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ABSTRACT: Objective To optimize the processing technology of green jujube pulp and investigate its change s in
active substances and antioxidant activity. Methods Shanxi Banzao was used as the raw material, with direct
pulping as the traditional process reference, and the effects of direct pulping, microwave-assisted pulping, and
ultrasonic-assisted pulping on the flavonoids and polyphenols content in the pulp were compared to determine the
optimal pulping method. A single-factor and orthogonal experimental design was employed to optimize the
ultrasonic-enzymatic hydrolysis composite process, and the content of active components and antioxidant activity in the
pulp were measured. Subsequently, the active component content and antioxidant properties of 9 kinds of Shanxi green
jujube pulps were compared before and after process optimization, and high-quality varieties were selected through
standardized relative value heat map analysis. Results Ultrasonic-assisted pulping significantly increased the
polyphenol content in the pulp and was identified as the optimal method. The optimized ultrasonic-enzymatic hydrolysis
parameters were determined as follows: Ultrasonic power 450 W, feed-to-pulp ratio 1:20 (m:V), and enzyme addition
rate 0.7%. Under these conditions, the total flavonoid content in Banzao pulp reached 392.46+5.43 mg/100 g, while
the half maximal inhibitory concentration values for 1,1-diphenyl-2-picrylhydrazyl (DPPH) and
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS") scavenging capacities were as low as 4.51 mg/mL and
15.9 mg/mL, respectively. The total vitamin C and dietary fiber contents increased by 25.2% and 0.8%, respectively.
Heat map analysis identified 3 green jujube varieties-Banzao, Youzao and Tuntun-as those with the highest overall
quality. Conclusion This study optimized and established the optimal production process for green jujub pulp, and
the content of its active ingredients and antioxidant activity are effectively enhanced. The findings provide theoretical
support for optimizing the processing techniques and selecting suitable varieties of green jujube pulps, which
demonstrate significant practical value and potential for widespread application.

KEY WORDS: green jujube; flavonoids; polyphenols; vitamin C; dietary fiber; antioxidant activity; process optimization
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Table 1 Factors and levels of orthogonal experiment

K- AGBFRT) ) B(HA N ) CORHE L)
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-1 450 0.5 1:10
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1 550 0.7 1:20
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Table 2 Results and range analysis of the orthogonal test

pem ACGER gty CORRE RS
)W 1% H)(gmL)  (mg/100 g)
1 550 0.5 1:20 289.32
2 450 0.7 1:15 369.01
3 550 0.7 1:10 318.35
4 450 0.6 1:20 354.96
5 500 0.7 1:20 375.12
6 550 0.6 1:15 24536
7 500 0.5 1:15 287.91
8 500 0.6 1:10 320.0
9 450 0.5 1:10 330.06
K, 1054.03 907.29 968.41
K, 983.03 920.32 902.28
K, 853.03 1062.48 1019.40
Ky 351.34 302.43 322.80
ks 327.68 306.77 300.76
ks 284.34 354.16 339.80
R 67.00 51.73 39.04
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Table 3 Analysis of variance for the orthogonal test

Wz WZEIrAM AmE BI7 F P

AGES 6926.947 2 3463.474 52876  0.019
)W ' ’ ’ '
B(HA
o 4940.188 2 2470.094 37.710  0.026
Jin)/%
CCRH

2298.736 2 1149.368  17.547  0.054
F)(g:mL)
R 131.005 2 65.502

T P<0.01 R 2EFW R E; P<0.05 FREREE,

H1 28 2 AJAL, A5 DRI A R T 5 ek (s 2 U A
R A)>BER MR B> R I(C), FAEHEN 41B:C;0
IEZERI A A 5 B N ZIA IR IR B A e 2 —3, FTREE M
THEERNASEEIER, FFARR—EZ M m R .

Shy it — 25 BRI 45 DR 258 % 4 T it TBU A3 SR 19 53 ) R 8 T
W, TR S R T I E 00T, SR IE 3.

PR 3 AT, 7R P ) S TR S 0 X AR A S SR e 2
USSR B 3 (P<0.05), kR Eb Yo A 4 5 2% B 1 42 BROROCR R
WE(P>0.05), 53 2 FOMER—3 80 HEIRISS
IR, e M -R AR U AR B TR R T 23800 B
FA50 W, AR 0.7% . RHEH 1:20,

R T ZESHCF RT3 IEE I uF,
5 B WS 2 5 R9(392.25+1.52) mg/100 g, BT 2
PR O, YA TS, etk
24 TZHMUBEEREREMNZMN
241 IERANFRARRERRLSEZH YA

HARGIN T 2R, MET 9 Filvg kM H
EFITE AL R R B . B2, 4iEE CL B
e 27 4 R v SR AR e ) B i, SR ANER 4 s

R 4 FIAL, BRumde, ik Ah, LR AR B R
ARSI 5 = Y W T R (P<0.05), X% A
I DA R T e 49 T LA 47 £ R PR 400 R BE R B IR, ORI T
R ) IR A ST, TR S0 A A X B A 8 7 A e
BCAYFE M P A | o ol R R S R R, R
Z PR R AR R R MR E
W, o-TER L FE R A L P TE oy 2 (8 43 45 5 25 B i
FEFETE 2 AR & A R AR AR, [T E 28 1 il B2 K A 2
R 25 1t 2 a5 A0 2 O, IRt B e PR AR
%, BT T AR R R, 58 T 28R
FIAERIEAR IS RARSE 9 AT A8 bR S v 2 2t P g
FIMIRHEF S ARSI A AT 1 A AR P A 45 >
FUASGIEAS . AR BB . B2y, a4t
R C B EL Rl RS A 4 14 4R T 13.68%
0.65%. 0.64%. 25.23%. 0.88%7F 20.70%, BxZHpsh, H
B B B R T (P<0.05) ML Z T, W
LR R R, BESEMAEEAESERET
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B 2 4 A I 2 A

FH1TE

F%(P<0.05), BB JoH B2 5%(P>0.05), [LE4EER C
AT i B 2 4 B i B R T (P<0.05),
242 I ZARAAE A FRREAEAMME F 0
AWFFERF DPPH H LA ABTS'H i AHAS Mt A b
DL B (half maximal inhibitory concentration, ICs)
KN TERR, BARZETANE 3 B,
i1 3 1AL, Ak AN [ S R 5 SR i pT AT
FEAE—E 255, B dh AR 22 Sk 8] i 25K F-(P<0.05).
7E DPPH H HFEIEERAK R o, 1Cso RS SR ol <4

H<ARE << i E <R <R E<BLIR<FIRAE; 78
ABTS" F G BRAK Z Hh, 1Cso FR AR 2 5 4K U ki A< 8
< <R B <R E<RE<PRE<FLIE <A . EH
DPPH A& Z Bt A AL P 1 e A0 & b, R 1Cs, ILE
(4.51£0.14) mg/mL; H: ABTS'A i 3LiEBRIKR R P 1C50 N
(15.9£0.23) mg/mL, LK TFIMA . 255 HAIASMITE LT
PR ZATAL R R i T A PR I R B
BT ISR XvTRE R FHRER hE & 2w
BT TEYI R, B R R ata it d T aofe 12

F4 TZRUBTERRIEER S ILE

Table 4 Comparison of active ingredient content in pulp before and after process optimization

ANl ML C SR A AATEIER
. Xt A #T/(mg/100 £/ (mg/100 AnTREE AR AR AR ’
(e S (mg/100 &) (mg/100 ¢) /(mg/100 g) 1% YT 7%
- LR 185.96+3.24 251.84+4.16 31.25£1.26 6.38+0.14 0.67+0.19
h itk )a 206.1443.56%* 289.40+4.78%* 43.63+1.57%* 6.68+0.15* 1.3440.19*
i AL Hif 273.53+4.35 292.10£5.25 92.15+2.33 8.46+0.23 2.05£0.26
14
itk s 259.62+3.85%* 348.1246.33%* 139.2543.16%* 8.88+0.24% 2.16+0.28
- 4] 114.44£2 45 187.15+3.65 85.632.44 4.35+0.13 1.30+0.17
EOSEN N
itk )a 194.18+3.96** 221.4344.73%* 126.45+3.26%* 4.66+0.14* 2.22+40.17%*
. e 194.65+3.46 272.65+4.71 127.64+2.75 8.48+0.23 3.73+0.26
h RA 230.95+3.85%* 281.65+4.93* 137.43+2.96* 8.90+0.24* 4.69+0.27%*
- R4 344.72+5.33 382.61+6.43 59.68+1.83 9.37+0.25 4.15+0.29
) fitbfa 332.89+4.65*% 381.03+6.26 70.9142.14%* 9.07+0.23* 4.61+0.26%*
- Pk 137.17£2.75 182.12+3.58 28.35+1.43 4.71+0.14 0.69+0.18
ITF: g -~ .
RA 186.0943.66%* 284.7245.48%* 38.18+1.74%* 4.74+0.14 0.72+0.18
" Rtain 227.41%3.75 328.43+5.93 40.01+1.63 6.04+0.15 1.75+0.19
- l/RA& 247.66+4.16%* 309.64+5.73* 60.00+2.24%* 6.12+0.15* 1.70+0.20
- R4 257.15+4.33 301.58+5.33 24.95+1.23 3.47+0.11 1.89+0.14
c itb)s 269.38+4.56% 306.56+5.43 35.2941.76%* 3.84+0.12% 2.55+0.14*
e Rtain 345.05+5.63 391.17+6.73 71.26+2.43 12.56+0.33 5.35+0.38
h l/RA& 392.26+5.43%* 393.69+6.63 89.2442.96%* 12.67+0.34* 6.46+0.16%*
e IR S OUALHTAR L, #3878 25 57 1 35 (P<0.05), ** /R 22 U 3 (P<0.01), A 433 i T i sl AT
- 01 5 -
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E b £ 30 b
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Fig.3

Comparison of ICs values for DPPH and ABTS" radical scavenging activities of green jujube pulp from different cultivars

before and after process optimization
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Fig.4 Standardized relative value heat map (A) and correlation bubble chart (B)
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