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ABSTRACT: Objective
origins based on ultra performance liquid chromatography-charged aerosol detector (UPLC-CAD) technology,

Using UPLC-CAD technology, this

study focused on flavonoid and saponin components to construct the fingerprint of wild-simulated Astragalus

To construct and compare the fingerprint profiles of Astragalus samples from different

achieve quality evaluation and origin identification of Astragalus. Methods

membranaceus from the Hengshan Mountains, based on 29 batches of samples collected from multiple geographical
origins. Statistical analysis methods such as cluster analysis, principal component analysis (PCA), and orthogonal
partial least squares discriminant analysis (OPLS-DA) were used for analysis and evaluation. Results The
fingerprint successfully marked 26 common peaks, and 8 key characteristic peaks were identified, including
complanatoside A, ononin, astragaloside I to IV, efc. Cluster analysis clearly divided the samples into two major
categories, revealing the influence of regional differences on the quality of Astragalus membranaceus. PCA further
extracted 7 principal components. OPLS-DA analysis accurately predicted 8 kinds of key compounds influencing the
quality differences, which were closely related to origin, cultivation methods, and growth duration. Conclusion This
study successfully constructed a fingerprint capable of distinguishing Astragalus based on its origin, cultivation
methods, and growth conditions by integrating UPLC-CAD technology with multivariate chemometric analysis. This
method can be used to evaluate the fingerprint similarity of Astragalus membranaceus (Hengshan Mountain
wild-simulated), with high specificity and sensitivity, which provids a scientific basis for the quality assessment of
wild-simulated Astragalus from the Hengshan Mountains.

KEY WORDS: Hengshan Astragalus; ultra performance liquid chromatography; charged aerosol detector;

fingerprint; stoichiometric analysis
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Vanquish 41 4 = R080H €385/ . Thermo Hypersil
GOLD™VANQUISH % 4%(2.1 mmx100 mm, 1.9 pm)(3
[ R G RBHE A FD); LC-350A B S VLU AR T T
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0.1 mg), MS105DU HL /31 K V(K% 0.01 mg)(Fi+
Mettler Toledo 23 A) )
1.2 RFI SR
RTINS 230225, 4[F =98%) . # e AT
5:230206, 4l =98%), HERIFNIGES: 230112, gy
=98%). WIEERIFIVAELS: 202219, 4ifF =98%), VIt
LS 221117, 4 =98%) ., AL ELS: 220914, 4l
H=98%). HEMIERALS: 221014, 4iF =98%). T
SRR A BT (S 202308, 4l E = 96.9%)(Hh -
EZAR DG i), S . FEE(E gk al, 75 2R e
HIA R, BEE, &K Hral, B2 %R bR A RA
A, difbk gk, BRTE Milli-Q® 1Q 7000 /K Zlifk R 55,

TFF 5% P B EEAE B 2 D A, e o R (L L ik

8 A)1S i, BEEEEVE I EA2)3 AL, BRIERTE S 4L,

EE(V‘]% TR 158 BE)6 dit. B 1LV K gk
uﬂJEPu S EAT 200 % 08 o BRME Y 5 e s I
%‘@ﬁ@ﬂsﬁéff&o FEAE R LR 1.
1.3 LWHE
1.3.1 AR i ik oy ) &

Ay S S FRBOE R L 0L, IV, WHiFH A, 7
FATETF, BITEAR 18 28 I 76 88 5 5 T 480 26 0 7 A o T s i
i 80% 43 5K A 20 pg/mL fOFRUE S IE IR, N1
1.3.2  BHXSiE ik b 4 &

PRPEFITFFE: BUAMB ARG WS 1 g, Ki%FR
E, BHEHIEMS, 5% MAORE; @80%H
W O 4% =K 80% B PS0 mL, %%, Fre
EE, MRENEPT b, 04, FEARCEERER, F 80%H EEE
VAN RS P B, REST, R, HRELUEWR, BP1R.

$REU 58 BUAR M R G U S ) 2 1 g, K&K
B, BEHEMIPIYP, FBEMA 80%H FEHR 50 mL, &
%, FroeEa, AR | haE A RIL(250 W, 33 kHz) 1 h,
A, FFREE R, FH 80%H BLA AN LK E &, 1%
A], pEid, ERSLuEW, ENAS.

133 &isu

{63%+E: Thermo Hypersil GOLD™VANQUISH (2.1 mmx
100 mm, 1.9 pm); L 0.2% M EBR/KIERCRshAH A, LLZRE A
WA B, #EATRREVERL: 0~15 min, 15%~20% B; 15~25 min,

20%~25% B; 25~30 min, 25% B; 30~40 min, 25%~37% B;
40~50 min, 37% B; 50~55 min, 37%~46%
FEIR: 30 °C; HUmESEURIIARAGIN, SEA0IRIE N 35 °C, ¥
SRARIIAN 10 Hz, IR R R 1.0 (S). HIBHREGLH
A TV I, BARTHMIET 10000, #EREEN 2 L.

1.3.4 LB EeHE

iz i 2 i e SURIEAR U IR R 50 72.0 WA,
DA 1S U B EECHE Ll ks B A6 ) A s PR 35 A T 22 R E,
[ A D P AR F 0 I L il B AR e SR

s

®1 #RERIIR

Table 1 List of sample informations

BB Bl 4 %EZE e
S1  ZENEE ECHILILKEEA) 6 IIPEEER S
S2 HENWE WEdHLILkGEE) 8 ILPHEIRE R
S3  FMEE WEAERIILOTEL) 7 diiEEEERN
sS4 FNEE WEAEINLKOELE) 12 IeEEREILS
S5 FEMEE WEAELILKOTEE) 12 IPEERT NG S
S6  SENEEIE EEECHINLKGEA) 10 INPRERE RS
S7  GENEE BECHILLMKEEA) 7 ILTGEEREERS
S8 GENEE BEECHILILMKFEA) 6 ILPREEERRIHES
S FMEE WEAERINLKOELE) 7 LIEEEMNG S
S10 FEMEE WEAERINLKOEE) 7 dENEASAS
Sl FENEE WEAEILKOEE) 9 ilNEASAS
S12 FENEE WEAELLKGEE) 12 WEASA S
S13 ZEhEE wECEILkEA) 7 gt RASEA
S14 ZENEE WECEILLKGEA) 8 )T REEH
S15 ZENEE EECEILLKGEA) 9 )T REEHS
S16 [BEEH  WE(NSEIARTE) 5 WEE Lk
S17 SRR EE(NZHELRED 2 itk
SI8 [ EES(NZEIRIERED 2 PN i)
S19 [BOEREE  BE(NSEEIRED 1 pB455E>7
S20 FEEHE  WETILEIHED) 1 (At
S21 FENEE GG TMEA) 7 Beri-r
S22 MK WEEIETUMOEE) 8 Sl
S23 SENEK WG TUEA) 9 CiEill
S24 SN WS D 2 S
S25 EEMEE  WENFRIFND) 2 REST|
S26 ZENEEE  EES(NZER)IERED 2 eV
$27 SEMEEE WEHINBE LR 2 H B v
S28 SEMEEE W ME I 2 HRE
S29 EEMEE  WEATMETHE) 2 e

B; ii#: 0.3 mL/min;

1.4 BIEALIE

AUFFERT R B S E IS, Y08 3 NEE, 155
SIS R IR 22 Tﬁ}%wﬁéﬁ%ﬁuéﬂﬁﬂ’ﬁﬁ i
FIER A2 SPSS 21.0, 4 SEHt R 30 0t 2 Bl B, SR
H) % OriginPro 2021, SIMCA 14.1,
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IR 1 h, A5 A7 i B Bl P i ] 5 7k

7.0 ‘
6.0t
E 5.0 |
£ bl |
Eiol M TR W Y DY SRS | S § S /J‘wbr.l'~)"y4
20} 7\»‘[-;# O P S S VJ ‘ NS S b3
1.0 S S TS WSS (Y Y - J\ Y2
Of ——— A P SN RS S A Y1
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£ B 5[] /min

TE: Y1 HESRAREG Y2. O 80% F BHE A HEHL Y3, 4%5K 1
80% FF B A 4R L Y4. 80% FFIE [al it $2 H
P ASFRIBOA R . SR 2 ah i 2 LA
Comparison of preparation of test products with different
extraction solvents and methods

Fig.1

2.1.2 A FERE

HIEE S SOIERNFIRSAM MR . R
1.3.2 BUF Jr ikl s il i g, #% 1.3.3 WH i ihiE
LLHERE 6 R, LIBEER T | ity S IRIE(S), 4%
FE A U (10 AR X R B8 ) A AR X e R, A A o R 22
(relative standard deviations, RSDs) & 0.03%~0.06% .
0.9%~1.7%, FINTHERE RIT
2,13 TR

UK % A0 T A AR, =R TR 0. 4. 8,
12, 16, 24 h FEATIRE, DL 22 SIEHETEH T 1 kg3
WRE (S), T 4% L e %) AR X % B s ] 0 A o 0 v A,
RSDs 43-41°4 0.04%~0.87%. 0.26%~2.87%, LB AtK M
RIRTE 24 h NFESE .

2.1.4 FTHEMRXE

U] — AR, AR8E 1.3.2 TR ATl & 6 (it
AR, L 22 SR EE R AT 1 AT R B T R AR o i
MBS IR, THE I RSD {H, 152045 245 W5 i AH XS £ B2 B
Bl & RSDs A 0.02%~0.5%, AH XTI ia FL ) RSDs A
1.7%~2.1%, FMHZIr ik EEE R
215 HMEXZER

Wk 22 SWEREERAF 1 XA R T %
5, M HEBCRTIE RTINS A TGS &, HF R s
e, BRI BRI W (BT R B 4300 4,10, 10.25,
13.67. 20.5., 30.75 pg/mL), PEFE, JCSRUEmA, LIS
REAEAR(Y, pg/mL), WERIFBCHINAEAR(Y), HFATERIERIE, 25
JRER TR 4.10~30.75 pg/mL, PSRN, Y=-0.000002X%+
0.0076X+0.0041 (*=0.9999), LV Z R,
2.1.6  Aeire iR

ST SRR 0.5 g, PRI E AL, H. =ik
MR 1 R R DV B M(2.05. 4.10, 6.14 pg/mL)
50 mL, % 1.3.2 W F F P75 9 itk fid e, ik
FEM R, 45 B AL Zh 99.82%~105.56%, WL 2.
5 A T SRR
2.2 IBYEENEE

TEPEBECCHE LI L kAT B A) 15 HEUCHE &, 2Bk 7 1%
il 28 A AL, Il SR ek, KRR BEE S A T 2
T8 SRS AR E AN R GE°2.0 FRAS, DAHHFE R,
B, R BRI E— B 26 A EREATARNE, AR
FECIHE L L Pk 0 B 2R R U RS . SR R TR AR R 22
SRR [EISRIE(LE 2),
2.3 B EEAEINFIARE

Fe B 5 77 100 8 BR o S RIRE B W, R IE SRR,
i SERMES AT ELXT, X 26 AT i 8 N FREUIEIETT T
Rk, H, 1 SR B RIS AR, 5 STl
FH A, 7 SWENTARIETF, 16 SWEHITEWIER, 18 51%
REERATIV, 19 S0 RV 21 S 8 R 1L
22 SN EE R, R WK 3.

Fz2 [EWRAEER

Table 2 Results of recovery test

e Wkt /g FEGh S i g A /pg Mg ISR % FHEWR/%  RSDs/%
1 0.5011 200.44 102.50 311.34 108.20
2 0.5013 200.52 102.50 309.21 106.04 105.56 2.75
3 0.5024 200.96 102.50 305.97 102.45
4 0.5023 200.92 205.00 402.21 98.19
5 0.5001 200.04 205.00 402.87 98.94 98.82 0.59
6 0.5003 200.12 205.00 403.76 99.34
7 0.5011 200.44 306.75 508.74 100.51
8 0.5012 200.48 306.75 507.99 100.25 99.99 0.69
9 0.5015 200.60 306.75 504.91 99.20
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Fig.2 Fingerprint of Astragalus (Hengshan Mountain
wild-simulated)
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Table 3 Identification list of standard feature peak
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e 2 - ﬁ‘/ﬁfﬁ%?ﬁ’ FE EP?FHJ{VZ@%“J%
it ] /min {4 B3 15 8] /min
1 BT 3.600 3.610
CEEL RS ’ ’
5 WA A 10.395 10.389
7 TERRAE T 12.405 12.407
16 BIWIER 32.390 32.392
18 WERTIV 38.065 38.065
19 W BT 38.518 38.512
21 W AT 40.978 40.974
22 W AT 47592 47.590

24 AEFEERSEEEIE S

R AT 70 3T 1 7 ol A i) 14 HERE L 9 4
U 3 5 o B AE S B BEAT A Sh VT EC, LA L EE
0.930~0.995( LI 3), BEEECHE 11111 ik 0 BF A ) AL BE F2 22
90.978~0.995, HEIEHTFE AR F 2 0.948~0.958,
FEBRPE TIN5 B A2 AR LS 22258 0.930~0.941, % 1k
AT LA AT 1l XA N TR BE 5 9 58ty 3 B S IR TS, T LA
EUT M X 43 AN [] 7 b S oty P B CHE L Ll Bk O B 2 ) 5
BRI R ), BRI ER FE o NS H
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25, S2~S13., S15. S22, S23 ®H—; S1., S14. S16~S21,
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Fig.3 Similarity box diagram of different types of Astragalus
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Fig.4 Comparison of Astragalus fingerprints from
different producing areas
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iz A1 SPSS 21.0 ¥4 Xf H #4738 43 43 #T (principal
component analysis, PCA), 15 F|P#-K/R-B /R &K 560 AE
(Kaiser-Meyer-Olkin, KMO)>0.5, 3¢} 75 & 2 [0] & /7 7EAH
SEPEM, AT BRI AT & AT DU XA () 5 14 95 S
S AR PR RRIE BN AT DTk DL R W IR R (> 1 AR,
B2 TA-F Ry, B orEkEikF] 83.908%, KX 74+
BT A AR FRAS AL & AR H B, SRR 4. K
A XHEAT, S 1 BRI TTERIE SR [ T S A A b
.52, W a, Aoy 7. 45 11, HERFIV, #HiE
FHFI, SR, 423, 4524, 4145 8; 55 2 AL
SPHITTEREE R F 8 Sl Bt NAER: 2 6 F s oIk
FERAUNIET A, Z5RILH 5. LUTTHRIEE B A B 43 A 6 i
FUWE RS, 35 ] SIMCAL4.1 #4443 Hr, 153 PCA 1543 &
(LE 6), EIPER, 29 #HEEES B4, S1. S16~S18.
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Bl5 29 #LEEERE S RIS IE
Fig.5 Cluster analysis of 29 batches of Astragalus samples

R4 ERSFHEEMHEREE
Table 4 Eigenvalue and variance contribution rate of a4l
principal component
FHGr WIIRFHMEME TR %  BRTTHE% 2r
1 8.122 31.239 31.239 =0
2 4.014 15.438 46.678 ~
3 2.773 10.661 57.342 2r
4 2.305 8.865 66.207 4+
5 2.004 7.706 73.913 % ) ) | | | |
[ 1.431 5.505 79.418 -8 -6 -4 -2 0 2 4 6
7 1.167 4.490 83.908 i

B 6 29 itk A PCA

5 I
RS EMAERETIE Fig.6 PCA diagram of batch 29 samples

Table 5 List of principal component matrices

2% 1 2 6
B R A T 0.832

2,53 ERRE A ZFAIR 5

4y 2 0843 SRR A3 AT AN [R] 77 AN ) B A o [ ) 25 5 PR LA,
4y 4 0.814 7 37 IF 58 i $5¢ /N Z 7 21 51 43 1 (orthogonal partial least
W7 0.698 squares discriminant analysis, OPLS-DA)5 %I (LA 7),
A1 11 0.734 o BHFRER A3 2 B4, B REBLAH R 0.66, PR it
SRV 0728 BEERY Wy 0.85, BUMHISE 02K 0.768, I R
L o O i 0.5 FoRBURL £ 45 HAT B2, REFIT R A . A
a5 23 0834 [F1 74 SRl 2 # B I 4, 283 200 Y EHAG T, L
415y 24 0.666 BRI O EINLE, RINZEIIALEAEA A, WA
8 0.801 FEIR . R FRES s B A R BN (LE 8), 2 LA
B AESR 0.722 Ar i B P ERGY (variable importance projection, VIP){E> 1 4

DI T A 0.781 TR ECILIE 9), 153 7 5% BRIV, BRI,
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Fig.7 OPLS-DA analysis model of batch 29 batchs of samples
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Fig.8 Replacement test diagram of 29 batchs of samples
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Fig.9 VIP picture of 29 batchs of samples
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