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Optimization of processing technology of Dali ginseng and

analysis on its anti-oxidation activity

LI Genyue WANG Yudan YANG Kaili HAN Lusheng WANG Enpeng
(Changchun University of Chinese Medicine, Jilin Provincial Institute of Ginseng Science, Changchun, Jilin 130117, China)

Abstract: [ Objective] This study aimed to determine the optimal processing conditions for Dali ginseng (DG) and evaluate its antioxidant
activity. [ Methods] Total ginsenosides content in DG was measured under different liquid-material ratios, temperatures, and extraction
time. The response surface method was employed to optimize the processing conditions. UPLC-QQQ-MS was used to analyze the
ginsenoside content, and the antioxidant activity of DG extracts with different polarities was evaluated using various antioxidant indexes.
[Results] The optimal processing conditions of DG were processing at 95 ‘C with liquid-solid ratio 22: 1 (mL/g) for 30 mins. Under the
control of these conditions, the maximum content of total ginsenosides at 3.75% was achieved. All the DG extracts certain antioxidant
activity, among which the ethyl acetate extract has the strongest antioxidant activity. [ Conclusion] The optimum processing technology and
antioxidant active parts of Dali ginseng were obtained.
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1 kRS
1.1 w5 EE

SAEAE BN EEN S KA BE 2 R 2 v 25 00 5 5 9T & 52
B2 R R ARG RS N S AR A O BHE 9 A 2 (Panax
ginseng C. A. Mey.) AR, P B 32 35 4l Al Al IF % 47 [R
NI

1, 1- 2R EE-2- =R S 2R E (DPPH) |, 4k A2 28 C A i
(Vc), A3 B4 Re .Rb, .Rb, .Rc .Rd .Re.Rg, .Rg, .Rg; .Rb,
P v ity o 1R VR A A PR A

2,2-MR A - (3- & - 2R T e e -6- T R ) — B L
(ABTS) : 4 Mrali, BBl T A b} £ B0 A BR A 7

R 4li7K « 3& [# Millipore 2\ ] 5

oA R 2k B = A

AR AR AR 6 3% — = T DU A% AT % (UPLC-QQQ-
MS): TSQENDURA, 3 [E Agilent Technologies 2\ A ;

it fX : Infinite M200 PRO, 3£ [E Costar 2> ] ;

e HE 25 AL . N-1300 2, H &K EYELA A+ .
1.2 REHE
12,1 AZ BRI &z

(1) A 7 WA T ) < IR T 2 3 i, 3k 80 1 i
KB FRIK 1 28K 1.0 ¢ FRIKEIES B, A 25 mL
Tk IR AR 2 h, L Ol T O BT TR IR LR
oL 25 mL P U 5 4, G A B3, el L K
WEET HEREER EAE5mL,

(2) 5% HeE 5 % 98 0 TC ) < A 5 PR 5.0 mg A S 8
Re b iy, B B i, 8 5 % 5 mL .

(3) PRl 2 iy 2 A % 10,20,30,40,60, 80,
100 pL A2 21 Re X IS T8 LA JE 0 b okl 22 1
KR FE<90 °C) o MR A 1 mL 10% 7 [ £ i ik
FIE 10 mL Bt R 7 W, K IS 6 HE 10 min, ¥ 50, T B A7 A
ME 542 nm AR GHE 2 RIARAERTZE Y=11.23X-+0.0247 4,
R*=0.999 8. (1) IHAAS BB &t
_ MX(V, XV,)

m

X X 100%, (D)

=

X— ANBERE SR, %;

M——TR1H 5 BT S BT T &, g

Vi—— &AL, mL;

Vy— R AR uL

m—— 4 5 i, mg.
122 FREFERE

(1) J8 3% BUE S IR .S K 6 om 1 & A
2,121 30~60 min J&7 Y, % I8 KU 24 h, 78 Ok
15:1 (mL/g) 00 i 18] 30 min, 462 3R 3 43 901 80, 85,

ERBUE - RNSBHATERURAALFES T

90,95,100 ‘C R ZEAT 41, 55 CF T4, 48 h, T 4k £ 4t
TREKSHFE<10%, MEXBHBEBETAS LR
Tt

(2) MR M EHHIEIR B K 6 cm i NS4
10 30~60 min J5 Yk %, 5 i 38 XU 5L 24 b, 7E M R
95 °C L i A 1) 30 min, JBORL LG 4351 2 10:1,15:1,20: 1,
25:1,30:1 (mL/g) T BEATHLI , 55 ‘CT- 4 48 h, N 74k L:
HET 2K 4y & & <<10%, 5 S WA TR A S B R A
T,

(3) 0 1 B ) < 3% OTE 45 9 JE O B K 6 om 1Y fiE A
%, 30~60 min Ji5 P, S I AU 24 b, 7 4 R
J& 95 °C Wk 200 1 (mL/g) MR 435024 10,20, 30,
40,50 min F #EATHE ], 55 CT 1 48 h, F A4k Lt T 2 K
A3 BE<T10%, 2 A ML )R AN S R 3
1.2.3  mhy RS AR R R A5 R S AR Y
PR 2K, AN S 4 B Ay e O {4, 368 Ao 1 7 T 95 X6F
KASMG T 2047 = R =K TPk
1.2.4 UPLC-QQQ-MS/r#r K 1 & BH M K% i
T b9 FP N S R G R 43 00 B B VR S 0.1,0.5,
2.0,5.0,10.0,20.0 mg/L (IR AW, i 0.45 pm JEME . (0%
%14 : ZORBAXSB-C s #: (3.0 mm X 5.0 cm, 2.7 pm) , i
30 CL g A0 A oK LB AH B S 2 L B RE R B - 0~
5 min, 15%~19% Bj; 5~10 min, 19% B; 10~13 min, 19%~
25% B; 13~15 min, 25%~28% B; 15~18 min, 28% B; 18~
22 min, 28%~30% B;22~25 min, 30%~35% B;25~30 min,
35%~40% B;30~35 min, 40%~60% B, [ i 54 . o i %
B (ESD R, 6 25 458X, 5 25 45 5L % 350 °C 5 Wi 55 B &
2500 V85 E J1 2.4 X 10° Pa; S B R 11 6.9 X 10° Pa; B
YNV R B 325 °C 5 R F 4 /45 B A5 R T, 9 4
Ul 100~1 500 m/z,

Sy NS 9 F NS AT AL AR % A M R
PEXE IR [l e K A R RSD
1.2.5  KI1 S5 Wk 2 U i bt S0k 1 1

(1) 7R [l B e s 00 2 W ol 4 IR 1 283 K 100 g,
43 3 F 20 435 R [R]4R FRU4r B £ B (AR IR filE FH 95%, 75%,
55% ) R K 75 HE I, 5 T R IO, 60 “CR R MR A L ¥
TR B L R R ISR T R, IR &
% T ¥ (FDP)30 g, il A 300 mL Z£ 4 7K , I HETR &), MK ik
A LR CBE A IE T B R B 12 1l AT 2RI, &
JEREWOE AR KT, A S BN S5 2 B (CE) LR &
fis 25 WU (EAE) (IE T B 28 HU9 (NBE) K AH 25 U W)
(WE) , R, 3 il 3 x0(2) (A 3) IS ZE By 43 AR T
M,

A — A,
30

it

OB M

M=

X 100% , (2)
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A 78 R L5 AN o) 50 FE B 78 T ) B i 2 i, g

A— T EHENERIITE, g;

For—— RASHTHIHE R, %;

A—FH TR, g;

A—— KOS FER TR, g

(2) OH A i L35 By 8 5 : B # CE .EAE \NBE,
WE, 11 20% DMSO ¥ % CE Rl EAE , H 42 25 By 1 28 18 K
VR MR Wu SRR O 108 R S s B A
50 pL FeSO, I /K 4 12 75 W R V3 T M HL O, T W, 4
£ 30 min, M 5E 510 nm AEWERHE , H 4% 20 (4) 152 OH A
SRV bR

(A —A,)—(A,—Ay)

E= A A X 100% , (4)
A

E—— I H ST BR 2, %

Ay FE il R AR i F U Y O L

T
A, R AR R R T TRORD L0, T T R
JCE
Ay—FF S 2 A I B
AR R FIRE HLO, 7 A WOBBE

BEE 278 83 | 2024 5 12 A | AR5V

(3) DPPH [ H HE 3 B % I 2 - AR SCik (8], 4k
A 100 pL KE 54 7 W DPPH ¥ W, 8 % 2 % 30 min, I &
517 nm ARG, H4% 20 (4) 1155 DPPH [ i 235 R % .

(4) ABTS™ H iy 4t W B R W & . i #l 2 mL
7.4 mmol/L ) ABTS H1 180 pL 2.6 mmol/L 19 iz i i 40 v&
TR A V0, B 6 12 b, P AR B 2 734 nm AR IR G
4 0.70~0.80, Ff i ¥ W 5 ABTS ¥ W4 100 L, it %
N 6 min, W 3E 734 nm &b WO EE IF 4 2 (4) 5 ABTS

B R B
13 HiEsbE

i H Design-Expert 13.0 44 2E 47w )07 1 35 31 S %54
Sy Al SPSS 22.0 1k kAT B i b B, 45 SR DL x5 K
R LR /N L L K0k LSD AT £ 1 A P<<0.05 K
BEHEES, P<0.01 Nk B EM 2R . (i H Graphpad
prism 9.3.0 X E Kl
2 #R50br
2.1 BRAERKE
2,10 JEHBREE i1 Ca) AT B IR A T
SRR 2 IR S 95 ChE L, K B e
A R K, IR B R R T L R R R
5, T RE S DX O it 25 0 S A T A S R LR —
T JEE (10 2 A 0 S A R I o ke o R X R A
S ELAT W 22 5 (P<T0.05) o Ik 5 0 i 3R R 90~
100 °C.

457 401 457
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Figure 1 Influence of preparation factors on the total saponin content of DG
2.1.2 WORHEE IR (o) AT, B OB L RORE R, R SRR S B W T e, 2 1R I D 30 min i, R A

VBT, YR 9 1501 (mL/g) I, B R4 5 & i
T Ui B VRORE LL S T, R B AR YOk
FEE AR AT, K 1 S R 58 4, B B & B AR Bl & TR
BEHE R K #48 ANS ATV HE A K P B R A R R
RIS TRORE O X R S R R e B AT 3 2 R (P
0.05) . MIEFERRL R 10:1~20:1 (mL/g) .

2,13 MuIEEE AR (o) TN B R IR

et A I B A R I A S G, B R S R AR M
ok R b fl BB N S R 1 I T A R T R 9 A, A
EL S s S P AN R ST NN SN Ll
i S o el T S 2 N U= < N
A1 s T o R R A B R LA R 2
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CHL TR EE BORE Fb L ] A I8 ) o 8 A i BLAT
S 08 05 ¥ B F=20.561, P=0.000; 41 ] X % ) F=
44.518,P=0.000. & 2 AJ 1, 5% H ) B[] 55 A i i RE
(P=0.582>>0.05)4F, i & L Z R A S BB H & H
At 25 7 (P<<0.05) .

FR1 EFEHEHKE
Table 1  Tests for between-subjects effects

KU KT ITM BhE BT Fil B
B IE R 5.762 12 0.480 17.794 0.000
U 502.434 1 502.434 18620.155 0.000
Y i) I vk 5.548 10 0.555 20.561 0.000
JeL o R R 1.201 1 1.201 44.518 0.000
2= 0.863 32 0.027
Bt 550.897 45
BIEJE At 6.625 44

T R*=0.870,R3,=0.821; AL fit Ny SR 45

fEn

o

x2 ZEUBRER

ERBUE - RNSBHATERURAALFES T

F4 MEEREEITRER

Table 4 Results of response surface test

5 A B C ST /%
1 0 —1 0 3.8940.012 7
2 0 0 0 3.944:0.025 4
3 0 0 0 3.9940.014 7
4 —1 0 —1 3.5540.0752
5 —1 —1 0 3.744:0.374 0
6 0 —1 1 3.42+0.047 2
7 1 1 0 3.4240.0729
8 1 0 1 3.014:0.037 1
9 0 1 —1 3.804-0.028 4

10 0 0 0 3.9840.059 2
11 —1 1 0 3.414-0.084 3
12 1 0 —1 3.634:0.045 1
13 —1 0 1 3.2140.053 1
14 0 1 1 3.314:0.074 4
15 1 1 0 3.524:0.053 7
16 0 0 0 3.9840.052 3
17 0 0 0 4.01+0.0659

B % 5 I, B P<C0.000 1, M 2 2 5 K $LI p=
0.067 2>>0.05, A 2 & , 13 W AE 1296 4 PR 3R 00 4k o &4 2R 52
e S g 255 [l U B R ) A OC R L R°=0.993 4, BE I35
99.34% I B4 2 5 B AY o H ] B[] BORE LU R A ) I

Table 2 Results of multiple comparison
S il S I {E B 95% ¥ X [a]
Ik S 2l Tk gk
JHOIEE WoREE —0.0333 0 0.012 —0.1555  0.0888
oAt El —0.160 0" 0.582 —0.2822 —0.0378
WA MHIEE 00333 0.012 —0.0888  0.1555
JEHIFE —0.126 77 0.043 —0.2488 —0.004 5
S JEHIEE 0.16007  0.582 0.0378  0.2822
WL 0.126 7 0.043 0.0045  0.2488
TR N B EMK P=0.05; A R MR A
2.2 MR ER I
2.2.1 A N TR I BT B L IIVATTRE N oS I )

3, BT LA R LR 4.
222 BERLULA SR AT AR e R 46 A Tl IR E

EEw)
Y=3.98—0.041 24—0.078 7B—0.24C+0.057 54B—
0.074C—0.005BC—0.355 34>—0.100 33°—0.272 17C*,
(5)
x3 MEEKEEERKFER
Table 3 Factors and levels table of response surface
experiment
K- AMIHNRE/SC BWORHE (mL/g)  C A I /min
—1 90 15:1 20
0 95 20:1 30
1 100 25:1 40

F5 EAERFESW

Table 5 Variance analysis of regression equation

KIE CFIr M il ¥y F1iH PE o
I3 P

Al 1.530 9 0.170  116.47 <<0.000 1 ***
A 0.014 1 0.014 932  0.0185 *
B 0.050 1 0.050  33.96 0.0006 **
C 0.460 1 0.460 31546 <<0.000 1 ***
AB 0.013 1 0.013 9.05 0.0080 **
AC 0.020 1 0.020 1342 0.8011
BC <0.001 1 <<0.001 0.07 00197 *
A’ 0.530 1 0.530  365.83 <C0.000 1 ***
B? 0.043 1 0.043 2955 0.0010 *
c? 0.320 1 0.320  216.01 <<0.000 1 ***
k2% 0.010 7 1.461X10°
JAUIT 7.625X10 % 3 2.542X10°° 547  0.0672
4R 2.600<10 ° 4 6.500x<10 *
oyl 1.540 16

TRl 22 B B (P<T0.000 1) 5 %%k 22 5 i JiF i 3% (P<<
0.01);* K22 5 i 3% (P<C0.05) ;R*=0.993 4, R3,;=0.984 8
CV=1.05%.
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Figure 2 Response surface and contours of the interaction of various factors on the content of saponins in DG

224 SRUESCEY AL mE N AL 15 B K ) S0 f i
LR T2 S5 AR R L E 94,688 °C LRI 21.74:1 (mL/g),
J R 3047 min, WA F R A SERBE &N
3.89%. M AE S BR NS B, K T2 A 1R R K Sy d o T
95 “C, W kHEL 2221 (mL/g) , 4 il B 1] 30 min,ﬂﬂw\E
SR BRI B BB N 3.75%, 5 BN (E 4, 3
HiZTZr17,

2.3 UPLC-QQQ-MS#ENMAKNSEEERS

230 AUSRKEE R EE M RRENE HRERAALIFA
2 M R I T R RSD<T3%, U WA B8RS % R .
Pl 3 ] AL, 6 YR G X AE AR R 7 B L 30 (A 3 e 9 R R R
& A RSD 4 1.02%~3.96% , £ W iZ ik EE R
9 R FF S EAE 48 h N AY RSD N 1.27%~3.79% , £ Wit
IV VTR 48 h N BT B R e M

232 fnREEICER  dEE 6 T, A5 R A AY 2 ELCR
96.43%~99.67% , A % A U G 22 4 1.41%~3.08% , 15t W] i%

Ro IMASEFHNAEFERER
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Figure 3 Total ion chromatography figure
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Table 6 Results of methodological investigation of nine KT KMHEXREE
kinds of ginsenosides % Table 7 Linear relationship investigation
W W EEME RUEtE  RERL ke miik v é)’%’fi?'li[‘ﬂ/ S ) 2
RSD RSD RSD L& RSD (mg-L™")
Rg, 1.31 3.96 2.14 97.27 1.63 Rg, 0.100 2~20.04 Y=10 586 638X+26 311284 0.998 8
Re 1.83 3.25 3.78 99.67 2.14 Re 0.110 3~22.06 Y=4 705 653X+ 543 753 0.9959
Rg, 2.64 1.02 1.27 97.52 2.48 Rg, 0.090 2~18.04 Y=9288 790X+21 549996 0.996 5
Rb, 1.60 2.77 3.79 98.36 2.78 Rb, 0.098 7~19.74 Y=5 569 069X+10920017  0.999 6
Rc 1.66 1.08 2.02 98.99 1.74 Rc 0.102 5~20.50 Y=4 479 875X+9 848 236 0.9955
Rb, 1.24 2.03 2.81 96.43 2.68 Rb, 0.119 5~23.90 Y=7327237X+25905176 0.998 6
Rb, 0.92 3.35 3.16 98.24 1.41 Rb, 0.104 3~20.86 Y=7 194 829X+26 740 805 0.999 3
Rd 2.00 2.00 3.50 96.79 1.58 Rd 0.097 2~19.44 Y=3 992 092X+4 702 247 0.9913
Rg; 2.05 2.28 1.92 98.02 3.08 Rg;, 0.0953~19.06 Y=10465331X+15707 426 0.996 8
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Re 7¢ /8 il 9 B 85 °C AR H 15: 1 (mL/g) . il B )
30 min F A9 & ik m . A S R, Rg, 76 M il i B
100 °C  JRFEE 202 1 (mL/g) o il B 1] 30 min R A9 &5 & f%
o B 2 R B Y T R A S R A B, NS R

ERBUE - RNSBHATERURAALFES T

Re & AW T, NS 21 Rg, .Rg, Rg; Rd & & AW I
FH g ST A S B Re BRI A S B
Rg, R, Fl Rg,™*'; W7 A 2 1 4F Rb, \Rb, fl Re it F fif
NS B R, Z 5 0 4RSS R Re,

RS ANSHRPEFLEMIFENE'

Table 8 Determination of saponins in DG samples (n=3)

mg/g

-
BN

Rg, Re Rg, Rb, Rc

Rb, Rb, Rd Rg, ps¥ill

> > >

. 1.06£0.008 1 3.594-0.016 9 0.47+0.008 7 1.772-0.017 0 1.94-£0.021 3 3.08-£0.018 4 0.56=-0.007 5 0.41+0.027 6 0.19£0.023 5 13.07+0.032 3
, 1424-0.001 4 3.744-0.002 1 0.66£0.0159 1.814-0.028 0 1.94-0.005 8 2.6240.028 3 0.64=-0.016 9 0.62-0.011 9 0.174-0.018 5 13.234-0.045 2
5 1.6540.001 9 3.4340.034 1 0.76-20.021 0 2.1140.013 3 1.82+-0.018 5 2.560.002 2 0.73+-0.018 5 0.60-0.016 2 0.384-0.005 0 14.044-0.022 1

A, 261:£0.0145 2.5840.038 3 0.9040.019 6 2294-0.018 2 1.56+-0.011 7 1.65+-0.016 1 0.82--0.022 0 0.68-£0.008 0 0.71-£0.013 0 13.80+0.012 8

A 27200355 2.14£0.021 6 0.9040.025 3 2.134+0.004 2 1.284-0.023 1 1.56-0.014 7 1.08£0.027 1 0.75£0.029 3 0.72-£0.019 8 13.684-0.004 2

B, 23600079 230-£0.016 4 042+0.0155 1.760.027 9 1.44+0.026 2 1.26+0.014 5 0.744-0.017 2 0.724+-0.014 2 0.66+-0.025 4 11.66=-0.042 6

B, 266400028 2.70+-0.0122 0.90-£0.026 3 2.76£0.018 3 1.70-£0.014 5 1.56=-0.025 1 0.82-0.021 1 0.76--0.017 7 0.61-0.004 6 13.70--0.002 4

B, 247%+0.0094 2.5640.029 8 094+.0190 231400291 1.55+0.023 1 1.63+0.012 1 0.86+-0.011 4 0.80+0.024 8 0.584+-0.017 6 13.574-0.004 1

B, 187400278

By 1.6220.0179 1.7340.012 4 0.672£0.010 2 2.134-0.012 3 1.272=0.013 8 1.30=0.026 2 0.712-0.016 9 0.36=20.005 6 0.224-0.011 1
C, 158100042 2.61-£0.0054 0.58--0.005 6 1.31--0.018 1 1.01--0.009 3 1.44--0.029 0 0.66--0.010 3 0.574-0.010 7 0.18--0.022 1
C, 172400470 2.58-£0.014 2 0.70--0.016 2 2.27-+0.016 6 1.53-0.024 3 2.06-0.004 3 0.784-0.028 2 0.761-0.014 1 0.314-0.011 1

1.83£0.026 7 0.74£0.002 2 2.16=£0.009 7 1.34=20.010 8 1.380.008 5 0.75+0.012 0 0.64+0.024 9 0.35+0.014 8 11.06-0.031 4

10.01£0.037 5
9.94-+0.056 3
11.9040.008 7

Cy 235400049 2.16-20.022 3 0.87+0.008 2 2.2540.023 0 1.56+0.017 7 1.6240.015 3 0.861-0.002 4 0.714-0.009 3 0.55+-0.020 0 12.65--0.004 9

C, 25900112

1.63£0.007 3 1.09-£0.025 3 1.61£0.017 2 1.43=£0.025 7 1.59£0.026 0 0.70£0.014 5 0.62+0.015 7 0.64+0.018 6 12.93+0.073 0

Cs 27240.0870 1.514-0.039 2 1.19£0.022 1 1.084-0.002 6 1.26-0.004 5 1.44£-0.010 4 0.74=-0.016 9 0.64=-0.023 0 0.861-0.027 0 11.444-0.003 4

T A ~ACH IR 10,20,30,40,50 min; B~Bs MR 10:1,15:1,20:1,25:1,30: 1 (mL/g) ; C,~C5 k4 il I & 80, 85,90,95,

100 C,

Hh 26 9 mI AN B 7 i R AT B S R B B
FEE 0, R H TR F=10.015,P=0.000; 48 il 4 Z 1Y
F=43.063, P=0.000. F1 3¢ 10 A 1, [ 41 i i 18] 5 4 i
M (P=0.540">0.05) 41, oAb 45 20 2 (0] 34 HL AT 5 3 1 22
5(P<<0.05),

24 AEBEFERYHRELFE
241 KRASEWMPEREBD WL E R S0 W
TR R 1K /N WE (63.60%) >>FDP (31.32%) >>NBE

RO EFEBELLE

Table 9 Tests for between-subjects effects

P 3 LS M Al B0 Fi Wk
16 IE AR 62.870 12 5.239 14.544 0.000
i 6 584.069 1 6584.069 18277.628 0.000
S i) B A T 7k 36.078 10 3.608 10.015 0.000
LRSS 15.512 1 15.512 43.063 0.000
2% 11.527 32 0.360
B 7 148.761 45
B G Bt 74397 44

ToOAR ROl 9 R AL R R7=0.845, R}, =0.787,

®10 SEIBEER

Table 10  Results of multiple comparisons

SEE A 95% {5 X 1]
JE D7k M R BE —
et TRR [ B
00 ) B )R L 1.564 7 0.000 11183  2.0111
L ) I 1.700 5" 0.540 12541 21469
WoRHEE At —1.56477 0.000 —2.0111 —1.1183
L ) I 0.1359  0.000 —0.3105 0.5823
HOHIEE MfiRd ] —1.700 57 0.540 —2.1469 —1.2541
WORH —0.1359  0.000 —0.5823 03105

T B E MK P=0.05; KL & O 9 Rl AL i

(21.98%)>CE(1.12%)>EAE(0.83%) .

242 PrEAATEYE 4K 11 A, DG X OH A
FE 1Y T BR 20 9 EAE>>CE>>WE>FDP, EAE 1Y 1 B 1F
JH AT, L IC,, 18 4 (7.25420.54) mg/mL ; % DPPH [
BE i W B BE )1 K /N EAE>>CE>FDP>WE>NBE,
EAE (%35 B 75 T e 4, e 1Cs0 {4 (3.4040.20) mg/mL .
WE FI NBE ¥ ki DPPH [ H 2 (1 i J) 45 30T ; 25 % M 25 IR
Yxt ABTST B 3 ¥ — & MW BRAE 71, b EAE
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Figure 4 Free radical scavenging ability of different polar extracts of DG
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