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Abstract: Objective: This study aimed to optimize the extraction process of polysaccharides from Xinjiang gray jujube,

characterize their monosaccharide composition, and explore its potential biological activity by integrating computational
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simulation and in vitro experiments. Methods: Polysaccharides were extracted from Xinjiang gray jujube using ultrasonic-
assisted hot water extraction, and the extraction parameters were optimized by single-factor experiments combined with
response surface methodology. After purification, monosaccharide composition was determined by ion chromatography.
Potential protein targets of the major monosaccharide components were predicted using a deep learning model, followed by
construction of a protein—protein interaction (PPI) network and gene ontology (GO), kyoto encyclopedia of genes and
genomes (KEGG), and disease ontology (DO) enrichment analyses. Molecular docking was performed to assess the binding
characteristics between core targets and monosaccharides. /n vifro antioxidant activity was evaluated using DPPH and
ABTS" radical scavenging assays, and the effects of the polysaccharides on GES-1 cell viability were further assessed.
Results: The optimal extraction conditions were as follows: Ultrasonic power 600 W, liquid-to-solid ratio 1:40 g/mL,
ultrasonic time 11 min, water bath temperature 72 °C, and water bath time 196 min. Under these conditions, the
polysaccharide yield reached 4.856%. The polysaccharides were mainly composed of glucose (88.59%), with smaller
amounts of arabinose (1.58%), galacturonic acid (2.89%), galactose (2.40%), and rthamnose (4.54%), indicating that they
were acidic heteropolysaccharides containing multiple neutral sugars and galacturonic acid. Target prediction and
enrichment analyses suggested that their potential effects were closely associated with glucose metabolism, the insulin
signaling pathway, and glycosylation-related processes, implying potential roles in modulating glucose metabolism and
ameliorating insulin resistance. /n vitro experiments demonstrated concentration-dependent scavenging activities against
both DPPH and ABTS" radicals. Within the concentration range of 62.5~250 pg/mL, the polysaccharides showed no
obvious cytotoxicity toward GES-1 cells and significantly promoted cell viability. Conclusion: Polysaccharides from
Xinjiang gray jujube can be obtained at a relatively high yield after process optimization and exhibit a defined
monosaccharide profile, antioxidant activity, and good cytocompatibility. They may also possess potential bioactivity
related to glucose metabolism regulation. These findings provide a basis for the further development and utilization of
Xinjiang gray jujube polysaccharides.
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Table 1 Factors and levels for the response surface
methodology (RSM) optimization design
Sy

AP AR BRSRE CKIBIRIE  DAAIE  BRRRE
(W) (min) (°c) (h) (g/mL)

! 400 5 60 2 1:30

0 500 10 70 3 1:40

1 600 15 80 4 1:50
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FEBHTBEDT . W, PG alifb 285 (HZP), IR
R - TR FRTRIN E H b i
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FEEIHEEFRIE, Beas I IR ((Undg R 3k) | FEAR
ZH OMAA R B W HZP, 8 62.5. 125
1 250 pg/mL) M A H CREEF ML), 401 10
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R T e

x 100
1.3 HiEasE
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SPSS 26 %4 F1 GraphPad Prism 9 {47 85 43
HrFngs & o R TE S EAE SR ] Design-Expert 13
BAF B IR REAT M 53 A . 3% &l >R A Chiro-
meleon Chromatography Data System( Version 7.2.
10, Thermo Fisher Scientific, USA) #7403 . {85 f{
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2.1 REZFEREIZM

2.1.1 PARRSCE BT AER a1, 7 HA
FAF T, KA AR L L S D | e i
[E] . KRR R K Bk Ta] i AR A 25 S R A T v Je R
flRnaH, HZ2HoK PRz A g% . Bk
e, EERMELE 1:10 392 1:40(g/mL), 45
R LR (P<0.01), DLAHE 3 g n A B
BRSO 55 5 ) A 2 ok T A, (R U 22 B Fh AR A 2 2
AR YOS . SRR 2B A 1050
(g/mL) i}, ZHEFF 2R 0 R 4 (P<0.01), Al gE &
TR R EERGRE, PRI 2B BERRAIC, Rl o
ZoKES MR T SR PR R, BRAIK T M0 AR ELRK
W AR DR AR, BEE DI A 200 W5
F 500 W, ZB15 R HE i (P<0.01) . XA HES
A5OSR, 4 B ELE AR IR R A% 5 BH T ARG
A, N E 2R SR, 248 75 D it
500 W &, ZHEfS3REEA T FE(P>0.05), FEM 58 A
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Fig.1 Effects of various factors on polysaccharide extraction yield

TE: AF/NG PR GR AR 23522 57 (P<0.01)
2 PRI e T DA R B AR

Table 2 Response surface optimization experimental design

A3 BN AT B B ST W AL sl A R, ANF)
FARFIE PR, A SR, 248 R A
FH 5 min A4 2 10 min B, 228875340 i 353 (P<
0.01), FRWI3d B8 ST K8 75 VE IS Ta] A R T 285 7853
PR, dkS e K AR R RS, 153 B R B (P<0.01),
] e 5K AE A PR ESS I R S SR o<
IKIEIRLRE R Z2 R AR R 52 i 2R B, B 7K IR
tH 50 °C FH= & 70 C, M FRNN(P<0.01), X
S TR EE T n 35Sz 3, SR e
S REEE7Ae ) ST LR I INTITE ichei o e o a P N T (T B ) S 2
Tl it, 285K R FR(P<0.01), A fiE S iR E S
B MR SRS, P55 A AR ol AL R PO
FIRERY, ZKUSASTAI R 1 h ZEK 2 3 h B, 2SR5
(P<0.01), FBHIE K SR HE AIAT F) T 200 7857
s (B gk g2 KR SRl A, 15 R m T R
(P<0.01), AT gE S KA Tal N S E el A A SR ol
FE RN, AT 522 i) RS T R IR AT P
ZEA LIRSS IR, BEBCERE EE 1:40(g/mL) | S T3
500 W #EFASE] 10 min, ZKIEHRE 70 °C. KEAT
[a] 3 h VB B A Hues 7K.

2.1.2  mE ) E A

2.1.2.1 WA EALREGSE SR LIS TR A) &
FEEE](B) . ZKESHREE(C) . ZKUSETE] (D) AUk EL (B
S A AR, ZHHEERCY ) S N AR, R R TR Ak
5, 5 R anE 2, R Design-Expert 13 372
JFHLE, 15 B PRy R Ba AN R Y=
4.83+0.4219A+0.212B+0.672C+0.3106D+0.1748E+
0.1635AB—0.2685AC+0.0008AD—0.0465AE—0.118BC—
0.0785BD—0.161BE—0.443CD—0.1055CE—0.179DE—
0.5485A%—0.447B>—0.7053C>—0.4081D*>—0.5093E2,,
2.1.2.2 W VSR Ty 225087 5 225004l
FEHA(FE 3), iZ BNEABIRIRE B E /K- (P<0.0001),
J IR .25 (P=0.0583>0.05) . AH I [t e 2 B %K
R*=0.9871, FIEBRIE R EL R?,4;=0.9768, i WA AL
A RAF, THE S E—E . 45 NEEXTZ PSR
s YT SR K IR > 75 T3> 7K U B[R] >i
FEEF A=k L . FEAE BEAEA 71, AB. AC. BE,

and results for polysaccharide extraction from

Xinjiang gray jujube
LT AR ) BRE S A E] CRVATRE DKV BERHR L (%)
(W)  (min) (c) (h) (g/mL)

1 500 10 70 3 1:40 4.900
2 400 10 70 4 1:40 3.742
3 500 15 70 3 1:30 4.078
4 500 10 60 3 1:30 2.586
5 400 5 70 3 1:40 3.460
6 400 15 70 3 1:40 3.460
7 600 15 70 3 1:40 4.560
8 500 10 70 4 1:50 4.224
9 600 10 80 3 1:40 4.444
10 500 10 80 3 1:50 4.410
11 500 15 60 3 1:40 3.354
12 500 15 70 2 1:40 3.838
13 500 15 70 3 1:50 4.162
14 400 10 70 2 1:40 3.234
15 600 10 60 3 1:40 3.636
16 500 5 70 3 1:50 3.932
17 600 10 70 3 1:30 4.058
18 600 5 70 3 1:40 3.906
19 500 5 70 4 1:40 4.254
20 600 10 70 3 1:50 4.432
21 500 10 70 4 1:30 4.356
22 500 10 60 4 1:40 3.828
23 600 10 70 4 1:40 4.496
24 500 10 70 3 1:40 4.746
25 400 10 70 3 1:50 3.546
26 500 10 80 4 1:40 4.070
27 500 5 60 3 1:40 2.674
28 500 15 80 3 1:40 4.496
29 500 10 70 3 1:40 4.858
30 400 10 70 3 1:30 2.986
31 500 5 70 3 1:30 3.204
32 500 5 80 3 1:40 4.288
33 500 10 70 2 1:30 3.360
34 500 10 80 2 1:40 4.420
35 500 10 70 3 1:40 4.864
36 500 10 60 2 1:40 2.408
37 400 10 60 3 1:40 2.214
38 500 10 60 3 1:50 3.096
39 500 10 70 3 1:40 4.812
40 500 15 70 4 1:40 4.470
41 500 5 70 2 1:40 3.308
42 500 10 70 3 1:40 4.800
43 600 10 70 2 1:40 3.956
44 500 10 80 3 1:30 4.322
45 400 10 80 3 1:40 4.096
46 500 10 70 2 1:50 3.944
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# 3 KR 200 b CD Fil DE HUX) Z 0153 HAT ) 5 3% 5200 (P<0.01),
Table 3  Analysis of variance for the regression model BC i & i #5210 (P<0.05), T AD. AE. BD X CE
JrEKWE PR AME Br F P WA B35 (P>0.05) o Hodr, IR S A DR
fizy 20.7300 20 1.0400  95.6700  <0.0001" (AC) LA K /KRB 57K i (8] (CD) 922 B3 FAH
ABFINHE 238500 1 28500  262.8400  <0.0001" TR, X IR ZHEAT R FE M JC R o€t o & 2 i3 —
B-#AME 0.7191 1 0.7191  66.3700  <0.0001" e od T v SR TD QWA L O =102 A A=Y 11 1| 2R A |
CAKHHRE  7.2300 1 72300 666.9100  <0.0001" A 22 () 47 76 AS [ B2 B i U IRl M . o, AC
D-7J<“(¢LH¢|EH 1.5400 1 1.5400  142.5000 <o.0001‘* CD 25 S Ay B a | [y T TOi e ) . S I HLse
E-BRE L 0.4886 1 0.4886  45.1000  <0.0001 ' o - N -
AB 0.1069 1 0.1069  9.8700  0.0043" TR B AB. BE Al DE 2, #i/ A hRDK P
AC 0.2884 1 02884  26.6200  <0.0001" HATFHEA R T Z2H% H; BC il 22 b Fg P22,
AD 0.0003 1 0.0003 00236 08791 (Bt el i g Jy A oAb, AR A% — YR I 22 bk
AR 000 T 0000 RS DI At AT R, R4S TR 3 S R X
BC 0.0557 1 0.0557 51400  0.0323 b 2 N
BD 0.0246 I 00246 22800  0.1440 BB AL A S0 A PRI o
BE 0.1037 1 0.1037 95700  0.0048" 2.1.3 L2 SEUE B N ST, AR T
€D 07850 1 07850 724600  <0.0001" F R A T 204 s B A TR 600 W RH LL 1
CE 0.0445 1 0.0445 41100  0.0534 L . o
DE 0.1282 1 01282  11.8300  0.00217 40.053(g/mL) . A 717 I 1] 10.862 min, /¥ i &
A 26300 1 26300 2423100 <0.0001" 71.739 C.. JKEAFTH] 3.26 h, bWz BN 22 B 133 2
B2 1.7400 1 17400 160.9300  <0.0001" 4.85%. SiitsrpraBa, 500 W 5 600 W 2514 £
c 43400 1 43400 4007100  <0.0001" PR 2 BN 2 (P>0.05) o L5 A R R i 2% 5 15
D 1.4500 1 14500 134.1800 <o.0001:‘ TR ATV YRR T I 2R 600 W . I LE 1:40
a2 A0SO (gL IR 11 min KGR 72 C KT
S A 02557 20 00128 42300  0.0583 [ 196 min {EJy S0UES0 T 228, —UCFA Tt
i 0.0151 5 0.0030 FITAS S 24 Z2 BEAS 5N 4.856%+£0.054%, 54518 T
B 21.00 45 {EAARXTIRZEAR 0.12%, FEHH BT 7 (g i 1 TR Y

TE: *FOR I (P<0.05), ** IR IR 3 (P<0.01) .

B: M5 ] (min)

5.0
400 450 500 550 600

C: IKIIRFE (°C)

60,
5.0

D: K] (h)

60

L%

A: i IE

7.5 100 12.5 15.0
B: ] (min)

65 70
C: KIFIRE

W)

75 80

(0

A R4 X4 3 TG POR PG A E H

LHERR
e
N
b
&«
%
U
60
400 450 500 550 600
A: I (W)
LR
=)
E
&
x
Es
p
30 ‘
50 7.5 100 125 150
B: ] (min)
MR
=
E
e
=
=
i
o

50 25 30 35 40
D: KB (h)

P2 A DR IR 52 EA FRS IR WIS 5 M) i o T e 45 i 2 P

Fig.2 Response surface plots showing the interactive effects of various factors on the polysaccharide yield from Xinjiang gray jujube
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Table 4 Molecular docking binding energies

o S

U Them mnoom ERE MR FRmER
AKT1 —5.527 —4.019 =5.776 —5.992 —4.73
HDACI —5.356 —4.86 —5.547 =5.172 —5.368
PRKN —5.825 —5.745 —5.459 —5.224 —5.088
PSMDI14  —5.127 —4.368 —5.349 -5.303 —4.288
SRC —5.427 —4.467 —5.858 —6.226 =5.161
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