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Abstract: To optimize the extraction process of polysaccharide form Solanum Ilyratum and investigate its in vitro
antioxidative activity. In this study, response surface methodology was employed to optimize the ultrasonic-assisted
extraction process of polysaccharides from Solanum Ilyratum. Single-factor experiments were conducted to explore the
effects of three factors: Extraction temperature, extraction time, and solid-liquid ratio on the yield. Fourier transform
infrared spectroscopy (FTIR) was used to analyze the structure of Solanum lyratum polysaccharide, and in vitro antioxidant
activity was investigated. The results showed that the optimal extraction conditions were the material-liquid ratio of
1:57 g/mL, the extraction time of 58 min, and the extraction temperature of 65 °C. Under these conditions, the yield of
polysaccharides was 7.54%+0.12%. Fourier transform infrared spectroscopy of the extracted polysaccharides exhibited a
typical polysaccharide absorbance. Moreover, the half-maximal inhibitory concentrations (ICs) of polysaccharides against
DPPH and ABTS" free radicals were 1.104 and 1.408 mg/mL, respectively, indicating significant in vitro antioxidant
activity. The results of this study provided a theoretical foundation for the further development and utilization of Solanum
lyratum polysaccharides.
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1.2 SEWHE
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1.2.1.1 HIERARATAEEE OB A5 /N DR

AL, i 60 B 53 1:10 ELEIINA 95% 2,85
AT 1 h, ZEERIL A A8 AR RN 2% 5T, i uE e HE

TR

1.2.1.2 HyePERE BRI EHIE SRR 25.0 g,
TR T 54 F U TR BT I8 S 1532 IO, v Rk

45 25 10 mL, W< 4 0 2o 30 P e e €, IO R N

o MMAEERT 6% —HA LB SHHEaRIRE, ¥kt
W E it uE, A 10% NaOH 14 pH Z Wk, 1l )= 45,
[ GEIR TN 3 AT 95% LB 4 °C FE 2 h,
5000 r/min &0 5 min, BOLDUHE, MRUKHTIM . £k
PRI, 60 °C B ZHEAS I pE

122 ZPHAGRNE  SHRNEEN HIE 0 Ty

V5 BC 0.1 mg/mL PRUEF B A, K 2 W PR
WIZEIHHAWL 0. 0.2, 0.4, 0.8, 1.2, 1.6 mL 435I '8 T
RGP, MZEME K ZE 2.0 mL, AT 5% 2 175 1
1.0 mL, $F&4], iGEFE N ARLER 5.0 mL, B EE/KiG

I 15 min, BUBEEIE =GR, T 490 nm AN E 1k
SfE . PAMREE (x) AR ALAR, GRE (y ) Ak bRz il

PRVl 26, 15 H 261 B 5 2 y=11.848x+0.0244,

R*=0.9993, HX 0.5 g FIYSMR, fEFIRE S 54 T it
FTHEEL, g, VEMFERLZE 100 mL RN EZE, 15
PE SR o ISR E R 0.2 mL, /KRR 12

IRITERINAE S MR, IR AT A e =k

HR,

FIHE 2 B (%) =

K. C FRom I PHUREE, g/mL; V FRR A
SRR, mL; D SRORFBEAEEG W3R8 FSe R
JE, g
1.2.3 FAREZESCE B ST 120 W, B E
R 40 kHz, BH& L 1:30 g/mL, $£HU[E] 30 min, $2
WU 20 °C, 43 IRsT AR Lh(1:20, 1:40., 1:60.
1:80, 1:100 g/mL), ¥ HHS [a] (20, 30, 40, 50, 60,
80. 100 min), $2HIRIE (40, 50, 60, 70. 80 °C)XJ
T WS SRR
1.2.4 wanEREE T AR R EIEGaE R, POk
WEL(A) | FREETa] (B) FIEEBUEEE (C) A7AE &, LIH
YL ZWHAS O A, BT R R RO, R
SRS L 1,

CxVxD

x 100

R 1 WA R 5K

Table 1 Factors and levels used in response surface design

K-
-1 0 1
Az B (g/mL) 1:40 1:60 1:80
B: $2HUA] (min) 20 40 60
C: $BURE(C) 60 70 80
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1.2.5 FAZEZHEERIMDGIESHT  KEI0ECHIHRE
1 mg/mL IR, LAalikKVESs 1, 1 740
KF14#(200~800 nm) .,
1.2.6 HILZHEAILIAMEIESHT  FREL 2 mg (I
LM, INAGE B GESE KBr MRS IR S R, 41
AR IE A 400~4000 cm ™!, #5504 2
EZ DN LIPS &Y
1.2.7 HAZEEZHEPCEALTE T
1.2.7.1 H¥EZPEXT DPPH H i RL 3 568 1 0l &2
BLH AN FHE W A E AR, 52 mL 5
DPPH %% (2 mL, 0.2 mmol/L) &4, FEZ IR T #Hh
JZ R 30 mine LATC/K B R 25 1, Ve i BT R,
TE 517 nm FIEWRSCED, R 3 IR, #% F A
DPPH H HHALIFERZ:

DPPHH HZEE B R (%) = (1 - A*; Ay ) % 100

Ko Ay AR PR WS DPPH ISR & )5
IR GAE; A, S IS AR S oK QR G 51
WA A, 2tk 5 DPPH RITR S Ja B GIE
1.2.7.2 HFEZBEXT ABTS H H L e 1 Byl 2
Biciil 7.4 mmol/L ABTS —##EMHEIRAI 2.6 mmol/L
K,S,O¢ fiti 751, W5 IR PIFMig #5745 B 1 mL 1A,
SEECERES R SRS 12 h, FHBERRELZE vk (pH7.4)
B IRIR G WA RE OGRS N 0.70+0.02, IR R
A ABTS I FH3E TAER . Pl R B2 i (A e 2
VW, 4581 0.4 mL 5 4 mL ABTS H /& TA/EWRTE
ZEIE FEEERY 6 min, 7F 734 nm AR E W GIE, &
& 3. L Ve Xt g, FIHW ARG ABTS?
[SJEEESS132 Saut
Ay —A,

0

ABTS' H HZETERE (%) = ( )x 100

o Ay N4tk S ABTS TAERIR A BIOE
{H; A, WAFEZHHARS ABTS TAERIRE S RIW
JGAH .
1.3 HELIE

% JH Origin Pro 2022 #X 4 4E &, 18 i Design
Expert 13 ZRA4-% 0 )3 i 350a 4 AR RUA R0 7 2257
T, {85/ SPSS Statistics 23 #{HA THHR2EFVES T
2 GER55H
2.1 BREZREHERSHR
2.1.1 B EEXT ATE 2 EIS R A5 AR
Xof e 2SR 52 DL 1, BEERRE Eh g,
H o 2P R 5 E IS, 76 1:60 g/mL B ik )i
K(6.50%+0.09%), ZJ5 YL PSR W E FRE, 7T
B ik Z 7K SR R I FpA s A BB i PR, A
TAFITF S P E L, S B PHS RERRR 2,
PRIk, g ez TG A 3 sk v BE 6 B 1:40. 1:60.
1:80 g/mL,

1:20 1:40  1:60 1:80 1:100
FHR L (¢/mL)
P ORRB RS S R A R
Fig.1 Effect of liquid to material ratio on the yield of
polysaccharides from Solanum lyratum

TE: ANF/NG PR 2R Z 122 57 B4 (P<0.05); [ 2~
P 3 [,

2.1.2  FREEFEINT I 2P R 52 AN [ HR
A TRI X D Z2 WS R 052 ULIE] 2. 7F 40 min B
LSRR BRI (7.05%+0.10% ) , Fifi 2545 B ]
MIRER:, YL SRS T I, nTRER R S e
R B ] S 2505 SRR, SRR R,
PRIk, A 7 T a6 Fr R BRI Ta] 12642 20, 40, 60 min.,

8.0~

6.0
5.54+— . . . .
20 40 60 80 100
FEEUITA] (min)

K2 SRR RDX 3 2 BE A28 A 5 e
Fig.2 Effect of extraction time on the yield of polysaccharides
from Solanum lyratum

2.1.3 FREBUEEXT AR SRR RN AN [EHRE
TR BE X A0 2 BEAS SR A e ULIEL 3. Bl R EOGE
TFhEs, ASe PR R LIS R R, REBGRE N
70 °C B, 9L B R 55 (7.31%+0.16%), X i

8.0

0 50 60 70 80
FEPCIRIE (C)
K3 REOR X S 2R R
Fig.3 Effect of extraction temperature on the yield of
polysaccharides from Solanum lyratum
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PEHUR B M TS 2SI AR R N ST Haz 8, A
FIF S 2 W01 s (B SR IBOR v, nRe S
R R e 0 e 22 v NS S G 22 A
PRIk, mpg 7 T e 114 S B B D6 60, 70, 80 C.,
2.2 Mg EIRIGEER 2

22,1 ma IS BT S A ) A T A
ZER LR 2, R Design-Expert S5 SL 5680 PE BE
AT IR 1, FrASA A Y=7.13-0.1413A+
0.24B—0.8688C—0.29AB—0.2425AC—0.31BC—0.2028 A>—
0.2602B*~1.18C*, M\FE 3 AT LI Y, i M1 AL HY 1
P<0.0001, HA K 35255, BiRHTZA R BAT 5014
T PR, I P=0.8476>0.05, AN 2, BEHAAR N
PRI 2 X S 30 25 R TR/ . B e RE(RY) =

2 WARL RIS BT AR

Table 2 Experimental design and results for response surface

FHS ARRRLL (g/mL) BREBURTH] (min) CEEBGREE(C) YHEE(%)

1 1:80 40 80 4.55+2.65
2 1:60 40 70 6.97+0.16
3 1:60 20 60 6.03£1.75
4 1:60 60 80 4724135
5 1:40 40 80 5.18+1.91
6 1:60 40 70 7.29+0.90
7 1:60 40 70 7312047
8 1:60 20 80 4.93+2.08
9 1:80 40 60 6.79+0.54
10 1:80 20 70 6.47+0.77
11 1:40 20 70 6.31£1.06
12 1:80 60 70 6.440.82
13 1:40 40 60 6.45+1.37
14 1:40 60 70 7.44£1.62
15 1:60 60 60 7.06+0.83
16 1:60 40 70 6.77+0.34
17 1:60 40 70 7.30£0.37

3 BRI A O 25

Table 3  Significance test and variance analysis of regression

models

KR FRM AmE ¥ifE Fll PE BEM
AR 14.28 9 1.59 3827 <0.0001  **
A 0.1596 1 0.1596 3.85  0.0906

B 0.4608 1 0.4608 11.11  0.0125 *
C 6.04 1 6.04 14559 <0.0001  **
AB 0.3364 1 0.3364 8.11  0.0248 *
AC 0.2352 1 0.2352 5.67  0.0488 *
BC 0.3844 1 0.3844 927  0.0187 *
A? 0.1731 1 0.1731 417  0.0804

B2 0.2852 1 0.2852 6.88  0.0343 *
C? 5.89 1 5.89 142.03 <0.0001  **
B2 0.2903 7 0.0415
AT 0.0482 3 0.0161 0.2656  0.8476
iRk 0.2421 4 0.0605

Je¥:| 14.57 16

R*=0.9801 Ripg™=0.9545

e MUEE T RE, P<0.05; **{EE 7MW BE, P<0.01,

0.9801, JEIHEPLAE REL(R? 5 ;) =0.9545, FW AT AL
GRREE R AFPO, sEad FAEKSS AT AR HY, TR X
e WIS R B, H OB R], B 2R b o

222 FHEZEWN ST SR Design-Expert 27
e ] )7 TR (R 25 SR M T ], [RIES ST I 3R 22 1)
MBS EAE T o o T 1] v e e 25 i 2 I 5 PR 3R
Kt Et AL T, A5 i £ IR DR A R 2 BHAF ST
PRI 22 2Z Rl 38 HAE S 2, SR U6 A B AR
JHEZ AN Y fy & 4 15, 1R SR e AR
JEE 5 s TR Fr ) 17 TR pHE AT ) ph R R Ly T iR
A, AT E R E G R, 108 BH 3 P AR 58 B X
FISE WA 3R Y S A 2, ViR BEX T I e 2 M LY
SN ok 2, 50 22000 FABKC IS TS 4 R —38.

i 50
s 65 > 30 0
ity CEN s

) .

4 25 PR SSE A AN 9% 2R 3R A i 17 1 5]
Fig.4 Response surface graphs of the interaction of various
factors on the yield of polysaccharides from Solanum lyratum

2.2.3 AT ZE0E  Design-Expert K445 H1
IR A 1 9% 2 R IR A S SR UL BE 65.18 °C L #i2
BUTE] 57.95 min, BFR LE 1:57.15 g/mL, 50 15
N 7.448% . ARYESLBRERAETI I T, TR P& HGR
65 °C. $2HUHTE] 58 min, BHE LA 1:57 g/mL, ZELL
FAE N YL 2 LIS KR 7.54%+0.12%, 5 T
H2ZES RN GRS T AR A gt Wu
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SR B K AR AU 45 SR (1.84% . 0.96% . 2.37%) #H
A BRI, 5 Wu S50 B BEEEHE] (5 h) A7
ARRAA . LS5 E KSR Fe s, s Il
B EORT A 24 5 1 D 2Bl 45252, [R] sk 4 0 £ B
B TA] o
2.3 BHEEZHENRINERHTHRAIE ST

FI 9L 2 BELe ARG R WL 5. 9 B i 7E
237 nm AbA5 Fe R Mg, BEBHAE ST T BE A AN
FIFREE . FRELSER ) 7E 260 1 280 nm A4 HA LAY
W KCGe, 156 HH 1 e 22 B O T A R AN AR A R E

2.5+
237

2.0+

USRS

0.5+

0.0 T T T T T T )
200 300 400 500 600 700 800 900
A (nm)
K5 HIEZHEEINEER
Fig.5 Ultraviolet spectrogram of Solanum lyratum
polysaccharide
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WA e 2 P OBE BRI C-H & A9 X FR A8 45 Ik 3 5 | A BY,
1623.91 1 1434.29 cm™' ZbFRRIKIIGE A R B FIIRILS |
i, FEH (A PR R 45 H 0, 1151.29 ecm ™!
Ak 1) i SR BEE A C-O-C i 4R PR sl 51 2%, 400~
900 cm ' AbAF IR ML IR, FHHFEAE LIRS+ Y,
£7 I, 1AM G R RS S LA WL & P R IE I,
LW RS LAY . X S BEILSEN S BoTAS R
FHRL o

)

I~
)
{
A
“

1434.29 5

E: 3
W
S
2926.14 .
1623.91 A;::gigllit
657.07
600.39 —
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Fig.6 Infrared spectrogram of Solanum lyratum
polysaccharides

2.4 BEEZERERIMIELES S
El 7 S e PR MU R IR TEL R . e

BHAEHE 0.2~5.0 mg/mL F1 0.1~6.0 mg/mL B 4351
BRI DPPH 1 ABTS' [ 3L i& Rim vk, 5
PR B S SRR DG R o D 2 ey, LT
AL RE J7 kSR 7EW S 5.0 mg/mL BT DPPH
H 3 A7 BRSOk, i85 98.35%+0.54%; TEUL AT
7 6.0 mg/mL B H%F ABTS™H i B i 15 B ok,
M 96.57%+0.79%. ¥ Z X DPPH Fil ABTS'H
FH IR EE (IC ) 435128 1,104 1.408 mg/mL,
T AT EA RIS MU E LG

100+
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Fig.7 Antioxidant activities of Solanum lyratum

ABTS'H HEET B (%)

(=3

polysaccharides in vitro

3 g

ASTIF SRR P 75 P A FH Bh SR B ok 22 0,
PRI BRI A P W & . FERA R ZR S0
Kefil |, A Box-Behnken i 7 [ 2= i AL 1886 4563,
SR EA LR P 2 BRI T 200 B LY 1:57 g/mL .
PEHLEHE] 58 min, FEEBUEE 65 °C. /5 s FHISHL
ZWEIS RN 7.54%+0.12%, S HIMEZERERIN, L
IZARCT 2o A8 nl g Gl SN L AR 2T A
SIS R BN, YO 2 HA R 2SI
g, AR S BHIEE R, UABH OS2 e IRt =
W. FAYSHLZHET DPPH A LA ABTS™ A H &Y
NI (IC50) 43514 1.104, 1.408 mg/mL, VA
PSR 20 BT R AP AT M . ARG R 9%
FHEBE PR AL T —Fh @ PR B,
WEAYE— A T R T SRR . (D FAZe Ay 3=
BB, PR AL ST oA MR A TR
RAWFIE

S 30k
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