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Grade classification and its correlation with quality superiority of Astragali Radix based on untargeted metabolomics
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ZSchool of Pharmacy , Shanxi Medical University ;" Corresponding author , E-mail : 1009957292@qq.com )

Abstract:  Objective To explore differential metabolites among Astragali Radix of different quality grades and their correlations with
morphological characteristics. Methods Astragali Radix slices from different batches were collected and graded according to their
origin, diameter, odor, and other characteristics. The contents of astragaloside IV and calycosin-7-O-glucoside were determined by
HPLC. A C4 column (250 mmx4.6 mm, 5 um) was used, with isocratic elution using acetonitrile—water(32:68) or gradient elution
using acetonitrile=0.2% formic acid as the chromatographic conditions for the two analytes, respectively. LC-MS combined with an
untargeted metabolomics method was applied to profile differential metabolites in Astragali Radix slices of different quality grades. Mul-
tivariate statistical methods, including principal component analysis (PCA) and orthogonal partial least squares discriminant analysis
(OPLS-DA) , were employed to screen differential metabolites among Astragali Radix pieces of different grades. Metabolites were
qualitatively identified by searching against the HMDB, MassBank, LipidMaps, mzCloud, KEGG database and an in-house standard
database, and the key metabolic pathways were further analyzed. Results According to the diameter, bean-like odor, places of region
and other indexes, the commonly used Astragali Radix herbal pieces were divided into three grades. For grade 1(HQ1), the content
was 0.051%-0.132% for astragaloside IV and 0.034%-0.049% for calycosin-7-O-glucoside; the contents in grade 2 (HQ2) were
0.039%-0.042% and 0.023%-0.036%, respectively; the contents in grade 3 (HQ3) decreased to 0.022%-0.033% and 0.006%—
0.026% , respectively. A total of 4 718 metabolites were identified in all grades. A total of 289 differential metabolites (106 up-regulated
and 183 down-regulated) were screened between HQ1 and HQ2, and 311 (176 up-regulated and 135 down-regulated) between HQ1
and HQ3, and 329 (219 up-regulated and 110 down-regulated) between HQ2 and HQ3 were screened. KEGG pathway enrichment

analysis showed that the differential metabolites from the three grades were significantly enriched in amino acid metabolism, flavonoid
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biosynthesis, and lipid metabolism pathways. Conclusion The quality grade of Astragali Radix slices is positively correlated with
the contents of astragaloside IV and calycosin, and the contents of these components decrease significantly as the grade decreases. The
types of total metabolites are basically consistent, but their contents show significant differences. The differential metabolites are signifi-

cantly enriched in the pathways of amino acid metabolism, and flavonoid biosynthesis. The differential regulation of these pathways

constitutes the core metabolic basis for quality differentiation.
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Table 1 Astragali Radix sample information
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Table 2 Determination results of astragaloside IV and caly-
cosin contents in Astragali Radix of different grades

Wi Hft SRR EWEWH(%)  BEFEE(%)
HQI-1 Bk ik 0.132+0.082 0.049+0.002
HQI-2  12em 3 0.064+0.004 0.037+0.002
HQ1-3  12cm 58 0.051+0.002 0.034+0.002
HQ2-1  1.0em 1% 0.039:0.002 0.028+0.002
HQ2-2  10em 1% 0.042:0.002 0.023+0.002
HQ2-3  1.0em 1% 0.0400.002 0.036+0.002
HQ3-1  08em  Hf  0.033:0.002 0.026+0.002
HQ3-2  08cem B 0.029:0.002 0.022+0.002
HQ3-3  08em  H#f  0.022:0.002 0.006+0.003
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HPLC chromatograms of astragaloside IV reference substance and test sample

H Wondasil ODS C,4(250 mmx4.6 mm, 5 um) ; LA &
G R AH A, LL0.2% RIS WA T 840 B, , B 2
BEME (0~20 min, JiL 8 AH A, Hi 20% L i 3 % 40%;
20~30 min, 3 SR A, 4EFF 40% 55 B PR ) 5 A5 3
K 4260 nm, Wi iE 1.0 mL/min, H: i 25 C, FEAE R
10 pLo 458 Won, 3k ik a5 B8 5 m iR
A 20 W 0 S A2 A ] 6% 5 B s A Ak B AR AR
g (UL 2) o
222 MBHAMERH S MEFRFRILA 1.0 g B2
MR, B HIEHEIEHR A% A 4% e 20
1) 80% HH Jist i i (IO 20 4 mL, Jin 80% HH i &8
100 mL,$%%])50 mL, % %€, FrE B i, AR 1 h,
Y, FERR 8 &, A 4% e ZAR ) 80% H
VSR AD A IR B 0T B, 5T IR RS R B R TR
25 mL, Z5 1, 5% 80% W B4 i , /e A 2 5 mL i
o, i 80% W BE 2 ZI B L AT, uE AT, ISR B,
HIFE
223 XTHSEWR A BOE A DL B
fift T 25 B, B A% 0.099 6 me/mL VAT . K
FLUERSEE T, BIAS
224 KIA S R B S u R A AR S
5 190(HQD) i e B 55 | B % 1 0.034%~
0.049% ;2 9% (HQ2) B Fe rh B 88 7 5l 1% 12 0.023%~
0.036%; 3 9% (HQ3) B f& ' & 4% 5 B B % & Bk &
0.006%~0.026% ( W.#2) .
2.3 RREFZE R AR R A AT

K 3 EPE R A SF RIS RS, 9
ANFE AT AR ) AR 2 2 A A BT
23.1 g% F UPLC iR sl : Thermo Vanquish



I PHEERL R4, 2026 4E 8 J1, 45 57 % 4% 8 1l

200 -
% 150 -
o 100 |
= l
B
=50 - .
0 _
0 10 20 30 40
t/min
AT RAR A IR

P2 T8 5 B A 2 W35 0 5 HPLC

Figure 2 HPLC chromatogram for determination of calycosin-7-glucoside content
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Figure 3 Total ion current chromatogram of Astragali Radix with different grades
i 100 i
@ (Hoz.2)
=&
0 ‘ o
B -~ 504 - T
| z g
IN ©
f C\l -
‘ N N
O o
€, &
-50 50 -
|
| (Ha1 3]
‘
T T ; T E T T T T T T
-100 -50 0 -50 0 50 100 0 50 100 150
PC1(45.3%) PC1(41.4%) PC1(52.1%)
A TREPCATR I
= 150 50 &=
v
s
o 100 _
9 0
< D
& % =
g ?\I
-50 = £ 50
O
&
0
-100 (0]
-100
-50
T T T T
-200 -150 -100 -50 0 50 -50 0 50 100 150 200 =50 0 50 100 150 200
PC1(43.8%) PC1(41.9%) PC1(51.6%)
B.E B T PCATR A ]

Kl4 TR S5 FEAR R [ A QI 2 70 A PCA AR50

Figure 4 PCA score plot of untargeted metabolomics analysis of Astragali Radix samples with different grades
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Figure 6  Cluster heatmap of first-grade differential metabolites in Astragali Radix samples with different grades
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Table 4 Statistics of secondary differential metabolites in
Astragali Radix samples with different grades
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Table 5 Secondary differential metabolites between HQ1 and HQ3 of Astragali Radix samples
75 Ak ek ||FS ATk Et || F5 ATk s
1 N-Methylaniline C;HN 21 1-Azacarbazole Cy;HgN, 41 N, N-Dimethyldodecylam-  C,,H;N
ine
2 Cytosine C,HN,0 22 2-Hydroxy-5-methoxybenzal-  C¢H,0, 42 4 - (Glutamylamino) bu-  CgH,(N,05
dehyde tanoate
3 4-Isothiocyanato-1-butene C;H,NS 23 2-Oxoarginine CeH,,N;0, 43 4-Fumarylacetoacetic acid ~ CgHOq
4 (5R) - 5 - Hydroxyhexanoic ~ C¢H,,0, 24 Methyl L-phenylalaninate CoH;5NO, 44 Albaflavenone CsHy,0
acid
5 Methyl morpholine oxide CsH,,NO, 25 D-Glucosamine CeH3NOs 45 Ser-lle CoH N0,
6 benzaldehyde C,H0 26 2-Tyrosine CyH, NO, 46 Fructoseglycine CgHsNO,
7 Maltol CeH04 27 Triethyl phosphate CeHs0,P 47 3-hydroxy-5-methyl-1-  C,,H,,0,
naphthoic acid
8 cis-2-Octene CeHyg 28 2,3-Dimethoxy-5-methylhy-  CH,,0, 48 Atenolol G, H,N, 04
droquinone
9 2-Amino-3-methylpentanoic  C¢H,;NO, 29 N,N-Dimethyl-N-decylamine ~ C,H,,N 49 2,4-Dihydroxy-6, 7-dime-  C,H,,NO,
acid thoxy-2H-1, 4-benzoxazin-
3(4H)-one
10 1H-Indol-3-amine CgHgN, 30 2,3,6,7-Tetrahydro-7-meth- ~ C,,H;NO 50 dehydro-alpha-lapachone CysH,,04
yleyclopent[ b Jazepin-8( 1H)-
one
11 N,N-dihydroxy-L-valine C,H,,NO, 31 Deoxyvasicinone CyHi N0 51 4-Hydroxyphenylacetylgly-  C, H,,NO,
cine
12 1,5,6,7-Tetrahydro-4H-in-  CH,NO 32 N-Glyeyl-L-isoleucine CgH N, 05 52 alpha-Alaskene CysHy
dol-4-one
13 (R)-Pelletierine CgHsNO 33 Betamipron CyoH,NO; 53 Tetradec-2-enal C,,Hy0
14 Quinolin-6-0l C,H,NO 34 Sedoheptulose C,H,,0, 54 N-Acetoxy-4-aminobiphe-  C,,H,;NO,
nyl
15 Methionine sulfoxide CH,NO,S || 35 N-Methyldodecylamine CisHyN 55 Pro-lle C,;HyN,0,4
16 3-Formylsalicylic Acid CeH0, 36 (11R)-dihydroartemisinic al- ~ C,sH,,0 56 Val-Leu G, Hp,N,0,4
dehyde
17 Guanine C;HsN;0 37 Ala-lle CoH N0, 57 L-Leucyl-L-Valine C, HyN,0,4
18 6-Hydrazinylnicotinamide CeHgN,0 38 Eugenitol C,Hy0, 58 Suberylglycine C,oH;NO4
19 Methyl Cinnamate CoH,0, 39 7 - Hydroxy - 3 - (hydroxy-  C,,H,,0, 59 3-Hydroxydodecanoic acid  C,,H,,0,
methyl)-5-methylisochromen-
1-one
20 Asparagusic acid C,H0,8, 40 Citrulline CeH3N;0, 60 6-Methylflavone CeH,,0,
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61  Dexketoprofen C,H,404 83 (-)-Catechin CysH,,04 105 Quinestrol CysHyy0,
62 Sativan C,;H,50, 84 Manool CyH3,0 106 3-(1,1-Dimethyl-2-prope-  Cy,Hy0,
nyl)-8- (3-methyl-2-bute-
nyl)xanthyletin
63 Myristic acid C,4Hy0, 85 Alosetron CI7HI8N40 || 107  Coniferin Cy6H04
64 lle-Asn CioHN;0, || 86 Tocopheronic acid CyeHy,054 108 Pipamperone Cy HyFNL0,
65  Histidylproline diketopipera-  C,,H,;N,0, || 87  Wighteone CyH 504 109 (28,39)-3-decyl-2-hydroxy- ~ C,5H,,0,
zine 2-(3-methoxy-3-oxopropyl)
butanedioic acid
66 Iludin C2 Cy5Hy004 88 N~2~,N~2~-Dimethyl-N~1~-  C;H};N;0, 110 Gonyautoxin V C,oH;5N;0,8
(6-0x0-5,6-dihydrophenanth-
ridin-2-YL)glycinamide
67 hexahomomethionine S-oxide ~ C,;H,;NO,S || 89  Ketotifen CoH,NOS 111 Pyroglutamylprolylarginine  C,H,NO;
68  Myristamine oxide C,,H3sNO 90  6-Ethoxy-4-(piperazin-1-yl-  C,(HyN,03 112 Cinncassiol C3 CypH30,
methyl)-2H-chromen-2-one
69  beta-Santonin CysHy504 91  Tanshindiol C CysH,405 113 SCHEMBLI13077392 Cy;H,0,
70 L-valyl-L-phenylalanine G HyN,05 || 92 UNI-5BCDIRO66X CyHyFNO 114 Thr Thr Phe CsH5N;04
71 Hydroxytanshinone CoH;50, 93 2,1 dianhydride CppH,0, 115 3,5-dimethoxy-N-(2,3,4,  Cy,H,,N,0,
9-tetrahydro- 1H-carbazol -
6-ylmethyl)benzamide
72 (42,77)-5,9,9-Trimethyl-  C5H,0, 94 Glutathione CioH;N;0S || 116 Cyclobuxine CysHy N0
11-oxabicyclo [82.1 | rideca-1
(13),4, 7-triene-6, 12-dione
73 3-carboxy-4-methyl-5-pentyl-  C,,H,,05 95 N-[2-Ethoxy-2-(4-methoxy-  CyHy;NO, 117 5-Feruloylquinic acid C:H,,0y
2-furanpropanoic acid phenyl)ethyl Jcinnamide
74 Linalyl hexanoate CHy0, 96 2-Dodecylbenzenesulfonic acid ~ C,H, 0,8 118 Mevastatin Cy3Hy,04
75 Dubinidine C,sH;;NO, 97 N-Fructosyl phenylalanine CysHyNO; 119 3a,4b,7a-Trihydroxy-5h-  C,,H,0s
cholanoic acid
76 Tanshinone 1A CoH 504 98 12,15-Epoxy-13, 14-dimeth- ~ Cy,H,0, 120 Glabrol CysHys0,
yleicosa- 12, 14, 16 - trienoic
acid
77 Triphenylphosphine Oxide C,sH,;s0P 99 Methyl 5,9, 13, 17 - tetra-  CyH,0, 121 Dihydrorotenone CyH,,04
methyloctadecanoate
78 Stearic acid amide C,sH;,NO 100 8-[ (2-hydroxy -2 - phenyl-  C,¢H,N:0, 122 BENZOYLARGININE-2-  C,H,N;0,
ethyl) amino| - 1, 3, 7 - tri- NAPHTHYLAMIDE
methyl-3, 7-dihydro- 1H-pu-
rine-2, 6-dione
79 C17-Sphinganine C,Hy;NO, |[ 101 3, 8-Dimethyl-3-(4-methyl-  C,H,NO, 123 O-methylandrocymbine CyH,NO
pent-3-en-1-yl)-3, 11-dihydro-
pyrano[ 3,2-a] carbazol-9-ol
80 N, N-Bis(2-hydroxyethyl) ~ C,Hy;NO, || 102 Gibberellin A53 CapHy505 124 4-(3, 5 - Dimethoxyben-  CysHyN,0,
dodecanamide z0y1) -N -6 - quinolinylben-
zamide
81 2-[(38)-3-hydroxy-4a,8-di-  C,sH,,0, 103 9,13-Epoxy-3, 18-dihydroxy-  CyH;,05 125 Stigmasterol CyH,s0
methyl-2,3,4,5,6,7-hexa- 15, 16-labdanolide
hydro- 1H-naphthalen-2-yl]
prop-2-enoic acid
82 Heptenophos CoH,,ClOP | 104 Scopolamine-N-butyl CyHyNO, 126 3beta - Hydroxycucurbita - C3H,40,

7,24-dien-11-one
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5 #i Nz #i KR |)Fs #i R
127 ST29.2;02 CyH 50, 143 BIX-01294 CysHyNcO, 159 sodium dodecyl sulfate C,,HysNa0,S
128 Haemulcholic acid CyHyy05 144 Isoflavone base+20, 0-Malo-  C,,H,,0,, 160 Destruxin A CyoH,oN50,
nylHex
129 Ursocholic acid CyHyg05 145 Pokeberrygenin Gy Hyg04 161 Adenosine diphosphate ri-  C,;H,;,N;0,,P,
bose
130 Undecylprodigiosin CysHyN,O || 146 Medicarpin 3-0-(6'-malonyl-  C,5H,0,, 162 Peonidin 3-rhamnoside 5-  CyHq,0 5+
glucoside) glucoside
131 gamma - Glutamyl - gamma - C,H,(N,0, || 147 PC18_1 CyHsoNOP 163 DG(18.2(9Z,127) 18 3 C4Hy0;
aminobutyraldehyde (62,97,127)_0_0)
132 Pangamic acid CyHyN,O; || 148 3-Hexaprenylcatechol CyH5,0, 164 Goniotriocin CyHe O
133 24,25-Dihydroxyvitamin D~ C,,H,,0, 149 (3R,5R)-3,5-Bis({[ (2E)-3-  C,5H,,0,, 165  (3R,4R)-7,2,4,2-tetra-  C\(H,,0;
(3, 4-dihydroxyphenyl) prop- hydroxy - 4, 5 - methylene-
2-enoyl ] oxy! ) - 1, 4 - dihy- dioxyisoflav-3-ene
droxycyclohexane - 1 - carbo -
xylic acid
134 Hyoscine_butylbromide CyHyoNO# || 150 4-(3,5-dimethoxybenzoyl)-N-  C,gH, FN,0, || 166 Fucoxanthin CpHs504
Br- [3- (4-fluorophenoxy ) - 5-ni-
trophenyl |benzamide
135 3a,6b,7h, 12a-Tetrahydroxy- ~ C,H 404 151 Rottlerin CypHy504 167 Hexadecanoic acid, 1-[[[(2-  Cy5H, NOGP
5Sh-cholanoic acid aminoethoxy) ~ hydroxy-
phosphinyl ] oxy | methyl ]-2-
[ (1-oxotetradecyl) oxy | ethyl
ester(9CI)
136 3'-Geranyl-2',4,4",6"-tet-  Cy5H,405 152 NCGC00380700 - 01_C27H32  Cy,H,,0,, 168 Glycogen CouH,00,,
rahydroxychalcone 010_Methyl (25) - [ (58, 68,
108, 128, 13R, 158, 195) -6-
(3-furyl)-15, 18-dihydroxy-1,
5, 16-trimethyl-8 , 14-dioxo-7,
11 - dioxahexacyclo [ 14.2.1.0~
2,12~.0~5,10~.0~10, 12~.0~
13, 18~] nonadec- 19-y1] (hy-
droxy)acetate
137 16-feruloyloxypalmitate CygH, 05 153 6"'-0-Malonylwistin CyeHy05 169 2-Octaprenyl - 6-methoxy-  C,;H;,0,
phenol
138 1-(3-(4-methyl-2-0x0-6,7,  CpsH,NO, || 154  Armochaetoglobin H Cy,HygN,04 170 Prephytoene diphosphate CyHegO0,P,
8, 9-tetrahydro - 2H - benzo-
furoB,2-g}chr0men-3-yl)
propanoyl) piperidine-4-car-
boxylic acid
139 Coriandrinonediol C3oHs004 155 Trisaccharides(Hex-Hex- CyH3,04 171 PC (205 (5Z, 82, 11Z,  C,H,NOSP
AcetylHexA) 147, 172) _18_4 (6Z, 9Z,
122,152))
140 Ulmoidol CyoH 05 156 Deoxycholic acid 3-glucuronide 4, H,40,, 172 PC39.6 C,Hg,NOP
141 6-methoxy-1-[4-methoxy-3-  C,H,N;05 || 157  Pancuronium CysHgoN,0, 173 1-Palmitoyl-2-oleoyl-sn-  C,Hg,NOGP
[ (3-methyl-4-nitrophenoxy ) glycero-3-phosphocholine
methyl] phenyl] -2,3,4,9-
tetrahydro- 1H-pyrido[3, 4-
b Jindole
142 Dehydrocarpaine II CHN0, |[158 DG3LI C,H 05 174 PC (226 (42, 72, 0Z,  C4H,NORP

137,167,,197) _18_4(6Z,
97,122,15Z))
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175 L-Dilinoleoyllecithin CyHgNOGP ][ 201 3 - deoxy - D - manno - octu- ~ CgH,,04 227 CPA (182 (92, 127) _  C,H,,0.P
losonate 0.0)
176 Staphyloxanthin Cs;Hy404 202 1-Ethoxy-N-(3-morpholin-4-  C,H,,N,0, 228 CPA(18_1(92)_0_0) CyHy04P
yloxadiazol - 3 - fum - 5 - y1)
methanimidate
177 PC(P-18.0_20_4(5Z,8Z, CH,NOP || 203  Guanidinoethyl methyl phos-  C,H,N,0,P || 229  CPA(18_0_0_0) CyH, 0P
112,147)) phate
178 1-Stearoyl-2-arachidonoyl-sn-  C,sHg,NOGP |[ 204  Benzophenone-2 CiH, 005 230 Leupeptin CyH3N¢O,
glycero-3-phosphocholine
179 CoA4_0;0 CysHyN:0pg | 205 Pinostrobin CiH,,0, 231 Thromboxane B2 CyoH3,04
PSS
180  chromamide A CHgNeO,, [ 206 Inosine CyoH N, 04 232 FO2546M CyHyNO,
181 Solanine CysHyNOs [ 207 (S)-4'-Hydroxy-4-methoxy-  CH,,0, 233 Artemelin CypHy04
dalbergione
182 1,2-Di-(9Z,12Z,15Z-octa-  Cg;Hg,0 208 Tabtoxin biosynthesis inter-  C,H,N,0, 234 Emetamine CyoHyN,0,
decatrienoyl)-3-( Galactosyl- mediate 2
alpha-1-6-Galactosyl-beta-
1)-glycerol
183 LPC16_0 CyHsoNOP [ 209 Saccharopine Cy HyN,O4 235 Aflatrem Cy,HyNO,
184 ltaconic acid C,Hq0, 210 Hexadecanedioic acid CyeHy0, 236 sebestenoid B CyHy0,,
185 Protocatechualdehyde C,H,0, 211 Pechueloic acid Cy5Hy04 237 methyl 3-acetoxy-4-ace- Gy H,0,
toxymethyl-4-pentenoate
186 L-Tartaric acid C4H04 212 12,13-Epoxy-9-octadecenoic ~ C gH5,0, 238 S-Formylmycothiol CgH3N,0,55
acid
187 2 - Methylpropyl 3 - oxobu-  CgH,,0, 213 Picrotin CysHy0, 239 Norroehybridine CyoHyN;0;4
tanoate
188 2 - Hydroxybenzenepropanoic ~ C¢H,,0, 214 1-(3,5-Dihydroxyphenyl)-12-  C,oH;,0, 240 Dorrigocin A CyHy NOg
acid hydroxytridecan-2-one
189 (E)-4-oxonon-2-enoic acid CoH,404 215 14-HDoHE CyH3,04 241 Pikromycin CyHysNO;
190 1,3-Cyclohexanedione CeH;0, 216 Poacic acid CoH 504 242 Cytochalasin Ppho CyoHy NO,
191 2,3-Dinitrophenol CeH,N, 04 217 Curcumin CyHy0g 243 CMP-KDO C;HyN;0,5P
192 Isobutylglutaric acid CoH,60, 218 Picein Cy,H,50, 244 82475-09-0 CyHyN,0,,S,
193 p-Cresol sulfate C,H;0,S 219 Lenperone CyH,;F,NO, || 245 Sibiricose Al CyHy0,5
194 VALPROIC ACID CgH,0, 220 Eupahyssopin CyHy0, 246 Hordatine B CyHyoNgO;5
195  (2)-Sulfobutanedioic acid C,H0,S 221 (18,58)-5-Hydroxyaverantin ~ C,,H,,0q 247 Avermectin Ala aglycone  Cy5Hy 04
196 3-(indol-3-yl)Pyruvate C,HNO,~ |[ 222 CPA(16_0_0_0) CyoH;,0,P 248 nuatigenin 3-beta-D-gluco-  C33Hy,0,
pyranoside
197 5, 10-dihydrophenazine-1-  C;H,N,0, | 223 N-(8-Amino-1-carhoxyoctyl)-  C;HyN;0; 249 (2R,38,3S)-2-hydroxyas-  C,oHy,05
carboxylic acid alanyl-proline taxanthin
198 N-Chloroacetyl-2,6-diethyl- ~ C,H,,CNO || 224 ~ SYNNEMATIN B CHyN;,06S || 250 Magnoline CeHoN,04
aniline
199 3-0-Methyldopa, DL- CIOHI3NO4 || 225  Heliocide H2 CysHyy05 251 Neomycin CyHyNsO
200 Norecasantalic acid C,H,60, 226 4,4-Diapolycopenedial CyoH50, 252 Phosphatidylinositol  lyso  C,,H5,0,,P

18_1
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253 [2-Hydroxy-3-[hydroxy-(2,  Cy;Hy0,P || 268  Serratiomycin CsHg N5O, 283 OxPG 36_5+10 C,H,50,,P
3,4, 5, 6-pentahydroxycy-
clohexyl)  oxyphosphoryl ]
oxypropyl] octadecanoate
254 Dipiperamide C Cy3HygN,Og [] 269 Monensin B CysHgOy 284 [1-[2,3-dihydroxypropoxy  C,H,,0,,P
(hydroxy ) phosphoryl Joxy-
3-[(Z) -octadec-‘)-enoyﬂ
oxypropan-2-y1 ] (9Z,, 11E)-
13-hydroxyoctadeca-9, 11-
dienoate
255 Indole-3-acetylglutamic acid ~ CjsH,N,O5 | 270 1-hexadecanoyl-2-(97Z,12Z-  Cy,H,NOP || 285  UDP-3-0-(3-hydroxymy-  CyHg N,
octadecadienoyl ) -sn-glycero- ristoyl) - alpha - D - glucos- 0P,
3-phosphoethanolamine amine
256 Glycerol 1-dodecanoate 2-  Cy;H; 04 271 Phosphatidylethanolamine CyHNOGP || 286 Arginyl-arginyl-prolyl-tyro-  CyHg,N ;04
tetradecanoate 3-octanoate 18 1-18 2 syl-isoleucyl-leucine
257 Oxiglutatione CyoH;,Ng 272 Avermectin B2b monosaccha- ~ C,Hg0,, 287 Dinophysistoxin CysH,045
0,5, ride
258 Coenzyme (2 CyoHy0, 273 PE(16_le_5-HETE) CyHyNOGP || 288  Notoginsenoside J CypH;,0,
259 Momordicoside K CyHeg04 274 Rutamycin B CyuH:,0y 289 [1 - hexadecanoyloxy - 3 - C,;Hy,0,,P
[hydroxy - (2,3,4,5,6-
pentahydroxycyclohexyl)
oxyphosphoryl ] oxypropan-
2-yl] (9Z,127)-octadeca-
9, 12-dienoate
260 PAz-PC CyuHuNOP || 275 CID 132350835 CysH 040 290 [1 - hexadecanoyloxy - 3 - C,;H,,0,,P
[hydroxy - [ (28, 3R, 58,
65)-2,3,4,5,6-pentahy-
droxycyclohexyl ] oxyphos-
phoryl ] oxypropan - 2 - y1]
(47,,72)-octadeca-4, 7-di-
enoate
261  PA342 CyHeOP || 276 PE (18_2 (92, 12Z) 204  C, H,NOP || 291  1-(9Z-hexadecenoyl)-2-  C,3Hg 0P
(57,87,117,147)) octadecanoyl - glycero - 3 -
phospho-(1'-myo-inositol )
262 2-12,4-dihydroxy-6-[ (87)-  C,5Hy,05 277 Dolastatin 10 CyHgNOS || 292 PG(18_1_19,20-EpDPE)  C46H77011P
pentadec-8-en-1-yl Jphenyl | -
3-[(8Z)-heptadec-8-en-1-
y1]-5-hydroxy-6-methyley-
clohexa-2, 5-diene-1, 4-di-
onelbelamcandaquinone J
263 1, 2 - Dihexadecanoyl - sn - Cy;H,,NOP (| 278  (20E)-Ginsenoside F4 CpH04, 293 Saponin CP4 CyeH7,045
glycero - 3 - phosphoethanol-
amine
264 12,15-cis-Squamostatin A CyHeeOg 279 PE(16_0e_10-HDoHE) CxHNOP || 294 OxPI134_2+10 Cy3Hy50,,P
265  Taxine A CysHiNOy, || 280 quercetin-3-0-hexosyl (1-2)  Cy3H,g0,, 295 Antibiotic A 130C CypHog0 5
deoxyhexosyl-7-0-hexoside
200 PA38 4 C,HnOP || 281 MGDG 322 CyyH,04 296 PI(16_0_9-Hode) Cy3Hy50,,P
267 Ulmicin E CysHeo04 282 PG(16_0_5-HEPE) C,H,0,,P 297 Phosphatidylinositol 16_0-  C,sH,,0,,P

205
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298 [1-hexadecanoyloxy-3-[hy-  CyH,0,P || 303 PI(16_1_11,12-Eet) C,sH,,0,,P 308  Spiramycin I1 CysH N0
droxy-(2,3,4,5,6-pentahy-
droxycyclohexyl)  oxyphos-
phoryl] oxypropan - 2 - y1]
(82,112,142, 172) -icosa-
8,11,14,17-tetraenoate
299 Phosphatidylinositol 18_1 - C,H,0,,P || 304  PI(16_0_11,12-Eet) CysH,00,,P 309 6-[ (8a-Carhoxy-4,4,6a,  C,H; 04
205 6b, 11, 11, 14b - heptam-
ethyl-1,2,3,4a2,5,6,7,8,
9,10,12,12a, 14, 14a-tet-
radecahydropicen - 3 - yl)
0xy]-5-[3,S-dihydroxy-ﬁ-
(hydroxymethyl)-4-(3,4,
5-trihydroxy-6-methyloxan-
2-y1)oxyoxan-2-y1 Joxy-3,4-
dihydroxyoxane -2 - carhox-
ylic acid
300 [3-[2, 3-dihydroxypropoxy  CyyH,0,,P || 305 PI(18_1_9-Hode) CysHg 0P 310 Condurango glycoside A Cs3H550,4
(hydroxy ) phosphoryl ] oxy-2-
[ (42,72, 102, 132, 16Z,
197) - docosa-4, 7, 10, 13,
16, 19-hexaenoyl Joxypropyl ]
(42, 77, 10Z, 13Z, 16Z,
197)) - docosa-4, 7, 10, 13,
16, 19-hexaenoate
301 Solamargine CsHiNOys ([ 306 1-(6Z, 97, 127 - octadecatri-  CyyHy0 5P 311 Trehalose-6,6-dibehenate  CsH,,c0,5
enoyl)-2-(87, 117, 14Z-¢ico-
satrienoyl)-glycero-3-phospho-
(1'-myo-inositol )
302 PI(16_1_18-Hete) Cystlyy0,P |1 307 [1-[hydroxy-(2,3,4,5,6-  C,Hy0,,P
pentahydroxycyclohexyl) oxy-
phosphoryl Joxy-3-[ (Z)-octa-
dec-9-enoyl Joxypropan-2-yl ]
(87,11Z,147,,177)-icosa-8,
11,14, 17-tetraenoate
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Figure 8 Cluster heatmap of secondary differential metabolites in Astragali Radix samples with different grades
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Figure 9 Volcano plot of secondary differential metabolites in Astragali Radix samples with different grades
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Figure 10 Bubble chart of metabolic pathway impact factors of secondary differential metabolites in

Astragali Radix samples with different grades
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