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Quality evaluation of different origins and commercial grades of Panax
notginseng by HPLC and grey correlation analysis

DING Yong-sheng, LUO Jing, ZHAO Cheng-bo-wen, LI Qiu-yu, SHI Jin-li
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To establish a method for determination of five saponins in Panax notginseng by HPLC and comprehensively evaluate
the quality of it by using grey correlation analysis. Methods The content of notoginsenoside R; and ginsenoside Rg;, Re, Rb;, Rd in the
different origins and commercial grades of P. notginseng was simultaneously determined by HPLC, and the entire quality evaluation model
was established by grey correlation analysis. Results The established method was applied to quantify five major bioactive components in P.
notginseng simultaneously with satisfactory results. Gray correlation method can distinguish the samples from genuine producing areas,
qualified samples and unqualified samples, and provide reference for quality evaluation of P notoginseng and quality evaluation of
multi-index components of Chinese materia medica. Conclusion This HPLC method was simple, accurate, stable and rapid with better
separation effect, which was suitable for determination of notoginsenoside R; and ginsenosides Rg;, Re, Rb;, Rd; The grey recognition
analysis was suitable for the comprehensive quality evaluation of multi-component samples of Chinese materia medica.
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Table 1 Sample information of P. notoginseng

s i FA% KEHM

IX1 [T 80~120 3k 2018-06-03
X2 I T 120~200 3k 2018-06-03
IX3 JUPREETE BHCk 2018-06-03
IX4 POV gk 2018-06-03
IX5 JUEEETE BYI 2018-06-03
QB1 =Hrdt 20~40 3k 2018-06-05
QB2 =kl 40~80 3k 2018-06-05
QB3 =it 80~120 3k 2018-06-05
QB4 =HElt W% 2018-06-05
QB5 =Rl B 2018-06-05
YS1 =R 20~40 3k 2018-06-05
YS2 =EE L 40~80 3k 2018-06-05
YS3 pagra il 80~120 3k 2018-06-05
YS4 ZELL % 2018-06-05
YS5 para L BI 2018-06-05
WSl =il 20~40 3k 2018-06-06
wS2 =l 40~80 3k 2018-06-06
WS3 el 80~120 3k 2018-06-06
WS4 =ExX % 2018-06-06
WS5 =L By 2018-06-06
MGl LK 20~40 3k 2018-06-07
MG2 Y% 40~80 % 2018-06-07
MG3 %K 80~120 k 2018-06-07
MG4 PSS T 3 2018-06-07
MG5 mEYX EHO 2018-06-07
SP1 “HARE 20~40 3k 2018-06-08
SP2 =“EABRE 40~80 3k 2018-06-08
SP3 PPy 80~120 3k 2018-06-08
SP4 nHEAR W% 2018-06-08
SP5 Py Y B 2018-06-08
ML1 ~ERE) 20~40 3k 2018-06-09
ML2 R 40~80 3k 2018-06-09
ML3 =R 80~120 3k 2018-06-09
ML4 mHRE % 2018-06-09
ML5 WY B 2018-06-09
SL1 =AM 20~40 3k 2018-06-10
SL2 =AM 40~80 3k 2018-06-10
SL3 =HAK  80~120 3k 2018-06-10
SL4 nHEANK  Hi% 2018-06-10
SL5 =AMk B0 2018-06-10
SZ1 =EfsE 20~40 3k 2018-06-10
SZ1 =M 40~80 3k 2018-06-10
Sz1 =g 80~120 k 2018-06-10
SZ1 s % 2018-06-10
SZ1 =EsE B 2018-06-10
MZ1 PNEES=S| 20~40 3k 2018-06-11
MZ2 P E A= 40~80 3k 2018-06-11
MZ3 PN S| 80~120 3k 2018-06-11
MZ4 =M% HE Wiz 2018-06-11
MZ5 ~H%H 570 2018-06-11

2 FES%

2.1 X @EAERRE &
B=tHeE, 65 Hif, FEMI 1.0 g, N

HIEE 50 mL iCE R, IIFAENR 2 h, b2 HEER
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&, 1 0.35 um TALIERE, TAE/ N A
22 WHESEARES

EEKRM=L2H R, 431 mg. AZEH Ry
10.50 mg. A2 21 Re 4.01 mg. A& 21 Rb, 12.02
mg. AS B Rd230mg, & T 25 mL &4,
HEEE 2, BHRE =L2H R, AZEH Rg.
ANBEH Re. ASEH Rb. ASEHE Rd FEIK
FE3 5108 0.172 4. 0.420 0. 0.160 4. 0.480 8. 0.092 0
mg/mL FI7E A% R A T
23 ®IEERHG

M N Zorbax SB-Aq # (250 mm X 4.6 mm,
5um); VLBIAHNONE-Ks BEEEVENL: 0~10 min,

%2

20%Z0E: 10~40 min, 20%~40%Z.fiE: 40~50
min, 40%~20%ZME; AR E 1 mL/min, K
£ 203 nm, A3 25 'C, #HFEE 10 pL.

24 FHAEFER

240 EMCRELE BURAXIRSAT, 1T 0.45 um
TALIENE, B TWAEANEF, 2R 20 54 104 15,
20- 30+ 50 pL, s g, DU ERE AR (XD,
WETHCNAAAR (V), {EbRifERIZE, REDAGRE, W
2o KHRA N IR SIS R, MR A
R, DASG R ARG bl oy 3 0 1 IR R R R Rk
FE e ARGIINER, E(EREEE A 10 0 1 IR B ik
e R e tEVa R R AR . E =PRI 2.

=t S MEFHMAHEERAER

Table 2 Linear relationship of five saponins in P. nofoginseng

X HE EIVEp P RMEEE/(ngmL ™) IR/ (ugmL ™) ERIR/(ugrmL ™)
=LEHR Y=3218724.75 X—4 325.19 0.9996  34.48~862.00 7.240 21.72
ANSRBH R Y=4027 858.24 X—85 818.08 0.9992  84.00~2 100.00 8.400 25.20
NS HBH Re Y=1297 587.14 X—9 075.94 0.9996  32.08~802.00 6.416 19.25
ANZ BT Rb, Y=1287416.18 X+15 561.58 0.9995  96.16~2 404.00 24.040 72.12
ANZ 21 Rd Y=1286399.38 X+2 188.17 0.9999  46.00~460.00 11.040 33.12

242 FEEERE HDUREGXRBGER, E8df  LEH R ASET R AZEH Re. AZEH

6 %, OIS EIBIETIAN, TR0 R R AL
) RSD 1. =tL2H R AZEH Rg. AS BT
Re. AZHE1F Rb,. AZ % Rd ) RSD EH7 N
0.18%- 0.08%-. 0.16%-. 0.21%. 0.18%.

243 HEMWRAE FERR=HEWS 0.994 6.
0.996 7. 0.995 7. 0.996 0. 0.995 3. 0.994 6 g, %
“2.17 WU, HEE R R I, Al sk
H OB AR T U B R #0) RSD . =B H
Ri. AZEH Rg;. AZEH Re. AZREH Rby.
AZ B Rd FIESET RSD HEH354 0.55%;
0.37%- 1.62%- 0.33%. 0.47%.

244 FREMERR HERIEGRE 09946 g, 1%
PERFE 2T IER &, T 04 24 44 84 124
24 h 3 E RGRAR B E ORI, 10 i AR T
HIF RSB RSD . =L2H R. ASEH Rg.
ANZEH Re. ASHEA Rb. ASEH Rd RESH
) RSD 1H43 114 0.05%-0.10%+ 1.75%+0.25%+0.30%.
245 IFEEISCRRES RS EL S E B[R — e
i 6 4y, A IS E I =L BT Ry LANS 2F Rg.
AZE1F Re. AZEH Rb;. ASE1F Rd X
W, AR A A TN A R, b
ROBARRTI, THE SFBRARIFE Y 2 & RSD fH. =

Rb;w AZ 24 Rd I 755008 100.82%- 98.80%-
101.03%-+ 99.82%-+ 99.08%; RSD {E 43714 1.50%-
1.30%-+ 2.27%- 1.53%. 0.81%-
2.5 HENE

2 “2.17 TUT J71 2% % 7 Hi AN [5) 75 it A =
LR, % “2.37 TUR SRR, 5% BiR R Ig
THIAR, AR o L b 4 ot e o1 S DA o =B e
R, X ANZ%2F Rg;~ Re. Rb;. Rd &, HPLC t&
R 1, R WE 3.

4
A 2
4
B
5
1 3 n
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t/min
I-=LBHR 2-AZBHRg 3-AZEHRe 4-ASZHRb
5-A\ZE1H Rd
1-notoginsenoside R;  2-ginsenoside Rg;
4-ginsenoside Rb;  5-ginsenoside Rd

1 REXRE (A) MR (B) BiEE
Fig. 1 HPLC chromatograms of mixed standards (A) and

3-ginsenoside Re

sample (B) of P. notoginseng
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x3 FRE~H. FTEEFRAB=LtHSHEESENELER
Table3 Determination of five saponins in P. notoginseng of different producing areas and different commodity specifications
JF > 5 (mgg )

ETRS)

—hLBFR, NS BFH Rg ANZEH Re ANZ BT Rb, ANZHB1H Rd M
IX1 7.16 42.80 12.78 55.53 8.50 126.79
X2 6.79 45.76 13.41 62.37 8.96 137.29
1X3 7.45 43.09 12.27 57.11 6.95 126.87
IX4 6.95 40.22 11.52 56.47 7.09 122.25
JX5 7.22 51.32 12.75 58.49 8.86 138.64
QBI 9.84 29.66 7.74 30.52 8.37 86.13
QB2 8.58 30.03 3.83 34.21 8.54 85.19
QB3 8.45 25.92 3.66 29.71 6.66 74.40
QB4 425 17.25 2.49 25.55 472 5427
QB5 13.19 46.23 9.83 51.78 15.52 136.55
YS1 6.63 32.45 6.32 2437 6.15 75.91
YS2 9.28 31.86 5.59 33.67 8.66 89.06
YS3 6.67 27.93 438 27.92 7.01 73.92
YS4 7.16 27.72 5.10 28.49 7.26 75.73
YS5 9.62 46.66 25.92 47.46 11.57 141.23
WS1 10.84 28.90 4.92 42.47 11.19 98.33
WwS2 7.06 36.06 5.94 39.08 10.87 99.02
WS3 8.47 41.85 5.03 37.93 10.31 103.59
WS4 10.01 32.34 5.17 37.20 10.33 95.05
WS5 10.30 43.14 9.75 56.52 15.71 135.43
MG1 9.59 33.11 6.82 33.91 9.66 93.09
MG2 5.42 36.15 10.38 50.61 9.97 112.53
MG3 6.83 36.08 7.15 36.74 9.16 95.96
MG4 7.63 30.73 5.63 35.84 9.19 89.03
MG5 11.51 51.07 10.44 54.17 13.59 140.78
SP1 8.34 37.49 5.85 38.92 9.38 99.97
SP2 9.93 43.15 6.90 40.00 8.83 108.81
SP3 5.79 25.22 4.08 27.21 7.86 70.15
SP4 7.11 25.66 4.67 24.46 6.36 68.26
SP5 17.38 51.22 7.08 48.77 17.42 141.88
ML1 10.06 32.22 6.32 31.95 731 87.87
ML2 9.17 40.83 7.02 32.53 8.67 98.22
ML3 7.55 32.25 6.33 34.44 8.65 89.22
ML4 7.35 25.32 4.18 26.31 5.39 68.56
ML5 15.52 33.32 6.51 39.93 8.81 104.10
SL1 9.05 29.43 4.99 30.04 8.00 81.50
SL2 9.79 31.92 4.84 29.25 7.29 83.08
SL3 9.32 32.49 4.84 33.10 8.67 88.43
SL4 9.74 28.34 4.77 30.17 9.45 82.48
SL5 15.34 54.51 8.95 52.99 18.59 150.38
Sz1 10.36 38.59 6.10 29.73 9.32 94.09
Sz1 11.08 50.67 13.42 53.73 11.81 140.71
SZ1 8.06 28.70 3.25 29.67 7.37 77.05
Y4 7.39 26.01 443 25.23 6.79 69.86
SZ1 13.41 49.27 8.74 47.87 11.95 131.24
MZ1 10.60 33.53 5.07 37.30 7.80 9431
MZ2 9.47 35.88 7.50 32.41 7.68 92.94
MZ3 8.00 33.36 5.69 33.51 8.20 88.76
MZ4 6.10 30.81 5.44 30.83 6.77 79.95

MZ5 13.21 42.20 6.91 40.55 11.13 114.00
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L, (EN S PR A E BE, T S e
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PR R BB PR R, DR ILIER X, 1
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L 3 3 K B g £ & @
o B Ko ¥ o B W

HHAbP AL T7P<0.001
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Fig.2 Comparison and analysis of amounts of five saponins

of P. notoginseng from different producing areas

2.6.2 RIS =L 5 AR S X T
P B 9 AN M A [ B A% =6 (R PR IR
3| 20~40 3k, 40~80 k=-bLFES, RSP
5> M SAS 9.4 B AEX) 20~40 k=, 40~80
k=-E. 80~120 k=-b. k. BIOMHITEZA F
. ZEIBES T, SABIES, HXEF. F=

20.73, P<0.000 1 £/~ &4 00 5 F2 B0 5,
SR 3-A R, =L S MEHEES AN
BBT 0 >40~80 3k =-£>20~40 Lk =-£>80~120
K=E>H%: # 10 A= A8 H . ER
(20~40 k. 40~80 3. 80~120 k). %k 3 41,
FIH SAS 9.4 AT ZH F R T, FAHIE
A, HEF. F=2544, P<0.000 1 Fn&4E 5
PR AR ER, 4iRwE 3-B s, =tF 5
PR H S8BT > FMW>Hs%k. ok, XA
SRR, BR=tHRE R, HAb4FEESEA
BT 11 >40~80 3k =-t>20~40 3k =-£>80~120 3k
=L>Hi%: =tLRHE R SEAHN>20~40 %
=+t>40~80 L=1L>80~120 k=LE>H%, =
LERFP=LEEH R FE RS H LA K.

._.

53

(=)
lov}

~ 150 A Hkk
1

g 1007 ** . éab 100

8 <

) |

o 50 7 s 50

0 = _ RS :

S K % B % O
Z 8 H 8 =®
[eTe]

20~40 Sk
40~80 3k

B A H 5%, 3TO4L: TP<0.05; 15 80~120 k=-b. #
% WO4URLL: YP<0.05: SHARAAEE: TP<0.001; K B
S AR *P<0.05 TTP<0.001

Fig. A: P < 0.05 vs Jintiao and Jiankou groups; P < 0.05 vs 80—
120 tou of P. notoginseng, Jintiao and Jiankou groups; "P < 0.001
vs other groups. Fig. B: P < 0.05, ""P<0.001 vs other groups.

3 FEEMAE (A) MREBL B) =€ 5 HEHFD
XL

Fig.3 Comparison and analysis of amounts of five saponins
of P. notoginseng in different commodity specifications (A)
and different parts (B)
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TSR G iSRS ik B R A
RIR LR = -CFE i AT HE Y FR AR A G E R
TGRS (9 AR =0.50; T4 0.50>
AENS SCERE =0.45; 11T 2% : 0.45 > A%} SR E =0.40;
IV 2: 0.40>FHXT G =0.35; V 2 FHXTOCHE
fE>0.35), SR NEK 4. WIRE KBS RATIW, T
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T4 BHEREMNTRASEFIIRRKRL. XEKE. BNXHKE. #FRER
Table 4 Correlation coefficient, correlation degree, relative correlation degree, sequence and grade of each sample relative to

optimal reference sequence

. RRER - - )
Wi = Caf R, A ZmfiRe AZTfiRe AZOIRb, JBofrRd CWE HRRBE R S
JX1 0.832 4 04713 0.901 1 0.597 8 0.4713 0.654 8 0.481 4 11 11
X2 0.869 2 0.483 6 1.000 0 0.609 0 0.483 6 0.689 1 0.500 2 9 1
JX3 0.8359 0.4619 0.922 2 0.563 0 0.4619 0.648 9 0.4751 12 11
X4 0.802 7 0.448 6 09135 0.566 0 0.448 6 0.6359 0.465 5 13 11
JX5 0.948 0 0.470 8 0.941 4 0.606 5 0.470 8 0.687 5 0.500 8 8 1
QB1 0.700 6 0.3919 0.661 7 0.594 7 0.3919 0.548 2 0.409 4 29 111
QB2 0.703 8 0.346 5 0.688 7 0.598 8 0.346 5 0.536 9 0.3927 37 v
QB3 0.670 4 0.344 8 0.656 1 0.556 9 0.344 8 0.514 6 0.3709 45 v
QB4 0.609 5 0.3333 0.628 6 0.519 5 0.3333 0.484 8 0.3273 50 \%
QB5 0.8754 0.4213 0.854 7 0.8301 04213 0.680 6 0.5169 6 1
YS1 0.7250 0.374 1 0.6212 0.546 6 0.374 1 0.528 2 0.379 4 41 v
YS2 0.719 7 0.3656 0.684 6 0.601 6 0.365 6 0.547 4 0.406 4 31 111
YS3 0.686 3 0.3523 0.644 0 0.564 3 0.3523 0.519 8 0.372 5 44 v
YS4 0.684 6 0.360 1 0.647 8 0.569 6 0.360 1 0.524 4 0.3792 42 v
YS5 0.881 1 1.000 0 0.806 9 0.681 2 0.654 9 0.804 8 0.5612 1 I
WSI1 0.694 3 0.358 1 0.7579 0.669 6 0.358 1 0.567 6 0.4259 20 111
WS2 0.759 2 0.369 6 0.7279 0.660 2 0.369 6 0.5773 0.426 2 19 111
WS3 0.8212 0.3593 0.718 3 0.644 3 0.3593 0.580 5 0.429 7 18 11
WS4 0.724 0 0.360 8 0.7123 0.644 8 0.360 8 0.560 6 0.4192 25 11
WS5 0.836 5 0.420 1 09142 0.8389 0.420 1 0.686 0 0.513 1 7 1
MG1 0.7310 0.380 2 0.686 5 0.626 8 0.3802 0.560 9 0.4202 24 111
MG2 0.760 1 0.429 8 0.8412 0.6350 0.429 8 0.619 2 0.454 0 15 1
MG3 0.759 4 0.384 3 0.708 5 0.614 0 0.384 3 0.570 1 0.420 5 23 111
MG4 0.709 8 0.366 0 0.701 4 0.614 7 0.366 0 0.5516 0.406 4 32 111
MGS5 0.944 1 0.430 8 0.883 7 0.750 0 0.430 8 0.687 9 0.517 8 5 1
SP1 0.773 6 0.368 6 0.726 6 0.619 5 0.368 6 0.571 4 0.424 4 22 11
SP2 0.836 6 0.3812 0.7358 0.605 & 0.3812 0.588 1 0.4412 16 111
SP3 0.665 1 0.349 1 0.6393 0.5829 0.349 1 0.517 1 0.367 6 46 v
SP4 0.668 4 0.3554 0.6217 0.550 8 0.3554 0.5103 0.364 2 48 v
SP5 0.946 4 0.383 4 0.820 8 0.927 6 0.383 4 0.692 3 0.524 5 3 1
ML1 0.722 9 0.374 1 0.6719 0.570 7 0.374 1 0.542 8 0.403 6 34 11
ML2 0.809 6 0.382 7 0.676 2 0.601 9 0.3827 0.570 6 04251 21 111
ML3 0.723 2 0.374 2 0.690 5 0.601 4 0.374 2 0.5527 0.407 5 30 111
ML4 0.665 8 0.3502 0.633 4 0.5319 0.3502 0.506 3 0.3597 49 v
ML5 0.7329 0.376 4 0.7352 0.605 3 0.376 4 0.5652 0.434 4 17 111
SL1 0.698 7 0.3589 0.658 4 0.586 1 0.358 9 0.5322 0.3911 38 v
SL2 0.720 2 0.3572 0.6529 0.5703 0.3572 0.5316 0.391 0 39 v
SL3 0.725 4 0.3572 0.680 4 0.601 9 0.3572 0.544 4 0.402 7 35 111
SL4 0.689 7 0.356 5 0.659 3 0.6213 0.356 5 0.536 6 0.396 7 36 v
SL5 1.000 0 0.408 4 0.869 2 1.000 0 0.408 4 0.737 2 0.548 9 2 1
SZ1 0.785 1 0.3715 0.656 2 0.6180 0.3715 0.560 5 0.418 8 26 11
S72 0.9380 0.483 8 0.878 2 0.688 7 0.483 8 0.694 5 0.5209 4 1
s73 0.692 6 0.340 7 0.655 8 0.5720 03407 05204 03748 43 IV
SZ4 0.6711 0.352 8 0.626 5 0.559 7 0.352 8 0.5126 0.367 2 47 v
SZ5 09173 0.405 4 0.8112 0.693 1 0.405 4 0.646 5 0.493 7 10 11
MZ1 0.734 9 0.3597 0.713 1 0.581 6 0.3597 0.549 8 0.409 9 28 111
MZ2 0.757 4 0.388 7 0.6753 0.578 9 0.388 7 0.557 8 0.4159 27 111
MZ3 07333 0.366 7 0.683 4 0.590 7 03667 05482 04037 33 I
MZ4 0.7105 0.3639 0.663 9 0.559 2 0.3639 0.5323 0.3832 40 v

MZ5 0.8253 0.3813 0.740 6 0.667 8 0.3813 0.599 3 0.458 3 14 I
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