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Abstract: For the purpose of exploring the polysaccharide content, relative molecular mass, monosaccharide composition,
as well as antioxidant activity in Ziziphus jujuba flesh polysaccharide (ZJFP) at distinct growth stages. The content, relative
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molecular weight, monosaccharide composition and free radical scavenging ability of ZJFP in wild-type and plant-type at
different growth stages were studied by phenol-sulfuric acid assay, high performance gel chromatography, high
performance ion chromatography, and DPPH free radical scavenging experiment. Moreover, the results determined that the
polysaccharide content of ZJFP in both wild and plant types demonstrated a trend of first decreasing and consequently
rising. Furthermore, the relative molecular mass of the two types of ZJFP gradually decreased with the development of the
Ziziphus jujuba. During the initial stage of fruit development, the ZJFP exhibited the highest content of rhamnose, reaching
46.14 mg/g, followed by galactose up to 33.10 mg/g. Whereas, in the later stage of fruit development, the highest
monosaccharide content in the two types of ZJFP was arabinose up to 60.30 mg/g, preceded by galacturonic acid up to
45.02 mg/g. Additionally, the trend of DPPH free radical scavenging capacity of ZJFP of the two types was identical to the
trend of polysaccharide content in Ziziphus jujuba flesh. Plant-type and wild-type Ziziphus jujuba illustrated the identical
trend regarding polysaccharide content, the relative molecular weight of polysaccharides, monosaccharide composition, as
well as free radical scavenging ability, and both were of the type of fruit that reduces sugar accumulation. The research

serve as a valuable reference for the future development and utilization of Ziziphus jujuba flesh resources.

Key words: Ziziphus jujuba flesh; polysaccharide; relative molecular mass; monosaccharide composition; antioxidant
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1.2.1 MRV AR HAREAT, BR
FHAZ, A RNAIR A . SRR PR Y
fiR RS A48 0.25 g, BIRIRESH T, I A 80% 2,
5 150 mL, JINFAEIFE 1 h, ERGL g, Eakik, 7Rk 1
80% FALBEVEVAS 3 UK, AR 10 mL, BakiE S uR4AtE:
TR, IIA 150 mL 7K, Jn#k(El i 1 h, 23t g,
BA DR TR, BRI SRR A IR PRI 4 R, F YK 10 mL,
E IR MBI, We4E, —80 °C vKARTHZA 12 h, T
T HRHL—60 C KT T4 24 h, 1515 4 5 R
A

1.22 BEZHEENE SREPEE TR
W B 2 D7 3%, BB R B A 0.1 mg/mL (19JC
TR AEPHEXT RS VR, AT R R R vk R A T (D,
TE 490 nm P AR E W SERE, 15 2 bRifERIZ R y=
0.0167x—0.0015(R’=0.9991) . x JyijZait i EE Ik 3L,
y OGRS
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1.2.3.1 ZHEX IR BT IOCAS TR BIAS
22 ZOPHE P, R FRE , 0.1 mol/L NaNO; /K%
W (F5 0.02% NaNs, w/w) S, BeaEHAEXT 701
= (Mw)>l 6.10x10° Da X IR SR (A), Mw 5351l
Sk 2.10x10%, 3.75x10° Da KXt I8 S 1R-A 1AW (B) 1
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M8, SR P E R HE BH €233 432 ( Ohpak SB-805 HQ.
Ohpak SB-804 HQ. Ohpak SB-803 HQ, 300 mmx
8 mm) HHEK . AR 45 °C, $EAER 100 pL, RS AH
A(0.02% NaNj, 0.1 mol/L NaNO;), #ii# 0.5 mL/min,
VRS R A5, YRR TR] A 100 min.

g X BB SR VAT 53T, LARS TR] S i AL AR,
IRFEAE SN ER . PL 1 g(Vh) FiiiA 12 AR B8
PWABKR (y), BEATR Vel Jufii AR (x), F5-L At [a1 )
J7FEHN y=—0.8158x+15.233(R*=0.9946), 1% ZJFP
1 Mw
1.2.4 ZJFP W) BAMELE AP IE S 5 il 2
1.2.4.1 ZJFP SE&MI/KMAYHIE  BCTHEm s
IR, FREGE S ZHEREA, LA 1 mL 2.0 mol/L =32
BRI, 121 °C fin#k 2 hP, &<, W+, InAH
BEVE e, TR T, L B R 2~3 IR I AIKE
e, e AN TSI PRI
1.2.4.2  HUREGH IR S MRBECH]  HERMBREUIT T bR
iR, IMZKBCE 10 mg/mL bRUEE IR BRI BAAR, SRS
HBGE S AR R AR TR A T T e = FE b v N
60. 50, 40 pg/mL AUFRHE SRR, AR P8 75 205 HoAq

BE1.25.1.66.2.5.5. 10, 50, 100 1%,

1.2.43 BEFEIEGEAMA HRPESCHR [30], KA Dio-
nex™ CarboPac™ PA20( 150 mmx3.0 mm, 10 pm)
AR SRS AR 5 pl. st AH,0), iish
#H B(0.1 mol/L NaOH), 7 #)#H C(0.1 mol/L NaOH,
0.2 mol/L NaAc), #ii 0.5 mL/min; #3154 30 °C; 7%
B AS . 0Omin A AH/B AH/C #H (95:5:0, V/V/V),
26 min A FH/B AH/C #H (85:5:10, V/V/V), 42 min
A AH/B AH/C #H (85:5:10, V/V/V), 42.1 min A #H/
B #H/C #H(60:0:40, V/V/V), 52 min A #1/B AH/C
(60:40:0, V/V/V), 52.1 min A #H/B #H/C #H(95:5:
0, V/V/V), 60 min A #H/B A#H/C #H(95:5:0, V/V/V).
1.2.5 AFEAKEH ZIFP Y DPPH [ HH LT RR fE
FME BURERTH] ZIFP 1 &, Bo ot 2wk
4 1.0 mg/mL 19 Z MW . W HE 2.0 mL, 1A
2.0 mL % 4 0.02 mol/mL 1) FLAT DPPH £ B %
W, RG2S, F 37 C T #GR A 30 min, W&
517 nm ARG EERPY, Vo VERHPEXTRE . #A=0TE
DPPH [ H3EWTBREBE ST . LA LB DPPH &K
XFHRZH A, RFBARURE A EZS A4 Ap, ZHEFE TR
Ago

WDPPH(%) = [1 - (As _AU)/AP] x 100

1.3 HiELE

FTAFESAIEAT 3 e, & PE2E 7R A SPSS
18.0 Gei k(447 B R 2 7 2253477, Origin 2019b X
w472 B4 pr, % 50 s F1) FH #4 Chrome-
leon AbHHE
2 GBR5HH
2.1 AERHEEERATZESE

Xof SRAE TR AT IR P4 T 220 S B e, 255 W
Kl 1. A ZIFP i) % 5~ 44.01+2.18~66.05+
0.98 mg/g; FIAE Y ZJFP & £ 24 41.08+2.27~59.66+
2.97 mg/g, MR h 2P & | SRR UIAESC,
A K ATEAMRR I CTEFEZ IR, ARSI MR E e £
W RFLR ., B4R Z2JFP 7 A 7THE 8 H 7 H

80.00 =
2 A == A
60.00 | b g b B
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0.00 L
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Fig.1 ZJFP content in different stages and different planting

methods
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ZHEFE D E TR (P<0.05),7E8H 7HZE 10 H
7 HZ AR 8 PR AN ZJFP 7 H 7THE 9 A
7THZE S EEE FEE(P<0.05), % 9H 7HE
10 A 7 HZEIBHA TR,
2.2 ZJFP B3 FRENT

F WX PR IR MR T 40T, DA TR S R A b,
INZEAE SE AL BR, G5 R WA 2. K ZIFP BEUAE
1.2.3 TAE A N U 75087, ARV O B Bl ] DK
ZJFP 434 P1. P2, P3. P4 DU2H4%, Hirp P1. P2 4
AR R, R BB AR, S 3 Mw 43 i R
5.23x10°, 10.03x10* Da; P3. P4 WTH FRE/]N, 15 BE i)
(A58 0, SEH Mw 433128 2.03%102, 0.39x10% Da, Ul
Bl 3.
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Fig.2 High performance gel chromatogram of Pullulan

reference substance
H: A. Mw F 6.10x10° Da; B. Mw &K X S 2.10x10%, 3.75x
10° Da; C. Mw #K ¥y 3.65x10°, 1.31x10%, 8.21x10° Da.

A

P1
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Fif [ (min)

P2 2043 5 LB Wi ok APAE Y ZIFP /Y P1 A1 P4 TR
ASLH 53 1 5 BB A BRI, P3 4H 4 & B e T U
K. P2 Hor & EiF L Hm . FEE BRI, LA
AN TR P1 ZHS0B W FE, P2 ZHS)
o5 L3 R AR 43 i R AR AR Ak, PR Y ZIFP AH
Xf 4T N 4.46%105~5.84%10° Da, ¥74E 1 ZJFP

XA 6.90%10°~6.12%10° Da, W38 1,

1 R[EESH ZIFP AT /1
Table 1 Relative molecular weight of ZJFP in different stages
SRAEIF ] o i
TR 3048.17 4392.49
8H7 5844.23 6116.64
977 1181.74 1132.58
9125 1265.06 919.66
1017 445.71 690.09

2.3 ZJFP HHBBER N R EDT

Bt 1.2.47 T il 85 10 2B KA R T T
RGEHATHIHT, i EEARAE SRR S AT, P RIS
A ZIFP FR/KFARWIIA O Fhaa b 4, #2453 B i (a]
MRS R il . TR b . BRZENE ., 22U, 3l
Y. ABE . HEENE . LR . H SRR, UL
Bl 4, PRSP 2000 S 2 iR AL BRAT, SR ST
FEs e B, I AS R EEAR S il e Al 2, etk
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Fig.3 High performance gel chromatogram of ZJFP at different
stages

TE: AP B A s P1~P4 ZIFP 7ESEICH: i Mw K/Norhy
PO

Bl 7 PR AR S 2R G, BFZE SR ZJFP |1 P P4
W A4~ 2H 43 % B 28 BEAIR, P3 2H 43 SRR RS Fa e

6 5 1.0 1‘5 2.0 2‘5 3.0 3.5 4.0 4‘5 5.0 5‘5 6.0
PREIRHE] (min)
P4 OB A (A) SRR A 208 (B) Hh 2% OB ZEL I
BT EigE
Fig.4 Ion chromatogram of sugar components in
monosaccharide control sample (A) and ZJFP (B)
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Table 2 Standard curve information of each monosaccharide

FrFEZ AR - B3 st i) (min) R A
FHNE 4.5503 0.5244 0.9921
[TEDA(sh 9.6170 0.609 0.9921
Raw 9.9337 0.3754 0.9953
L 11.9253 0.9019 0.9923
IR 14.0087 1.0758 0.9914
N 16.5753 0.9556 0.991
b 17.8587 0.6859 0.9969
Sobk 19.9420 0.2992 0.9937
(23 21.4337 0.718 0.9978
FLHRE R 34.4670 0.3962 0.994
LEZ {7 35.0337 0.4635 0.992
G BRI R 37.0920 0.7971 0.9951
TR ERE R 39.4670 0.3032 0.9922

MR AR E RN ZR, ST N, S bl . Al
PERR . BrhArobs . BREEWE . LBl AR . APE . B
Bl RV RR M S . PP ZIFP 9 PRk
SE 24 S B2 0.93. 0.94, 35.09. 36.68., 25.25,
29.86. 5.36. 4.25. 23.41 mg/g, B4R ZJFP /1 9 Fhea
WIS B2 1.06, 1.06, 36.72, 43.73, 29.27,
23.57.5.90. 3.66. 33.86 mg/g. MIE 5 FRTLIFE H,
PIFPSHY ZIFP th 9 RBP4 8t e e 19 )2 FRAER
B, HRORBATRLAR, I 5 Ol 5 A A B R IR 5
FEAHANE, Fr o5 EL Y 0.4%., PAFPISRIISAE AT
TERR BT RN . AT . 2 ZUNHIE R . 5 RN A
ZEPHHIE R RO R AR 2R D O L3R, BRI 3L
BE L ARKE R H BB AR Z o0 Lhudi s B A R
ZJFP P ZLBEIE IR o5 Lh i ik 25.00% . 4 26 B TS TR
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Fig.5 Changes in the content of polysaccharides and
monosaccharides in ZJFP at different stages

e AR B A

AT R 1.08%; PR ZIFP A2 UHRERR &5 L
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