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Study on the chemical characteristics of cultivated Astragalus from
different origins based on metabolomics
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Abstract: This study investigated cultivated Astragalus from three major production regions-Shanxi, Neimenggu,
and Gansu-using a pseudo-targeted metabolomics approach based on UHPLC-Q-TRAP-MS. After systematic
optimization of collision energy (CE) and declustering potential (DP) parameters, relative quantification of 109
compounds in 16 batches was performed. Combined with multivariate statistical analysis, chemical differences
among samples from different origins were assessed. The results revealed certain differences in the overall chemical
composition among the three origins. Approximately 60% of the detected components showed no significant content
differences across regions, while the differential compounds-primarily secondary metabolites-were mainly observed
between Shanxi Astragalus and samples from Neimenggu and Gansu. Compared to Neimenggu and Gansu samples,
Shanxi Astragalus was characterized by higher contents of acylated flavonoid glycosides and flavonoid glycosides,
along with lower levels of flavonoid aglycones. Thus, the flavonoid glycoside/aglycone ratio can serve as a reliable
indicator to distinguish Shanxi Astragalus. These characteristic differences may serve as potential markers for
geographical traceability and authenticity evaluation of cultivated Astragalus, providing a scientific basis for
constructing a quality assessment system.
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Figure 1 Optimization of mass spectrometry parameters for Astragalus metabolites. A: Selection of ion pairs and CE for calycosin-7-O-

Glc; B: DP optimization for calycosin. CE: Collision energy; DP: Declustering potential
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Figure 2 Precision evaluation and distribution of RSD values in QC samples before and after correction. A: Precision evaluation under
positive and negative ion modes; B: Distribution of RSD values in QC samples before and after correction under positive ion mode; C:
Distribution of RSD values in QC samples before and after correction under negative ion mode. RSD: Relative standard deviation; QC:

Quality control
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Figure 3 Multivariate statistical analysis of Astragalus from different geographical origins. A: PCA score plot of all samples and QC
samples before correction in positive ion mode; B: PCA score plot of all samples and QC samples before correction in negative ion mode;
C: PCA score plot of all samples and QC samples after correction in positive ion mode; D: PCA score plot of all samples and QC samples
after correction in negative ion mode; E: PCA score plot of all samples; F: t-SNE analysis. PCA: Principal component analysis; t-SNE:

t-Distributed stochastic neighbor embedding. SX: Shanxi; NM: Neimenggu; GS: Gansu
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Statistical test results from SPSS analysis. Different letters are used to indicate whether there are differences between groups.

Groups labeled with entirely different letters have significant differences (e.g., a vs b), while groups sharing at least one common letter show

no significant difference (e.g., a vs ab)

Region of origin

The number of various compounds

P SX NM GS Flavonoid Saponin Amino acid  Organic acid  Lipid Others Total Percentage
P>0.05 a a a 22 9 7 6 15 6 65 59.63%
P<0.05 a b b 17 6 2 3 3 5 36 33.03%

a b a 1 - - - - 1 2 1.83%
a ab b - 3 - - - 1 4 3.67%
ab a b - - 1 - - - 1 0.92%
a b ab 1 - - - - - 1 0.92%
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Table 2 Differentially expressed compounds

No. Name Molecular formula Type Sample RSD/% QC RSD/% P
1 Formononetin C,H,,0, Flavonoids 74.87 1.64 0.037
2 Formononetin-7-O-Glc-6"-O-Ace C,H,,0, Flavonoids 67.89 2.28 0.005
3 Calycosin-7-0-Glc-6"-O-Ace C,H,0, Flavonoids 87.48 1.82 0.034
4 Formononetin-7-O-Glc-6"-O-Mal C,;H,,0, Flavonoids 43.17 3.05 0.011
5 Calycosin-7-0-Glc-6"-O-Mal C,;H,,0,, Flavonoids 48.15 2.17 0.000
6 Pratensein-O-Glc-Mal C,H,,0, Flavonoids 64.05 18.10 0.012
7 Astrapterocarpan-3-0-Glc-6"-O-Mal C,H,;0,, Flavonoids 61.75 5.37 0.001
8 Trihydroxy-methoxypterocarpan-Glc-Mal C,;H,.0, Flavonoids 62.57 9.55 0.014
9 Isomucronulatol-O-Glc-Mal C,H,,0,, Flavonoids 84.22 3.98 0.000
10 Odoratin-7-0-Glc-6"-O-Mal C,H, 0, Flavonoids 70.84 432 0.020
11 Formononetin-O-Glc-Api C,,H,,0, Flavonoids 60.80 5.34 0.000
12 Trihydroxy-dimethoxyisoflavone-Glc-Mal C,H,0,, Flavonoids 114.44 2.93 0.000
13 Calycosin-Api-Glc C,,H,,0, Flavonoids 85.29 2.80 0.012
14 Trihydroxyisoflavone-Glc-Gle C,,H,,0,, Flavonoids 73.58 4.64 0.025
15 Kaempferol 3,7-di-O-f-D-glucopyranoside C,,H,,0,, Flavonoids 64.76 12.37 0.020
16 Complanatoside C,H,,0 ¢ Flavonoids 93.89 291 0.003
17 Neocomplanoside C,H,0, Flavonoids 55.91 1.43 0.001
18 Hydroxy-methoxyflavanone-Glc-Mal C,;H,,0, Flavonoids 68.51 0.21 0.010
19 Dihydroxy-methoxyflavone-Glc-Ace C,;H,.0, Flavonoids 85.55 2.60 0.035
20 Ganodermanontriol C,,H,0, Saponins 17.61 5.04 0.017
21 Huanggiyenin G C,H,,O\4 Saponins 79.98 11.94 0.000
22 Astragaloside IV C,HO, Saponins 40.09 3.28 0.022
23 Isoastragaloside I1 C,H,,0,, Saponins 44.59 10.90 0.037
24 Astragaloside 1 C,H,,0( Saponins 37.76 4.51 0.044
25 Astragaloside V C,H,0, Saponins 53.07 4.76 0.005
26 Astragaloside II-Mal-Ace C,H,,0, Saponins 69.84 4.68 0.000
27 Huanggqiyenin A C,H; O, Saponins 88.27 11.44 0.021
28 Alexandroside 1 C,H,0,, Saponins 92.39 11.38 0.007
29 Asparagine C,HN,O, Amino acids 47.75 1.03 0.008
30 Lysine CH, N,O, Amino acids 46.20 5.63 0.022
31 Histidine CHN,O, Amino acids 29.12 1.47 0.042
32 Fumaric acid CH,0, Organic acids 15.76 1.27 0.009
33 Malic acid C,H,Oq Organic acids 36.95 0.77 0.010
34 Citric acid CH,0, Organic acids 24.59 1.00 0.003
35 ST28:3;0 C,H,,0 Lipids 71.63 6.48 0.000
36 DG27:5 C,,H, O, Lipids 40.03 4.92 0.020
37 DG28:4 C, H,,0, Lipids 101.00 8.18 0.028
38 Adenine C.H.N, Others 32.79 6.56 0.010
39 4,4'-Dimethyl-6'-hydroxy chalcone C,H,0, Others 146.19 2.20 0.021
40 Astramemoside A CH,,0,, Others 62.75 3.63 0.000
41 Syringaresinol-O-f-D-glucoside C,H,0,, Others 59.28 2.57 0.001
42 Mongholicoside A C,H,,0,, Others 37.59 3.37 0.034
43 Sucrose C,H,,0, Others 16.97 1.47 0.010
44 Astroolesaponin F C,H,.0 Others 90.35 19.12 0.001

F B e LU AE R W3 e T N S AR B,
R /AL R B T I A R/ B R
B B R b A R I L E R U N B
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Figure 4 Bar charts of selected compounds in Astragalus from different geographical origins. A: Bar charts of selected non-differential

compounds; B: Bar charts of selected differential compounds. Different lowercase letters (a, b) indicate statistically significant differences

between groups (P < 0.05). Specifically, groups labeled with entirely different letters (e.g., a vs b) exhibit significant differences, whereas

groups sharing at least one common letter (e.g., a vs ab) indicate that the difference between them is not statistically significant
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Figure 5 Comparative analysis of flavonoid glycoside/aglycone ratios in Astragalus from different geographical origins. A: Histogram of

flavonoid glycoside-to-aglycone ratios; B: ROC curves of the two key ratios. ROC: Receiver operating characteristic; AUC: Area under the

curve
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