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Optimization of ginseng ratio and semen ziziphi spinosae antioxidant

activity based on the combination of entropy-weight

method and grey-correlation degree method
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Abstract: Objective: This study aimed to develop relevant health

products with ginseng and semen ziziphi spinosae as raw

materials. Methods: HPLC and UV spectrophotometer were used
to study the chemical components of different compatibility ratios
of ginseng and semen ziziphi spinosae. The antioxidant activity in
vitro of ginseng and semen ziziphi spinosae with different
compatibility ratios was analyzed by DPPH free radical, ABTS™
free radical, hydroxyl free radical and superoxide anion free
radical scavenging rate. Moreover, the grey relational degree
method was used, and entropy weight method was used as the
discrimination coefficient for statistical analysis, combined with
the characteristics of comprehensive evaluation to optimize the
compatibility ratio. Results: The correlation analysis showed that
the antioxidant activity of ginseng-semen ziziphi spinosae and the
content of total phenolic acid, Jujuboside A and spinosin were
significantly correlated; and the chemical content determination
results showed that the total phenolic acid, Jujuboside A and
1) were

spinosin content of ginseng- semen ziziphi spinosae (1 :

higher than the other ratio. The results showed that its

antioxidant activity was stronger than other ratios. Furthermore,
the pharmacodynamic bases of its antioxidant activity were total
phenolic acid, Jujuboside A, and spinosin. Conclusion: The
optimal ratio of antioxidant activity of ginseng and semen ziziphi
M semen ziziphi spinosae at 1% 1.

SpIinosae 1S m ginseng

Keywords: ginseng; semen ziziphi spinosae; ratio; chemical

composition; antioxidant activity; correlation analysis
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MU TE T WA o 72 v 2 TR 2% ol 3 i 6 1 i A 1R
FEARVEZ LR IR B0 H I B T T 4 (ROS) (TG A
(RONDM . TE RSB R PR 900 B H 3R 2060 A 7= A 1
AR T IREE B 35 AR 1 N IR BT A 23 32 B
NN QN E R - g (N E N A P i e
MR LA A G, 51 R & FogE RS . PR R L SR
TR S R T LS ok R A AL T iR AT
P95 45 22 BRIt 1) K s L 5 B0 AE G

N2 (Panax ginseng C.A.Mey) BN HIMFI NS EZL
AR AR RO Y, BT R AL g L BRI SR AR N L B
A BL BT R U BRE - R I W LA R T R S S AR T sk, T
TR AR, A R R Y ®mE
[ Ziziphus jujuba Mill.var. spinosa ( Bunge) HuexH. F.
Chou i) T # U RN 7, A BUR 220 32 W 3 S id 1L /g
F BUIMAREER . A S MR AR G P 2 A e
E AR R h &R EOR i, = o W IR,
FHEA #2500 N T3S M ST H TR
Ty Be R o BB E AL TG M 1 B 5T 22 o LR 2 0 F T T
X F v 2 TR L L B T AT R L

TR AL S IR B 3 AT S — b 5 WA B L R SR 2 A AT
T7id R WA B A BRI E R R
VF] ) 5 Wi A T JEL = B e B 45 4 A 4 A 6T G TR T
B i FAEK I S I BE ok 7 v BE 2 458 1Y R
FBk 2L, — B T 25 i S 207 IS RO RBFAR
VA B 2k 2R 0 T B PR B ST . BRSE LA A B
AT R WF GRS G 6 HOR TR TC L Ak 2 B 43 B A AR 1
HEAT IS PR 6, DG B B 43 BT 3% 8 R TR TG AR 79 Bt 1
ARG PEAE 5 Ak 2 8043 & i 22 TR) ST A S B AT T, R 5
ST T A 36 1 5 043 2 IR O6 &R L E— 5 B R AR
W B 288 A R L U R8N S — R
B A AL TE P 9T B AR AR
1 BRI
L1 #AymERA

NS KA B2 K M R B

P2 A= 77 ML PG L3S 50918006 AT b v S ([
2892020 JiL— WAL A0 250k A BRA ] 5

A S EJ P RO IE TS R =&
VN RT3 D I

AZEH Rgl(its C27N11Q132589) . A & 1 Re
(it 5 J25GB152733). N & & # Rbl (H#it 5
GO1011Y126429) bR e i « L I A Wy B A BRA &) 5

WA TGS 110831-200302) . T (it 5 100080-
200707) IR EA- B A5 110734-201713) i je i &
(HL5 111869-201704) A o &y - H [ 24 & 28 490 i) 350 O 5
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L2 U#E5EE
+T 4z — 4y B K F . AB265-S #, Hi 1 Mettler
Toledo 23 H] 5
B F R PX224ZH B, B ZEHT (088 () A FRA 7 5
P Tk g KQ-250B BY, B LT A AL 2% A BR

s
AT IR K Y B HTEE6 80, 2 45 11 £ 3 L 28 45 B
il
SU2 FHRA - DZE-6050 B, |-G — 1 B4 (X 35 7 B
sl s

BRI DZTW B b s di 6 I 7 X3
AT

LA T UV-1700 #, H 4 Shimadzu 23 A ;

BT 343 . Agilent 1260 B, 2% [H Agilent /A 7,
1.3 REHZE
1.3.1 BRI B AS RAELCHE. A mas ¢
Mg 10,13 1,1:2,1:4,2:1,3:2,0:1 (R
RAGE50 @ A 10 5 R ZE WK, #7282 .
R 2 h, U, A IR IR MR A B R E AR BUE T
P R g
1.3.2  AZ—BREA AR AL B A

(1) BEYER & & R FHAE AR EY L0 L LU £ 1 R e 1
PRV VR A5 o4 i 2 1] U D7 A2 Ry p =12.7312 —0.004 7
(R*=0.998). A&7 4% I Lb 32 BUw b i B 1R &
U TR M TR TR Y B E R (mg/g) .

(2) BB & AR SGRLIS M EB . U AS 2
H Re [ il Ar AE 7 W, DA pRE M R R IB r el vy =
4.821 4x—0.021 3(R*=0.999 3), ASZ—ME[-KHC I
BB P RBH SR UEIERZ MR A S B3 Re 4 it
FR(mg/g) .,

(3) W WS R FHZR M AR 0, DA 2 W I
FRuEE W, WA bR vl & Ml T Jr D y =6.712 62 —
0.004 3(R*=0.998 3), A& MRE{ SR LR B b &
22 WO B LA v 2 b R R AR X B ROR (mg/ )

(4) EE R AR SCRR L7 R RS S B, DA T
T T A A 9 T A5 W i 2R TR T R Dl y = 3,045 6+
0.012 4(R*=0.997 7)., NS —BRFA_4 i L 32 B
BEFSRERUEREFEAM DT 4 EER (mg/e) .

(5) AZ R Rgl Rbl & Re &t ARYESCcHk[18].

(6) MR BH A ' ARSIk [18].

(7) W0 B 3 1 AR AR Uik (18]

1.3.3 RSN SEAGTE H o AT

(D HEEE T A B RR R AR = A &1t
EUT R (DI AR E T IR R,

R=(A,—A,+A,)/A, X100%, ey
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R—— I WERR R, 005
A 73 0 BRI ' B 5
AR 5

Ay RS RO R
(2) B i BV R R R KB IR 0 (D it
R A EEERE.

(3) DPPH [ H &35 BR % . 5 Bk [ 21 ] 7 1 f 1
B, 7 96 FLA . A AL A 100 L B K R
100 pL. DPPH ¥ ¥ , B 2 2 Ji 30 min, Yl % 517 nm 201K
JGHEAH s DL B DPPH ¥ W AR A o0 BR A, DLZE 1R
AKACHERE S A s xR AL )R #E 0 (D 3% DPPH A
T BR R .

(4) ABTS H i B35 BR % . 2 JOcHk 220 7 1 M 1
ek, FZEB KB % ABTS &k R 7.4 mmol/L. it #i
FRER LU B2 2.6 mmol/L IR &R, 25 CHot# g
12 ho A P 2848 K R B, 6 HEFE 734 nm A0 ¥ IR O B
J9(0.704+0.05), Bi45 ABTS T/E#i. B 1 mL ABTS T.
YEWR . ] pH 2y 7.4 119 PBS ¥ W B 8 IR T 734 nm ALk
Jefl g 0.740.2, ¥ 0.2 mL ABTS TAEH S 10 uL A [d
WA EOR A # B RN 6 min, JU5E 734 nm 2%
BEL AT 3R A (23 ABTS B i BB bR %,

Ri=(A,—A)/A;X100%., (2)
K.

R,——ABTS A H iR E, %05

A —REE - ABTS % W W% BE 18 5

A, PBSW+ ABTS iR HYROLE .
L34 HyEib ] SPSS 22.0 B % B ik 47 e it
40 HT . LSD A B AT £ W H . L P <20.05 (U 2 22
SAGI R L. Matlab.R2016b 247 K (8 S B 73
Hr AACE 5

2 RS nbr
21 AB—BELCAEEELFERS
R LATHL Y mys @ mgue 1 1TE, BB RE

HREL ETHENENREXKEEREAS —BRECAEUETERERL

W TR M R AL AR T R Y
R RELCRMASE DY RS B 6 9 &=
BETRELCHRM.RWASE SR LR D
AP HRE AR R E L. Fe, RS
Ak 25 03 B 3O S BB 296 A Y TR T e
g AL LS mys f om0 2 AR PR
BLOBRE AMBEBERTES TRECHRMA M. AR
WE & TR R L Bl e SRR T .
2.2 AB—BECERNYMNASLELE

B8 2 AT A1, OR R C Lb B S 6 R B B 3R
THBRBE MR BVIMRIR A mas + mgu- A 1 1>mys
My N1 2>mps Fomgr 0 1>mys ¢+ mgw N

m s

1:0>m,s ¢ mMpgf;jﬂ 3+ 2>mys ¢ 7)1@;5{qu 1: 4>
mys P mgre- N 20 LN TRIC LU AR A X 52 B i B Y T BR

AETI MR BRI mops
My AL 0Z>mus # mye N 02 1>mus o myw A
3:2>mys tompn N2 1>mus o mgu N1 4>
gy N 1 25 N [RIEC LG AR B X ABTS H B 2 1Y
TEERBETI MK ENIMRIKA mys + mpgwe B 12 1>mys
Mg N 3 2>mus P mgar N0 1>mus @ mgwr N
1:2>mus t mgupr N1t 4>mus @ mgap N2 1>
tmgur- 1t 05 AR BC G AR dh X5 DPPH B 2 1Y
THBRBE ST KB NRIR K s
mugmp L 2> Nmys @ mywp N1 4>m s ¢
KO 1>mys t mger N1 0>mys t myep N3 2>
mugner- N 2 1, &5 b & FE SRR B B2 0N
BREE TSI A m s 2 mga- R 1 1 I HLAALRE 1L
TFHARRBC LA .
2.3 HEEMESH

R 3 HHL BRI 5020, MEI S & 2N
BFEEMX(P<0.0D; ASEY Rgl &5 08,8
2B BT i R R IR A G (P <C0.05) 3 AS B Re
FTERSART . RS . BEWSTEEEFEMX (P

: Wluﬁg\rﬁy\] 1:1>ms ¢

m ) %

my s
g N1 1m0

Mg g

myz }

k1 AS—BECRRUPLERSEE
Table 1 Content of chemical constituents in extracts of ginsing and semen ziziphi spinosae mg/g

rzl » R ST JsE 2 BEM O AZEIT Rl AZEI Re AZEIFRbl  BRE[ BT A W=

[T

1:0 5.13£0.28 11.8440.46 114.354+0.49 20.62+0.36 1.68=0.056 1.2040.047  1.2440.012 —— —

0:1 5.704+0.07  4.5240.04 41.6840.27 13.5740.32 — — —— 0.002 10.000 17 0.48+0.017

1:1 6.740.16 13.3040.23 72.83+0.11 16.66-0.20  1.20£0.047 1.22+0.038  0.9640.008 0.003 8+0.000 21  0.95+0.032

1:2  6.2670.21 12.2040.18 64.40+0.75 16.58=+0.13  0.98+0.028 0.7540.056  0.8240.021  0.003 240.000 23 0.767+0.016

1:4 5.56+0.25  7.6940.31 54.2340.43 14.0240.09  0.2240.023 0.24740.049  0.2040.054  0.002 040.000 12 0.517£0.027

2+ 1 5.5270.23 13.3640.36 87.23+0.14 18.69+0.17 0.77+0.034 0.9340.027  1.1440.042  0.001 3740.000 35 0.1470.014

3:2  6.5440.27 16.59+0.28 99.31+0.22 18.8840.21  0.64740.056 0.7340.031 1.054+0.023  0.001 44-0.000 23 0.1840.010
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R2 AB—BECAFELRELEEIC.E
Table 2 1C;, values of antioxidant activity of ginseng and semen ziziphi spinosae on
different compatibility ratios mg
mas P omger OEAEAET Al F3ERE - ABTS fidist  DPPH [ i3t
1:0 2.97+0.56 3.27+0.13 2.81+0.32 2.48+0.56
0:1 2.74+0.32 3.30+0.34 0.947+0.28 2.47+0.56
1:1 0.99+0.12 3.12+0.27 0.83+0.19 1.8040.56
1:2 2.62+0.45 4.4740.32 2.01+0.27 2.34+0.56
1:4 3.22+0.36 3.86+0.14 2.11+0.31 2.41+0.56
2:+1 3.67+0.19 3.66+0.25 2.39+0.29 6.87+0.56
3:2 3.08+0.21 3.56+0.18 0.86+0.56 6.16+0.56
£3 AS—BECAARILKERSSESHENTERNBE XK

Table 3 Correlation between chemical composition content and antioxidant activity of ginseng and

semen ziziphi spinosae in different compatibility ratios

176

. BEER AR B2 R ASBH ASBEH ASREH
i TR iy & i B3 Rgl &# Re @& Rbl &
R 1.000
BETF AR —0.055 1.000
JSEA Sny —0.068 0.974**  1.000
o T —0.057 0.964** 0,978 *  1.000
NS BH Regl #ix —0.046 0.856 % 0.757* 0.797* 1.000
ANZ BT Re it 0.132 0.810~ 0.767 0.814* 0.931**  1.000
ANZB4F Rbl & 0.132 0.901%*  0.898**  0.948**  0.841" 0.925**  1.000
MR EH AT 0.647  —0.539  —0.621  —0.555 ~ —0.179  —0.065  —0.279
Wil R o 0.534  —0.538  —0.651  —0.604 —0.131  —0.084  —0.352
MAE A HEEICH  —0.539 0.083 0.181 0.171  —0.300  —0.338  —0.028
¥ A 3 1Cs A —0.087  —0.143  —0.239  —0.157  —0.148  —0.214  —0.088
DPPH [ f1 3 ICs0 {8 —0.776" —0.422  —0.374  —0.405  —0.415  —0.263  —0.312
ABTS F £ 1Cso 8 —0.097  —0.261  —0.434  —0.458  —0.117  —0.113  —0.423
- mRAECRT Wik BEBAETA XRAME DPPH AH ABTS [
A ZEHEE mEICHE ICs0 1 3t 1Cs0 1Cso
ST R i
ST i
JEE 2 ey
ST TR £ B
ANZ BT Rel &8
ANZRBAT Re T i
ANZRBAF Rbl & &
BB AR 1.000
AT el 0.973**  1.000
A B BT B H R 1Cs(H —0.714  —0.770" 1.000
¥ E 2k 1G58 —0.230  —0.188 —0.353 1.000
DPPH A i3 1Cs 8 —0.555  —0.486 —0.550 —0.325 1.000
ABTS B th 3 1Cs0 f —0.714*  —0.810" 0.714* —0.046 0.041 1.000

tox M B (P<T0.05) 5 * = MM 3 (P<<0.01).
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0.05), 5 AS B Regl &M 8 F FEMKP<0.0D);
A& 21 Rbl aﬁ'—ﬁa%ﬁw EZ2 NS N5
Re oMk % EMI 6 (P<<0.0D), 5 AS B Ral &
HEBFEEMLP<0.05) ;L HE SR SREC BT
A SRR R EEAE(P<<0.01); A & F [ B 4
ICs fH 5 Wi fe i R & 1t 52 1 % 7146 ¢ (P <C0.05) ; DPPH
HH IG5 B MR & & 2 B3 fAHC(P<T0.05);
ABTS F 2 IC, HSMEC BT AMEBRSRED
FH IS (P<C0.05) A E T B h 3G BREE T & B
FIFARKR (P<<0.05), £ F, AB BT 9 Mb2ra s
Z R R SRR T 48 bR 22 ) A7 7E T 5 L AR A Y
KR — S 1 A5 Ak BT RE 23 5 SO 84 B PR TR
TR s,

HE A~ TIH. ms

tomgues N1 P 1imgs

Mg N 3+ 20 NS BRTHE A 5T, 2% B A G AR,
Hmys tmyer H1: 1 HAREER . EEPAITEN
R EEAPEEE mas f mye- M1 1 AAS BRI

PO I P o CE BT AT L 1]

HRESL ETHEMR

®4 BRGETHERS

BXKEEREAS—BRE

mEdEERERL

ERBRNE

Table 4 Information entropy and weight calculated by
entropy weight method
b (ER:R] ECX (N
E R 0.854 0.075
SR 0.865 0.069
S A ey 0.851 0.077
BB 5 0.833 0.086
AS B Rel & HE 0.852 0.076
AZ B Re it 0.874 0.065
ANZEH Rbl & & 0.872 0.066
FRA BT A Frit 0.900 0.051
Wi #ERS 0.832 0.087
N G R S N N (O ) 0.817 0.094
¥ A i3t 1Cs fH 0.904 0.049
DPPH H 3 1Cs, fi 0.849 0.078
ABTS [ Hi 4 1Cs0 fH 0.871 0.066

x5 BFUBRFIENTEASEFINXBERY
Table 5 Correlation coefficient of each comparison sequence relative to the optimal reference sequence
Mmops Mg
gy
1:0 0:1 1:1 1:2 1:4 2:1 3:2
G R 0.74 0.57 0.85 0.74 0.70 0.99 0.93
SR 0.70 0.43 0.97 0.73 0.53 0.61 0.72
IS A i i 0.54 0.33 0.86 0.36 0.39 0.51 0.69
BT TR A 0.69 0.44 0.97 0.64 0.62 0.81 0.96
NS Rel &4 0.99 0.84 1.00 0.98 0.87 0.92 0.90
AZ A Re & it 0.94 0.88 1.00 0.99 0.92 0.99 0.96
AZ KT Rbl & & 0.98 0.87 1.00 1.00 0.91 0.98 0.99
R B A SR 1.00 1.00 1.00 1.00 1.00 1.00 1.00
W R 0.95 0.98 0.90 0.98 1.00 0.92 0.92
A T H R 1Cs (8 0.95 0.62 0.82 0.74 0.64 0.71 0.78
¥ i3t 1Cs i 0.86 0.66 0.99 0.70 0.68 0.87 0.91
DPPH [ Hi 3 1Cs0 fH 0.96 0.86 0.82 0.79 0.74 0.81 0.99
ABTS B 13 1Cs {8 0.91 0.69 0.93 0.83 0.76 0.57 0.63
®6 BEURFIHENTRESEFINXBERY
Table 6 Correlation coefficient of each comparison sequence relative to the worst reference sequence
mas Gt omgad
&t

1:0 0:1 1:1 1:2 1:4 21 3:2
SR 0.91 0.84 0.68 0.91 0.96 0.75 0.77
SRR 0.59 0.93 0.51 0.57 0.72 0.65 0.58
R bR 0.40 0.59 0.33 0.54 0.50 0.41 0.36
ST 0.74 0.81 0.59 0.78 0.82 0.67 0.61
NSRBI Rel & 0.87 1.00 0.88 0.89 0.97 0.93 0.94
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236
mas Fomegul
=Ly

1:0 0:1 1 1:2 1:4 2:1 3:2
AZ B Re F it 0.87 1.00 0.91 0.91 0.96 0.92 0.94
NSRBI Rbl & 0.90 1.00 0.91 0.91 0.97 0.90 0.91
FRA BT A F it 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Wi RS 0.90 0.92 1.00 0.91 0.93 0.99 0.98
A B T [ H 3 ICs 1l 0.66 0.90 0.72 0.77 0.87 0.79 0.74
| 3 1G5 (i 0.71 0.87 0.66 0.82 0.84 0.71 0.69
DPPH [ Hi % 1Cso fH 0.72 0.76 0.79 0.81 0.86 0.80 0.71
ABTS H i % 1Cso i 0.51 0.58 .50 0.53 0.55 0.66 0.61

KT AB—BRFECHNFELMELL G KB E
B REKEMFEHF

Table 7 Correlation degree, relative correlation degree
and quality ranking of ginseng and semen
ziziphi spinosae for different
compatibility ratios

Rtz RES ARXT 2

R .

1:0 0.871 0.769 0.526 3
0:1 0.725 0.871 0.437 7
1:1 0.934 0.749 0.564 1
1:2 0.820 0.809 0.494 )
1:4 0.766 0.850 0.462 6
21 0.833 0.797 0.503 4
3:+2 0.883 0.775 0.533 2
3 &g
XBCLLIE Y 9 Fh NS — IR AT 4 4 & it DL KAk Ah e
FALTE LS SR 5 IR R BEEE T L T NS —
Eﬁ%{:#ﬁ]@ﬂ Lo BT R R R, 45 R KL OR R A
—ER A IC HO R i 08 843 B A A AN 2 A Y Bl AR 24

%E‘Ji@i‘bﬂffﬁiﬁébﬂe R BC LS P AR T I RO AN R TR
PP U1+ 1>27 WA B w0 R

mys F

e 11+ AU AR AR H . 47T R R
S e R 4 06 A5 {51 0 BB R B
HERT R A 41 05 5 96 4§ 3640 T WL 2 £
i

S % Tk
1 EOt A, SEAR A, B0 . 20 SR K VA B SROAE I B 4R Ak I
ML) 1 P D 1 e 4 K B 0 i A 8 40 1 T [0, v [ R 2,
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