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Optimization of Extraction Process and Antioxidant Activity of
Polysaccharide from Panax quinquefolium Fruit by Response
Surface Methodology
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LIU Li*", QI Bin*"

(1.Institute of Ginseng Science, Changchun University of TCM, Changchun 130117, China;
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Abstract: Objective: For the extraction of polysaccharides from American ginseng fruits, the extraction process was
optimized in combination with response surface methodology, and to investigate whether polysaccharides from American
ginseng fruits had antioxidant activity in vitro. Methods: In this study, polysaccharides were extracted from fresh American
ginseng fruits by water extraction and alcohol precipitation method. The extraction process was optimized using single
factor tests as well as response surface methodology. In vitro antioxidant activity studies of polysaccharides from American
ginseng fruits were conducted from three aspects: DPPH radical scavenging rate, hydroxyl radical scavenging rate as well
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as reducing power. Results: The optimal process parameters were as follows: the extraction time was 2.5 h, the
concentration of ethanol was 80%, the feed to liquid ratio of 1:16 g/mL, and the measured average value of polysaccharide
yield was 29.47%+0.65%, which was comparable to the model predicted value. In vitro antioxidant activities of
polysaccharides from American ginseng fruits were examined in the following three aspects. When the concentration of
polysaccharides was 3.4 mg/mL, the DPPH radical scavenging rate was 75.14%+0.65%, and ICy, value was 0.71 mg/mL.
When the concentration of polysaccharide was 3.4 mg/mL, the scavenging rate against hydroxyl radicals could reach
71.82%+1.43%, and ICy, value was 0.87 mg/mL. When the concentration of polysaccharides was 1.0 mg/mL, the total
reducing power reached 0.730, and its in vitro antioxidant capacity was enhanced with increasing concentrations of
polysaccharides from American ginseng fruits. Conclusion: The experimental results of antioxidant activities illustrated that
polysaccharides from American ginseng fruits had better antioxidant activities. This study may provide a theoretical basis
for further development and utilization of polysaccharides from American ginseng fruits, and ensure that traditional Chinese

medicine resources can be fully utilized.
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Pa¥EZ: (Panax quinquefolium L.) g HINFEF A=
JRIEW), J& A B RAAE Y, )24 AR S | PUTH:
AZ ZEAZL B E TInERMERE. /£
LA, PEESRE T LA T IRE AR =4 L
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ELx800 RIMFHE oy A I{ %t TECAN 2%
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Table 1 Table of experimental factor levels
USE ' p— -
AFRIHF[E] (h) BLERIE (%) CEH L (g/mL)
-1 1 75 1:10
0 2 80 1:15
1 3 85 1:20

1.2.4 B ErE
1.2.4.1 FESATALE  BOPEHESRZHE 50 me, A
2 mL PYZEIRIK, Fe4 PR, A, RS ER S
100 mL, MR AERf I 2.0 mL LA 15 mL B9 ES
DE R, dRE MBI 8.0 mL JG7K 2L, K
RE], PR BT 4 C vkFaYh, BrEad . KRS
CAEBUHEAE.OHLE, $33 28 4000 r/min. TGN
24 °C £ FEL 5 min, 57 LIEW, LidEERE
4 K. KIS RUEUIE AR, 45T 10 mL 2 &
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T0) 5 T R 20200 A 2 R RS v 2 A i
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BRI, I 2 mL B35 BS TR T IR S oK,
MR R ZIBELR, PimFR 51, 1593 0 B A # 2 bR s
# (0.1 mg/mL) . HZ 25.0 mL 19 EL @A, 4351 B
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WINEBEFI/KE 2.0 mL, FHILA 1.0 mL A9 5% 519
YEUR, FIIRER GRS 10 s FHIINAMHERAR 10.0 mL,
TRA), BHEIY 35 s JE BT /K 2 min, 77 A58
BHIZE 21 °C B, S0 WA 66 TR IAE &
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AEFR R I 2 B, DNAB R RO, L2 il HH 4
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B AT AL EHS A5 2 A RE SR AR, JINZER K &

2.0 mL, IR AIE A 1.0 mL 19 5 % KA. i
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BE, TR T ) 0 R
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B5), Ul L EEESUS, PER G S RIS
V. 30 min, R)JSTEIEK 515 nm il e SEEE,
TR LEEVHE . PAIKEEPE Ve (0.1, 0.2, 0.5,
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Fef DPPH A &SR ERHZLL T A0
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K A, Ay S RERFESAIES IO GRS
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Z: BASAE AR (1 D7 ke e ¥R 5 1 ]l L7 2% .
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pH7.4 1Y 0.2 mL 0.15 mol/L 14 B& £k 2% wh ik LA K
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PHEATA T AL B, A SCEG AR R AT SPSS #EF TANF
FENAS3HT o

2 HERESHh

2.1 BEZRLWNLER

2.1.1 REUSRIX SR g sgm s 1 R, B
HHEHUTRI A 1 h 3902 2 h, 28500455 B0 1
Jine 2 h BFASRBGA R E B . 25 Bl P HU [a] 3
n, 152 HGEREAIR, 2~4 h BT 2218 %, 4~5 h B %
B, 557 PEIREER A BAFST HE B 14 ) by TET
A NS HE A FEE T 2RISR, X T et
FHTFAE 2 h N2 W4 Bl e a] B938 aE Wil $E B
Sk, 2 h BFEIIA G, [ B A) RIS nT RE Sk e 22 b
IR RIS G 22, S S A G R A RN A
TEBL R Z SR R R, PRI T L RETR M A% 7
2% 0, EPE 1. 2. 3 h =D RSPRaEA 7 iy RS o

35¢
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A 15_
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5E
0

1 2 3 4 5
FEIF I (h)
SR GRIEIDOPIRE -2 P 2 i A ]
Fig.1 Effect of extraction time on the yield of polysaccharides
from American ginseng fruits
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2 LR E N 75% FEINE] 80%, ZHH 4545 BH g 1Y
. MBS 80% ARk Bk miH., ZJSkEd 2B
YR BE ARSI, 192 T R, XS5 R S5XMER
LU PP 2 Z R I T Z T ST IR B 45 R 2
L1, 3 T RE S BB Sy Bl 5 Ve B B4 2= T 2 pk Y 32
B, (85T 80% S, WEFIARERRAIR, ik % T v
WG 22, senm T 2P EREG TR T 289 4H
XtEEr. BRI, 267585, 2548 75%. 80%. 85% 1Y

30 ¢
29 ¢
28 £
27 ¢
26 ¢
25 ¢
24 ¢
23 ¢
22 ¢
21 ¢
20

AT (%)

75 80 85 90 95
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Fig.2 Effect of ethanol concentration on the yield of
polysaccharides from American ginseng fruits

TSR AR SRy 1 T ) 7K

2.1.3 BHE xS Rmgsgm RIE 3 nlsn, BEE
BRI LU BOBE TS, Z2HH A5 B BT i a s, I B
TE 1:5~1:15 X[A] PN, Z2BE75 2818 0 iR B2 Eh R,
1:15~1:25 X[ PN, thZABIRF-2%, KU ZHE5 R 5
ASPEEA BN, F AV R . XA S MR A
SRS [RGB P VS 2B IBGHT T 25 i 45 21
2Rl 3X AT REAE PR AR LU, SRR AAbIIS, 1E7E
B LEEE LT 1:15 )5, 75529088 R B4, Bt
KRR s B e 4 v T AE R L 300 B DA RO
AL AL EEE, 2P 1:10, 1:15, 1:20 g/mL =
AIKAFR BEA TR 7 TR

35¢
30 ¢
25¢
20t

ZHHEHE (%)

1:5 1:10 1:15 1:20 1:25
BHREE (g/mL)

K3 ORRE W PE TS R LR AR AR
Fig.3 Effect of ratio of solid to liquid on polysaccharide yield
of American ginseng fruits

22 MINESEMLFEFSREBREMTIZREER
2.2.1 REIRIT TR MEIR 7F Box-Behnken 56
VIR [, BT T = RZ /K iy N g o3
Y. ARPET T H G T 28 P AN R g S 4kt
FT8L8e, BT IR, DL = IR SL86 45 R - 29
VE RSB LE I AR . 1SR BEITJr 28 g 1
% 2 P,

%2 Box-Behnken i85 % K 4
Table 2 Design and test results of Box-Behnken test

WS PeHURE ZERRE ORHRIL RS ZIRER(%)

1 1 1 0 25.43+0.63
2 0 0 0 27.54+0.93
3 0 1 1 26.72+0.80
4 1 0 -1 26.65+0.57
5 1 0 1 26.28+0.40
6 0 -1 1 24.83+1.72
7 0 0 0 27.75+0.63
8 0 -1 -1 22.03+1.17
9 -1 0 -1 14.64+1.91
10 0 1 -1 23.45+0.86
11 1 -1 0 24.83+0.90
12 0 0 0 28.75+0.59
13 -1 0 1 15.24+0.84
14 0 0 0 28.62+0.75
15 0 0 0 27.58+1.07
16 -1 1 0 15.15+0.40
17 -1 -1 0 14.35+0.63

2.2.2 [UARERIYEEST X 53HT 35 ] Design-Expert
10.0.3 1A, X3 2 HATHIG, LA ZBEAS 52 E i i
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18, A2 H) IR IR 5 R A 215 25=28.02+

5.49A+0.59B+0.80C—0.050AB—0.23AC+0.12BC—

5.84A%2.28B>—1.51C2, WallW IS HTIRTOLE S 0L 3
3 TR0

Table 3 Variance analysis of response surface quadratic

regression
Ty 2RI SEHR BHE B FlE Pld
F%E 437.07 9 48.56 51.00  <0.0001"
A-SRIETTE] 240.90 1 240.90  252.99  <0.0001"
B-Z Bk 5 2.76 1 2.76 2.90 0.1324
C-BHE L 5.12 1 5.12 5.38 0.0535
AB 121 1 121 0.011 0.9213
AC 0.20 1 0.20 0.21 0.6587
BC 0.063 1 0.063 0.066 0.8052
A? 143.36 1 14336 150.55  <0.0001"
B’ 21.98 1 21.98 23.09 0.0020”
c 9.60 1 9.60 10.08 0.0156"
B2 6.67 7 0.95
AU 5.32 3 1.77 5.26 0.0713
4R 1.35 4 0.34
B 443.74 16

e U FORE R P<0.01, "FR 2 R B P<0.05,

i3 3 ATLLAE H, A EXT TR A5 R
BE RIS Ay - H HCH TR > > Bsife B . A5E
YA J7 22049 P AR }<0.0001, 3X LT T 2 [a] =455 7%
W S35 ST P {E N 0.0713>0.05, Ui BH T 2 L1100
N Ik 25 BB A e s R EL RP=0.9850, i H& th s R %K
R?,47=0.9657, Ul T SL g AU BE &, L5 7807,
PRZE/N, AT EEPER . XERI T IR A DU RS
PRI T 200t . BEAh, FREE TR (A) i—UK
WI(A) . IRIT(A?) B LA (B) 19 R 351 (B2) i

— 83 ~ 1:18

5 =

< E

% 81 116
)

r pEmY

& =

=7 21 14

A 77 T2

75

—
o
(=]

10 15 20 25 3.0 10 15
A: BEBURE] (h)

ZHEER (%)

A SREHUHE] (h)

ek 55 (P<0.01), B E (C) I iR Wi (C?) g 3%
(P<0.05).

2.2.3 MR EAPLRS T SRR EAEHN BES
T LA DA T 28 14 e s A 8 Pz e 4 >, i 1z T i
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Fig.4 Response surface plots and contour plots of the effects of AB, AC and BC on polysaccharide yield of American ginseng fruit
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