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pretreated jujube powder. Based on single-factor tests, the Box-Behnken central composite design was used to optimize

the extraction process. According to the results, the optimal DES system for extracting jujube polysaccharides consisted

of choline chloride and ethylene glycol. The four-factor regression model established in this study determined the optimal

extraction conditions to be as follows: extraction pressure, 483 MPa; duration, 8.25 min at a constant temperature; molar ratio

of choline chloride to ethylene glycol, 1:3.75; and water content of the DES system, 53%. Under these conditions, the actual

extraction yield of jujube polysaccharides was 14.22%. The obtained polysaccharides exhibited high antioxidative activity,

with a DPPH radical scavenging activity of 1.47 mg AA/g DW, an ABTS radical scavenging activity of 10.69 mg AA/g DW,
a FRAP value of 30.43 umol FeE/g DW, and an ORAC value of 193.67 umol TE/g DW. The results showed that the DES-

based ultrahigh pressure extraction process has the potential to realize the high-yielding production of jujube polysaccharides

with excellent antioxidative activity.
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Table 2 Independent variables and levels of the response
surface methodology
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BB 2 AT U T

Y=14.27+0.26A+0.067B-0.63C+0.56D+0.052 AB-
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0.13A’-0.59B°~1.28C*-0.69D"
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Table 3 Independent experimental combinations and
response values for response surface optimization

X¥%= A B C D Y: 13%E/%

1 400 8 1:4 50 14.51
2 400 8 1:3 60 13.40
3 400 10 1:4 60 13.78
4 500 10 1:4 50 13.77
5 400 6 1:4 60 13.50
6 500 8 1:4 60 14.01
7 400 6 1:5 50 11.80
8 500 8 1:3 50 13.96
9 300 8 1:4 40 12.52
10 300 8 1:5 50 11.78
11 400 10 1:3 50 13.19
12 400 10 1:5 50 11.93
13 500 8 I:5 50 12.62
14 400 8 1:4 50 14.22
15 400 8 1:4 50 14.20
16 400 8 1:4 50 14.21
17 500 8 1:4 40 13.36
18 400 8 1:4 50 14.19
19 300 6 1:4 50 13.36
20 400 8 1:5 40 11.17
21 300 10 14 50 13.37
22 400 8 1:3 40 12.46
23 300 8 1:3 50 13.03
24 400 10 1:4 40 12.22
25 400 6 1:4 40 12.38
26 400 8 1:5 60 12.03
27 300 8 1:4 60 14.10
28 500 6 1:4 50 13.56
29 400 6 1:3 50 12.86
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Table 4 The analysis of variance and significance analysis for
the quadratic model

Sum of Mean F
Squares Square  Value

P-value

Source Prob>F

signi-

Model 22.50 14 1.61
ficant

52.13 <0.000 1**

0.93 1 0.93 32.48 <0.000 1**

0.191 4

4.77 1 4.77

A

B 0.054 1 0.054 1.88
C 167.02 <0.000 1**
D

3.52 1 3.52 123.18 <0.000 1**

AB 0.011 1 0011 037 05518
AC  1.764E-003 1 1.764E-003 0.062 0.807 4
AD 0.21 1 0.21 6.97 0.0194
BC 8.959E-003 1 8.959E-003 0.31  0.5843
BD 0.18 1 0.18 567  0.0277
CD 1.702E-003 1 1.702E-003 0.060 0.8107
A’ 0.13 1 0.13 4.69  0.048 0%
B’ 2.20 1 2.20 76.86 <0.000 1**

C’ 10.43 1 1043 365.10 <0.000 1**

D’ 3.25 1 325  113.75 <0.000 1**
Resi-h40 14 0.029
dual

Not
Lack 536 10 0036 197 02686 signi-
of Fit

ficant
Pure 073 4 0018
Error
Cor
Tow 2257 28

R*=0.9812, R=0.962 4
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Fig.3 The response surface plots for the interaction effects

on the extraction yield of JPs
Z: (a-b) B & /EE A F2 DES 47K F; (c-d) HR/AEHR
#2 DES K4&.

F = 4 AN = 4 I RoR T % R R AH ELAE R 6 1
RE . wWE 3R, MEB®EED. RIE
B 7] 1 DES & /K &I I, 208 2 5843 2 1% 3 7
w IEFIEAE S T M. DRAh, S L IR T
Xof W S AR RO B R K. (R, DES &5 K Y
LU i e FR R B ) ) 5 B VR 2 e
Z AT, R RERIR N BEEE
7174 483 MPa, & (8] 8.25 min, & ALIHHL / Z
TEEEIREL N 1:3.75, DES K& N 53%. 7R %
P, RZHELIRGHEA 14.22%, SEAG TN
18 14.55% ML, R0 E 1)1 m A R B A 55
TFIIBL A PR Li 22095 R F #RK R 75 4 vk
fil s R BB, ZHE1TE M 6.23% BN E] 7.95% ;
Berkani 21" 5 T8 £ 4k 75 B S0k il B R B 4T R £
BE S BRAF 5N 13.98% 5 He 25OV (b Bl il B 32 X
R SO R L PES RN 5.10% ;5 #r2m &
BRI 1 B A B, SR R AR AR A 5 Bk
PRI R 2 HE I B AR IS EON M 60 H .
BHEEE 14 mL/g. & 77 420 MPa. i s I
] 4.5 min, fEMIEIEM T, A EZZHRER
4.71%. SATIARIE L0 R L SR, @ E
4 DES S MU T Z 58I 1 204 20 1 w5 250 45

22 HEAMERE
ANF R IR FE LR ZHEXT DPPH 5 HE 75 bR Ag

71+ ABTS' H HEERIERREE 7. BB 138 J5 e ) AN
A HIEPUEALBE S 4 TR . 1E 0.4~3.6 mg/mL

B WREE T, 282 HU AL RE 7 3 20 2 K
Wik, 4 2 BE 5 S K FE N 3.6 mg/mL i, DPPH Al
ABTS' [ H 2 1175 B 2 & &, 53 il 4 67.68% Al
79.94%. LAk, 1T A5 3R Z 8 Bk DPPH H
B SR A (IC,, fH) ~2.64 mg/mL, HH
FiE M fe /1N 1.47 mg AA/g DW, TiiE % ABTS'
AR IC,, {9 1.31 mg/mL, H HEERRAE
A 10.69 mg AA/g DW (% 5), hilkRH, a4£L
BEXT ABTS" [ HH 2 (178 BR s R 5 . ok, 204
TR ZPEN S TR IR RE 1A B T E A RE
71, SEHRE S Fros, 1E 0.4~3.6 mg/mL [ 5 ik
R, aARZREIUEALRE I A EREE. 42
BB UR FE A 3.6 mg/mL B, BB T8 5 B SRR
H PR RE J1 /s, 7038 167 mmol FeE/mL
A1130 mmol TE/mL (& 5). MR, a4EZ
B 7 BF 2L A — s B2 B Bk 55 108 i e ) 4 E il
EPUA M RE J1, H FRAP {H 1 ORAC fH 4 % N
30.43 mmol FeE/g DW £ 193.67 pmol TE/g DW.
oL O M AT R AR AL RO | Y, 5
H—ZpEMWamrmEd g, R, B
TEFFA R UAERE R R B ZR, FbEsE 1
DPPH. ABTS'., FRAP Hl ORAC VU /™ #& #5 2K ¥ Hr
LURZ R PUEAEE . RTHATE IR, M 2 hE
CIEYSGENR{E SR E S i NIRRT Gl N SR i)
WESE 7 iX—45ik. AR ZPESEA —E K DPPH Ml
ABTS' HHZEEMRGE S, H5FEKE R IEMR.
WAk, HRE TR I Z B BT E Y S A B
i N 8 R BE 17 9P, [k, SR FRAP %,
R T Fe'T IR JE N Fe®', SRIEI ZRER
PLEALRE ST, SR EIRA R L MR B 1) FRAP
WEYE, XATREEH TARZHENERRSEFE,
SH RS RIES F' R M. MLESEREY, a
BEZPEREAFE RN PUEAEN, KRB EMAE
DES $& U AR B A i & m P a A iE v 2 Wi 77,
R ZHERAGE NI RIUEAAIE ).
=5 ARSHENRELENE
Table 5 Antioxidant activity of jujube polysaccharides
RAME B RS

DPPH A &5 R 48 7 (/2 1C, 48T )  1.47 mg AA/g DW
ABTS™ B @1 E MR ) (£ 1C,, A8 ) 10.69 mg AA/g DW
KB TR

Aoh i AEAEE

30.43 umol FeE/g DW

193.67 pmol TE/g DW

249




MR B

Modern Food Science and Technology

2024, Vol.40, No.8

a 80r
€
2 60 d
¥ i c
g b
w40
H a
i
= 20}
[
=)
0 1 1 1 1
0.4 1.2 2.0 2.8 3.6
JR R / (mg/mL)
b 100
°\° €
43: 80 - d
& c
E 60 -
X b
=
o 40F
2]
m 200 g
|
0 1 1 1 1
0.4 1.2 2.0 2.8 3.6
J K E / (mg/mL)
C  180F e
160 |
R~ 140} d
#2E 120} -
Ik o L
% E 100 b
-2 sof
w3 et &
40t
0.4 1.2 2.0 2.8 3.6
JRERIE / (mg/mL)
d
=
25
N E
® R
25
Pl
58

0.4 1.2 2.0 2.8 3.6

JHCE R / (mg/mL)
B4 ARREBRELESER AR
Fig.4 Antioxidant capacity of jujube polysaccharides in

different mass concentrations
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71483 MPa. #JERFA] 8.25 min, S ALAHAK / 2 8
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