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Abstract

In order to explore the effects of different extraction processes on the extraction and bioactivity of
jujube polysaccharides, jujube polysaccharides were extracted by hot water extraction, ultrasonic
ice bath extraction and enzymatic extraction, and the best extraction techniques were optimized.
We performed different extraction methods for the analysis of immunological activity. The results
showed that the optimum extraction conditions for hot water extraction were as follows: liquid to
solid ratio of 25:1 (mL/g), extraction temperature of 90°C, extraction time of 2 h, at which time the
extraction rate of jujube polysaccharide was 54.27% * 2.64%. The optimal process of ice bath ex-
traction method is: liquid to material ratio 25:1 (mL/g), ultrasonic power 300 W, ultrasonic time
20 min; under the optimal extraction conditions, the extraction rate of jujube polysaccharide is
56.93 % 2.79%; the best enzyme extraction process is: 0.5% mixed enzyme (pectinase:papain =
1:1), enzymatic hydrolysis time 2 h, enzymatic hydrolysis temperature 40°C, liquid to material ra-
tio 25:1 (mL/g), pH 4.0; at this time, the extraction rate of jujube polysaccharide was 55.22% =*
2.54%. Comparing the three different methods, the extraction rate of polysaccharide obtained by
ultrasonic method is the highest. In addition, MTT and immune factor release experiments showed
that all the three processes were toxic to RAW264.7 macrophages, but promoted the release of
immune factors. The polysaccharide extracted by hot water extraction method had the strongest
immunological activity.
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1. 5]

H(Zizyp husjujuba MillL)NBRZFPE, JEMYIERFRSE[1], NFRRNAR, TR, fEg, KR%,
ATERE ALz, AGRNEE, MEWT, THEFE, REVNESE, X EZESmELTE, Bk
pa. s Wabs WARTE2]. AT, ARFSHEEE AR, 4EAEZZME . 2 B B
SRR TG R [3], S 2 HE[4] B API[5] R BEER AR (CAMP) [6]2 55 EME M A7)
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BR ) 4% 1 2 BE U EALRE Bl B [2415 R A KII Bifdvd. MRk, B Ok - Bk, Philik
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Bk, ASCRHAVKIZIERI A UK R DL R SR I =R AR BOR 2, 0t B AN A
W7 R BERICR I RE M, I H A Rd PR AT WP AR T, RS RERIR A TT A A R fit— 5 i B
WAk .

2. MRS
2.1. HRLSRH

ARy W INEEE R KR, WM AR AR A F (S0 CTE, M 70 H4&H);
AR (A B 21 2 K (1800 U/mg)- SR EF(1000 U/mg): b i &R A MR A IR A 7 s AJNE ABFG3 U/mg):
Fgr TR EE)AIRAR ;. HEEERE G250: EAERNAKAERAR; AAMiE: Gibeo A H;
DMEM/F12 (1:1)}:7##: HyClone A w]; MTT: VLIFglEAEDH REMBARAR; IEZHELPS): iR
AR R A — SRR & S ERINAF & : Beyotime AW, HARSLIAAIIHA
[ 7= 43 Hr 4l

2.2. {438

TU-1901 AN W3Ot EE v Jbst 8 Arim A A IR TR A Rl s HH-42 fEIR/KE#: N E SRR
WEMRAF; LXI-IB B0l il Z B2 JY-921IN & A A AL T8 Z R
M EBR A SHI-4 AW IEIRRE I HipEas: H NS AARA PR A Fs GZX-9070 HL AR XT84 -
RS A FRA R ST PD-1C-50 B 25 A U5 8L bRt 18 B sE 30 A 43 A PR A =] s DZF-6050
HA T IS A PR AR BT84 s ATX224 M KoF: HA B3 A &) RE-5205 gk
AR B RANAER] ;s EIx800TM EgFR{X: £ BioTek Aw]: CO, AALIETRAH: FEEN W H/REY
B (hE)ARAH .

3. EWGE
3.1. EZRESENNE

FREXZ: 100°C T4 24 h J5 O & 0% 10.0 mg, ZRMH/KE R E 100 mL (IR, 59K E A 100 ug/mL
BEK, 73l # L 0.2. 0.4, 0.6 0.8+ 1.0 mL bRV T B IZEIRXE H, MK 2.0 mL, 750N 255
BN 5% PR EH AW 1 mL, $2E], EINKERER 5 mL, FREJFRE 5 min, FRARAH 30min, T 490 nm ik
MEWOEE, LAZS VEBCNS L, 0 AR S R A bR, MRV BE R AR AR , 20 ) 61 267 b e T 28,
BEREHTRE: y=9.7657x +0.0354, AHIZRE(R>=0.999).

WG, R ZFERIEITHE AR, SRR, AT
(A-b)xv

axm
e A PRI RIS E IO E A : VR Z S UE 25 AR mL; m NFRECE 1 JFR T /g .
3.2. BRAGRIBERBUESE

DAPREUIR S VR . SREU 52 R 28, B85 D R 2 B IR IR 1 50«

1) HRHHR R B P 5

FREX— 5 & 8y, (R e fEEUa] 2 h, BoRkEE 20:1 (mL/g)Z&4FF, HEIEEGERE 50°C. 60T,
70°C. 80°C. 90°C. 100°C X2 L M FEHUR FI 5200

2) RO SR HCER (1) 5 MR

TSR =

x100% (1)
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FRE— 5 5 (140K, 72 [ 2 J2EU (R 2 h, $2EGRE 90°C %M T, HEWkL 10:1, 15:1, 20: 1,
25:1, 30:1, 35:1 X RZHEHEEER M,

3 )FR I ()0 $ 2 1) 5 i)

FREL— 52 =, EEE MR 25:1 (mL/g), $RBUREE 90°CHIZM T, HEIREUE 1, 1.5,
2, 2.5, 3, 3.5h X EZHESRBUERIIFN

FERD R RIR I Bl b, e SRR A (°C). FEEUN A B (h). MR C (mL/g) 3 MERHER, XK
FIEZZREE 4T, ek R ZHESR N S LR I T 2550, 115 25 DR 2R (a0 AH LA P o 2 22 W ) s i,
DL HRIKIZ B IE IEAZ RIS R AP 1,

3.3. BERKAERNELHE

TEVKI IR 26T, 2SS EE RN, CUEA R E . R, @A RN R, H5R%
EPSESEA i E AP

1) 8 75 B[R]0 $2 H 2 (1 5

FREL— & 18Ky, 7R @A Th% 200 W, R 20: 1 (mL/g) 2611~ B8 A I 6] 54 104
15, 20+ 25. 30 min X & 2 HEFEHCR KR .

2) VR R ER 5

FREL— @ 8Ky, RS S I 6] 20 min, A IR 200 W KIZ4F T, HEWEIE 10:1, 15:1,
20:1, 25:1, 30:1, 35:1 XL HEFEHCR IR o

3) S D EE R R I 5

FREL— € & (1800, FEMORHEL 25:1 (mL/g), 4L A I 8] 20 min () 5%4F T, B 5 A T3 100+ 200
300, 400, 500, 600 W X 4 WEHEEUZ K520

FER R E I RERE 1, R EEATIE A (W), AR B (min). WEHL C (mL/g) 3 MEEHE,
K IEAZ RIS 4T, ek R 2 BRI S R AR I T2 240, FE43 & DR 2% (A B AR A6 22 B ) s,
32 2 B A PR VKSR B E ARG P F K.

3.4. BREERIVE S bR

FREL— 58 2 108Ky, 76 [ ok b ol 25:1 (mL/g), #5 50°C, pH 5, 4302 0.5% & i 5 ) SR e 1
AYERTE. IRAT | PRI ANEAR = 1:1). BEMH 2 CRKREANEARK = 1:1). BEH 3 Rk
B F 2 R RN E AR = 1:1:1), {RIE 2h, THEZE 100°C, K 10 min. 285 H 5200 208 BB R K Bk
o 5, EREIRE 50°C, pH S, BEMETE] 1 h, WBORHE 25:1 ISR, B S BN £(0.1%, 0.3%,
0.5%, 0.7%, 0.9%).

DABGARIEE . pH R BRARES AN RI 2R, 558 % F M R 2 B IR I 5200«

1) AR X HR I 2R (1 5 e

FREL— 52 S Ky, (R E pH S+ BEMRRT R 1 h, OB 25:1 (mL/g) 25 0F T, 58 RERR B 40°C
50C. 60°C. 70°C. 80°CX} &L WEHEEZ IR,

2) pH X $R A ) 5

FREL— 52 8Ny, 7EBEMRIRE S0°C. BEAARRA 1 h, kML 25:1 (mL/gI%&HE~, %% pH A 4.
5. 6+ 7 8 KT EEZHEIREUER MM,

3) VORI R

FREL— € (180, 7E pH 5. BEMFTA] 1 h, BEMERIE SOCHIZMN, FEHMEHE(mL/g)y 15:1,
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20:1, 25:1, 30:1, 35:1 X EZHHRECRIRM.

4) T [B] X HE B 1 5 e

FREL— € B 188, 16 pH 5. BRARIRAE S0°C, WML 25:1 (mL/g)f 2%~ H &I E A 0.5, 1,
1.5, 2, 2.5 h XL A0 o

FERAR R SLIG R al |, 365 pHA. BERIRE B (C). BHR L C (mL/g) LA K BRI (7] D (h) 4 N%%2
K&, KHIEZRE T, A R 2R B R IR I L 225, JH15 & IR A BAE FX R 20
(RREIE, % 4 B AR S A TEAS G R 3K i

3.5. MTT H14iX18

RIS NS 774251, BUEK RIFHIAT 5 AR K I RAW 264.7 EREAIAR, 540K
FER 2 x 10*A/mL, $FT 96 FUH, AEFLINAZIIEIF 100 L, 7 5% CO,, 37°C M Fsa hilt 1745
78 12h, FRANMUNGREE S, WFEfLN LW, H PBS vEE ARG, LIS RE =K T2
HURN P2 28 B 8 1 0 22 W8Tl 0 1) A [RI9AC B2 B AN [\ 125 2 BBV (10, 30, 50, 70, 100 pg/mL), ZFH
XSTREZHINA 100 pL ) DMEM S8R5, B4k 6 NPT, BT 37C. 5% CO, MR IT R 77
24 ho RiFREE R G ERALIN 20 pL FrEERCHI G 5 mg/mL () MTT B, 4k8:559% 4 h, FE EE®R, S50
A 150 uL DMSO % f#ytie, THIRIRG R IR 2] 15 min, FIEEAR{XAE 490 nm FillE %71 OD {H, o7
LA RS0 5 T 3 WK

3.6. EELFEX RAW264.7 ERELRRR S 7 S B B FROR

BARTTHERE 2.7, BT MTT WA DMSO ¥, HUEEFLI RSt TN E . % NO 1 H,0, 1
TR o 1 B 5 0 5 v 2 e S VR AT NO Al H,0, &

3.7. BB

SLIGHHE A x + s Ko, K SPSS19 BAFHEAT T 24 HT
4. ZERE 7
4.1. FIKRIEE

POKRIBIE & K 20 R 2 SRR R, il 1.

A A5, ERDERREE 2001 (mL/g)s FEEUESIE] 2 h, 22 PEHEHERBE IR 1 T m i A BT
FCJ PR iR A R A R A 2L, AR ) 2 RERIE I AN A . IR 90°C Y, R BER
BB ST, Vi s 2 057 W 0 AR, Rk ok B DGR BE 90°C R fe £ o

B w4, 78 [ 3R BURE 90°C . WCEHEL 20:1 (mL/g), BEFZEC ] AW n, A2 ph iR EE
Bz FtaE, UmECA 2 h B, SRECRIR B R, BEE SRR (R g, A, AR DL R R A A
JRARGRVE H, R WENIE HARRPE SR, MRS 2 MR PRI R, MOEREL 2 h Dy SR Ao

M C A, 7EEEFERGRE 90°C FEHUTE] 2 h 50 F, A2 WEHFEHCR BE ORIk hnmg B 7t
MRCRFEL A F 25:1 (mL/g)f, FERHREUE N 53.49%, BEE BRI ELHIA T, R RHRBUR N %,
WEEUBCRIEE 25:1 (mL/g) N A BURHEE

Figh, HE LA TERE N, SERE A ORI [A] 2 h, $REGRE 90°C, VR 25:1 (mL/g),
B AyB,Cy,  HEEMARKIZIEIFIRECE ZHER T 2T : MR C < $REUN A B < $EEIRE A, ik
UG S AT AT 3 APAT SERRIIE, TERMAMT T, REZRIHEIES 54.27% + 2.64%.
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Figure 1. Effect of extraction temperature (A), extraction time (B) and liquid-to-liquid ratio (C) on the extraction rate of ju-

jube polysaccharides

E 1. REURE(A). REETE(B). i&RIEL(C)X R PR RS

Table 1. Orthogonal test results analysis table (Lo(3°))
# 1. EXRBERIRLGY)

FSE
5 L REIU(%)
A (REUR/ JC B (#2HIf /h) C (EH&LE mL/g)
1 180 °C) 1(1.5h) 1(20:1) 42.52+3.24
2 1 2(2h) 2(25:1) 46.57 +1.52
3 1 32.5h) 3(30:1) 4540+ 1.12
4 2090 §C 1 2 46.80 £2.12
5 2 2 3 50.11 £3.70
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Continued

6 2 3 1 48.67 £2.57
7 3(100 °C) 1 3 41.85+1.34
8 3 2 1 45.68 £1.71
9 3 3 2 4424 £1.65
K, 134.49 131.17 136.87

K, 145.58 142.36 137.61

Ks 131.77 138.31 137.36

R 13.81 11.19 0.74

4.2. BEEKBRIE
VKIS TR BGE A R Z 5 R 2 BRI BCR 5, N 2.
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Figure 2. Effect of ultrasonic power (A), ultrasonic time (B) and liquid-to-liquid ratio (C) on the extraction rate of jujube
polysaccharide
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M A BTE W, B A 20 min. WORHEE 25:1 (mL/g) 264 R, A IIRAE 100~300 W I, L pk
SRR R 5 ) SR (0 B It AW T v, 24 A DR KT 300 W, i R £ A R RN T R R
fES R ZFERICR 2R a3, WMok 300 W B N R AT,

ME B AIEH, HEE B 200 W, BEHEL 20:1 (mL/g)i, A A 1 FE R 55 A I R R 189 &2 21
B rrpea s, DRI Ay A S A o R I 7 T P M I S S ek, TR R AR T (RN, TRV P o AR
AW, A I AT 20 min B, RIS TR, P, B 20 min AR S m ]

M C AT W, 7ER A IR 200 W, AR ] 20 min 604 K, BEEBEILOR W R, EE2h
PR Z 3N, 4ok 30:1 (mL/g)i, EZMSRECRIFUAE TF47, (HRIEE R, N
30:1 (mL/g)Jy s A3 6 A ORHEL

A, AR 2 2 1RSI 45 IR M R PR, S SR L 2 A O+ i A IR ] 20 min. B T 300 W
WOELEE 25:1 (mL/g), B A,B,C, , Hs¥mi A2 BURZ HER) T 207 : WOk C < AR B < @A)
KA, WIS FAFAT 3 A PAT SRR I0UE, HER R 2 HE IR IR N 56.93% + 2.79%.

Table 2. Orthogonal test results analysis table (Lo(3°))
# 2. EXARERSHRLEGY)

HE
o PRI /%
AGHEF T Z/W) BGE A I [ /min) CCRHRB EE mL/g)

1 1 (200 W) 1 (15 min) 1 38.22+1.50
2 1 2 (20 min) 2 44.18 +2.81
3 1 3 (25 min) 3 40.38 + 1.51
4 2 (300 W) 1 2 45.49 +2.64
5 2 2 3 51.23 + 1.64
6 2 3 1 48.00 +3.18
7 3 (400 W) 1 3 38.72+2.44
8 3 2 1 4572 +2.42
9 3 3 2 42.17+2.83

K, 122.78 122.93 131.94

K, 14522 141.13 13234

K; 126.61 130.55 130.42
R 22.44 182 1.92

4.3. ERRRIRENGL

1) BEA ARSI B, W 3 Fis, BATAT LIS B AR AR & 07 IR G 2, JLRZ RN
RN 52.74% + 4.15%.

AN, dilE 3 A, EMURIEG 25:1 (mL/g). ERARIELEE 50 C. WEARITI 2 h, pH S MR, BEEREN
IR, AR RIS T R R TR, IR AR TR BIMRIRES, BRI U
$90.5%J9 8 o
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Table 3. Effect of enzyme combination on polysaccharide extraction rate

%% 3. AN T SRR

a2 g4 & ZHEFEER /%
1 LR Y T 38.93 £2.00
2 ESiid 49.02+0.36
3 RAEE 1 4337 +4.99
4 RATH 2 52.74+4.15
5 RAH3 50.32 +2.14
60 A
554
x 504
. 454
) .
B 40
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¥ 354
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Figure 3. Effect of enzyme combination on polysaccharide
extraction rate

& 3. B =X R ZIEAIREER N

2) BEfAE T & R Z o B2 PR g, wlE 4.

P A AT%0, CEBEMRNTE] 2 he WORlEE 25:1 (mL/g). pH 1 5.0 14 F, BEMEEIEAE 40°C~50°CHY,
REPESRIDCRAWIE N, iRk LRGNy, SERCRIF M TR, MR 70°CRE, REREHENEE |
g, FRE TR E SRR 70°C &AM N A, A PR AR B 1) B AR SR R T R A B
W RIIREL 50 °C A BEARR FE

B w40, EBFMIREE 50°C. pHE 5.0« WCEIEL 25:1 (mL/g) 5 T, 222 B4R E R I il A 1 1) £
I, UGN RS 2.0 h B, RERERIRIGRE T TR, WA AR 2 RSN R,
s 3 BB T 1) 2.0 h D def:

BB C A%, ERGMENTA] 1 h, BEMEE 50°C. pH1H 5.0 140, 4RI 15:1~25:1 (mL/g)i, &
ZREPEEZEAMIIG N, ORI L 4R 3G iy, {15 52 A B AR A CEVE W I B F R B, T T A
I AH LRk L2 R B, IS SEEETITAA T B, UL 25:1 (mL/g) A R L .

B D a5, EWCEIEL 25:1 (mL/g). BEARIGFE 50°C. BRI 1A 2 h &4 F, BE#E pH {H AL,
L PEHEM R I T &5 N, pH ECEE#R 2 2 A B R A0 1E, IR EL pHS.0 i
£ pH.

Fhh, KRR 4 IERIEE RO T R IR, BAER ARSI L 2 %048 BARIERE 50°C . BEfRmT H
2h. WOELLE 25:1 (mL/g). pH4, Bl A,B,C,D, , H il RS BUR Z W T 2007 . $2HU ] B < pH {H
D < BHELL C < BEARIRSE A, ST SZIE S AF AT 3 4 FATSEI0 50 E, SRR B2 IR ER N 55.22% +
2.54%.
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Figure 4. Effect of enzymatic hydrolysis temperature (A), enzymatic hydrolysis time (B), liquid-to-liquid ratio (C) and pH
(D) on the extraction rate of jujube polysaccharides

4. BBRERE(A). BBRERTEI(B). RHIEL(C). pH (D)X E L HERENR AT

Table 4. Orthogonal test design and results analysis of enzymatic extraction of jujube polysaccharides

4. EEARBESEERRE IR SER I

ESES

Fr PRI /%
A (RE 5C B (17l/h) C (BH H/mL/g) D (pH)
1 1(40°C) 1 1 (20) 1(4) 47.87+133
2 1 2 2 (25) 2(5) 49.04+2.16
3 1 3 3 (30) 3(6) 46.12+1.31
4 2(50°C) 1 2 3 4791+ 1.40
5 2 2 3 1 52.04+1.63
6 2 3 1 2 49.60 +2.10
7 3(60°C) 1 3 2 4433 +£1.06
T ERR
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Continued
8 3 2 1 3 43,10 £ 1.39
9 3 3 2 1 46.75+£2.12
K, 143.03 140.11 140.57 146.66
K, 149.55 144.18 143.7 142.97
K3 134.18 142.47 142.49 137.13
R 15.37 4.07 3.13 9.53

4.4. MTT 141

MTT SR Y], LRI LU RAW264.7 A3, 0 T4 A RAIMHIER, I HA RSB %M
AL WER) e BEm PRI EAAIA, G5 R A0 5 B o ol W, B3R BOR 2 BE 0 AR rh ik BE ) 2 X RAW264.7
MM AL BA AT, MK S 2R s TR A KRR 2. ik, £ ERE
b BEARETEIOTOR M SRV e/, FA PR — Bt % SEIR 45 SRR WIAN R J5 VA SR 2 Wl 45 4 B
B HNEPERE BN, T AN R A0 VR LB PR A — R, X T4 A 1 AT i 22 5 26] [27].
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