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Multicomponent quantification combined with chemometrics for quality evaluation
of Notoginseng Radix et Rhizoma from different origins
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Abstract: Objective To establish a quantitative analysis of multicomponent quantification, chemometrics, and weighted TOPSIS
method for evaluating the quality of Notoginseng Radix et Rhizoma from different origins. Methods The contents of notoginsenoside
Ri, ginsenoside Rgi, ginsenoside Re, ginsenoside Rbi, and ginsenoside Rd in 15 batches of Notoginseng Radix et Rhizoma were
determined using HPLC method, and the contents of moisture, extract, total ash, and heavy metals and harmful elements were also
determined. Chemometrics and the weighted TOPSIS model were employed to evaluate the quality of Notoginseng Radix et Rhizoma
from different origins. Results There were significant differences in various indicators of Notoginseng Radix et Rhizoma from
different origins. The results of cluster analysis and principal component analysis showed that the 15 batches of Notoginseng Radix et
Rhizoma samples were divided into 2 categories. 3 Principal components were extracted, representing 75.350% of the information for
11 indicators. Orthogonal partial least squares discriminant analysis identified four components with quality differences, namely
copper, leachate, total ash, and lead. The weighted TOPSIS ranking results showed that the overall quality of Notoginseng Radix et
Rhizoma samples produced in Wenshan City, Wenshan Prefecture exhibited superior quality. Conclusion The established
multicomponent quantification combined with chemometrics evaluation method can provide reference for the quality control of
Notoginseng Radix et Rhizoma.
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Table 1 Geographic origin information of Notoginseng

Radix et Rhizoma

My S FEH s il P
1 S1 OXR 9 S9 e~
2 S2 P 10 S10  dtE
3 S3 OXR 11 S11 paiiil
4 S4 = 3! 12 S12 paiiil
5 S5 OXR 13 S13 paiiil
6 S6 EILE 14 S14 paiii]
7 s7 FILE 15 S15 paiii]
8 S8 IR 16 S16 paiii]

2 FAEEHR

21 Z=tEFH HPLC EANE

2,11 EGEREH S RBERR=LEEYE
SRR IE R, I ] T RN 2.0 mg/mL (1)
W, B

2.1.2 K REENH S W =BmR El s
i) 0.6 g, FEEME, KEMAHE 50 mL, e
R, B 80 C/AKM LARKFN 2h, BG4, FIE
iR, FHEANERCRMTE, B, jEd, st
JEW, HIFE,

2.1.3 {0k Waters XTerra RP15 (il F: (250
mmX4.6mm, Sum); PLAJE (A) -7K (B) Nl
FAH, BEEEBEML (0~20 min I 20% A, 20~45 min
i 20%—46% A, 45~55 min I 46%—55% A, 55~
60 min 5 55% AD; KA 203 nm. BB AL
e =R RETE AL T 4 000,

214 LJRMEELE SRR BRI =8 S
FET I ORT = B HE RS 10 pL, VENAHE
A, W, WK T,

2,15 ZRMERRFE RS M A A N H IR
WRRE, 19BN F TR T (P BRI, R
SE o LUR B M ALR, WETIFUAMALSR, 7
EVEpy R

2.1.6 FEEEWRK BURSXIRMER (LRt
Ri. AZREH Rgi. AZEH Re. AZEH Rbi.
ANZH Rd W5 EIKE 73704 0.206 8. 0.758 3.
0.1012. 0.6247. 0.0819mg/mL), ELLIEE 6 X,
IHEA=LEH Ri. AZEH Ry ASE1 Re.
ANZBF Rbi. AZ B Rd WA RSD {855
9 0.63%- 0.11%. 0.26%- 0.08%- 0.23%.
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1 =tREFENRG (A). =t#m (S16, B) ) HPLC &iLEEIE
Fig. 1 HPLC chromatograms of Panax notoginseng saponins reference stance (A) and Notoginseng Radix et Rhizoma (S16, B)
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Table 2 Linear relationships of five saponins

%y EVEpap 2B MY B/ (mg -mLT) R RE (0
=HEHR Y=48.733 X—0.043 0 0.016 2~1.034 0 0.999 8
ANZEH Rg Y=58.802 X+0.274 3 0.059 2~3.791 4 0.999 9
ANZEH Re Y=45.965 X—0.068 6 0.007 9~0.506 2 0.999 8
ANZEH R Y=42.078 X+0.626 1 0.048 8~3.1236 0.999 8
AZRBHE Rd Y=50.206 X+0.035 8 0.006 4~0.409 3 0.999 9

2.1.7 HEEHRE HEERR=HHhAK S S16)
6 1, sl i VEw, T, IHEAS =
HLEEF R AZEH Rgi. AZEH Re. ASREH
Rbi. A Z 2 H Rd i &850 0 RSD 1E 7371 1.44%
1.21%- 0.86%- 1.08%-. 0.80%.

2.1.8 FeEtkilie  BUE— =B mIE TR
5 816), A TFHI4%)E 0. 6. 120 18, 31, 38h it
BT, HHA=LEH R, ASEH Ry, AS
BH Re NZ B H Rbi AS 21 Rd WA RSD
5N 1.54%. 0.91%- 1.49%. 1.10%. 1.10%.
S5 RAE A AL VA TRTE 38 h N ARUE MR R 4F

2.1.9 MEFREE IS REEAREL =B R (kS Ste,
HFEHEEH R ASEH Rg. ASEH Re. A
B Rbiw AZ A Rd 73939 0.582 2%~ 2.531 9%
0.372 3% 2.263 5% 0.546 0%) 9 13, Hr 0.3 g,
I3RS E IS SR (5 =t8H R, AZ R
# Rgin AZE1 Re. ASEH Rhi. ASEH Rd
AN 2.0215. 74121, 0.9897. 6.1065. 0.8002
mg/mL) 0.4. 0.9, 1.4mL, &NREEIRES 30,
il I, BEREIE . SR =L R, A
Z B2 Rgi. ASE1 Re. ASRET Rbi. AZS R
H Rd P B0 98.50% 99.16%
102.14%- 96.76%- 101.37%, RSD 1E% 54 2.43%-

2.30%- 3.23%- 1.73%. 2.33%.
2.1.10 FESE B 15 RS =-6F Fod
&, MR, ERENE, DRI, %
AFRIED T E = LB Ri. AZ 21 Ro. A
B Re. AZEH Rbiw AZ B Rd Ml
SRR 3. 15 =LFEM T, ASEH Rgi. Rb
(-2 & B0y BN 2.775 1% 2.474 7%, NTE
EREFFRS: —EETH Ri. AZ 21 Rd. Re
JiR B AR B, ~FIME 38 0.73% 0.59%-
0.40%. 5 Fl 5 B B 39(E N 5.90%. LA RSD fH
P =R R I A R, = HRE R ASE
T Rev Rd ] RSD fH¥ KT 23%, LSRR
N2 2 Rgi~ Rby ] RSD EAIX N, FiEDH
thifase . S (R EZGI) 2025 FR—3 =L
THE (ANZHEE Rg. Rby =L EH R S&EA
KT 6.0%), 15 it =L & RN BIHELIX SME7F
HHE -
22 K4y BIRSY. REYMHEIRUE

W= &iEE, 2alig (PEZHE) 2025
SERR UGB IR 0832 /KA ek 2302 K45
SEIES 2201 RPN LA TR . S5 R LK 3.
KAy RIR Gy BEVE YRR A T A B N
9.27%~12.77%- 2.8%~5.5% 30.93%~40.79%.
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Table 3 Results of various indicators in Notoginseng Radix et Rhizoma

BB K% IS/ R4 HEJE M EILRI(mg kg ) =tE AR AzZE  AZE AZE

1% 1% Y & it 7K il T R/% T Rgy/% FFRe/% T Rbi/% F Rd/%
S1 1277 51 3561 01390 — — — 184511 08843 26794 0.5050 2.543 2 0.566 7
S2 1052 55 36.33 03365 — 00740 — 210121 09063 24825 0.4690 2.7754 0.696 3
S3 9.27 3.7 4043 02432 — 0.0579 — 17.7524 05350 2.7555 0.5059 2.844 2 0.701 2
S4 1154 41 39.07 01743 — — — 176964 05422 28100 0.3423 21791 0.4380
S5 1179 4.4 4079 0.1534 — — — 140464 0.7907 26556 0.3165 2.7699 0.7129
S6 1195 3.7 3213 00824 — 00543 — 45826 11274 22182 0.2745 23147 0.508 3
S7 1146 4.0 3491 01371 — 00859 — 41844 06479 23739 0.2773 2.1109 0.414 6
S8 1177 41 3212 00809 — 00543 — 38404 06399 24614 03470 20811 0.4335
S9 1169 3.2 3256 0.0000 — — — 34107 0.7477 26583 03750 24307 0.588 4
S10 1200 38 3161 01135 — 01062 — 45157 0.8925 22150 03237 17915 0.364 4
S11 1171 28 3269 0.1829 — — — 6.0969 06415 31060 0.5655 2.5654 0.6559
S12 1173 41 3458 0.2128 — — — 6.0444 05939 32429 04548 24997 0.7319
S13 1164 40 3093 0.2934 — — — 9.0309 05142 35452 04654 25059 0.764 4
S14 1185 37 33.02 0.1426 — — — 59514 08371 32176 0.3865 27490 0.7393
S15 1162 35 3519 01891 — — — 7.0703 0.7387 32047 04249 29591 0.668 6

23 E&RE. BERRNE

M (R EZG 8 ) 2025 SFERRPYFE I “2321 4.
BB SR HRIINERR T R A TR
vk,
2.3.1 AR A%
R VA %o T VTR
RYVEHY. B B, Hi.
JE Il FH P 1
232 NFRERBISIS REEDEE. M. eI
RIS T, F S% RS ERFRE I B %S 1 pg/mL
PRA T, RIS,
233 {UEKME TR JTE ROHs, 25 E FARAE
WENHMI, 5 FRDIZE: 1500~1600 W;
B TR SARTE: 15 L/min; SV SUET &
1.0 L/min; AWM E: 0.8~1.3 L/min; Fib24R T
2 C; by MEAL: IR E R H): 30s; K
A ik AL 3 AN HE R 3G K
W77 B30 WE &R AL 2N ©Cuy 7As.
114Cd\ 2°2Hg\ ZOSPb, ﬁ\:g‘q 63Cu\ 75AS U\ 72Ge 1’]5%3
lj‘]*/]?’ 114Cd u IISIn {’E?\]V\]ﬁ, 2°2Hg\ 208Pb u 209Bi
YERNFF o
234 FERIEREIEIS =B 05, BE
VUSR 2 RRGE N, IAHIR 8 mL, M 1 pg/mL 4>

i on 0 UGN N TN N
P 50 B TR R 1l ol
ARG NIRRT, A

HICEPRAER R 200 uL, JB%E1, 100 CTiHf#E 1h,
MmN, TERINE, BEIEA N, TR,
WHRE AT, 5B 50 mL &3, A/ Eat
IKBEERTEMRGE 3 U, BRI N B KRB 2 Z)
B, BRE), OAERFESL, HBURVER, EIf. RV
IR EHIES SRR S R
235 FEMIE BUE-ERESEE, HISAE A
W, e, HHESE. AECRSE, 4
W 3.
24 BENSH

X 15 A=A 11 MR PR BRI T 2
T, KBRS\ SPSS 25.0 #4E, K4 R BEEk,
DABR PR &8 il BE kAT S0 Hr, A5 R LIE 2. 4
PEECN 18 B, 15 k=t f R 2 35, #itS S1~
S5 FEACA—IR, RE SN GG E; #tS S6~S15
FEfON—28, SRE TN EJEE . Sl
25 ER7FOH (PCA

FIH SPSS 25.0 Hff rh B 4E ) 77 AHEH 15 L=
LA 11 AN RSy, Bartlett BRIE GG
P UL 15X 11 & BEAEFEEOR & & 3 10 b 4%
EE>1 B, 3 ANES R Z TR E N
75.350%, FHET 3 DEITRE=LH 11 AME
Fr 75.350% 015 5, W3R 4.
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Fig.2 Cluster analysis of Notoginseng Radix et Rhizoma

R4 =R PCA FHEEMG ETTRE
Table 4 Eigenvalues and variance contribution rates of

PCA for Notoginseng Radix et Rhizoma

ERIr O FHEE TETTRR% BB TTIRE%
1 4.357 39.611 39.611
2 2.553 23.231 62.824
3 1.378 12.526 75.350

Bl 3 e (B8 5) RWY, TRy 1| EEK
BLTEY . AZREHEH Rbi. ASEH R AZE
H Rew AZRH R fEE; TR 2 BERMBL T
W, &Ko NSEH R WER: g3 1%
KT =ERE R KTHER.

®S5 ZtHREMSTETFHEER

Table 5 Principal component factor loading matrix for

Notoginseng Radix et Rhizoma

D% TR 1 F RS 2 F s 3
Koy -0.467 -0.446 0.641
IRy 0.188 0.714 0.463
bk 0.481 0.579 -0.051

o 0.757 0.312 -0.132
it -0.518 0.615 -0.371
i 0.605 0.680 0.191
=LET R -0.435 0.241 0.678
ANZRBH Ro 0.704 -0.642 -0.024
ANZ 21 Re 0.748 -0.171 -0.035
ANZEH Rby 0.834 -0.054 0.251
ANZ B Rd 0.852 -0.259 0.186

t[1]
R%{1]1=0396 R*{2]=0.232 Ellipse:Hotelling’s T2 (95%)
3 =t#& PCABHE
Fig. 3 PCA score plot for Notoginseng Radix et Rhizoma
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RGP AR BRI = i = b 2 A £ S, ik
Xt =i E B A RKTTERI 5y, 1E PCA %Al |,
FIFH SIMCA 14.1 #4347 OPLS-DA, Z5 5 WK 4.
T B AR RE SIS 5 R N 0.596, R’y N 0.921,
M E SIS 02 K 0.813, F B HAT BT (/iR
BEREIANTIINEE /7. #E—D 04 11 MBI R
HEEMERS (VIP) EH, SR WES. LVIP>1 A
kbR, TR NHEFAR KO . R B
SRSy HYo GRS Hk I 200 ok, WA 6, 4
M R2 A1 O AL AR E = T B /E 30 R A @2, H
Q> 1 [H L AR N i E, Rl 58, AA7ETE
G

4
Sl20313
_ 2 ®S3 g5 @Sl
% os2 .514
£
500 - —
IS ®S5
- S1 @ s4 Se .SS. 59
-2 056
L)
-4
-5 4 -3 2 -1 0 1 2 3 4

1.011 59%¢[1]
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El4 Z=-t#fm OPLS-DA 557[E
Fig.4 OPLS-DA score plot for Notoginseng Radix et Rhizoma
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5 Z=+t#&m 11 NMEFRE VIP EE

Fig. 5 VIP values of the 11 indicators in Panax notoginseng

2.7 /A TOPSIS 734k

— L =LEH R ASEH Rg. ASEH
Re. AZEH Rbw AZEH Rd. BHYINIER T
W, IKGF RISy BRI 7y Hrs Bl HH
Bl Fa i 23 B BRI AT bR A A 3, ST AR UL

6 Z=-t#fm OPLS-DA B#HIGILER
Fig. 6 OPLS-DA permutation test results for Notoginseng
Radix et Rhizoma

PSR, W 6. LL 11 ANMERME VIP {E R E,
5% 6 B T, BT IMBURFRAERE, SR ILE 7,

AR 7 h SRR E AR R (ZD,
BMEAREHE (Z7), HHE SR RIS
(D) HRBFTERIEE (D) SRR I
R (CH, ZERIE 8. CAEMK, BEIPMAES
JRER, HEGRET S = | s, CoF
YA 0.599 9, FBHSCILM ST L 7= = Sl 844
R .

F6 =timT 11 MERIIRERRIEM

Table 6 Normalized decision matrix for 11 indicators in Notoginseng Radix et Rhizoma

s Ky BKSY fif kiG]

R = LRH R ASEH Roy AZEH Re AZ 21 Ry AZ 21 Rd

S1 0.0000 0.1481 0.5869 1.0000 0.1455 0.4746 0.6036 03491 0.792 2 0.6438 0.5058
S2  0.6429 0.0000 0.0000 0.3032 0.0000 0.5477 0.6395 0.2012 0.668 4 0.8426 0.8297
S3  1.0000 0.6667 0.277 3 0.4548 0.1852 0.9635 0.0339 0.406 3 0.7952 0.901 6 0.8421
S4  0.3514 0.5185 0.4820 1.0000 0.1884 0.8256  0.0456 0.447 4 0.2331 0.3320 0.1841
S5 0.2800 0.4074 0.5441 1.0000 0.3957 1.0000 0.4509 0.3313 0.1442 0.8380 0.8712
S6 0.2343 0.6667 0.7551 0.4887 0.9334 0.1217 1.0000 0.002 5 0.000 0 0.4481 0.359 7
S7 0.3743 0.5556 0.5926 0.1911 09560 0.4037 0.2181 0.1195 0.009 6 0.2735 0.1257
S8 0.2857 0.5185 0.7596 0.4887 0.9756 0.1207 0.2051 0.1853 0.2491 0.2480 0.1728
S9 0.3086 0.8519 1.0000 1.0000 1.0000 0.1653 0.3809 0.3333 0.3454 0.5475 0.5600
S10 0.2200 0.6296 0.6627 0.0000 0.9372 0.0690 0.6170 0.0000 0.169 3 0.0000 0.0000
S11 0.3029 1.0000 0.4565 1.0000 0.8474 0.1785 0.2076 0.669 9 1.0000 0.662 8 0.728 8
S12 0.2971 0.5185 0.3676 1.0000 0.8504 0.3702 0.1300 0.7728 0.6197 0.606 6 0.9188
S13 0.3229 0.5556 0.1281 1.0000 0.680 7 0.0000 0.0000 1.0000 0.656 0 0.6118 1.000 0
S14 0.2629 0.666 7 0.5762 1.0000 0.8557 0.2120 0.526 6 0.753 8 0.3850 0.8201 0.9373
S15 0.3286 0.7407 0.4380 1.0000 0.7921 0.4320 0.366 2 0.7441 0.5170 1.0000 0.760 5
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Table 7 Weighted decision matrix for 11 indicators in Notoginseng Radix et Rhizoma

s Ky BRI fi |

R =L2H R AZEH Rot AZEH Re AZE2H Ry AZEH Rd

S1 0.0001 0.184 8 0.600 3 0.486 2 0.2309 0.6666 0.266 0 0.308 6 0.5799 0.570 2 0.4227
S2 0.5318 0.0001 0.0001 0.14750.0002 0.7691 0.2818 0.1779 0.489 3 0.746 2 0.693 2
S3 0.8273 0.8312 0.2836 0.2212 0.2939 1.3529 0.0150 0.359 2 05821 0.798 4 0.703 5
S4 0.2908 0.646 5 0.4930 0.4862 0.2989 1.1593 0.0201 0.3954 0.1707 0.2940 0.1539
S5 0.2317 0.508 0 0.556 5 0.486 2 0.627 8 1.4042 0.1987 0.2929 0.1056 0.7421 0.7279
S6 0.1939 0.8312 0.7723 0.2376 1.4806 0.1710 0.4407 0.002 3 0.000 1 0.396 9 0.300 6
S7 0.3097 0.6927 0.606 1 0.0930 1.5164 0.5669  0.096 2 0.1057 0.007 1 0.2423 0.1051
S8 0.2364 0.646 5 0.7769 0.237 6 1.5474 0.1696  0.090 4 0.163 8 0.1824 0.2197 0.144 4
S9 0.2553 1.0620 1.0227 0.4862 1.5861 0.2322 0.1679 0.294 6 0.2529 0.484 9 0.467 9
S10 0.18210.7850 0.6778 0.0000 1.4866 0.0970 0.2719 0.000 1 0.1240 0.000 1 0.000 1
S11 0.2506 1.2467 0.4669 0.486 2 1.3441 0.2508 0.0915 05921 0.7320 0.5870 0.608 9
S12  0.2459 0.6465 0.376 0 0.486 2 1.3488 0.5199  0.057 3 0.6830 0.453 6 0.537 2 0.767 6
S13  0.26710.6927 0.1311 0.4862 1.0797 0.0001 0.0000 0.883 8 0.480 2 0.5419 0.8355
S14 0.21750.8312 0.5894 0.486 2 1.3572 0.2978 0.2321 0.666 2 0.2819 0.726 3 0.783 1
S15 0.27190.9235 0.4480 0.486 2 1.256 4 0.606 8 0.161 4 0.657 6 0.3785 0.8856 0.6354

&8 =LA TOPSIS HEF
Table 8 Weighted TOPSIS ranking of Notoginseng Radix et

Rhizoma
it Di* Di- Ci ey
S1 22417 1.460 8 0.3945 14
S2 2.5185 15111 0.3750 15
S3 1.7221 22407 0.565 4 6
sS4 2.0471 1.646 3 0.4457 12
S5 1.693 6 2.1070 0.554 4 7
S6 2.0169 2.0109 0.4993 8
S7 1.950 9 1.9136 0.495 2 10
S8 2.054 6 1.9219 0.4833 11
S9 1.6375 2.3826 0.5927 4
S10 23162 1.848 4 0.443 8 13
S11 15421 23558 0.604 4 2
S12 15315 2.1208 0.5807 5
S13 2.004 8 1.9932 0.498 5 9
S14 1.526 6 22292 0.5935 3
S15 1.3349 2.258 1 0.628 5 1
3 Whig
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