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Optimization of the Best Polar Site for Antioxidant Activity of Panax
ginseng Extract Based on Entropy Weight Method and Grey
Relational Analysis Combined with Component Analysis
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LI Guangzhe"*, YAN Mingming"*"
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Abstract: Objective: The differences in antioxidant activity of different polar parts of panax ginseng were investigated to
screen the best active parts. Method: In this study, the water extract of Panax ginseng was extracted by petroleum ether,
chloroform, ethyl acetate and n-butanol in turn. The contents of total phenolic acids, total saponins, total polysaccharides,

total flavonoids, ginsenoside Rgl, ginsenoside Re and ginsenoside Rbl in different polar parts were determined by high
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performance liquid chromatography (HPLC) and ultraviolet-visible (UV) spectrophotometer. The in vitro antioxidant
activity of different polar parts was determined by DPPH free radical, ABTS" free radical, hydroxyl radical, superoxide
anion free radical and cell oxidative damage model. Combined with entropy weight method and grey relational analysis, the
quality evaluation model of different polar parts of Panax ginseng was established. By weighting twelve quality
characteristic indexes of different polar parts of Panax ginseng, the best antioxidant polar part of Panax ginseng was
ultimately selected. Results: The differences in the components and antioxidant activity of different polar parts of Panax
ginseng were obvious. Among them, the content of total phenolic acid, total flavonoids and ginsenoside Rb1 in n-butanol
part was higher than that in other parts. The n-butanol part had the best antioxidant activity, and had certain scavenging
ability to DPPH free radical, ABTS" free radical, hydroxyl radical and superoxide anion free radical, and the corresponding
ICy, values were 0.14, 0.57, 0.92 and 0.75 mg/mL, respectively. In addition, combined with the quality evaluation model,
the relative correlation degrees of range of different polar parts of Panax ginseng was 0.352~0.618, and the relative
correlation degree of n-butanol part was the highest (0.618), which further indicated that the antioxidant activity of n-
butanol part was the strongest. Conclusion: Based on the evaluation results of entropy weight method and grey correlation
analysis, the n-butanol part was preliminarily selected as the most ideal antioxidant part of Panax ginseng, which would
provide a theoretical basis for the research of Panax ginseng as a natural antioxidant and the development and application of
Panax ginseng antioxidant food.

Key words: Panax ginseng; different polarity extracts; chemical composition; antioxidant activity; entropy method; grey
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NZ(Panax ginseng C. A. Meyer) f&=FINEL, A
ZJE Yy, BAA KA TR, ENKEG, #ME2s, A2
FRIML, LR Z T BRI RN SH ZFP
ZGPEH, FEYRTY M . AR VERIE T s TIRE L I
AR B bR B EAER . ASESR
£, B ZMEEY R, Hrh i AS 81 Rbl .,
Re. Rd. Rgl FFZFh R | MR RNT.

AR R RN S 2 —Fh RER P A AL
FORIEM, Yu 858 A S BT Re nliE AL
L AR B LS, 2 D TIREAR 0 AS R
T Rgl. Rbl. Re A il i 715 £T 40 i A% Xl 7 AH G B
F 2(nuclear factor-erythroid 2-related factor 2, Nrf2) .
IML£1 2 %A -& I 1(hemeoxygenase-1, HO-1) 5 [ 3
5. INK 38 RPN S AN B E S 7 X M S5
WSS R B H,0, 755 LT 41 i S A0 N
BAE VL R A Z BB HrRe e hE B A2 4 At PN 46
1A, I HyO, 55 r £ 4 i S AL B P, k4,
NS B EWANERSC, GRIRELASZ
PEFN A S0 o R R D Re M & i A DL
b BEIE AR R RRAFRERN 1,

PRI, ASBIF T ) FH - TR A6 UK N S 7K S B
I NATIBEEAL(RD) . SEOTHEBAL(R2) LR ZBEHER
HZ(R3) | IE T BEERAL(RA) . ZKERAL(R), K A5
BRAT R g5 SR A U X N S AN R AR R AN 1)
7 PR TE R 5 RSN AR P BT R AR AR
AOFEENT AR 53HT, BEAILE NS A M
TR TP TS S TR e 2R, DA M A S B
g 250 15 AR ALFIEBAL, NI R NS TI8EE
PEE SR AL EUR M BRI AR
1 oS
1.1 MRIEEE

ANZ258F g A THRFR A B2 R A [ m BB,

Hit-5-: 20220815; Aimfk, =& ke, ZMRAME. 15T
B STERERET . AR Srtrsl, AL T s AS
A Rgl (5 C27N11Q132589) . A2 1F Re(dlt
5:J25GB152733) . A= 51 Rbl1(#t5: GO1011
Y126429) frdEsh, AT _ LR A YRR R
ONE] R T RR (L5 110831-200302) . A T (#tt5:
100080-200707)  Hri b, Y04 T Hh [F 24 54 A= 1 il
FIFT; DPPH, ABTS T L2 e MAE L RH A BR
457l DME/F-12 1:1(1X) 553738 | FBSUIB A= M) .
P/SCHEHER R IPUER) . 0.25% fRE ANER .. —
LR, IxPBS(BEIREE v ) T EE
Gibco AN Fl; AP BRI Al (SH-SYSY) T
RIS HEFEAE AR A TR A S

AB265-S 11432 — i R¥ EHw METT-
LER TOLEDO /A i]; CP223C H,F R [ mEs
WA PR 7] s KQ-250B R A s vees Bl
A FE L Fe A BN F; HH-6 HUn fHR/KIBE &1
TESAN AR A IR 7] DZF-6053 HA5 T4eFE i
—ER2EAUASE R A A DZTW H R B s
JE R G I PAES A FR A T UV-1700 2858550
Y6 HAs SHIMADZU /4 &; Infinite M200PRO
T4 [ NEFFRY Fit Tecan 23 #]; 3131 BILH B
FEH CO, Fig#Afi & Thermo A .
1.2 EWHE
1.2.1 AR AIZRE T ERAS
FERERAT T (20 B, FREAZ 50 g, B TRICEIH
N, A 10 fEE 20K, InFAEISRAL 2 h, o178, 7
[ UEE I 10 582818 K, [P PEE 2 h, i3 3E,
IR EEBOR, FrHRBORHAE 2 50 mL. R
A, =& e, LERZNE. 15T BELIFERS T S
R IRARER LR 11 T2, 2210 3 IR, & I [FH8
AR, [PISET, T, BIAS.



FASEE 4 e | 2 BETRIRGERR O R LS & W T e A SHEBIPC E AT M AR B 7 - 213 -
N TR B AR ABTS WRICHE(
HE (%) = 100 D)
RO —rrmE < A

1.2.2  ASHRBUIAFIRCERR LA AT o

1.2.2.1 A= BUYAS R AR A FRAN ) 48 40 BH 25
WERAE ST RSB =W 3 &ALk, Tris-HCI
(50 mmol/L pH=8.2) Fl1 218 7 = W5 75 & (e JF Ry
6 mmol/L) F 25 °C #i# 20 min, ¥E 96 fLA Hm
A 150 pL Tris-HCI. 30 pL FEFHEWE . 30 uL TG
FIZRZE =y, 25 °C {45 4 min, A1 20 pL ¥ Ehmg, T
420 nm ZbIMEOGEIE Ao DAZRIBR AR CRE S
WHTIFF RS CEEAENER Age PAZEIRRZARARIZ SR = 1
TEas AXTIREE Ao 2 F I & B 3 i

[Ac— (A - A))] %1

HEART T H RS (%) = Y

00
x (2
1.2.2.2 ASRBUAS RIS A X 236k A i 3L
BREE ST SRIHKAZ IR 2 Xt ¥ 3k 3 3L a9 1E
FH U, B 96 FL AR, 5 FL 43 Sl A 50 pL A &
50 pL IR IV 2k % (6 mmol/L) | 50 uL i % b &
(6 mmol/L), F 37 °C [EIEIN#H# 10 min J5 A 50 puL
K% M& (6 mmol/L), F 37 °C {EIEANF 30 min f5TE
510 nm AMSEW S CREE Ao LAZEIKACERE S,
M WG Ags PA 1 mL 248 KA S S AL S
W, M E W CEEE A,e #% FaUIME I A W

%%ﬁﬁ%ﬁ%%%ﬁiﬁ;%:éﬂxmo

&)
1.2.2.3 ASHREWIA R AEFSALXT DPPH H H A
WHERAE T SRR (S5 Tk, WA S .
TE 96 FLA 7, AEFLANA 100 uL AE 54 KIS, 100 pl
DPPH ¥, T2 W 30 min, ¥E 517 nm &b &
WLSEREME A DA B DPPH ¥ A AR SRR
20, PE RO CEEE A, LAZEIRZKA O FE SR E 25 1

Xof BELH, 5 G E Aye 4% F 203158 DPPH H
FLAI R
DPPH H 375 H (%) = A=A = AT 00
x D

1.2.2.4 ASERBUAFERHEFRAIXT ABTS'H 3k
THREE ST ABTS'H HIEEKRFIE: S CH e
SRS WS BG T vk, A RTE S . ABTSTH i L4 BiRaE
Jit PG TE

A, —A,

A, FER+ABTS KOG, Ay: PBS K+

ABTS H HIEHFBRFR (%) = x100 = (5

1.2.2.5 AZSEEBWAS R APEFBALXT H,0, 35519
SH-SYSY 4tk BB Ry ae )1 =% Tl
L) Jrke WS A BN, R DME/F-12 1:1 5355k
(10% FBS, 1% P/S) ;3% SH-SYS5Y 4Hifs, IO %k
A KA SH-SYSY 4L 5x10° A~/FL¥ 13k T
96 FL M i, 13 4 i I BE 70%~80% Ji , 3 25 5 9%
W, NS AR PEFR AL 4 Wi P 6 h, -5
250 umol/mL H,O, : [F4E ] T+ SH-SY5Y 41 ifd ¥k
24 h i, TEBBE N SN A IR A CCK-8 &
R A RIS T, W AN S AR R ERALXT H,O, 5t
15 SH-SYSY AR 1E . o, 25 4 2 4l
B+ 35 3R AR S A+ B SR H, O, IR 4524
21 R AU+ B SRR S HL O, TR -

YRR Z(%) = [(OD, — OD,)/(OD, — OD,)] x 100
X (6)

7, OD,: glifl -+ 52 3+ CCK-8-+4F it 5k H,0,
T WG B AH ;s OD: 4 S +5%5 37 B +CCK-8; OD,:
BEIRIA-CCR-8+EE B H,O, HEIR G .
1.2.3  ASHEBUIAS G PEFAN 16 A% 5300 2
1.2.3.1 A= Re. Rbl, Rgl il X RESISH
g =7 2020 AFRKH EZG 8L ) —FRAS IR & it
MR 1Y 770, K B FREX A2 521 Re. Rb1, Rgl X
REGS, T R B sk B (C) S 1 mL 2 0.2 mg Xt
B RGTE

PR A RIS IR 1 g(W),
AR ZEHETE I, K I 50 mL (V) (A3 FF B
AHEIEHR A, A AL FE 30 min J5, #MEE, FH 0.22 um
TEFLIEL T e, REAS A R o

AR TS 550 DA/ \ e S e B 5 ek IR A 3H
FEFH, AZIE SR A, K N ShAH B HEATRR EEBE
T3, K I 9F 4 S 203 nm: 0~35 min: FEIAH A: 19%,
mahAH B: 81%; 35~55 min: M shAH A: 19%~29%, i
ZhAH B: 81%~71%; 55~70 min: 7 ENAH A: 29%, ii8h
#H B: 71%3 70~100 min: FRIAH A: 29%~40%, T3l
A B: 71%~60%,

HRE I R - SR FH S SO (0,35 (HPLC ) M xE A
A A=A Re, Rbl, Rgl &, 43 Tk 85 W% B
XT RS UE 10 pL(V ) 5L 10~20 pL(V),
EAARETESG R, MIFSXT BR g m AL (A, ftk
AT AR (A o

A,

Vv
C =CxXx—x—

TRy = (D

o (mg/g) = C x V x Mk (54 W
Ao, Cp: R R BE, mg/mL; Vi 5 2EAE
i, pls Ay B T AR Cg X PRSI RE, mg/mL;
Vg XSRS UERE L, pls A XF B SR 04 AR vV IS
ARFR, mL; W: K2 RIS AL, g



- 214 - £ Tl B4

2024 4 2 A

1.2.3.2 HAZhEMNE S4TSR 5k, DIARZE
W R AR S, A5 A5 T 5 R S y=7.2892%x+0.0398
(R*=0.9998), L4 I 3a04¢ S A5 P3RS, i B 22 5
H(x)o
x XD
W
b, y: WOGREE, x: A3 B 205 =, mg;
D: FBAEG W BRI R, g
1.2.3.3 HBEIFNE SEHXEEPD ik, AS
AT Re JobnE s, Hil 4545 A5k y=4.4292x-
0.01(R*=0.9973), LA Sl £ AR M R AL A e
HE R (x,) o

Z Wi B (mg/g) = 7 (&)

x, XD
W
A, y: WOBEE(EL, x,: PSEAT B &, mg;
D: FBAE, W FEEURE R, g
1.2.3.4 SEENE SHEREED 5k, LT
SR bR v i, A5 A5 BV O R S y=3.3694x—0.0737

A (9

BH & (mg/g) =

(R*=0.9993), LIt TBAE S A5 A8 M5 AN, HP A B T
%(Xh>o
A (mg/g) = X“\;D % (10

o, y: WOGEEE, x,: 58 15 B B I 5 &L, mg;
D: FERERTEL, W B, g0
1.2.3.5 SRz SR ik, IR E
T Sl b o, A A5 B 7 R S y=12.082x+
0.0059(R*=0.9998), LA I 38RE i 25 P E AN L
P 2 ek (x ) o
x, XD

W

A, y: OGEEME, x: MEAS B TR & =, me;
D: WRAEEL, W: FESL IR AL, 2.
1.2.4 Pk BRIELET n AR, k N ERR, A
e n=5, k=12, AR PITIFI]{X;} (=1,
2.3...m;j=1.2.3....k), M EEYE I AR fElL

Wy R & B (mg/g) = A D

1.2.4.1 BAshrfEfbab B 3504200 12 ek
A B R R EA AR B
oA IEFTERR, T

Y; = [X; —min(X)]/[max(X;) — min(Xj)] 2= (12
R EERR, W)
Yij = [min(Xu) - Xij]/[max(xu) - min(xq)] ﬁ (13)

A, Y ARUEAAR BIUS BdE s X I ah KOs, 2
RERLES § D EERREL
1.2.42 FZFEbrmI s BE

HRAEAR B (B BURE 3, A5 BT A

E, = —In(n) - 1Zp,Inp; A (14

P=Y /XY, 5 py=0, W Inpy=0. #fisE#5FEbr{H
B, TSR E (W), TR ON:
W, =(1-E)/(k-%E)
b, B BESRERS 1 DIEPRIUTE B
1.2.5  JRAOICHREE 53T
1.2.5.1 JREREHEHARALAL B i T4 PR R bRl
B 25 AR, WO EAR BRI TS AL AL B . hbF
A3
Yy = X/ Xe X (16)
o, Yy 55 1 DFEASEE kD FRAR IS T A 3
JEBHE, X 56 1 DFREARSS k M HRPRIYIE AR, X,
FERER k A FEPRIYIIME
1.2.5.2 REERBOTE  # PGB ik
ZEIFINY o IR ZESHITFHNY o RERFEL

& = (Amin +pAmax)/(|Y, — Yyl +pAmax) = (17)

2 (15)

FH, Amin=min|Y;~Y|; Amax=max|Y;—Y /|-
& = (Amin + pAmax)/(|Yy — Y| + pAmax) 7 (18)
A, Amin=min|Y,;~Y,|; Amax=max|Y ;Y .l;
pr SPHEFRBL ARWFGTLL 1.2.4.2 TR ARG IS 4s
PR (W) 12 2 BB L
1.2.5.3 SREREETTS. #% R AR 2G5S TRl
B 1, LB HIFI 1, SRR

Liy = 2y /N ﬁ 19

Iy = Z'fk([)/n fc 20)

1.2.5.4 FHXSSCHEEEITER AHX SCHRE r, S A
ST UK YIADE, ¥ RO AT

1y = Ty / [Ty + Tieo ) = QD

ARPE n AR SRR SCHR B R/ NHESY, St
LI et
1.3 HIEAIE

K Excel 2021 A TER AL, SPSS 23.0 %X
T GE 2453 BT 2 LSD £ 8 FhiR, LA P<0.05(XX
) Sk 25 578 Geit2E 2 S, i iR T 3 IRE & .
N Matlab R2016b 47 A H 1135 Fl K €2 S B &
53T
2 RS9
2.1 ASEBIARMRMEIRE L EED
2.1.1  ASHEBUAS IR P A %o 8 48U B B 1
BT SREUAS IR HE B o 4 B B T R fig
JIVLE 1. 3 1, TESZIG R I B P, Bl R AN T
B, A5 X AU B IS R AR ) KR R . T
5% 8 AU B8 1 1Y 1Cs, (B 439 4 1.15 mg/mL(R) |
1.27 mg/mL(R1) . 1.29 mg/mL(R2) . 1.17 mg/mL
(R3). 0.75 mg/mL(R4) ., G550 R4 [Y#B & A 2
FIERRAESIAEXT i, 33X T RS R A NS IE T g



545 % 5 44

TRl 45 ETRAGE AR GOCHRBESS S T e NS S A AT Pt AR M - 215 -

100

80

60

40 t

20

AR T A BT (%)

00.0 0.2 0f4 016 0j8 le 1f2 1f4 1i6 1r8 2i0 2f2
W (mg/mL)

BT AS AR TR RO A A B 1 1 2 o
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Fig.2 Hydroxyl free radical clearance rates of different polar
parts of ginseng extract
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TR H AR . BT MEEEZERES A IR kb
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Fig.3 DPPH free radical clearance rates of different polar parts
of ginseng extract

2.1.4 ASHRBUIASFIAERAIXT ABTSTH H 2R
BRAES)  ASHRBUIASFEINCAERRALXT ABTS H H 3k
FOWEBR RSN 4, 2 1 iR, AS AR
HHHEM ABTS' A HHILIEBREE T1, 7 S50 M 3 Y
PN, Bl R B 35 i 4% R AL T ABTS ' H 2% 75 B e

AW . W BR ABTS'H H 319 1Cs, {E 53 51 R
0.69 mg/mL(R). 1.67 mg/mL(R1). 1.49 mg/mL(R2).
1.11 mg/mL(R3). 0.57 mg/mL(R4), Z5RFEIH R4
M ABTS' 3 HEEIEBRBE I AEXT &R, T AZSIE T
B A HAT AR #4700 ABTS ' [ B REHFERIS E, %45
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Fig.4 ABTS' free radical clearance rates of different polar
parts of ginseng extract
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2.1.5 ASAREEIRAEFBAIAT H,0, 75519 SH-SYSY
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H,0, %S /) SH-SYSY 4iiid S bt tif 9 e
W s proR, A1 AR RIL, SH-SYSY 4 rE=s
ZHIEH MG BEIRZS T 52 T BORE, A J i A S A, e A

CON MOD

R1 R2

s FERH H,0, W hitia, AiIE A2 RAR R, 42
JEEANT s Zid 2 25 A PRS ABE T DL 54T T
TEFARE o R CCK-8 V2AG I 40 M A7 175 A 45 2R 4
Il 6, ‘s SATRIZH AR Lb A 2 A S P = T A
Ao RUIASAFIBERBAL AT LSS H,0, 755019
LSBT, A T T B ) i i S A b P
AESIARXT etk
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K5 ASERBIAFRBAES A H,0, S SH-SYSY 4l A A0 94447 fE 77 (400 pm)
Fig.5 Ability of different polar parts of ginseng extract to protect against H,O,-induced oxidative damage in SH-SY5Y cells (400 pm)
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Fig.6 Cell survival rate of H,O, induced oxidative damage in
SH-SYSY cells at different polar sites of ginseng extract
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22 ASTERMEAUKRSTEE

AT FE R 1o RORAH (357X NS oA il 4y 10F
& EE, e 2 A, B ZEBOA I IR PR O,
ANZ A Rgl. Re. Rbl &gz it ey, Hob e T e
HE ) v R A ) B R T KR S H AR AR R

Yo [EEF, AT LM e ASoK YR
B AEBU) ) A B A T BRI T, T T IR AEER
Py B EITR . BRI S R TR S
EZEEWY), S 3.97%. 37.76%. 34.79%. LI -t
LS IR E T IS AT LIAHRT FE4r RIS R A %K
)% 8
23 ASTERMEMALR S SIEEEEX ST
R 3 i, ASAS IR A HR A B 47 5 Pt
AL HE J7 AH M 4 M 45 SR R B, DPPH [ HH 3
IC,, H 5 BER . BB, AS81 Re. AZRBH
Rb1 & AR ETASE(P<0.01), 5 BB B
. AS B Rgl SEEEEAIHI(P<0.05), B
B DPPH H H13EM07E 52 A S b 25l sr L H/E
MIAE I, IR | RN A5 a3 s s DPPH H
FLH R, R 2 NI EIHE A S AR IR AL R,
TE TSRS A SR S TR | A e O 5 A X e ey, R A
1E T B % DPPH [ HH L35 bR 6E 1 AH X S .
ABTS H H 3t 1C,, (H 5 5 205 BEHR . A S84
Re. AZ 1 Rbl &EE R FAIHK(P<0.05),
B A S A Z2hE . DB . A S 21 Re S5 &tk

K2 ASAFERAERALN 5

Table 2 Composition content of Panax ginseng of different polar parts

TN, HER(%) BBR(mg/e) BRI (ngg) HZEHi(mg/g) EENI(mg/g) ASREIFRgl(mg/lg) ASE1FRe(mg/g) ASEARbI(mg/g)

R1 5.80 0.41+0.01 0.54+0.02 5.75+0.13
R2 1.40 0.62+0.03 0.454+0.02 5.75+0.13
R3 1.00 1.15+0.04 4.24+0.08 18.19+0.24
R4 2.80 3.97+0.10 37.76+0.42 47.39+0.43
R 5.80 3.71£0.11 12.78+0.19 66.14+0.79

0.64+0.02
0.91+0.03
11.30+0.14
34.79+0.35
20.16+0.31

0.2535+0.0061 1.1023+0.0276 0.7673+0.0176
0.5808+0.0198 2.5251+0.0404 0.9066+0.0163
0.6783+0.0176 2.9489+0.0561 1.7933+0.0430
1.6504+0.0379 7.1758+0.0861 5.3288+0.0853
0.8489+0.0195 4.7558+0.1379 3.2185+0.0836
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Table 3 Correlation analysis of antioxidant ability and components in different polar parts of Panax ginseng

HBR REH B RN AR ASR AZRiF DPPHAHEE ABTS Hlis: #iEAmE BEHET Minaiiiv

ST v e w ]
&2 Sila R fR O &R &R Regldk Redi RbIGHE  IC,MH IC4,fH. ICsfE.  AMIEIC,H e
REN S n - - - - - - - - - - -
BRESE 0854 - - - - - - - - - - -
BEWER 0953 0661 - - - - - - - - - -
BHEAE  0936° 0957 0808 - - - - - - - - -
NSRBI - .
Relorkt 0842 09687 065 0950 - - - - - - - -
AB R . . " "
Reiht 09307 0950° 0788 0973 0979 - - - - - - -
NS BT . o o x* o
Rbl ot 0937 09767 0795 09957 09637 0982 - - - - - -
DPPHAMIE ) o565 ~0.897" ~0.902° ~0.959" ~0912° 0976 —~0.964" - - - - -
IC5fH
ABTSTHIIIE ) o6, -0.830 —0.912" —0.950" —0.866 —0.938" -0.929"  0.969” - - - -
IC,fH
FA
RAER I es0 —0.704 -0.866 —0.87 —0.786 —0.862 —0.832 0.895" 0.972" - - -
1Cs,fH
AP T . . - . ,
P HEIC, fi —0.788 —0.986 —0.578 —0.943" —0.961" —0.919" -0.953 0.842 0.798 0.687 - -
AR A AR . . . . .
"ﬂ”@%ié*ﬂ"ﬁ 0.704 0877 0516 0.896" 0.933"  0.882"  0.879 —0.785 -0.816 ~0.791 -0.925 -
TRIRET]

s *EP<0.057KF- OB ) L= 58 ZEAH G #*4EP<0.0 17K OB - 8 AR

=1 ABTS™ 5 HH BRI BR800, 3R 2 Al HIEAS
AN BB AN i, IE T EEERAL BE R . NS E
Re & AR feig, RRUAIE T EES X ABTSY [ Hi gk
T BREE ST AT . 3k [ 3L 1C, (H5 TR
ErE R TS, ULHATEAS RIS EERRA o B i 1R S bk
T FREL [ SRS BR B ke, AR 2 FTAL FEA
SAEIRCERRAE R, 16 T BSR4 BN R S A
1R, FEHH IE T A G 3 [ Fh SETE BR AR T AR
W AR T A I C,, [HS BEE . AR
Rgl & AR R ASE(P<0.01), 5 R, A2
B Re. AZHEH Rbl FEE BEAHI(P<0.05),
UEHLEE T . AS R Rl S50 5 BBk e S B
B H R E R RE R, AR 2 TTAITE A S AR EAK
PEEBOH, IE TSRO BT . AS B4 Rgl &
R FRe ey, FEHHIE T IS o %o A 4 RH I BRBE 1 AH
X o AU AR TR P R T S R . NS
H Rgl. A= Re. AS B Rbl SR W 1E
FHFH(P<0.05), UEBHFEAS [RIARETRA Hh NS BT
A Rgl S5 Rsr& db bl i O am i S AL i 05 mg g ek
SR DRI, A DA EARSCHE ST A SRR I A S P L
I B SE A T A M LR R T 55 AN RIS S v 1%
PERG S S BB DI, TEAS A RIS T, BT
B RA FRL A IR . BT L BBEER . AR Rel 45
FRA S F AR e, T B Da I T T A ol e S
NSRBI TR AT P B b PESRAN o
24 ASTERMEMIR & REE ST
IRATEIRST AT I XHE A THL -5 P B R AS I W
PR E ZR P04 . B Ak, 1T 2 7 K SCHR 43 T ASE
#, H7ET TR —FhREAS M 45 PR 3R R SCB N

PR T i2%, 5 225 509 5 HoAth, LU AR B4s) Ta] 1 1k
FEEE, ABAEZ T EDWPFOT SRR S R LA . St
LB AN SR A B R r b T PE R AR
AT AR LR RE T, SR R AR SE G K (0 I Rk
2B 5T

2.4.1 FEAGE TS BIRIE AR R e S
RE S, R FHEIHE bR, ARSI WS AR R, 15
SRR )N, FEAR BSOS, WHZFR AR AT 25 5 VT
M FE R . DAFRARAEE (WO VR IR (G
B R B P R 8, IS SR nvER I v 5 . PRIk,
ARBFFEFAE BAX A T B, T4 N5 PR aAE,
L5 4,

4 BRGET AT B A

Table 4 Information entropy and weight are calculated by

entropy weight method

B3t IS TLED &

SRR i 0.649 0.092

SR 0.489 0.133

SEZ iy 0.632 0.094

LR i 0.621 0.096

NS HRgl 0.757 0.064

NS HRe 0.765 0.061

ANZ B HRb1 0.588 0.108

NIRRTl oA 0.753 0.064

DPPH [ i % IC,, i 0.741 0.068

ABTS' [ B3 IC ff 0.765 0.061

FRIE H HIEIC, fH 0.810 0.050

AT BT H HEIC fE 0.590 0.107
2.4.2 JRAEFCHEERFCIAAXT CHBE  MRIEA(16)
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A IR AS G A E TR AR e L 225 750 il 22
ZE PN IR R, a5 R IR 5~3K 6. QMRS
A (I8 FI(19) AT . FFAHR B 225 75|
PR DK BER B e R M A X e 25 225 ) 400 I DB B e/ N
SR e AETEY BTG, RS B AH X G IE B, 45 28 UL
2 7o ARAXT SCHREE 1 A N THEN T, A5 BN R H
P AL TR PES 4% T, AT e ik
I, RINZFBHTEACIE AR 5 o ASTFTE LA BT
BT R B EREE 12 NMERR, 1l K 0 AR
FURYRAURTIY, Xf NSAS RS A S e T
RS BIBIFIIRAR T RS 751 IR EL

Table 5 Association coefficients of each comparative sequence
relative to the optimal reference sequence

TR R1 R2 R3 R4 R
SR & 0.9544 0.9639 09714 0.9940 0.9791
R 0.5926 0.5894 0.6436 0.9439 0.7205
SEZi N 0.5339  0.5227 0.6515 0.7783 0.6789
BB £ 0.6159 0.6206 0.8256 0.9481 0.8800
NS HRgl 0.9862 0.9959 0.9959 0.9976 0.9910
NS tRe 0.9421 0.9815 0.9819 0.9890 0.9879
ANZ B HRbL 09532 0.9562 0.9712 0.9919 0.9830

DPPHAHIEIC 09301 09474 09692 1.0000 0.9940
ABTS' [IHZEIC,fH 09056 09247 09674 0.9993 0.9930
FRHE T HEIC 0.9019 0.9266 0.9724 0.9986 0.9937
HABTE T HFEICS(H 09319 09385 0.9684 0.9990 0.9846
4 A AR D PR A BE 0.3338 03334 0.4433 0.8790 0.9680

o6 HEIFIIMX TRESHFHINRIK R

Table 6 Association coefficients for each comparative
sequence relative to the worst reference sequence

B2 3 R1 R2 R3 R4 R
SRR R 1.0000 0.9897 0.9817 0.9477 0.9339
SR EE 0.9940 0.9968 0.8756 0.5662 0.7630
JE 2 iiay 0.9996 0.9605 0.7444 0.6259 0.4221
SLH B 1.0000 0.9877 0.7045 0.5916 0.6686
AZE1Rgl 1.0000 0.9815 0.9901 0.9832 0.9951
AZBifRe 0.9999 0.9242 0.9582 0.9310 0.9524
AZ 2 1fRbl 1.0000 0.9967 0.9807 0.9446 0.9687

DPPHH HHFE ICfH 09999 0.9803 09577 0.9289 0.9343
ABTS"HHIFE IC5,{H 09999 09772 0.9330 0.9047 0.9100
FEHE 1 HBEIC fH 0.9999 0.9707 0.9243 0.9015 0.9056
FESABHE T F HZEICS (. 0.9985 0.9909 0.9591 0.9304 0.9435
S A R A R 0.9964 0.9999 0.5694 0.3456 0.3333

KT ANSARBAERSALOCHREE | RS SRR K ART
Table 7 Order of association, relative correlation and quality of
Ginseng of different polar parts

WA B HF RESHIFS O MASCHERE i
R4 0.96 0.80 0.618 1
R 0.93 0.81 0.504 2
R3 0.86 0.88 0.476 3
RI 0.80 1.00 0.354 4
R2 0.81 0.98 0.352 5

B VT, K A SAS TR R FRASL AR X SCHR B Y ]
29 0.352~0.618, UL ASAS AR PR TRl P4 ik
I HEAFTE— S 22 53, MRHEAR XS SCHREE /N, WoRIET
Bt Sz HE 44 Al , 2B =BTV AR X B L (A5 54
D7 AT i 2478 X P<0.05) o DA iai, sl R
KRIR P ST HT 45 B AR AP HY IR T BB A
Z AP T TS PR B AR .
3 HitEER
AWFFELLNZ N IR, B -IRZE B N2

IREEHRAL AT I, 5807 . ZFR M. 15T Bk
B, W LS5 SR K ERASE « A Ik, . ST ER L . LR
BEHFRAL . TE T BEEERAS, F A AN PEFRA, 38 I
X DPPH [ Hi3E . ABTS [ €. ¥ 1
FE | H A BT T A R AT R A R A i A
HUIAAIE AL P T B AR TR, 255 R
EFR ARG AT NS AS R AR AL A A TE
HATIRE VP . ST R A S AR AR AL AT
EATEPEAAE—E 2257, WA S R R ALY

EARE AR SCHR B LR G, AR MR AT
PRI A : R4>R>R3>R2>R1, 1E T SR (R4) HE
I, LT IS AR RS SCHR EEAR X e R (0.618), 1FE
T EEERALARS M T EATE AR RS . IHEAE, X A
ARG MR AR A T AR DG 53 AT, ) — 35
ZIEEHFR . @R NR, ASANFEIRHEER AL A2 E 8
RS AT PERIAFTE A . NS R A AR AL
PrEATE AR B 3 S LM IR . BT S
T BAT e, T R | B AR
I3l B NS R E e BT, [RIA
NZE T B P S TR . S BB
I T AR AR . FR DA BT, ASBTSE R
TE T BEAE R S 7K P& W) T A 3B A BT S A s P AR X e
b, WA I TE T BB AL AT G A S AT aA A
PEARDL. S NSHE R RIRPTEAF BT M A ZPT
FALE S RIS AER AR s
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