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Study on the Optimal Harvest Time of Stems and Leaves of Astragalus
membranaceus Based on HPLC and Chemometrics

LI Xiaolan, GAO Xinyuan, SUN Jie, WEI Henan, GUO Lili"

(College of Traditional Chinese Medicine and Food Engineering, Shanxi University of Chinese Medicine,
Jinzhong 030619, China)

Abstract: Objective: To establish the HPLC method for simultaneous content determination of seven flavonoids and three
saponins ingredients in the stems and leaves of Astragalus membranaceus, and to investigate its dynamic variation rules in
different harvest time so as to determine the appropriate harvest time. Methods: After conducting the methodological
investigation of chromatographic conditions, the HPLC detection method of ten active components was established. Then
the method was used to determine the content of ten active components in the stems and leaves of Astragalus
membranaceus in different harvest time. Finally, the cluster analysis, principal component analysis and entropy weight
TOPSIS method were used to analyze the dynamic variation and distribution of the above components. Results: There were
significant differences in the contents of the ten ingredients in the aerial parts of Astragalus membranaceus during different
harvest periods (P<0.05). The total content of flavonoids in stems was higher from late August to September, and that of

saponins was reached in early August. In contrast, the highest total amount of flavonoids in leaves was shown in the period
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of August to early September, and the amount of total saponins was not obviously changed. The results of chemometrics

analysis showed that the contents of chemical components in the stems and leaves of Astragalus membranaceus before

August were significantly different with that after August. Further entropy weight TOPSIS analysis showed that the stems

of Astragalus membranaceus from August to September shared better comprehensive quality than other periods, and the

leaves of Astragalus membranaceus in August presented the best quality, suggesting that the stems and leaves of Astragalus

membranaceus should be harvested in late August. Conclusion: The HPLC method could be used for the simultaneous

content detection of flavonoids and saponins ingredients in the aerial parts of Astragalus membranaceus. The suggested

harvest period of the stems and leaves of Astragalus membranaceus could provide scientific basis for the quality control and

further utilization of the stems and leaves of Astragalus membranaceus.

Key words: stems and leaves of Astragalus membranaceus; harvest time; high performance liquid chromatography;

chemometrics; entropy weight TOPSIS method
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S BORAR AT dbET RO R AT PR 7
Agilent ZORBAX Extend C g f0i 4+ (4.5%250 mm,
LZHEORHL A

1.2 EWHE

1.2.1 fHERnHl 4 FEEPREL 5 g TR R
ZEMEY R, BT 250 mL BB, HIL A 100 mL
FIEE, 50 °C FESHRE 1 h, iR F#ER M, k.
VERIEZE B 5 /LR SRS E S, A 60 °C 4k
FEPHLT . BEBDH OGRS P EEA I ER S S mL,
RS MU, PRI BRI o

1.2.2 RAX SR AR BSR4yt i
Fm I o, A PR AR, TN g R R T B SR
TR T . 2B M KGR Bb,
WA . B ul , REHE IUZRm Fi ER
F IR B E 505~ 41.00, 35.01. 39.90. 40.42.
101.00. 11.65. 13.50, 510.00. 41.00. 486.00 pg/mL
BTRS X R A T

123 i R Agilent ZORBAX Extend-
C,5(4.6x250 mm, 5 um) AL, B R L5 (A)-
K (B), B4 ¥EML (0~3 min, 15%—19% Aj; 3~6 min,
19% A; 6~13 min, 19%—21% A; 13~14 min, 21%—
32% A; 14~16 min, 32%—34% A; 16~21 min, 34%—
37% A; 21~23 min, 37%—35% A; 23~25 min, 35%
A;25~27 min, 35%—40% A; 27~30 min, 40% A; 30~
35 min, 40%—15% A); JitE 0.8 mL/min; il
203 nm(3 FEAF) FI 254 nm (7 FPEER) ; FEIE 25 °C;
PR 10 pl,
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VS FESRAS M i a(pg), 2R T~ A28
IrBE i (mg/g) o

axnxV
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o, n SRR SISO BEASEG V R SRR
FH, mL; 0.01 SR B SEAEARFR, mL; m iy g RE2Ent
A BURE R, mgo
1.3 HIEAIE

HIG L R EE 3 IBCEHEIF iR 2
{H, SR SPSS 26.0 A4 b M 22 43 ISR 28
5347, SIMCA 14.0 A 3847 I 153 73BT, SPSSPRO
TERE s 53 BT - 15 BEA T AL TOPSIS 454387, SR H
Origin 2022 (44 HIE % .
2 HBRESHh
2.1 HPLC J53&FER
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RUF, 774 HPLC S3HrEEsk .

2.1.2 ZRMEEFR LS, T 10 FR RIS
By R AL e, 25 R U2 2. 10 Rl s AH G
FEIIFT 0.9990, e BAT.

2.1.3 ¥EEmIEIERL, Sy TS i T AR
RSD fH, Z5 9 x| B S ol a2 . &2
MR . MY . PERRAETT . BRI . DAy, K
A Bb, W BB 1Y RSD 1H 535128
1.19%.0.40%. 1.54%. 0.86%.0.30%. 0.20%. 1.30%.
1.37%. 0.41%. 1.64%, ¥J/NF 2%, FEHA{Hks 55 i
RA4f

2.1.4 FaEtEEERLs Sy A A TR )
RSD fH, &5 Wn T | B ST A T 422
M MR POARAET . BARSEEEER . LSRNy K=
Y Bb, wEH A B R A 1Y RSD {H 53 51N
0.39%. 1.28%.0.41%. 0.68%.0.23%. 0.40%. 1.21%.
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Fl 1 IRAXHR S (A: 203 nm; B: 254 nm) K 8 FEZE I #E 5
(C: 203 nm; D: 254 nm) (A 1E K]
Fig.1 HPLC chromatograms of mixed reference substances
(A: 203 nm, B: 254 nm) and sample stems and leaves
(C: 203 nm, D: 254 nm) of Astragalus membranaceus
T A LRE Y Bb; 28 W 38 )R I B: 1L T
2.0 S AR AT 5 3.4 WA s A M BT s S AEARAE TS
6. B8 S E; 7. LA

2 10 P AL R 5 A SRR P
Table 2 Linear regression equation and linear range of 10
components

mUEpgi

5 MRS LM () R

T y=556.17x+41.695 0.164~0.984  0.9991

1
2 BESFEEHART y=3111.3x+160.72  0.140~0.840  0.9992
3 bty y=735.03x+81.199  0.160~0.958  0.9996
4 Mkt y=2437.9x-73.966  0.162~0.970  0.9997
5 TEARAETT y=8091.9x+80.36  0.047~0.280  0.9996
6 ES¥ ] y=6257.4x-37.298  0.054~0.324  0.9994
7 LhZR y=1058.8x-35.408  0.164~0.984 0.9995
8 KELHBb y=176.97x+11.35  0.404~2.424  0.9993
9 T y=64.856x—18.937 2.040~12.240 0.9996
10 IS y=63.684x—18.125 1.944~11.664 0.9997

MEFE B PEARAETT . BRIy, R
e Bb, BECH . B Y RSD {HS 510

0.56%.1.63%.0.91%. 0.82%.0.83%. 1.33%. 1.87%.
1.95%. 0.82%. 1.03%, ¥J/NTF 2%, FREHSCI0 FE &2 1
R4t

2.1.6  JINFE NSRRI 54, TR IR [RIRCR N
RS RSD 1H, 455 W4 3. “FHhnk: [k Ry
1E£ 98%~101% Z[]; RSD {HI/INTF 2%, FEHH fff sz
5T T R R

F 3 MR RIRIR 2 R

Table 3 Results of sample recovery rate test

SR %oy JEERIRCR (%) S IEE IR (%) RSD(%)
T 99.84~100.17 99.85 0.31
EHEEIEAET  98.75~101.05 99.87 1.15
o2 SES 99.21~100.88 99.91 0.87
Hi 99.36~101.58 100.32 1.14
TR T 99.96~100.28 100.13 0.16
BT 99.42~100.52 99.94 0.55
1Lz 98.14~101.74 99.94 1.71
KEEHBb 98.14~100.12 99.38 1.09
WA 99.57~101.05 100.20 0.76
BRI 98.84~101.16 99.96 1.16

2.2 FRIFEVHAREZEMHFSEERSH2ENE
2.2.1 AS[A]SRMCHA B B 25 i 1 P A3 00 3 B 2

AN A SR e 3 2 R 25 R 10 Fh i 40 B9 B 2 45 SR
24, HFE 4 TTLIEH, 10 ks n & RS R SR
W B8k (P<0.05), HIRHR /sy it i
AR REREE, Hor, AT RN AR I Y S
9 A 25 HFI 8 A 25 HikFIE(H; 655 5 5 i 16
AT AE R T T M EEAE 9 A 10 H ik BE(E;
L2 . KRE AT Bb fls S A& 7E 8 A
10 HiksEE ., A IZs iy . 42286 Rt R 1 2
WP ERFEE MW 3 PRI Sy, R A
TR IR AR, R T E S EREE N
A HUA(E Dy 11.491+0.140 mg/g.

AT BRI A BT S R s 0 e 2E
10 TP S IHaN Sy RS O T 22 pki .
MRZ T . LU « S B TR 2IS (T i S e ) g 2 7
TEARAETT . B B ) . PR S (7 Fh B ) A
T (3 Pt )4 KIS, I nWERE, g5 anEl 2 Jir
N HHIE 2 Al BT R AT SEEAE 8 ) LAk
Bl e, ZJE IR T R e IR B S IS = e 8 A
MR R, 9 H ZJE A T R R, B EEE
ARk AR B R AR e — 3G R A
AR BN AN, A, B EEEE TP AT B R T
W S, LR P S R E I B AST .

2.2.2 ANFERRMCGHE MRS EME R &R R
FRMHAFR S 10 P S Eas Rk 5. 3%
BEr AT 10 Pl sl S5 i B 8 BEAS [F] SR WSO A 34y 52 4 2
MK (P<0.05), HIRHR S5 & iR 2258 FIb s
T RE S, (HIRIGEHH I WK R Pt a2t Hor, 28
TS L s M R AR AR Y S a4 i AE 9 H
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Table 4 Relative contents of 10 components in stems of Astragalus membranaceus at different harvest time (mg/g)

ENCPRl e Eyee e

I 2 13 14
(6.10) (6.25) (7.10) (7.25)

J5 J6 17 8 19 110
(8.10) (8.25) (9.10) (9.25) (10.10) (10.25)

PRI
EHEFEE 0.181£0.02°  0.286+0.021°  0.2994+0.024*  0.177+0.009™  0.133£0.008% 0.143£0.012°¢ 0.122+0.004*  0.103£0.024*  0.083+0.007° 0.097+0.013%
IIFS
KIZBFBb  0.455£0.028°  0.262+0.027°  0.104£0.006° 0.353+0.044°"  3.354+0.036" 3.185+0.076" 1.201£0.076°  1.764+0.072°  1.096+0.042¢  1.131+0.011¢
1.0610.093"  1.092+0.088" 1.848+0.087¢ 3.962+0.366" 11.4910.14*  9.334%0.148° 10.224+0.305*  9.65+0.295"  6.993+0.332°  7.896+0.231°
0.929+0.247°  3.048+0.558" 5.716£0.862° 5.903+0.688" 5.227+0.551® 4.996+0.972 5.933+0.938" 4.924+0.897"  5.745+0.891*  5.807+0.392°
1.46£0.076°  2.34940.167% 2.583+0.082°¢ 3.381+0.237"% 4.122+0.082" 4.518+0.077° 4.147+0.081™ 3.91+0.379™% 3.187+0.142° 3.611+0.17"

B I
WA

0.130+£0.0148  0.172+0.006=" 0.253+0.004% 0.208+0.029° 0.2424+0.033%" 0.343+0.034° 0.481+0.047°  0.639+0.041*  0.317+0.007¢  0.155+0.009¢"
- 0.058+£0.008°  0.156+0.003°  0.092+0.009* 0.106+0.023" 0.508+0.119"™ 0.601£0.074™  0.46£0.074™  0.457+0.08™  0.308+0.002"

0.204+0.007°  0.684+0.024 0.794+0.034%  0.97+0.028"  1.108+0.09°  0.884+0.059" 0.702+0.087°  0.728+0.071**  0.783+0.027*" 0.800+0.081
0.875+0.074%  1.032+0.100 0.917+0.049*  1.178+0.069"  0.956+0.05*  0.724+0.039% 0.706£0.014°  0.700+£0.006°  0.713+0.016° 0.957+0.036™

0.241£0.025*  0.090+0.009° 0.105£0.019°  0.106=0.015%  0.148+0.023*  0.088+0.015"  0.039+£0.009°  0.039+0.021°  0.17120.006° 0.145+0.002*

0.25+0.019"  0.460£0.073°" 0.619+0.086° 1.024+0.188°  1.815£0.029° 2.567+0.021* 2.257+0.026"  1.843+0.278"  1.374+0.128¢ 1.699+0.079™

0.422+0.041"  0.433+0.02"  0.56+0.039™  0.375+0.016°  0.387+0.016"  0.739+0.11"  0.762+0.086™  0.602+0.077" 0.711£0.071®  0.55+0.013"
1.882+0.1148 2.782+0.168°® 3.143+0.072% 3.756£0.253%% 4.508+0.075° 5.257+0.100° 4.908+0.165" 4.513+0.455™% 3.898+0.077° 4.161+0.166™
2.444+0.18%  4.402+0.651¢  7.668+0.779" 10.218+0.678° 20.073+0.713* 17.515£0.985" 17.358+0.991° 16.339+0.814> 13.834+0.905¢ 14.835+0.634*

e =" RERK ;R A AT AR EAR R UREAT B 2252 (P<0.05); 155 N BRI H

25

- AR
—o— SR
201 —— B
—— A
s
£
]
Jm 10
5
R IR RO AR GRS
DRI LI R IR
A AN GG G

B2 AFEERSOI B R 10 Fiplor & 225
Fig.2 Differences in the contents of 10 components in stems of
Astragalus membranaceus at different harvest times

5 ARRME R R 10 FlUfor 975 R (mg/g)

Table 5 Relative content of 10 components in Astragalus membranaceus leaves at different harvest time (mg/g)

25 H.9 H 10 HF1 6 A 25 HIixFE(E; 7 T A
BAF MRS EAE 8 A 10 HisBWEE, 7T | toiiets
FLLZE iy 2 FE i O A B ERZE B Sy, B S 5y
HIER 14.679+0.309 . 4.313+0.680 F13.265+0.016 mg/g;
W IR et DR B2 oy, & gl
S35 6.435+0.195 mg/g.

FH IR 3 AT, B R g A SR e 6 H N A
ZaEASE TR, W SR A 7 A 2 e Ry
e, 8 H~9 H A& EE A a2 & aAr
AL A SR B b FEAS LR — 3%, 1 7 H 2 )5
Hil A B i 5 W SIS AR AR S A R, SR 7
i X PSS B RS AL A W  AE A A G AR AT
HEATEse S E T . A SCHRFR IR PN e A QT2 B &
WS A YA R R EREARS, St B —E B P a) e

ENCIPRl e oy g

s Y1(6.10) Y2(6.25) Y3(7.10) Y4(7.25) Y5(8.10) Y6(8.25) Y7(9.10) Y8(9.25)
BT 2.953+0.241°  8.997+0.848%  7.320+0.575° 10.386+0.044° 14.679+0.309* 13.236+0.685" 13.255+0.44" 11.6860.045°
BT AP 0.554£0.020°  0.296£0.007°  0.137+0.028°  0.8510.037°  0.126£0.019¢  0.349+0.029° 0.597+0.016°  0.565+0.007"
o4 NEN 0.675+0.005*  0.144+0.004°  0.054+0.003" 0.056£0.003" 0.461+0.004° 0.552+0.011° 0.059+0.000"  0.514+0.006°
BB i 0.585+0.195®  0.765+0.198* 0.558+0.1022° 0.451+0.069® 0.380+0.115° 0.352+0.081° 0.512+0.008" 0.481+0.008"
TERAERT 2.995+0.291° 4.313+0.680° 4.161+0.081* 3.357+0.205° 1.886+0.181° 1.801+0.024° 1.503+0.073° 1.357+0.036°
By ] 0.516£0.052°  0.965+0.145*  1.032+0.008" 0.639+0.098" 0.283+0.027° 0.286+0.015° 0.243+0.031°  0.212+0.016°
L 0.324+0.001"  0.982+0.011°  1.172+£0.011¢ 1.207+0.006° 1.253+0.011° 2.857+0.024° 3.265+0.016" 2.866+0.022°
K 21Bb 2.967+0.352° 6.339+0.742°  4.821£0.147° 4.377+0.365° 2.578+0.493% 2.641+0.314° 1.455+0.264° 1.846+0.235%
AT BT 0.619+0.117°  0.693+0.041%  0.754:0.086% 1.355+0.224% 2.060+0.311° 2.788+0.297° 3.241+0.049°  5.925+0.499"
BT 2.386+0.378°  4.590+0.646° 5.520+£0.278" 4.680+0.395% 6.435+0.195" 5.634+0.036" 3.562+0.101¢ 2.688+0.065%
B 4.537+0.439° 10.889+0.854)  9.104+0.505¢ 12.10£0.056™ 16.773+0.18™ 16.998+0.747" 17.092+0.443™ 15.547+0.065"
SHE R 4.065+0.337° 5.574+0.832"  5.330+0.056" 4.847+0.340° 2.295+£0.190° 2.436+0.067° 2.343£0.073°  2.134+0.049°
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LRSPsS 5.972+0.389° 11.622+0.969™ 11.095+0.511% 10.412+0.196® 11.073+£0.206" 11.062+0.647" 8.258+0.339°  10.46+0.625%
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Fig.3 Differences in the contents of 10 components in stems of
Astragalus membranaceus at different harvest times
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Table 6 Analysis results of entropy weight TOPSIS method for stems and leaves of Astragalus membranaceus in
different harvesting periods

HEE2E B
oy PR SR gammme | orion  DROR U saimsc
J1(6.10) 0.8354 0.3843 0.3150 10 Y1(6.10) 0.7426 0.5210 0.4122 6
12(6.25) 0.7611 0.4528 0.3730 9 Y2(6.25) 0.7215 0.5165 0.4171 5
J3(7.10) 0.7123 0.4828 0.4040 8 Y3(7.10) 0.7169 0.5709 0.4433 3
J4(7.25) 0.6756 0.5174 0.4336 6 Y4(7.25) 0.6465 0.4906 0.4314 4
J5(8.10) 0.5294 0.6598 0.5548 1 Y5(8.10) 0.6311 0.6234 0.4969 2
J6(8.25) 0.5521 0.6557 0.5429 2 Y6(8.25) 0.6264 0.6739 0.5182 1
J7(9.10) 0.6368 0.6145 0.4910 3 Y7(9.10) 0.7590 0.4307 0.3620 8
J8(9.25) 0.6352 0.6107 0.4901 4 Y8(9.25) 0.7225 0.4377 0.3772 7
J9(10.10) 0.6628 0.4884 0.4242 7
J10(10.25) 0.6256 0.4929 0.4406 5
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