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Abstract: Objective: To explore the dynamic accumulation characteristics of 10 inorganic elements including Mg, Ca, V,
Mn, Fe, Co, Ni, Cu, Zn and Ba in Astragalus membranaceus at different growth stages, and determine the optimal
harvesting period. Methods: Collected Astragalus membranaceus form different growth stages and determined its element
contents by inductively coupled plasma mass spectrometry(ICP-MS), then analyzed its changes and accumulation rule by

one-way ANOVA, principal component analysis(PCA), orthogonal projections to latent structures discriminant
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analysis(OPLS-DA) and correlation analysis. Results: The contents of 10 elements of Astragalus membranaceus at different

growth stages were significantly different. The contents of Mg, Ca, V, Mn, Fe, Ni, Cu and Co reached the peak in October,

and Ba reached the peak in June. The contents of above element were the lowest in August. The content of Zn in September

was significantly higher and in July was significantly lower than that in other growing seasons (P<0.05). The contents of 10

elements all showed a dynamic trend of decreasing first and then increasing. Correlation analysis showed that there was a

very significant correlations between V and Ca, Fe, Ni and Ba (P<0.01). The results of principal component analysis

showed that the score of Astragalus in October ranked first. The orthogonal projections to latent structures discriminant

analysis showed that Zn, Ni, Cu and V were the main characteristic elements for identifying Astragalus membranaceus in

different growth stages. Conclusion: The content of inorganic elements in Astragalus membranaceus was closely related to

its growing stage and inorganic elements could be used as one of the indexes to determine the harvest period of Astragalus

membranaceus. Comprehensive analysis showed that middle October was the best harvest time for Astragalus

membranaceus.
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1 APRETA
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1 B2 2 R AT IR A Y 52 Y5 R ) 52 oy B
Astragalus membranaceus(Fisch.) Bge. var. mongho-
licus(Bge.)Hsiao 1 TR ; 65% fiAR  4r-tral, £
E Meker 23 F]; 85 (Mg) . £5(Ca) . FL(V) . F(Mn) |
Zk(Fe) . 4 (Co) #A(ND) . 4(Cu). £¢(Zn) . #1(Ba)
IRETCEIMERM 10 pgmL ™, 2 Agilent 23F] .
7900 % ICP-MS JHhE Y Agilent Z3F); Ultra-
CLAVELV BB M A 5= Milestone 2\ Fl;
BSA224S-CW I FRF  #E[F Sartorius 22 H]; IQ
7000 47k b 248 3% [E Millipore; G200 U] &
IR GO F5[E Retsch 24 F]
1.2 SKWHE
1.2.1 FESAORIL 2020 45 3 A ST IS
ST 20204 6 H27H.7H 28H .8 H 27 H.,
9 F 26 H.10 A 26 HIF 7B EEAES PRI
1.2.2 FERLBTALHEL SRS 8 SRR S TS K hidk
T E, R E oK Mgk BA . By o i
(100 B, fHiEJ5 & T s H.
1.2.3 ICP-MS Rl &l #RAECHEA, 55 g
BTN 1550 W, 485 TR, 15.0 L-min™, 25
AR R 2 °C, SRAEREE Dy 8.0 mm, B E IKECH
3 W WIS ANZR 1 s,
1.2.4 Wk
1.2.4.1 FRUEFER B 10 FR-GICEBRAERIN 2%
TR LG TR ARAN [F] BT B RPN BEAR MRS TR, ARk
FEULER 2,
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Table 1 Microwave digestion procedure
FE R R ES
AN SR Ak S R R
1 10 0 130 6x10° 700
2 12 2 200 7x10° 850
3 10 2 220 9x10° 1000
4 10 10 240 9x10° 1100

#2 10 FTCHLIGCEARE RS

Table 2 Standard series concentrations of ten inorganic

elements

LR FRERS (ug L)
Mg 0. 100, 500, 2000, 5000
Ca 0. 100, 500, 2000, 5000
\% 0,.1.5.10, 20, 50
Mn 0. 5. 10, 50, 100, 200
Fe 0. 100, 500, 2000, 5000
CO 0,.0.1,05,1.2.5
Ni 0,1.5.10, 20, 50
Cu 0.1.5.10, 20, 50
Zn 0,1.5.10, 20, 50
Ba 0. 5,10, 50, 100, 200

1.2.42 {HXFIER KB FRBORE A 03 R 8
ECREAD 0.3000 g BT MHEE Y, SRR A A T RREL
303, A 3 mL PRI MHHE 30 min Ji, # IR 1
FI AN T RS AR A T, T A S0 U T T TR
= 50 mL A5, F S Al e i e,
25, [mlEHaAFRZs 1 .
1.3 HiEALE

AV SCH BRI 3 IRE AL HREE SR
{H, I Microsoft Excel 2010, SPSS 26.0 5 SIMCA
14.1 3R B 47 St 43 i . VB R FH Hiplot
(https://hiplot.com.cn) P45 5 25, (a2 IIE =X
SRy SPHMEHREZRE”, Gt FoKCE R BN 2R U 2
43T (One-way ANOVA) H1 ) Duncan £ 5 LK
55, AH S 43 M >R FH B2 JR b (Pearson) AH 3G 43 Hr i%
AT
2 BREZ
21 FHEFERER
2.1.1 HrfEfhZeestl  AEE BRI, SO 5
FITEAHIT oG I NPRER, 46 1.2.3 i s4 T
BEFEBEAT ST e, 455N 3 iR, 500K RPME
FIRT 0.999, KL CR R4t
2.1.2 KEREE WU B RO ARIRE 1.2.2 PR
S TSP 6 R, ARPRIMEA(E TS TR T
HEEM R H RSD ., #5702 RSD<2%, A
R
2.1.3 HEME WEAREE SRR 6 4, B
4% 0.3000 g, Sy HIFEIEDE 1 AN 1.2.2 FroR & IEA T3
I, AR P ) B 55 4% T 3R T v R e 6.

R3O0 FITHUCRAME R R FZELR

Table 3 Results of linear relationship investigation of ten
inorganic elements

TEH ()75 7% R
Mg y=0.9953x+4.8723 0.9995
Ca y=0.9954x+10.817 0.9993
\% y=0.9621x+0.2357 0.9994
Mn y=0.9879x+0.2786 0.9995
Fe y=0.9949x+6.2525 0.9997
CO y=0.9802x+0.0146 0.9996
Ni y=1.1084x+0.1308 0.9995
Cu y=1.03x+0.2723 0.9996
Zn y=0.9837x+0.156 0.9993
Ba y=0.9763x+0.7489 0.9995

RSD fH. £5J02 RSD<4%, KA A FE M R 4.
2.1.4 FoEtE  BUR—3 R TEARAE 1.2.2 R
ZAFE 43T 0.2, 4, 8. 10, 12, 24 h B FEREENIRE,
AR A I T AR 4% o6 2K BT A B ) Y (B 1Y RSD
., 45FRFHKITTE RSD<4%, T ISHYFLE M
R4
2.1.5 JNFERICE RS PREE A U R & B
FEFESS 0.3000 g, BRO0RE AT 3 4, ILASSILERR
HEWE &, S SRR 1.2.2 Fros 2504 3047 10 i Al
FEo SRR, FOCENFERIBCRLE 90.10%~108.33%
Il [k B 4T, H RSD<4%, 2% 5 i nl
7o
22 FEEKHRELITZRSENEESR

10 FPICERE S RIMELE R L 4 Prn. RNFEAER
W B PERE S ISR 10 FoCE S REZE SR, Hip
Mg, Ca, V., Mn, Fe, Ni fll Cu JeZE & &7 10 A
13 Be) S 2 v A AR K AT (P<0.05), 8 A B - i
147 2R T HA A (P<0.05); Co TR & HHAE 10 A
OyBhs B KA, (BS 7 A5 9 ARTAIRER G B3
PE2ESE, Zn JCERTE 9 H B Er i 5w T HAh R
HA(P<0.05), 7 A& 2R A AR B (P<0.05),
Ba JUELE 6 H BT Er& 2 & T HAA: KB (P<0.05),
8 AN &/ NMYAEKE] . Mg, Ca. V. Mn. Fe,
Co. Ni, Cu. Zn. Bal0o #75ZE 10 H i & HAHKF
6 Hn4rnBainT 26.18%. 34.15%. 40.97%. 8.33%.
92.36%.77.45%.—19.27%.10.95%.32.49% .—6.66%,
SRR, B Ni 0K 5 Ba JUERAb, EEX HAITER
Y s 4B, Xt Fe JUR M & AERUR N HE .
THEEMWMRASAFRAEKHEEFR TR 52N
255, %1 10 PO S BRI ThR AR AL B S 2251
], g IR E 1 PR, RIFOCEREAR RIS
EEAARARRZERS, FT R B H A TR 2K 5 A&
W, 7.8 HFESTTLARA—3, 6. 9 AFEMTT LA N
—25, 10 J O3 RE S PRl Sk —28, SRR [R]— 2SI RE S T
AR R & & FEA —E fR M.
2.3 TTEREFEEERLE

ST HE— 2SR 10 BT R R RR, B Mg,
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Table 4 Contents of ten inorganic elements in Astragalus membranaceus samples at different growth stages (mg-kg ')
M5 TT 6J] 7H 811 9] 104
Mg 1232.05£72.08" 990.82+46.26° 905.69+17.94° 1146.38+61.10° 1554.62+79.75*
Ca 260.37+18.65" 196.27+17.93¢ 122.68+17.47° 179.98+9.16¢ 346.66+16.82°
\Y 0.59+0.01° 0.55+0.04° 0.13+0.07¢ 0.42+0.07¢ 0.83+0.06"
Mn 10.94:2.64° 7.310.53¢ 4.22+0.78° 8.74+0.62° 11.372.21°
Fe 201.42+13.77¢ 243.71+14.29° 154.7349.55° 165.52+13.38¢ 387.114+8.79*
Co 0.093+0.002° 0.097+0.01%® 0.040+0.007° 0.098+0.01% 0.104+0.01*
Ni 0.859+0.07° 0.313+0.07¢ 0.136+0.04° 0.453+0.02° 1.062+0.40*
Cu 4.323+0.11° 2.537+0.44° 2.364+0.55¢ 4.857+0.34* 4.863+0.26"
Zn 8.348+0.98° 5.426+0.89° 6.688+0.81¢ 12.422+1.43° 11.065+1.69°
Ba 6.585+0.96° 4.260+0.91° 2.278+0.54° 4.161+0.77° 5.898+0.61°
i FATARVNE FREROR 253 3%, P<0.05,
—&— Mg —e-Ca ——V -—v-Mn — Fe
—~+-Co ——Ni ——Cu ——Zn -+ Ba
1.4 1
1.2 1
5107
é‘) 0.8 1
g 0.6 1
o4
7 § 10 6 9 021 N
El1 10 FhEhlT R A 0% 7 8 9 10
Fig.1 Heat map of ten inorganic elements in Astragalus R (A)
membranaceus K2 KBRS ETOHITER SRR

Ca. Fe %45/ 1000 %, Mn., Cu. Zn. Ba &% w45
/N 10 1%, HAth T LR RS S5 RIVERRIE B E, 45
SR 2 s, 10 FpooE & B0 R ek 5 Tt
MBS AR, 6 H 3R & i AL TRGE K
I, SRIG TP R TR, B Cu JuEETE 7 A 0A el &
4, HAth o2 7E 8 A it ocE &5 ik, 9 A I+
BEIEFE, 10 H 4 MRS —4~ i, 5301, B
FRAEAS 6] A= A B B X TE AL o0 2] 19 & B BUR AN,
9~10 H M EARFRICH IR R E BRI AR KA,
2.4 10 #FEHL T RERIEE M ST

AR R RPN E IR TR A A EAN S
R, BATNVEFCR W SSAEAA AR A BB 5

Fig.2 Changes of inorganic elements in Astragalus
membranaceus at different growth stages

235 BRI R 00 A, WA & TR R s B P TE
VAT A AR P ARG 2R 10 SRR AR T AR SR E T, BT
TP Z TR TEF P ARSI XT 10 Fhoo R AT
FHIHEF T, G55 R WK S s, Mg 5 Ca, Mn; Ca 5
Mn. Fe. Ba; V 5 Mn. Ba; Ni 55 Ba JT % 2 [ ¥ 7F
TERFVEMFH R, V 5 Ca, Fe; Ni 5 Ba JLETF
TEAR BB PEAASC G ZR, TOHIIGER AUAR SRR A —F)
JUE RN PR 2R R A AR 5 ARG e S
ES AN AR L, i, EPE A SRR SR
O B9 IR 227 TR — SE TR 4 B Ju 3 N B A B Y
faF

5 AFARKYECHS 10 FOCHLGEAAR M T45 5
Table 5 Correlation analysis results of ten inorganic elements in Astragalus membranaceus samples at different growth stages
Mg Ca v Mn Fe Co Ni Cu Zn Ba

Mg 1 0.944" 0.86 0.902" 0.834 0.635 0.785 0.82 0.367 0.874
Ca 1 0.961" 0.921" 0.925° 0.707 0.828 0.668 0.172 0.949"
\Y 1 0.913 0.969" 0.852 0.767 0.622 0.126 0.949°
Mn 1 0.806 0.83 0.925 0.848 0.501 0.983"
Fe 1 0.791 0.601 0.522 -0.041 0.847
Co 1 0.621 0.673 0.352 0.815
Ni 1 0.741 0.527 0.928"
Cu 1 0.815 0.737
Zn 1 0.357
Ba 1

T * 3R WEEA G, P<0.05; **FmH BB PEASE, P<0.01,
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AT, IR BARE S T 10 Pt oo T
FERGT T, GERUNE 6 PR, B B R R 1)
KF 1, HHERTZTTMERIEE] T 92.132%, £
XA B HAA BRI . AR A
5y 5 1y BT 22 STRR AT LR 51595 F, 4551
w6 s, 10 H O FESh SR G A9 HER e —o 45
SR, WICHLIC R IZ UG, 10 H 43 2544 i i
Beffo

6 AR R A HE 4
Table 6 Comprehensive ranking of principal component
analysis of Astragalus membranaceus at different growth stages

paet! Fl F2 F 4
6H 0.59 0.69 0.61 2
7H -0.34 -1.22 -0.49 4
8H —1.44 —-0.01 -1.21 5
9H -0.01 1.24 0.20 3
104 1.20 —0.69 0.90 1

2.6 AEEKEIREKHREFMTRFE

SR A3 RITAS ) A 1 T 28 AR S 19 R EE S I T 3R,
TE F ST AOFEAE_E, XTI e N e ] 1)
53T (OPLS-DA), #RYEAS S E ZL M4 52 (VIP), Tk
REAEKIEREZE SR, Hp VIP HKFE
HXF P2 TRk, 25 VIP>1 B, i iZAR N
Sy RERR R, TSR AE 3 s, 10 FonE
H1 Zn. Ni., Cu. V PUFPITE VIP>1, FKHHIL 4 FhooEk
AR SRHIETC A 8 i A KR T2 5

Simca OPLS-DA%34J7. M1 (OPLS)

Zn Ni Cu V Fe Mn Ba Ca Mg Co
Var ID (primary)

Bl 3 OREIAE KA ERE S OPLS-DA 15474

Fig.3 OPLS-DA score of Astragalus membranaceus samples at

2.5
2.0
1.5
1.0

VIP (1+1+0)

0.5

-0.5

different growth stages
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Zn A AR Z2 A AR 2R L A5 B0 4 B DA AN
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A A] DA AR A, I 7T LU ) Zn-Cd #58T/EH
S Cd #HF . Ni 2 JIRBEHT T YR, IR
BR =R PRI R IRSEA AT, E R AR R B 2
AT RIZE R, ARFE A A IR I R s A R Z5
P BN AEFHAT Y Cu SEARY AR b TR 2R A9 2H
WKy, 25506 AR AR, AN IE A
H N ERAEY Cu & MRS RE JIAFAERIR 22 5727 V JT
RN NPT TCR Z—, S F R A i e S
T AR A P TS BB SR TR, (HAHSCHTFE R, i 4
#Y V JCER AT LME B EY AR, S FERE A [ 2. 154
YRR, BFXTIE 4 Mot S A R AT
5 H AR NI SR, AT R B ) Tet LR
AOTC L S ka2

S 3k
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