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Optimization of Alkali Extraction Process of ‘Jinsixiaozao’
Polysaccharide by Response Surface Methodology
and Its Antioxidant Activity
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(1.College of Horticulture, Hebei Agricultural University, Baoding 071001, China;
2.Research Center of Chinese Jujube, Hebei Agricultural University, Baoding 071001, China)

Abstract: In this experiment, ‘Jinsixiaozao’ fruit was used as raw material, the effects of extraction temperature, time,
solid-liquid ratio and NaOH concentration on the yield of polysaccharide were investigated by single factor test. On this
basis, Box-Behnken experiment was carried out to optimize the extraction process of alkali extracted polysaccharides. Its
total sugar content, scanning electron microscopy, infrared spectrum and antioxidant activity were determined. The results
showed that the optimal conditions were solid-liquid ratio 1:35 (g/mL), extraction temperature 80 °C, extraction time
120 min, and NaOH concentration 0.2 mol/L, the polysaccharides yield was 11.44% with total sugar content of 69.39%.
Scanning electron microscopic observations showed that it had irregular block structure with compact inside. The infrared
spectrum showed that the alkali extracted polysaccharide of jujube had the characteristic absorption peaks of acid
polysaccharides such as C=0 and C-H. The antioxidant activity experiments showed that the alkali extracted polysaccharide
had a certain ability to scavenge free radicals, and the IC,, for DPPH and superoxide anion free radicals were 1.201 mg/mL
and 1.176 mg/mL, respectively. This study provides a reference for further developing functional foods of jujube

polysaccharides and studying the structure-activity relationship of alkali extracted polysaccharides.
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W ( Ziziphus jujuba Mill.) 22 BRI JE 1M,
g, Axgz/NARERE T RIS —, 2
SIARTELLZRAS PO AR . Witk JoReRRdbmyve E L Bk
HLAEH, R SCAZ /N2, RBTA I, A 2R, BRI
BT SRC n] IE WG B 2825 S 22 AR 44 o

IR S EERZER | gl SREZEE | 2
SEEITEE ST, Horth Z e 2R m 0 TR G, B
BICEACS ., P, s PR E  SR gk 45524
BRI . Chang 55U 5T #2 BH, AR S Fr iRt Z2 1
XK B8 1B GV E R S B i, B B bk
T s AR A U WF Y Sk IR PR A 2o m] LLAE A B
W B F 24 N BB S LA A S, A 3T
FALNEL . Zhao S5 WF 5T R AL 2B h R T 22 HE
A H e R G e . UL RS s AR R s a2
W EEIRIGITT R 77

H ATF 58 00 2 R BT vk R A 1L 5K 2
VL S BRI . DRV IR | O B R TA L I A
TARARIRAET ., BERSE T, A oY 2 B G A e
FRBGE AT DLPeEia e M 3R BUE Y 4E A BE i 20, =
PSR, M T a2z NEZSPEE T. 25 Xt
AT PR ITSEHE R L, AR T R AR B H
Gz 22 /NN, | Box-Behnken 5615 2 /4 T
BB R AR L T p T A AR TR T ST, B
SR ZHEN T -5 A SRR
1 MRS
1.1 RS NEE

G2/ NEAIR TR N T 95% B
RN TOK ABEAEI Sy [ A oy A Al RERTTAE
AR s 1L, 1-T R He 2 R E 3L (1,1-dipheny-2-

picrylhydrazyl, DPPH) | i#E#T48 4 B JL R SEER
FATBRA Tl SRR A = R R

FIA RS o

TU-1810 XUCH AT L4 dbatif
HT i A B AT BRZS 75 SYG-2 %5 i 1H VR /K V5%
H P B AR A BRA ] IKA RV 10 RUGEFEZE A&
A B THRACAEZR A FRA Tl CT14RD Al 3l R
BLOHL RMERIFEREEANZSA IR AW DHG-9420A
pUNSENE 2 R VE R e ) e e TR T A 1 4 9 VA R S
ZNEiR
1.2 ZEWHE
1.2.1 BIRZHE T 2mE  Hioitisa g/ a1+
Brrrad 60 B, A H. T 95% LEETALFERRAR
JEHNA NaOH UK, 7Kk, 2504 7% (8000 r/min,
10 min), B bW W5 WUR A, In A 3 5 IR B
95% ZIE, 4 °C yKFATH R 24 h, R E O3 ISR E
SWEDULE, BHT 72 h(12000 Da), Y 4i s BT HE B
THEEE 60 C TR 3 d BP Sk 4 22 /N L 22

B FRECT N FZEXTRBUR . B ORHE LR
INETO) & B 5o e 2 2 o = 1 W L CIIVATR W o
TIARE S 22/ N 2RI T 22

1.2.2 BAPRZESCE B g 208y, LIRIUREE 70 °C,
P2 EL AT (8] 90 min, B EE 1:30 g/mL, NaOH ¥« J&
0.2 mol/L SN FEREEE, EiT45 R 2 7K 43531 A HEE
JHEE 50,60, 70, 80,90 °C,BRELHS 1:10.1:20,1:30,
1:40, 1:50( g/mL) , #& HL B} [A] 30, 60. 90. 120,
150 min, NaOH %>/ 0.1, 0.2, 0.3, 0.4, 0.5 mol/L,
HE 3K, WFFEA R R X 4 22 /NI 2 IS R
BRI

1.2.3 W EHR T ER B R S g B b,
LA NaOH ¥R (A) . BHE L (B) FnBuE)E (C) v A
AR, A 22 /N Z2 BEAR R o 6 AE , AR 3 Box-
Behnken {36 5011 = 28 =K P 57 a6, 156 4]
FE 5K ILER 1.

1 W LT Y N R S KR

Table 1 Factors and levels of response surface experiment
HE
K ; -~ y
A-NaOHYJE (mol/L)  B-FHE I (g/mL)  C-#EIBIREE(C)
-1 0.2 1:30 70
0 0.3 1:40 80
1 0.4 1:50 90

1.2.4  SOBE S I S AR e 2RI e ik
I REREAS v B B B, DA 2800 o R A A Al
PR, OD 90 nm 0 INAETR, 25 il B 2 AR HERH 2R . y=
0.0052x+0.010, R*=0.9948, AR & [2] =1 Jy A4 HAf
A USSR 69.39%

G 22 /NIRRT

ZHETFFE(%) = M/M, x 100

o M: TR 22/ NPT E (mg) s M: 42
22/ INEG AR T R (mg) o
1.2.5 HEREE(SEM) BGE M H B4
WL 7IE 4 AP = (58 FH A fe % g A SRAEHEA 7
PUEZ=S
1.2.6 fEHEARHLT AN GG SHT B 1 mg G242/
AL ZME, 55 100 mg KBr By AR RS UM 2, fd
JHIEFHUE A, 7E 4000~400 cm™' {5 NP T4
JEFAFUS
1.2.7 P il
1.2.7.1 DPPH H HZEIEFRRME =Mk
T IRV R, BUAS IRV i 4 22/ N 2RI (0. 1~
2 mg/mL)4% 1 mL, 5 2 mL 0.2 mmoL/L /) DPPH Z.
B WIR A, ¥4, #6030 min S5, 517 nm &b
FEWCIE, DA Ve RBEEXTIE . DPPH [ i 3EiE %%
A
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DPPH H H13E R (%) = 0

K Ay HZEIERKAERE R IR CEE, A, B
5 DPPH IBW AW, A, NZRIE/KICE: DPPH %
WIS
1.2.7.2 HEBEBIETIEERRNE  SRAISER =Mkt
WA [ e B 22 W5 8 (0.5~2.5 mg/mL) #% 1 mL 5
4.5 mL [ Tris-HCI ¥ (pH8.2) A 25 mmol/L B2
PR 0.4 mLIRA, 7€ 25 °C 7K¥# 10 min, iIA
HE R 8 mol/L ThERIEW 1 mL, 7F 325 nm P R
EWSCRE, UL Ve HBEEXT IR, BAIHE T A R3S
(432597 =R/ W

BARIE T ki = 2T B A

0

100

o Ay NZETRARACERESL OGRS, A AR
MRCEE, A, SHZEIRRKRACARZR =y TR 6 .
1.3 #HIELIE

A SR E A 3 IR, i SPSS 25.0 AT
T 2558 M i 25 PERG 56 Design-Expert 11.0 X 1) W/
Tl g 45 SR 3 AT 4375 M GraphPad Prism 34T
2 FER57h
2.1 BEZRIWER
2.1.1 $RBUREXT 2SR5 RIE 1 ATA, BEE
PRPURE TS S22/ NE PSR L IR FRE
A, FEFRBURELE 60~80 °C ZIAlBEE IR T
= RSN, 2R S8 I, SRR
BEN 80 °C W}, M 4y #Haz sy gonEl, £
WS ZIR B E AR 9.11%; FEBUEEE R 90 °C £hH
1BRGENE N E, X ] HES ZHRIIES IR e M Fa e T
25, B =R Sy S i P, PR pE B R BGEE A 70,
80. 90 °C FATMI N M-

10 - a
b
e AN
S
w O
i
E{&
=ar
R
2 F
0 1 1 1 1 1
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FEHGEEL (°C)

B SRIBOREE XS ZWEA R 5
Fig.1 Influence of extraction temperature on the
yield of jujube polysaccharides
TE: A ) 5 B R oR 2883 R 2 (0] 22 5+ .35 (P<0.05), [ 2~
[l 4 [A]

2.1.2 RRE Xt Rsgm dIE 2 wTs, BHR E
M\ 1:10 #] 1:40(g/mL), & 22/NEZHEIG RS I
Tt SRR LE R 1:40 B, 213K 9.55%, FEHURK

PG AT REXG K T 5ROy e AR, 0 20 o) 4
WU RP, FEERNE LA E] 1:50 B, AR Trg 4
ok g 220l o T L g As [a], S 2P L, 15
RN TG, Ese el b 1:30. 1:40,
1:50 g/mL #A TN AT

10 -
b
| C
8 d cd
&'
& 4
N
2 -
0 1 1 1 1 1
1:10 1:20 1:30 1:40 1:50
FHR L (2/mL)
K2 RHIR EL 23R A0
Fig.2 Influence of solid-liquid ratio on the yield

of jujube polysaccharides

2.1.3 $REUSRIT S igm  fhIE 3 nIA, B
PEEEFTR] A 340, 22088 MO 0 40 it P AS T Rk RS i
Sk, FASFAWE - MERHETR] A 120 min B Z2 4%
SRR BN KA 9.5%, FFL4RLEZE K HTE] 2 150 min
AF 220545 3T B35 AR 1k (P>0.05) , 2B A9
B, PREE A Sk WA AR, T PRI,
IH [ SE FE N TR] A 120 min, ZE AR TGS AS P
gL

10 a a

8 |- c

o

ZHERE (%)

0 1 1 1 1 1
30 60 90 120 150

FEIAFA] (min)
13 BRI )X 22 R A28 0 52 )
Fig.3 Influence of extraction time on the yield
of jujube polysaccharides

2.1.4 NaOH WEXTZHHE5EM Il 4 B, NaOH
$& EL 4 22 /N A Z2 000 BF 9 MR e B AE 0.1~0.3 mol/L
TEEIN, AR RIS TR FASE, Bl i 4 s
PR IAS, B R b i 3 22 b DA B 34 1 . NaOH ¥
J£ 0.3 mol/L Bt ZHHIE Ty 8.75%; K #5 NaOH ¥ &
AN, Z2HEAR R 0 B0 W 2 R A 3 (P<0.05), T
RE R Mol T e 5 3o v 22 W A It i i g P, T R L&
a5 | RS Z2 W8 04 B i, DR LB PEAR MR B2 A 0.2, 0.3,
0.4 mol/L #EA M N AT 1
2.2 oM EIRIELESR

TE PR K L0 45 L LA, (8 R G 22 /N
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<L : Design-Expert 11.0 X{ 3 fhoige s et 7 7t 0
S d ¢ : AT, A5 F) YR B . Y=11.56—0.3513A—0.3325B+
% °f 0.6563C+0.4950AB+0.0775AC+0.6900BC—0.3248 A%—
;g ys 0.7573B°-0.7847C>.
® F S 3 (0] USSR 2R K S A B 4 R T A
T LML P=0.0004<0.01 FL A7 4% 5 5 M, 4 81 15 14
ol L L L 1 P=0.1845>0.05 JC w3k, it ] JFT A1 5

0.1 0.2 0.3 0.4 0.5
NaOH& % (mol/L)

Kl 4 NaOH ¥ JEXT Z W3R A0
Fig.4 Influence of NaOH concentration on the
yield of jujube polysaccharides

ZMEIFA] Y 120 min, P NaOH ¥R EE(A) B H(B)
FERIGRE (C)2h A AR i, 4222/ N Z2HEIG 3 R0 i
{&, FJH Design-Expert 11.0 531 =K 2 =7KF Box-
Behnken J056, M N T A-HT4s R a0 2 s, e 3
Bty X SR 77 220 BT s SR =k 3.

2 WIS RS

Table 2 Design and results of response surface experiment

KB ANaOHVWKEZ  BARREM  CHENURE R (%)
1 -1 -1 0 11.76
2 1 -1 0 10.26
3 -1 1 0 9.71
4 1 1 0 10.19
5 -1 0 -1 10.33
6 1 0 -1 9.28
7 -1 0 1 11.47
8 1 0 1 10.73
9 0 -1 -1 10.18
10 0 1 -1 8.53
11 0 -1 1 10.13
12 0 1 1 11.24
13 0 0 0 11.54
14 0 0 0 11.25
15 0 0 0 11.48
16 0 0 0 11.81
17 0 0 0 11.73

3 AR 220

Table 3  Analysis of variance for the regression model

SRR EHRM AmE BMF FA PlEH  BEM
i 14.22 9 1.58  19.04 0.0004 ok
A-NaOHVE  0.9870 1 0.9870 11.89 0.0107 *
B-BHf L 0.8844 1 0.8844 10.66 0.0138 *
C-HEHURLE 3.45 1 345 4151 0.0004 *k
AB 0.9801 1 0.9801 11.81 0.0109 *
AC 0.0240 1 0.0240  0.2894  0.6073
BC 1.90 1 190 2294  0.0020 ok
A? 0.4441 1 0.4441 535 0.0540
B? 241 1 241 29.09 0.0010 ok
c? 2.59 1 259 3124 0.0008 ok
FR 2 0.5811 7 0.0830
I 0.3868 3 0.1289 2.65 0.1845 ARFH
aliiR 2 0.1943 4 0.0486
J=vill 14.81 16

TE: * R 2 3, P<0.05; ** R EFM R, P<0.01,

& 22 /INAE BRI T A3 AT o IR AR AU (1 — YR T
A. B, ZZHIl AB i3 ; —IKI C, 38 H.1 BC M.
I B2, C* M i3 Hh B4R B 5 22 AT gl e ol
FNA% R 20 2 MG R SE IR : C>A>B, BIFEHL
EEE>NaOH WREE>BIE o

2.2.2 WA TEISIHTAS AL 2% R ER A EAE A e T
B 3HT, A2 2845 IR R AR T AR FH X 4 22/ N 2o 4
SR AIFEM . @it Design Expert 11.0 #4440
R FA i 7 T R, 2SN 5. 1E 6., B/ T R

135 .
(& : \
g/,% 1:30 0.2;); wo‘(\()&

K5 B LS NaOH R B R IR 200
Fig.5 Influence of solid-liquid ratio and NaOH concentration
on the yield of jujube polysaccharides

Bl 6 $RHGREE S NaOH B2 X 4 A5 R A0
Fig.6 Influence of extraction temperature and NaOH
concentration on the yield of jujube polysaccharides

DA 7 T B AR S AT R BORE SRR L
A A IR TR PR, RUIAH B2 (A VR B X
WA AR . PRIPGREZ 5 NaOH ¥R EERYIE
BOV2E, R ERSZEAEHAREED . diad ] s
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Fig.7 Influence of extraction temperature and solid-liquid ratio
on the yield of jujube polysaccharides

P SHT, LA 22/ INAS Z2WEAS 3 SRy i N2 A, ol FH ) 1oz [T
FRAF 00 4 22/ INARAE W e T 22 NaOH ¥
BE 0.22 mol/L, B} kb 1:36.07 g/mL, 32 HUIE 3 K
82.05 °C, Wil Z WS AT Ik 11.66%. FSLIGHERME
P AT AT, B G 22 /NS B HCT 252 NaOH
J# 0.2 mol/L. BRELE M 1:35 g/mL . $2HGEIE M 80 °C,
TEVLAAE R, 352 L0159 21 4 22 /N B A9 %N
11.44%, HIS(E 5L PRSI 2E 0.22% J6 i F P2
5 (P>0.05), £5 R FRIIZAETINT Gz 22/ NI AR 2 HHER
BT 28283,
2.3 FHEERTE (SEM) 4t

FH A EE(SEM) 35 B2 R ER A0 22 I o
AFFOERS, DA 8 AT, 4x 22/ NALhaHE 2 e 4
BEHCR 1000 4% 5 2000 5 WEHT, Al A H H b+
B, BEIANIEAR, SREASGH, SR REEIR, iX
T HE AR A b, BT e R T

AR

5
0 um sii 0

P8 B 22/ VAR A R B ]

Fig.8 The SEM image of alkali extracted polysaccharide
from ‘Jinsixiaozao’ fruit

TE: (2)1000%; (b)2000x

2.4 LIHMRIEIE

E IR 9 AT, 4 22 /N3 2 OBE 11 4140 O 1 TE
3442.95 cm™' A —WElE, SRS N SR TR
AR LE PR N5 AP 8 2924.30 em ™ BT A9 I
g 2R C-H R 45 IR s T E™; £ 1746.72 cm™ Al
1624.49 cm ™' =K C=0 RXFHRIUZ Mg JLmg ik
Z W0 RRIE R A G, 3R BH Z2 00 B S S BN I TR AE
1103~1013 cm " [0 %) 55 W A e = 2 ik g 2528

C-O LIRS IE, 73T AF/EREER C-O-C K C-
O-H Z54U ARYRLLANCIE A 45 R W], P20 28
FE Bk 2 < 22 /)N AL Z2 il R S AW I TR 14 L R R
EZL

1746.72 =
1419477 <
110367
101382
418.14236:09 =

162449 —

[ e
S O
292430

B
W
5442.95

4000 3000 2000 1000
B (em™)
F 9 ik a 22/ NEZTEA M EE
Fig.9 FT-IR spectrum of alkali extracted polysaccharide
from ‘Jinsixiaozao’ fruit

25 MEMNEHNESER

2.5.1 DPPH H H 5% Ak DPPH [ H3EH T
PEMAE TR N B BT RIS E . FRIE 10 AT, 4
22/ N WX DPPH L7 BREE JTAHXT Ve 38
55, MITEWRE N 2 mg/mL B, Vo G BRE R
93.88%; Z %I DPPH H FH 3L I IH BRE N 58.90%,
ICs, A% 1.201 mg/mL. FRi72500 fF58 % 31
Wl 2 75 A B 2 W AE 0.4 mg/mL ¥ E ~, DPPH H
FLAIEBRF N 45.02% ., FIATRFE LA —E M)
kR DPPH [ H 306

100 —
80 [~

60 -

TR (%)

40 |-

20 — 2

0 1 1 1 L 1
0.1 0.5 1.0 1.5 2.0

FUEWE (mg/mL)

Fl 10 ZHit DPPH F Hh 3 iR 1EH]
Fig.10 DPPH radical scavenging activity of polysaccharide

252 MAEIE T HBEREERES BEE 11 A,
BB BT B 2R BREE )1 5 2 5 2 EAESE, B
Zepe B sy, R AU ST T H RS BREE TR R . Y
JREH)E R 2.5 mg/mL B, Vo SHESARAEF A 3k
THBRFEAT IR 96.84%; ZHEXE AT EF A b ZLE KR
WithR 76.13%, ICs, {H R 1.176 mg/mL, 157 3 I,
PR B B BT AT
3 i

S S G >R FH W N T AR A 22 /N 2R AR T
2, IR AT RS B i WIR G R U AE TR
PEITSE, FEARRIRZR AT, S22/ NE IS R0
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Fig.11 Superoxide anion radical scavenging

activity of polysaccharide

MK YK Ry B B FEE>NaOH ¥R B2 >R L, 4x 22 /AL
TR PR AL T 2R EE 1:35(g/mL), $RBGREE
80 °C, H¥a] 120 min, NaOH ¥k J#£ >}y 0.2 mol/L, 7E itk
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