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Analysis of the volatile components of Astragali Radix from different
habitats by SPME-GC-MS combined with multivariate statistical analysis
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Abstract: "Beany flavor" is one of the important authentic characteristics of Astragali Radix. It is important to
clarify the material basis of "Beany flavor" in the characterization of authentic medicinal materials and establishing
quality control methods for authentic medicinal materials. At present, the analysis of volatile components in different
habitats has been reported, but systematic comprehensive research has not been conducted. The SPME-GC-MS
technique was used to analyze the volatile components of Astragali Radix from three producing areas: Shanxi
(wild-simulated Astragali Radix), Gansu (cultivated Astragali Radix) and Inner Mongolia (cultivated Astragali Radix).
Combined with the method of multivariate statistical analysis, the difference of volatile components of Astragali
Radix from the three different producing areas is discussed. Multivariate statistical analysis and evaluation was
conducted through principal component analysis (PCA) and partial least squares discriminant analysis (PLS-DA).
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Seventy-six volatile components of Astragali Radix from the three producing areas were identified by SPME-
GC-MS. PCA model results showed that the volatile components correlated with their producing areas. PLS-DA
demonstrated that the volatile components of Astragali Radix samples from different producing areas were signifi-
cantly different. Six volatile substances including hexanoic acid, hexanal, 2-butyl-2-octenal, 1-hexanol, benzyl
alcohol and 2-butylfuran were quantified. The ratio of hexanal to hexanoic acid in Astragali Radix from different
areas and cultivation methods was significantly different: the ratio of hexanal: hexanoic acid in wild-simulated
Astragali Radix of Shanxi was 7.8: 1, while the ratio of hexanal: hexanoic acid in cultivated Astragali Radix of
Inner Mongolia and Gansu was 2.3: 1 and 0.96: 1, respectively. The volatile components identified in this study
provide a foundation for continued research of and quality control of Astragali Radix.
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Table 1 The origin information of Astragali Radix

No. Area No. Area

S1 Shanxi Hunyuan S10 Gansu Weiyuan
S2 Shanxi Hunyuan S11 Gansu Weiyuan
S3 Shanxi Hunyuan S12 Gansu Weiyuan
S4 Shanxi Hunyuan S13 Gansu Weiyuan
S5 Shanxi Hunyuan S14 Gansu Minxian
S6 Shanxi Yingxian S15 Gansu Minxian
S7 Shanxi Yingxian S16 Inner Mongolia
S8 Gansu Weiyuan S17 Inner Mongolia
S9 Gansu Weiyuan S18 Inner Mongolia
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Figure 1  Total ion chromatograms of volatile compounds of

Astragali Radix from Shanxi (A), Gansu (B), and Inner Mongolia
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Table 2 Qualitative and quantitative results of metabolites of Astragali Radix from three different producing areas (SX: Shanxi, GS: Gansu,
NMG: Inner Mongolia)

Average relative content/%

No. tz/min m/z Name SX s NMG
1 2.27 44 Hexanal 18.64 12.03 16.07
2 4.3 81 2-Butylfuran 4.85 0.61 2.72
3 5.58 70 Heptanal 1.63 0.08 0.85
4 5.77 74 Methyl acetate 1.52 2.10 3.30
5 6.25 68 Limonene 0.80 0.22 0.30
6 7.11 41 2-Hexenal 0.30 0.22 0.19
7 7.61 81 2-Pentylfuran 3.71 1.90 3.59
8 7.95 71 Terpinene 1.29 0.37 0.56
9 8.32 42 1-Pentanol 0.85 1.12 1.28

10 8.77 119 m-1sopropyltoluene 0.36 0.23 0.18

11 9.46 119 0-Cymene 0.59 0.21 0.40

12 9.64 43 Hexyl acetate 0.54 0.32 0.40

13 10.69 43 2-Octanone 0.13 0.11 0.16

14 10.83 43 Octanal 0.10 0.10 0.23

15 11.02 41 Hexanenitrile 1.05 0.47 0.53

16 11.4 43 Propyl hexanoate 0.56 0.63 0.91

17 11.53 56 1-Hexanol 291 5.91 1.72

18 11.97 56 Hexyl formate 2.48 1.17 1.72

19 12.42 121 Alloocimene 0.18 0.10 0.39

20 12.66 67 3-Hexen-1-ol 2.75 1.26 2.07

21 131 55 3-Octen-2-one 1.44 0.97 1.15

22 13.37 67 3-Ethyl-2-methyl-1,3-hexadiene 0.55 0.24 0.31

23 14.07 137 2-1sopropyl-3-methoxypyrazine 114 0.39 0.40

24 14.33 117 2,4-Dimethylstyrene 0.31 0.31 0.26

25 14.45 146 p-Dichlorobenzene 1.23 0.38 0.79

26 14.92 57 1-Octen-3-ol 3.26 0.88 2.78

27 15.32 43 Acetic acid 0.22 1.99 0.24

28 15.43 95 3-Furaldehyde 0.26 0.09 0.20

29 15.82 161 a-Copaene 1.37 1.52 1.20

30 16.22 81 (E,E)-2,4-Heptadienal 1.10 1.10 0.77

31 16.36 43 Decanal 1.30 0.09 0.79

32 16.53 138 2-Methoxy-3-(1-methylpropyl)-pyrazine 0.99 0.15 0.83

33 16.84 204 Gurjunene 0.22 0.26 0.29

34 17.14 95 (E,E)-3,5-Octadien-2-one 4.04 2.83 2.62

35 17.28 77 Benzaldehyde 1.45 0.07 2.18

36 17.6 71 Linalol 0.31 0.44 0.38

37 17.83 74 Propanoic acid 0.14 0.25 0.74

38 18.49 56 1-Octanol 0.62 0.52 0.42

39 18.8 95 3,5-Octadien-2-one 1.96 2.14 1.85

40 18.97 81 p-Elemicin 0.20 0.09 0.33

41 19.36 93 Caryophyllene 0.27 0.49 0.47

42 19.57 149 2-Isopropyl-1-methoxy-4-methylbenzene 0.36 0.89 0.60

43 20.04 71 (-)-4-Terpineol 0.58 0.93 0.37

44 21.05 71 Menthol 6.31 3.72 3.88

45 214 105 Acetophenone 1.32 1.80 1.35

46 21.79 41 2-Butyl-2-octenal 2.47 2.30 4381

47 22.32 161 y-Muurolene 0.11 0.35 0.10

48 22.66 60 Isovaleric acid 0.35 0.53 0.59

49 22.89 85 4-Hexanolide 0.29 0.59 0.37

50 23.13 204 S-Eudesmene 0.43 0.68 0.49

51 235 105 a-Muurolene 0.64 0.64 0.51

52 23.98 128 Naphthalene 0.53 0.68 0.57

53 24.63 60 Pentanoic acid 0.28 1.05 0.77

54 2491 119 Curcumene 1.10 1.41 1.39

55 25.06 120 Benzoic acid 1.48 1.03 1.15

56 26.03 81 2,4-Decadienal 0.12 0.08 0.09

57 26.43 159 (-)-Calamenene 0.61 0.49 0.58

58 27.06 142 2-Methylnaphthalene 0.24 0.31 0.26

59 27.24 43 Nerylacetone 0.19 0.17 0.30

60 27.59 60 Hexanoic acid 2.36 12.48 6.92

61 28.03 79 Benzyl alcohol 0.36 0.73 2.16




MR B2 X5 BT SPME-GC-MS 45 & £ Jo i it (MAN[R] 7™ 4 35 B R M e 3 22 43 A 983
Continued

No. {/min iz Name = Average relr:ge content/% Ve
62 28.94 91 Phenylethyl Alcohol 0.21 0.59 0.40
63 29.08 109 Diethyl phenyl phosphine 0.12 0.21 0.12
64 29.35 117 Benzyl nitrile 0.28 0.28 0.33
65 29.98 73 2-Ethyl-hexanoic acid 0.24 0.42 0.31
66 30.39 60 Heptanoic acid 0.44 0.34 1.48
67 31.54 121 ortho-Hydroxypropiophenone 0.12 0.31 0.22
68 317 178 Methyleugenol 0.08 0.14 0.07
69 31.93 94 Phenol 0.12 0.64 0.09
70 32.09 85 Prunolide 0.41 2.15 1.16
71 33.17 60 Octanoic acid 0.17 0.48 0.34
72 33.71 107 p-Methylphenol 0.17 0.31 0.18
73 33.81 108 m-Methylphenol 0.14 0.40 0.32
74 35.06 164 Eugenol 0.14 0.33 0.20
75 35.72 208 Elemicin 0.78 0.59 0.30
76 37.83 45 2-Hexadecanol 0.43 0.35 0.53

Total content/% 91.6 82.76 89.88

Figure 2 Heatmap of GC-MS determination of volatile components of Astragali Radix from different producing areas (SX: Shanxi; GS:

Gansu; NMG: Inner Mongolia)
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Figure 3 PCAscore plot of GC-MS results of volatile components
of Astragali Radix from different producing areas (SX: Shanxi;
GS: Gansu; NMG: Inner Mongolia)
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Figure 4 PLS-DA score plot of GC-MS results of volatile com-
ponents of Astragali Radix from different producing areas (SX:
Shanxi; GS: Gansu; NMG: Inner Mongolia)

Figure 5 Permutation test result of PLS-DA

Figure 6 VIP plot of PLS-DA model
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Figure 7  Distribution map of six substances with higher VIP
score. "P<0.05, "P<0.01, ""P<0.001
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Table 3 Details of metabolic pathways which differential metabolites participate in. KEGG: Kyoto encyclopedia of genes and gnomes

Metabolite set Expect Hits Raw P KEGG number
Vitamin K metabolism 0.219 1 0.199 C00163
Beta oxidation of very long chain fatty acids 0.266 1 0.237 C01585
Mitochondrial beta-oxidation of short chain saturated fatty acids 0.422 1 0.35 C01585
Fatty acid biosynthesis 0.547 1 0.429 C01585
Propanoate metabolism 0.656 1 0.491 C00163
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