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Abstract: This study employed an ultrasound-assisted deep eutectic solvent (DES) method to systematically optimize the
extraction of polysaccharides from Plukenetia volubilis seeds, for promoting the high-value utilization of this resource.
After purifying the crude polysaccharides by cellulose column chromatography, a homogeneous fraction (designated PVP-
2) was obtained and systematically analyzed for its structural characteristics and in vitro hypoglycemic activity. The results

indicated that choline chloride-urea system (molar ratio 1:2) was the optimal DES. The polysaccharide yield reached
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13.67%+0.76% under the optimized conditions: Liquid-to-solid ratio of 50:1 mL/g, water content of 40%, ultrasonic tem-

perature of 62 °C, and ultrasonic time of 71 min. Structural characterization demonstrated that PVP-2 was an acidic het-

eropolysaccharide with typical polysaccharide absorption peaks and a monomer composition of rhamnose (8.76%), arabi-
nose (16.45%), xylose (12.34%), galacturonic acid (38.42%), glucose (5.68%), and galactose (18.35%) in molar percent-
ages. The weight-average molecular weight (Mw) was determined to be 9.453x10° Da, the number-average molecular

weight (Mn) was 5.703x10° Da, and the molecular weight distribution (Mw/Mn) was 1.658. In vitro hypoglycemic activity

assays demonstrated that PVP-2 exhibited a concentration-dependent inhibitory effect on both a-glucosidase and a-amylase,

with ICs; values of 0.51£0.03 and 0.81+0.06 mg/mL, respectively, indicating its promising potential for hypoglycemic

applications. This study establishes an efficient extraction method for polysaccharides from Plukenetia volubilis seeds and

offers a theoretical foundation for developing functional foods with auxiliary hypoglycemic functions.
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Table 1 Deep eutectic solvents formulations
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DES-3 FrigR 1:2
DES-4 N = 1:2
DES-5 S FrigiR 1:2
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Table 2  Factors and levels in the BBD experiment

A AWCEHE Bk CHUSHHE DUEARE
(mL/g) (%) (min) (c)
-1 40:1 30 45 60
0 50:1 40 60 70
1 60:1 50 75 80
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U E A T
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43524 0.25. 0.5, 1.0, 1.5, 2.0 F1 2.5 mg/mL [ 541
FREEVS R o 7E 96 FLAR T 435 A 40 pL £ i)
PVP-2 %5 Al 30 pL Y o~ 26 Bl T % W2 (0.2 U/
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25 AL RE
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2 HBRESH
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A0 3 [T R

2.2.3 EAETEXT MR sE ] AE 2C 7T L
i, BEE BRI , 2SRRI e LS
PO RS, 7E 60 min BRI, XK A,
AR TS B A 23 BRI FEAT, 16 Y KA S B ] A
B R Ny A (e A || i AR S S 27 5 = 973 Gl [ E RS
A AL 5 AV L 2SR 2 N SR B E S5 14, (551
Gy Z WA, 1 AR 3R R, BRIk, SRR AR R ]
45. 60. 75 min FEF7 L2000 R TGS

2.2.4 EAIREXZPEEsEm E 2D AT LA
i, BEE R TR, SR RE S LR
g aE, FE 70 °C BFIABEIE S ISR, XEEN,
T YR AT B SR S F-HRaE B I AR B RERE, AT
PSR RCR, AR T 20 NI B P9 i 1 5 (HIR R o
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IR (C)
K2 WORHE(A) . Bk (B) | A ] (C) A R EE (D)
X IR AR
Fig.2 Effects of liquid-solid ratio (A), water content (B),
ultrasonication time (C) and ultrasonication temperature (D)
on the polysaccharide yield
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K Design-Expert 13 44X 3 3 A 1 SLBG R IE IE
AT AP, 15BN 2053 () iy Rk mi=C A



8478 1240 Y W, S BB SRR IR T N A N S P - 281 -

F#: Y=13.384+0.0117A—0.0375B+0.3483C+0.4542D+
0.2275AB+0.5700AC+0.3625AD+0.5725BC—0.8725BD—
0.5225CD—1.69A%-0.9712B>—1.17C*-1.52D?,

3 WA A

Table 3 Response surface experimental results

S A B C D Y(%)

1 0 -1 -1 0 11.4120.15
2 0 1 -1 0 10.06+0.21
3 1 0 -1 0 9.5620.18
4 0 0 0 0 13.32+0.10
5 -1 0 1 0 10.27+0.08
6 0 -1 0 -1 9.85+0.19
7 0 0 0 0 13.58+0.22
8 0 0 1 -1 10.84+0.27
9 -1 0 0 1 10.4120.12
10 0 0 0 0 13.4120.25
11 1 -1 0 0 10.3340.11
12 -1 0 -1 0 10.52+0.14
13 0 0 0 0 13.25+0.24
14 1 0 0 1 11.150.19
15 0 1 0 1 10.12+0.23
16 1 0 0 -1 9.22+0.14
17 -1 0 0 -1 9.93+0.20
18 0 -1 1 0 11.2940.17
19 1 0 1 0 11.59+£0.26
20 1 1 0 0 11.0420.31
21 0 -1 0 1 12.14+0.29
22 0 0 -1 -1 9.62+0.26
23 0 0 1 1 10.77+0.23
24 -1 1 0 0 10.7120.18
25 0 1 1 0 12.230.28
26 0 0 0 0 13.36+0.16
27 0 1 0 -1 11.32+0.32
28 -1 -1 0 0 10.91+0.25
29 0 0 -1 1 11.64+0.13

2.3.2 JFZESHT IR 4 AT 28T EE R ] A,
[l UTASAY IR AR ) 25 7K S (P<0.000 1), [RIAT ST A

S PE(P>0.05), REIAG R IT, REMERN

Bl 22 ACKHE EL) . BGE 7K &) . CGRBARTIED) |

DGH A TRE) 5 R R T SR Z R R, 1]

Db T 20 S5 it pvah, [m= )RR

—RI C N D, DL KA HIT AC, BC. BD fl1 CD Xt
Wi 7 AR A S 25 520 (P<0.01); B2 H I AD X ji W B
A 5 E5 I (P<0.05) . MNASBEZEM FAEI/NATH,
HEEZ AR )T R D>C>B>A .

14T
3
mi
z
A\

. 40
= 35
i &
%)

R4 FTESH
Table 4 Analysis of variance
FeW EHFE AmE ¥y F{H PlH B
el 43.69 14 3.12 46.90  <0.0001 o
A 0.0016 1 0.0016 0.0245  0.8777 ns
B 0.0169 1 0.0169 02536  0.6224 ns
C 1.46 1 1.46 21.88  0.0004 ok
D 2.48 1 2.48 3720 <0.0001 ok
AB 0.207 1 0.207 3.11 0.0995 ns
AC 13 1 13 19.53  0.0006 ok
AD 0.5256 1 0.5256  7.90 0.0139 *
BC 131 1 131 19.70  0.0006 ok
BD 3.05 1 3.05 4576 <0.0001 ok
CD 1.09 1 1.09 1641 0.0012 ok
A? 18.58 1 18.58 27923  <0.0001 o
B? 6.12 1 6.12 91.95  <0.0001 ok
c 8.92 1 892 13400 <0.0001 o
D? 15.01 1 15.01 22558  <0.0001 ok
52 0.9315 14 0.0665
AT 0.8698 10 0.087 5.64 0.0551 ns
R 0.0617 4 0.0154
peyil 44.62 28

RN 22 AR 3 (P<0.01); * R 2557 W3 (P<0.05); nsFRm 27 A
BE(P>0.05).

2.3.3 WAL BHTATAAT RN N B TR B AN
[F) A8 & A 128 B A X 2 A3 2R 052 e . 24 i
TET S B AR B g AT 2SR, A R 2. 2 (Rl A7 AE
ERISSH M ARSI R, AC. BC. BD il
CD P W 22 8] 1% 28 B AE FH %) 45 285 i 35 1) A% 2 3
(P<0.01)/KF (& 3b. & 3d. & 3e. & 3f); AD 2ZJd]
1% AE B 240 7 157 35 3] I 35 (P<0.05) /K- (&l 3¢) 5 1
AB Z A 138 ERLN IS FR A2 AN 2 . ARE i
THT B SR, 4558 5L 300 Z2 B A5 3 14 52 i) 53 BE AR IR
“: BD>BC>AC>CD>AD>AB, iZHF45 1 57255
Hr—3.

2.3.4 HAEERE T ZIGUE  JETF 0 s A4 T
Ak, EeFh 22 B0 AR I T 2280 Wkt
Ik 50.34:1. & 7KE 39.51%. B IR 61.67 °C. &
FEEF ] 71.49 min, IZ55F FASRTUME Y 13.44%.
2% R SE PR E T AT, B RS BORE R
Lk 50: 1. &K 40%. B 62 °C. 7 A H]
71 min, FEIZSH FEBIEAT 3 RIS S UESE L, )
18 ZBEERN 13.67%+0.76%, 5 TRIME 32T, AHXT

T e\
LRI
LR
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