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Abstract: The physical and chemical properties and prebiotic activities of polysaccharides from longan fruits, goji berries, and jujube
fruits, hereafter referred to as longan polysaccharide (LP), goji berry polysaccharide (GP) and jujube polysaccharide (JP), respectively, were
studiedand the existence of their synergistic effects was explored. For this, several features of the polysaccharides, such as the basic composition,
molecular weight distribution, monosaccharide composition, microstructure, solubility, particle size and solution potential, were measured, and
the effects of the polysaccharides, alone or in combination, on the proliferation of the probiotics were analyzed. The results show that the three
polysaccharides mainly contain neutral sugars and a small amount of proteins and uronic acids. More specifically, the neutral sugar contents of
LP, GP, and JP are 86.25%, 72.36%, and 82.98%, respectively. The Mw values of LP and JP are 70.73 ku and 185.93 ku, respectively, while the
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Mw of GP is 120.61 ku and 4.53 ku. Furthermore, LP and GP mainly consist of arabinose, glucose, and galactose in molar ratios of

22.49:56.81:10.18 and 16.84:62.05:11.08, respectively, while JP is mainly composed of arabinose, glucose, and galacturonic acid in a molarratio

0f 10.63:70.05:10.88. The microstructures of the three polysaccharides are significantly different. LPs were observed as fragmented aggregates,

while GPs and JPs showed lamellar and mesh structures, respectively. The particle size, particle size dispersion index, and Zeta potential of the

three polysaccharides are different. All the three polysaccharides promoted the proliferation of probiotics significantly and their effectiveness

was dose dependent. In particular, at a concentration of 30 mg/mL, the probiotic activities of the three polysaccharides followed the order of

JP>GP>LP. The highest probiotic activity was observed when the three polysaccharides, LP, GP, and JP, were used in a mass ratio of 2:3:1,

respectively, and this joint effect was far greater than that observed when the three polysaccharides were used alone at the same concentration.

The results showed that the mixture of LP, GP, and JP has a synergistic effect on the proliferation of probiotics.

Key words: longan polysaccharide; goji berry polysaccharide; jujube polysaccharide; prebiotic activity
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5. 10, 20. 30 mg/mL).
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37 CIREAEEFR, H595% 48 h J5HU 1.5 mL M5 771 pH
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B bEET, DS R K ER, DIAEREEEK
N7, 7E 600 nm A4 OD 8, FEAME S EE N
SE 3 e RHALLIETE, DL ODgoo fH ML 4t
PO AVE TR AR LR 22 B0t 26 AR B S B Y s
1EH
1.2.8 EZURIEMAL=FF S 486 RAEBLIL

F1LP, GP 1 JP ESIEXINIERKF R
Table 1 Factors level of orthogonal test for probiotic activity of

LP, GPand JP
S A%
A: LP/(mg/mL) B: GP/(img/mL) C: JP/(mg/mL)
1 10 10 10
2 20 20 20
30 30 30

TE LR Z S (1 A |, 3 10,20 A1 30 mg/mL
ZAYKF, LLE A S A REAN R 2 D LR KR 48
h JGH ODeoo [ENFE SR, Wit ZHER =AKFIER
RIS E A SRR R, RIG R R AT 2 3%
1o HPR R0 45 31 2 0 a5 A Ve M S AR IR BE D 30
mg/mL, e E & 2R ARE N 30 mg/mL, K
FITEFAGTMIE RS 1.2.7.

129 %ito#r

ARG E A 3 VK, 8L SPSS 19.0.0 HfE 4k
i, JEH Duncan f46 MR A ZE R, DAIAFE/NG 5
FEIR (p<0.05) o ZERDUSBEAFAEE ( xts) R,
“KH Origin 9.0 1 Excel #FHR/ER.

2 HR51He

21 ZHAARERL

3FRZHEMAR, TR EHR I 2.
TP (I35 55N 4.07%, LP TGP I35 51N 1.59%
F11.84%, FFEEFEMEZESR (p>0.05). 3 FhEEZHE
AFZS T N FEEA B, ASUR S i SR 92 1)
THRZHEFH A 1.06%~8.58%, SrlkiRiE I %
WS EON 035%~14.12%7), a1 R L HEEERN
2.30%~8.01%42), ZHEIFF R G R A SRR,
PSSR EEHA IR R

LP A1 JP 4EfERN RS, &H — 0T EIE,
GP [MZEFE AR, &4 2 M T RIEP0), 3 R p
FIESFE RN N: JIP>GP>LP. 3 FhZ bl 3= 2l i
AR, SHDENEAR. =2+
MRS SN LP>IP>GP, HIYJi#Ed 70%. GP HIFHEEE
RSB REET LP A1 JP (p<0.05), 1fj JP KA R
SREEST LP AIGP (p<0.05).

2 LP. GP 71 P WOISE. HFEFMUERS
Table 2 Yield, molecular weight and chemical composition of
LP, GPand JP
& LP GP Jp
BHEAFE% 1.59+0.49"  1.84+0.62° 4.07+0.59"
FH5FEMwku 7073 120.61/453 18593
b HAESF/%  86.25£0.60° 72.36+0.41° 82.98+0.84°

WEBLERA/%  10.25£0.14* 13.742£0.14° 10.52+0.25
EORAEY%  3.02£1.14° 337+045% 5.36£1.06®

E: RRNBFEATHLEARHFEF (p<0.05).
22 ZAEREXEA R

LP. GP fll JP [P e L3R 3. 3 P2 HEE A S
AR bERE. 2 ModERER:, HIyLIRrEdE AT, LP A
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GP (AL R EE B, T &l B ho ek
S i ) W s e e Ry N S L | T A
ErEd . 3 FhEpih & BRSO EE,
L 50%. 3 M A BB S R0 NGB IR 2
i HAC BT B 45 FAR LT,
# 3 LP. GP 70 JP RUSMELARL (EE/REL)
Table 3 Monosaccharide composition of LP, GP and JP

A LP GP P
BF#NE (Fuc) 194 306 139
AHE (Xyl) 134 110 095
T #1848 (Ara) 2249 16.84 10.63
#EHE (Gle) 56.81 62.05 70.05
F 348 (Gal) 10.18 1108  5.06

FIUMERSER (GalA) 577 393 10.88
RHEBE (GleA) 147 195  1.04

23 B IE

3 P LA R WL 1. LP. GP A1 JP
{E 3600~3200 cm™ BJHHBL T dRR g, R T
A7 F IR O-H HZERENIERY; 2931 em™ ALK
U g FREL BT S C-H S 4R 34 1103
em’. 1078 cm™\ 1052 e A1 1030 em™ AL FrMR g i
o RUTHIHEEF ) C-O-C {ZiRBNIRAE i, ik
MR IREIE ] DA, LP. GP AP 22 M.
801 cm™ AL FHIRIEFAH) C-H A2 fREN 5|k
(1, 865 co' A11923 cm™ &b ISR T & A THR IR
EER). 1614 cm™ 1420 em™ Jy C=O {H4ifRENHEHE
WS, HBIRIEIOAELE: 1261 e’ AL IS I ik
F£-COOH [¥] O-H 25 ¥Rz 1371 cm™ AbfvR i fE
-COOH 1 C=0 X FrdaiRzh 51 #Ly, 8 3 Fhhi
BIRBRIEZ . UM AR 3 e R £
PEAERE R AR, HYNERYEZRE, SR
iR —

Transmittance / %

500 1000 1500 2000 2500 3000 3500 4000
Wavenumber / cm™!

1 LP, GP #0 JP HOLTSNAILE]
Fig.1 FT-IR spectra of LP, GP and JP
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FEAIR; JP RN, AOEMMAE,

g

o Bk L2
sy
¥

2 LP. GP #0 JP B3R RE
Fig.2 SEM images of LP, GP and JP
7£: (a) LP, x200; (b) LP, x20000; (c) GP, x200;
(d) GP, x20000; (e) JP, x200; (f) JP, x20000.

2.5 SREthETRCEM

3 FhZWERAMRE . RifR. R EEEE (PDD
Ml Zeta HATZE BN 4. =F VAL B EME2E
5 (p>0.05), ¥J7E 40 mg/mL LA E. 3 FhZHERE
K/INA: JP>LP>GP. PDI BRI RAE AT 138 )58
J& , PDI BRI /A RA S 511, = FlZ2 ¥ PDI
K/NA: GP>LP>IP, K] GP AT A E] . Zeta HE
F S B 22 BELE I R R LR O, FEHAT ZEHEEROK,
R HAEE R PR et 3 2R Zeta FRAIF
W, RHINARE T 20 3 FhEiiaiimdg
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F 4 LP, GP 70 JPAREME, RIfE. RENHUERS Zeta L
Table 4 Solubility, particle size, particle size dispersion index and Zeta potential of LP, GP and JP

Hoh AR/ (mg/mL) ¥i42mm PDI Zeta ®A%/mV
LP 44.1340.67 182.70£9.18° 0.50+0.02° 24.1340.15°
GP 4337+0.75 121.07+4.28° 0.81+0.06° -15.30+0.36°
P 43.60+1.61 476.57+27.21° 0.3620.06° -33.07+0.35°

E: RRNBFERFAESNAEELER (p<0.05).

E: AR
(p<0.05). %6

26 B—ZAEthamAEEN

3 R
HIETT RN, 3 R W R G b A PRI E I A (e AT
Mo XFR—MZHEN S, BE SRR,

®5 BHRRNE SIS EKIEERISND

Table 5 Effects of various carbon sources on the proliferation of compound probiotics

) JRJE/(mg/mL)

ol 5 10 20 30
TR 0.20+0.014 0.20+0.014 0.20+0.01* 0.20£0.01% 0.20£0.01%
FEHE 0244000  0.48+0.01% 1.18+0.03% 1.720.05% 1.77+0.055¢

e 0.29+0.00% 1.06£0.00%°  1.5240.05™  1.87£0.055%  2.00+0.07™*

LP 0.41£0.03% 1.18+0.01%  1.36£0.06%° 1.83+0.06™ 2.08+0.04>
GP 0.65+0.06™ 1.27+0.09 1.50+0.10> 1.74+0.01% 2.42+0.03%
P 0.79+0.03" 1.28+0.01"  1.52+0.05™ 1.95+0.04% 2.55+0.03%

BFREFR—HR. RRRARARFEFR (p<005); RAKEFREFE—RE. TRBAAFDFEF
Fl.
7 6 BWRIEXTE & E Bk ERASN
Table 6 Effects of various carbon sources on acid production of compound probiotics

- K JZ/(mg/mL)

" 1 5 10 20 30
FARR 5.70+0.018 5.70+0.014 5.70+0.014 5.70£0.01% 5.70£0.014
FEAE 5.65+0.01¢ 5.040.04%° 4.51+0.01% 4.00+0.03%¢ 3.73+0.035¢

FHhr 5.82+40.04%%  4.79+0.04°° 423+0.01¢ 3.90+0.01% 3.76+0.015¢
LP 5.77+0.045 4.65+0.04"° 4.18+0.12P¢ 3.89+0.06¢ 3.73+0.02%°
GP 5.75£0.04%  4.62+0.04"° 4.03+0.09™¢ 3.80£0.01%  3.64+0.03
P 5.8240.04*  4.60+0.04™ 3.98+0.05% 3.70+0.015 3.50:£0.03

BALRFVEANT], DR B AR 2 2

BESA R T e A TR A e A R R, A
HOR. IR T IREE R EEIR IR LA FLIRSS , X4t
AR FEE IR pH BEIG, PRI, ARSI E
BiFRIE pH {HIAHEAIW 23 £ R AR DL AR 6 TTLL

E BRI E AR AR 5,

H

>N

BEFRHEMT ODgoo 1S3 KT TRASA, Ui BH 2 B B FE Ak
SBEHAE R ARG 0, fEZ PSS 30 mg/mL
I G A R T o KT AR ZHEIN S, AR,
FIRRE 775 ODgoo [HAENRME TN : IP=GP>LP>55 4>
AR>S O IR BRI, HEEMRIKRE T (1
mg/mL) JP Z111] ODgoo B =T GP 4, fEmIKE T (20
A1 30 mg/mL) ZFYALAN LP 411 ODgoo AR, 15EH
3 PR R G i AR A W R A AR,
BT AR RE; TP A1 GP (s EisEA Y, 35
PR Z W Gr . AR EAETCHRIR G SRR X
BRI SN HRR AR AR R, 3 b S DR

B, XTR—FZHENE, WEFIRERmM, Bk
R AR pH EEE)N, 1E 30 mg/mL U INE T
pH (ISR E/N. ST AFEZHEN S, EMHEERET,
3 Fh 2 pis AL pH {H K/INA JP<GP<LP, X5 ODgy
AR S5 AT . S0 ZHAN LP ZHAE SEUR K Vi
R EE T pH BTG B M % = AT 2H pH (A2
A RS A b e e o T 5D N 2 M) B 4 R
Wi FCA R T S AR IR A, 0 2208 BB R AR

SeFUBE, AP, RIS R R L R R S
TEAEDIRI s AR 72 A B2 W f i 2 0 )
RS bk, HasAEvEvEEkeE; HAA PRGN 2
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W, 525 TR A I B KA S S VRl 7 A A
AR, S B AR A R — 5L

27 ZHEZEBEHmERL

BRI AL LP. GP Al JP & A EL 45 5 K 7
ZEOTHT WA 7 FIEE 8. B 7 T, 3 Fh A &
ARSI KN LP>IP>GP, E & 2t
BiJ5 N ABsCy, Bl LP:GP:JP=2:3:1, %R,
MEAEZHERTEARAR 48h Ji, H ODgo fifx
KN 329, 153 8 T M, LP X ODgoo (H MK
HEBEZE (p<0.01), HE JP Xt ODg [EFIA R
(p>0.05), KIFK GP fJIH AR, XS5HZESHTHIEH
FERRER I

H— P HWRERER RN E & 2SR —%
FELEAH IR EE T o0 B A s AL TR IGTE AN pH [R5, &5

B 3 fios, (F 30 mg/mL FIREKTF L, E65%
PR & AR R A AR B = T — 2
PRI IR (p<0.05), Hoxt ik IE3EM) pH
(LT T B — 2 AT A (p<0.05). HHIEER
B, LP. GP M JP ZWERE &5, BAEEMYEE
AR . Wi 3 Fh 2 HERA YR FER AR, o]
e 5 H A LRSS AN R S A B R AN A 5. AT
WEFTHRE SR 2 BE R Tt RN . TS LA A

TN R PR LA R 55 i 28 B I JE AR H i 2V
PEP, TMAT 22 B T R K OIS AT B . B IRFLAT
B ECFLIRAT B AR M A 5 2 A i 7,

C1 A 22 VU b e P T T XSS AT B 4 et A TR 1
ST b al W, 3 b2 AN [ 25 25 B (R S R R
FAFEIR], B3 BRI E G 2N E A A H
(AT & 2 T — 2 b

=7 R HEMRESRER
Table 7 Test scheme and range analysis results

XIS A: LP/(mg/mL) B: GP/(mg/mL) C: JP/(mg/mL) =5 KIEFE SHEsl  ODgy
1 1 1 1 1 AB/C, 1:1:1 2.77
2 1 2 2 2 AB,C, 1:2:2 241
3 1 3 3 3 A B;Cs 1:3:3 2.61
4 2 1 2 3 AB,C, 2:1:2 3.06
5 2 2 3 1 A;B,Cs 2:2:3 3.28
6 2 3 1 2 A;B;C, 2:3:1 3.29
7 3 1 3 2 A3B,Cs 3:1:3 321
8 3 2 1 3 A3B,C, 3:2:1 3.18
9 3 3 2 1 A;3B;C, 3:3:22 3.20
K1 9.59 10.84 11.04 11.05
K2 11.43 10.67 10.47 10.71
K3 11.39 10.90 10.90 10.65
kl 3.20 3.61 3.68 3.68
K2 3.81 3.56 3.49 3.57
k3 3.80 3.63 3.63 3.55
MER 1.84 0.23 0.56 0.40
BE IR A>C>B
% A,C\B;
%8 EXMIEHIFEDNR
Table 8 Variance analysis table of probiotic activity
E 7R SS df MS F Foos (2,4) Foor (2,4) B2EM
A (LP) 0.74 2 0.37 23.62 6.94 18.00 *x
B (GP) 0.01 2 0.00 0.30
c (Jp) 0.06 2 0.03 1.86
®E 0.04 4 0.01
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Fig.3 Effects of various carbon sources on the proliferation (a)
and acid production (b) of the compound probiotics
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