635 0.127 0.557 0. 544
5 0.970 0. 853 0.392 0. 601 1. 000 0.776 0.762 0.911 0.915 -0.182 0.534 0. 606 0.576
6 0.790 0. 628 0.551 0. 549 0.776 1. 000 0.977 0. 906 0. 865 -0.141 0.579 0.519 0. 481
7 0. 806 0.630 0. 633 0.550 0.762 0.977 1. 000 0. 882 0. 848 -0.145 0. 647 0.507 0.492
8 0.893 0. 654 0. 545 0.705 0.911 0.906 0. 882 1. 000 0.981 -0.053 0. 453 0. 640 0.613
9 0. 897 0.651 0.511 0. 660 0.915 0. 865 0. 848 0.981 1. 000 -0.092 0.445 0.586 0.567
10 -0.180 -0.367 -0.250 0.635 -0.182 -0.141 -0.145 -0.053 -0.092 1.000 -0.386 -0.063 -0. 066
11 0. 661 0.715 0.675 0.127 0.534 0.579 0. 647 0.453 0. 445 -0.386 1. 000 0.182 0.200
12 0. 632 0. 469 0.289 0.557 0. 606 0.519 0.507 0. 640 0.586 -0.063 0.182 1. 000 0.992
13 0.616 0. 434 0. 345 0. 544 0.576 0. 481 0. 492 0.613 0.567 -0.066 0.200 0.992 1. 000
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Fig.3 PCA of GC-MS spectrum in different Moschus
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2.7.5 WEMEIRE  WE—BEERS 6 5, 55
0.1 g, 4% 2.3 30T Jy v i 4 6320 0 V4% 00, 0 35 i i
1L, J ARG A, 5 B 75 1 110 3 42, 4% R g
B - 24 42 %0k 13,81 mg-g” ' RSD 1. 1%,
FWIF R E LR

2.7.6  REEIGR G BUE — 0 i B A R
A 6 13 BEDY 0. 05 g, # IR 100% FF: i £ 5 43 BIKS %
T B 7 Bt B 5 1 mL(0.576 g+ L™ ") fA
TKZ B9 mL, R4S, H 2.3 3T (1907 1 1 4 it
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B 75 TR 1 S 24 [T 0% R 99. 5% (RSD 2. 1% ) , 325
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Table 5 Recovery test of muscone in Moschus

THERE dh B R B 2 L AR LR 6
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Table 6 Contents of muscone in different kinds of natural Moschus

and artificial Moschus %
% B A i
SX1 1.56
SX2 5.68
SX3 1.05
SX4 0.91
SX5 1.90
SX6 0.10
SX7 1.41
SX8 0.59
SX9 0.79
SX10 0.16
SX11 1. 16
SX12 0.36
RGSX 5.07

No. FrAE G B fiy e ik UGS s HEVES
/g /mg /mg /%
1 0. 046 2 0. 638 1.219 100. 9
2 0.047 0 0. 649 1.225 100. 0
3 0.046 3 0. 639 1.220 100. 8
4 0.046 9 0. 647 1.205 96. 8
5 0.046 5 0. 642 1.227 101.5
6 0.046 7 0. 645 1.203 96.9

F AR A 0.576 mg,

2.7.7 R[G5 RR ORI bR A K N T RE A v R A

(S B B[R] ORI MBS A B N TR

0.1 g, %% 2.3 T F J7 il & 13 0 W, 76 2.1 T

OSSR AT I B HEAE 2 W, LA — Ak
.54 .
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5.68% , N T 8375 v B 5 R B it 43 80 5. 07 % LA
JB5 A A 5 RO G bR DA R F R I RS B A T
It B O TR, PRRE B A O e B AR T R R A
PR A TRt — R R BRI . E AR R
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A TR A TR 0 it 43 R = o (1,41 £0.70) % , 04 )l
FERBE BE A P RE A W T R e B R O (110 =
0.41) % , I35 5% W1 7™ bR BF B A b B B I 03 42t 53 4K
KR 1.05% ; 1O Il 7= MBS B & 8 N 2= 7 R
37. 1% ,BEVY ™ bR BE BE B 48 N 22 57 R 49. 8% , 1 4
[ 4 A4 DXOMORE RS 7 48 1] 22 55 61. 8% , R W44 1]
ZERRTENES, =1 B 0 Ak, X
A BE 55 B 78 A0 DU 1] 2 bR R (1) 5 G0 38 b e X, HLFR A
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FE AR TN B RS A o 25 TR R [ R
7 B A T B AR A 0 ol S R A R A 22 ) A
K, R AS [R) i Foh 0 bt %ok B A I B R AR, #E N
T B 3k R v 7 T R ORI P b 1
3 it
3.1 LA TE AR BT R S K
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