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Effect of Sucrose on Rheological Properties and Structure of
Enteromorpha prolifera Polysaccharide Gel

ZHANG Chengzong', TANG Guomin', HUANG Huilin', ZHOU Jianwu?, CHEN Jie', LIN Dai""

(1.College of Public Health, Fujian Medical University, Fuzhou 350122, China;
2.College of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou 310018, China)

Abstract: A composite gel system was established by adding 0, 0.2, 0.3 and 0.4 g/mL sucrose (SUC) in Enteromorpha
prolifera polysaccharide (EP), respectively. The rheological properties of the composite gel were analyzed by automatic
rheometer, and the structure of the composite gel was analyzed by fourier transform infrared spectroscopy (FT-IR) and
scanning electron microscopy (SEM) to investigate the interaction between the two. The results showed that EP gel was a
pseudoplastic fluid, and the fluid properties of EP were not changed after the addition of SUC. However, the viscosity, G/,
G" and tand of EP gel mixed with 0.2~0.3 g/mL SUC was significantly increased (P<0.05), indicating that the SUC could
significantly improve the viscoelasticity of EP. In addition, thixotropy and water holding capacity of the gel mixed with
0.3 g/mL SUC was significantly increased (P<0.05). The results of structural analysis showed that there were strong
hydrogen bonds among SUC, water, and EP molecules. The microstructure showed that the addition of 0.3 g/mL SUC made
the EP gel matrix finer, the cross-sectional structure was flatter and less porous. When the SUC concentration reached
0.4 g/mL, the hydrogen bonds maintaining the EP gel structure were reduced, and the gel density, viscoelasticity and water
holding capacity were decreased. In this study, 0.3 g/mL sucrose promoted the formation of stronger, water-holding, and

stable gel structure of EP, which would provide a theoretical basis for further high-value utilization of marine green algae
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W& (Enteromorpha prolifera) J2=F% B 4< 56 W i
Xl w DL e —, B RS AT
B, JJ5 s BLgE CAR B 4 5 ) Ko 514V g dak i by 7
RO T MR R B HEGE SR WS 2
(E. prolifera polysaccharide, EP) J& M #F & HH 32 HUK
— PR, 29 T 48%~56%), BHr &
B FEWNEY RS TYIR . At 23 EP & —
FEE A TRIRAR I 2B, XA IR (b b B ek
AWiEYE, WPTEE M P B AT s
U B AEN Y Bt A, AT HATFST SR A, EP
FH RN . AT . BRI | A del . H ek
F=pZLAHZH B, HoRK S W H A BERCTE, 7EDIReTERY
BRG] AL . FoE RSy AR R4S EE. 2R
T, RARIR ZNHLH 53 T8 i 7K BB FEE ot _ A7 E
— 7 SRR, AnEEmE R 25 | K EE 15 . etz
AU TR, B AN ST — PRI IR E . ThEE
THINFEE R ESPER LS RAR R E U T & £
BRI R SFIH .

JEHE (Sucrose, SUC) &8 FH FAE SRR . KL,
RES AR, BRSNS R AOTHER, Mg EVE
RURNO, - G T FR I NN S B XU, 38 AT
IR & 2 BE i ahAafsoe N, man, BHIAE I AR
Wz 5, SIAFhME T S A Ge st W e, 5 —
PSRRI FEpE AT $2 S W R AR BT, S e [T Yy
AR ] U2 PR m R AR e . A, BT S
BN AT A2, 5T sl S, e R BT
BB B KAE R, SOPTE KA E -5 S al ) R &
TR BRI T 7K 53T M S MERE I RE 1, DA i 2 3
BERCHRRPERY LIR30, mebia B el 2hE
BEAFIE, RTINS RAE 2R EP & TAime fh2e
B, i H AT T IS SRR M X S 2 A
FARBFSR M 20 o AS T2 50308 o IS AN [R] B TR e~
WEE Z2hE- P (EP-SUC) I Bl/K & BRI AR ZR, TR
ARE  TAOEEHE | AR S A B B 5 SR
SRS L5, SR B AU AR N PR BRI
JLah, S5 K AR PV R e R AR
1 #REEE
1.1 RS EE

WEE R 8 s iR S e A R A
Al R B, AN BT S R ARAA FR T AR F
Hre A G0 B S o gl

DK-S24 HLHVER K IGH FIER 208 & A IR
2N Hl; BSA124S LT RF ZRZFI AL A (L
A BRAFE]; N-1300 k25240 HigZ W CE IR
25 E]; MCR302 JiiZ8{Y.  Anton Paar; TDZ5-WS .05
HL IR SR g B AR T R A PR ] MIX-2500
RIS DAL T AL ZS A FR A F 5 LyoQuest-

85Plus HASW Tl PEPESF Telstar 23 ); Thermo
Scientific Nicolet iS20 fH 7 M AR He 2T A G5 B8
KRB A FR AN Wl ; SC7620 MESTHEFAY P
Quorum 2\ 7l ; TESCAN MIRA LMS 33 B 7 @ ik
5 FBEE(PEDARAF.

1.2 EWFHE

1.2.1 FESmdils  FREL 60 g B & INAZ] 3 L 2%
1K, T 80 °C ZKVAER /KA 2 h, B MIF MRS dkst
JINA 60 g WrE KK 2 h, (LA IO R i)
it g N 2 IRUBIE R E TR ZE AN, B E R
JE R 80 °C, #E . W4n 1.5 h 152 HE . ARYE I
ZHRTEHIF IR 4R, S P Sevag 5= i p 2 10
J&, &4 DEAE Sephadex A-25 251232 (3% K 7 58
PEHEAL Sephadex G-100 &3 AL )2 T X% 2 HE 1T 40
AR, Sl S P RCE TR T3-S EP Mk, B
2, REER R AR 56.12%

EP BES AT #: FEAS NN Z A1, T 22 i Je 52
ANFEBE AR EP JEAEERIIRE ST . 4 5lcH] 10 mL
HeE Sk 30, 40, 50, 60, 70 mg/mL Y EP MWK, J1¥:
FFERICE 80 °C KR HH 7K HY 10 min, ¥R¥% 30 s,
A% 26 25 C Ja#& .

EP-SUC & EiiA & il £ Z25 pEAein T &5
SRR bR IR, S Il S 0. 0.2, 0.3,
0.4 g/mL FYRENRA L, FREL EP 43 5IIIAAS [F1 B i
WHAEROD, RS T EP AU E N 60 mg/mL.
B85 BE R BCEAE 80 °C KR HR KA 10 min, PR
30 s, FFAWREZE 2R 25 °C e
1.2.2 FASRREEAIIE  FARRRMEIECR FH 22 2R 0
MCR302 FiAR{SCPAR-PARINE 2245, SPAREAS 25 mm,
PELE]ERE 1.000 mm, MR 25 M,

ZEIEIE : XA R EP M2 EP-SUC RE54 5351
BTS2 -5 ) SR AT A 5L 0, e = iR 3 oy
25 °C, LS4 EP IS WA BE n BEBT D38 » AR(L IR
B, BITANF] SUC HeBEEXT EP ZhEEAYRZIN

ZRPERR R XM 2 - XHES AR [R] SUC ¥R EE Y EP
PG TR AR -SRI, B EE 25 °C,
A< 10 rad/s, WASFAHEIE E 0.1%~100%, W& G'FE
REAS B ASARAE O, NTAS 245 EP 5 B LR RS, i
X, B T Bl RErEN E .

SASF PRI . XPASE R E EP-SUC &2 & 5
BEHEAT IR -2 TR S0 0, AR R SR A PN
PEREN AR, B8 FPHEA 0.1~100 rad/s, BEREIRE A
25 °C, MEE G'. G". tans (FFEMA IEY], tans=G"/G") B
AR I ARG DL, #RIEANIE] SUC He X EP &5
PERIFEI

AR P 2 XFE AN [E] SUC ¥R BEY EP %R
HEATHEFL I B -31TT W&, MIE R 25 °C, s 3I7E
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0.1s'.100s",0.1s"' By P& EP &45iaMmEin
R A b B, BR9Y 48 1l 3R 0 U R 5 5 A AN TH]
SUC #WJEZ Y EP ZEEEIRE RES] -

1.2.3 FpKaeiie  sr5lifiles 1 mL AN R
EP-SUC FEEIEEE, BT 1.5 mL B0, FrE
PEA BEAE S B B0 AF BT i my . T 4000 r/min B
0> 30 min, 25 )2 K )G FRUOPREEBERCAE S 530
BT m,, PR B R mP AR DA TR A0

HAEERAR K AE T
K%)= =

—M 100

m,—m
1.2.4 H37 LA G (FTIR) M X EInAS[F
SUC kY EP A sy b 2rshaigini=t,
TR AR A R EE EP-SUC &2 Bl B8 I U 78 4 T,
WE ZE T, FAR SR AN RIS K5y, SR
FH ATR I 12504 il &£ 2+ AR 5, BRECD
HAEE T4 NIAa ATR b, 37 5038 FEl 4000~
600 cm ~', FFUREL 32, 43 HEA 4 em™', 0 SR
LIHMGIE
1.2.5 HFfBEEE(SEMOMER  XHESIIANFE SUC #eE
i EP WA T3 A e I Bk AN [R) e 5
EP-SUC 5 it 58 e 12 R I8k 28 b 2 1T A PR TG BH
KAy o BB RE i B REEAG B  H ie , JFfE H
SC7620 ST % BEAX T 4x 45 s, TAEH N 10 mA;
W f5 {8 ] TESCAN MIRA LMS 4574 Ha, 5 4 18 i
EXRERRIESH,
1.3 BRI

S A = IR T AR 85 ] GraphPad Prism
8.0.1 Z:HhIARSCIEIZR, SR SPSS 23.0 #U4RT L2 4HFEEAR
PEATRRAR [8] 22 5 0 5 V50T, P<0.05 FRon2: 57 3.
2 RS9
2.1 EP BERBURTHFER

aE 1A s, eI a2 B V) 2R PE R N (0.1~
1000 s™1), £ B2 EP YR 5 B9 YJE A0 KMy,
S B IR R EB T TEARAAE, X — R RSR
FEPHEE N DA R E UL, 9 AR B 2RO 2k
Je AR BRI, Y@ TR . BYUIRR LT
AN TR EE N, 7 i BY DI ECR I P EMA 2R
Hh, AR IR AR B4 2285 m] DL R e ik A
WETE 125, fHRE EVE AR/, 2 Fhn T8>, an
El 1B i, 78 1s ' BYYRESRA T, W 30 mg/mL
Bf, EP BO 55 24 23 Pa-s, 24k IS E 50 mg/mL
it ZEEE AT HE T2 60 Pa-s, XA~ A A At T EP
R TH i AR FRE MR E A G, MR s infass
P4 PR 288 AR B YR ZE 25 AR S, (A shRH TS . SR
T, MU FRIFE 50~70 mg/mL B, B8 Rk 28 Ak i
FAFIFA L ZE (P>0.05), LLET EP BEL AL T3
RZS, HEMEX B BEKSE EP 43 TR BUAGEEIRE /45 7T
AE H B0 1, K 58 0 2 e el 3R AT a0, 28 - P9 A Y,

HISS T BERIRNE . A TSR, Bk A i,
IKEFVEZNI T K08 53 TR 46 S D E, a0
BERRAREY . Hk, T HiR EP BER AN TS E,
BT R AR I EP BERAOEEE .

A 1000000 -
- 30 mg/mL
=5 -= 40 mg/mL
100000 50 ma/mL.
2 -+ 60 mg/mL
£ 10000 g /0mg/mL
T
#1000
P my
W&
100
100 1 1 1 ]
0.1 1 10 100 1000
TP (s7)
B 80000
60000
H
=¥
E 40000
X
Lo
e
20000
0

30 40 50 60 70
W% (g/mL)

1 R EP XSRS EEEE (520
Fig.1 Effect of EP concentration on gel viscosity
T A TR Ze; B: 76 1 s BYUIARAE BEXS LU I&]; *2H (]
HA 22 AT e 228 L (P<0.05); 151 2., 5] 6~T%1 7 [,

2.2 A [EIRE EP-SUC E48IEENE
N 2A B, ANEHRE EP-SUC & -G HEEIR B

A —— 60 mg/mL EP
1000000 - —— 60 mg/mL EP+0.2 g/mL SUC
—— 60 mg/mL EP+0.3 g/mL SUC
—— 60 mg/mL EP+0.4 g¢/mL SUC
100000
@
]
[aW
E 10000
ficd
Lo
s
1000
100 L 1 L |
0.1 1 10 100 1000
BYYIHEA (s
B 250000
200000
£ 150000
g
#¢ 100000
=
@
50000
0
0.0 0.2 0.3 0.4
HEVEUE (g/mL)

2 RFEHEE EP-SUC & A EER AR Reik 4%
Fig.2 Rheological characteristic curves of EP-SUC composite
gel with different concentrations
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FEFEBT Y 0.1~1000 s~ Ju BN, [RIFRERE R 8y DI
SR IR WA, 2 B0 BB AR AE, 20
i SUC AR EP BTSSR, 1th4h, ZE[H]
—BY YIRS, i SUC BYnE kK, EP-SUC &2 &
BRI I ZE R W2 1 R (P<0.05), 2B SUC AT LU 24
W EP pYZEEE (& 2B) o [HTT RIWLEL S, AR 3
0.3 g/mL, 74N 0.4 g¢/mL SUC By EP & 25 BE K21
W& A R K, 26 EP-SUC & & BRI 1] BEAT 7 EE IS I
BL T I S, SUC Fil EP 4 TR Al G & 21 5
AP, IO T A
2.3 AREIKE EP-SUC B & RRENZSRE MM E
LR DR AR AE— Y B N A i RS
G'REMS AR AR A i X A, B AT HRATIMH T A R
FESLEEFIBTE R, DRI, ZEXRR S A Bh SR T
SYATESE, B SR B AL MR X P A N g Y IR
W 3 Fis, 78 EP AR EHEE SUC AURES, H
G'TE 0.1%~100% 55 Y] N AL i [l PN 34 Fe AR TG I 28748
1k, FTLL 0.1%~100% A EP ULRMEZETIIX .

1000
—— 60 mg/mL EP
_ —— 60 mg/mL EP+0.2 g/mL SUC
S —— 60 mg/mL EP+0.3 g/mL SUC
g —=— 60 mg/mL EP+0.4 g/mL SUC
g 100
K
=
iz
10
| | |
0.1 1 10 100
BTN AE (%)

B3 R EP-SUC B3 BRI A9 LR 3 I
Fig.3 Linear viscoelastic region determination of EP-SUC
composite gel

aniEl 4 g5 0N, SAEANRMEEE SUC /9 EP-SUC
FY G EERE, H G'HRKT G7(BP tand<1), 24 tand<1
B, AR ZR J2 2R [ RS PR AED Y, S5 IR R AH
it EP BEREIA 2 SUC-EP &G BEI, HpErES,
SR S S A, FRAE T EUAR SRR S . b
Sh, 7 SUC HEEHARMITERE N, B SUC He 3 iy
in, G'F G ARR R (E 4A~E 4C), FF4E SUC ¥
FEA 0.3 g/mL Bk B E, 48224t m SUC #k
B, G'F Gz R, I Gl Gt ZR Al EE A /)
MRS (IE] 4D), R I ETEERS SR BE VS5 . A WFFER
BH, M4 e BE = B, BRSSO SO R BER 25
HEUARI S 5T IR &, 5B BRI G54, 58 B2V,
55020 i Ah, B 5 T4, EP Al EP-SUC 19 tand B4R
LT 0.01~1 JUEFEIPN, I H s TR, SUC
PN A B4 o

2% iR, EP BER M EP-SUC -5 EEB L5
MBI BRI, BIMEE SUC #EFEREINCINT 0.3 g/mL),
SUC Re¥ hn & mo A 2 Zhoerk; 467 SUC W EEJE
(KT 0.3 g/mL), SUC IR T ZHEUARZRZEE, AR
PEIALIK I T 2 HEBE ST AL g wF 92, SUC Xf

A 1000
—=— 60 mg/mL EP G’

—— 60 mg/mL EP G"

—_
[=
S

fﬁ

fBAEREG’ (Pa)
WUFERRG” (Pa)

10 |
1 1 1 1
0.1 1 10 100
FASIR (rad/s)
B 1000 -
—=— 60 mg/mL EP+0.2 g/mL SUC G’
—— 60 mg/mL EP+0.2 g/mL SUC G"
100

fBAEREG' (Pa)
B G” (Pa)

L L I
0.1 1 10 100
IR (rad/s)

—— 60 mg/mL EP+0.3 g/mL SUC G’
—— 60 mg/mL EP+0.3 g/mL SUC G”

1
0.1 1 10 100
FANIR (rad/s)

fBAERTEEG' (Pa)
B G” (Pa)
=

D 1000
—=— 60 mg/mL EP+0.4 g/mL SUC G’

—— 60 mg/mL EP+0.4 g/mL SUC G"

/

1 1 1 1
0.1 1 10 100
FAMIE (rad/s)

Kl 4 ARMREE EP-SUC & A BERTE MM TR Y1k
Fig.4 Changes in modulus of EP-SUC composite gel with
different concentrations at angular frequency

FE: A: ARIRJNEERE; B: VRN 0.2 g/mL EHE; C: 7RI 0.3 g/mL
TEME; D: %8I 0.4 g/mL BEWE.
EP EERAAR R B FPEFE M AT GE S EP fh~# 3L P nliAs
iEE S
2.4 A RERE EP-SUC 8§ AR AT 4N E

b AR PR R ) T AL R BY VI R A E A, 77D
BY YR YT REK R R A S5 RE T o A
VE R —Fh AT 36 ARG, S e T ) o i P 55 By Bt
[HASEER, A wd TS 2 J5 A aE B4, an
Kl 6A TN, 6~60 s SHAIRET P EREL (y=0.1 s71), It

—_
(=3
(=

fHAERHEG (Pa)
R G” (Pa)
=
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Lo 60 mg/mL EP

—— 60 mg/mL EP+0.2 g/mL SUC
—e— 60 mg/mL EP+0.3 g/mL SUC
—=— 60 mg/mL EP+0.4 g/mL SUC

:%0.5 L

0.0 ! ' ;
0 10 100
SR (rad/s)
E5 AFHE EP-SUC B AEETEMIET tand B84k

Fig.5 Changes of tand of EP-SUC composite gels with
different concentrations at angular frequencies

B EP MIZEREBIAL THEGEIK. 61~65 s Sy By Ul
B (y=100 s™'), EP 7E 5 55 VI BT 4544 7] GE g i
IR, RPN FLE SEIRIFAK . 66~185 s MDY VI R
Bt (y=0.1 s7"), FhEEA IR AR I AT B ok i B BE
{H, o EP B MEH, 585U a ANm . &
YR 60 s ZHE R E R FEWNIE 6B fin, MEE
SUC e J&Z ny 38 hm, EP Zh 58 (14 YK 52 5 B B AH 17 18
I, FHAE SUC HREE N 0.3 g/mL HHAREKAH 63.59%,
ZIE kst in SUC WA 2 4E & EP FEEM
PREFERE . R, WL T 0.3 g/mL % SUC e
R EP FEEE MK R, ERE AL — e W
JEREINRY SUC A3 BT EP BERAILEF TR EE .

A 1000000

% 100000

=W

£

gl —— 60 mg/mL EP

#& 10000 | —— 60 mg/mL EP+0.2 g/mL SUC
—— 60 mg/mL EP+0.3 g/mL SUC
—=— 60 mg/mL EP+0.4 g/mL SUC

1000 1 1 1 1 1 1 1 1 | 1
0 20 40 60 80 100 120 140 160 180 200

1] (s)

B *

o !

0 0.2 0.3 0.4
FEMHRE (2/mL)
Bl 6 AFIV&E EP-SUC & A e fil s A8 1k
Fig.6 Thixotropy of EP-SUC composite gel at different
concentrations

T A =B PR 22 B: BERCHE N -

2.5 AEKRE SUC-EP 4 8RHKEENE
Ah, SUC X EP #Ec /K HE J1 A B 3 H2 00,
aniEl 7 B, EP BERERTKI 12920 77%, 258501 0.3 g/mL

SUC Ji7, 7K REJT 358 (P<0.05) , F B AT EE RS
R ES A BR H K o3 B iy s 1 AR 58, HR I AT fE
& SUC W 2 RLgEM K o043 BEsm et 7, 5
bh, 7E SUC MIAFFETE LT, 280 T Z aPE il £
PV, T INBERS /K BE T, iX—&52R 5 SuC
XTHRMERF K BE IR M B FE g R — 20, 124 SuC
HeFE IR F] 0.4 g/mL B, FF/K BB 145 r B 4, KB
= SUC F3UEE R X 245 1T B H A B, W7k 431
HE S0k 55, R R AT G815 Lk il SR DA G

*

100

80

60

40

KT (%)

20

0
0 0.2 0.3 0.4

HEWEUE (g/mL)
K7 AFIMEEE SUC X EP BERCRRKRE IR IR
Fig.7 Effect of SUC with different concentrations on water-
holding capacity of EP gel

2.6 AELERE SUC X} EP 598200
nE 8 Fizs, ANE) SUC #RFEE &2 A BERSTE 3400~

3200 cm ' FH BTE I R G WA, FEER A AN RN
454 O-H 45 PR 305 7F 1680~1620 cm ' &b Hi #EAR
55 g, RPN C=C fhZadRah""; 7E 1430 cm™
BT B O-H 25 R shi™); £ 1300~1000 ecm™ 4b
TETEZAS C-O 4EPE S, 1105.40 ecm™ [ Ut A7 7E Bk
Wit C-O-C 1ML ; 3xX SE B GE AT L T EP #E
B FEASLEF B2 . 7E 880~680 cm ! Ab I B AR IR
FH S-O AT FRANARTR 2N, F-UUER] EP J2 iR
by Z8E, AB% T 504l EP B¢, SUC-EP & & 58I
TE 292610 cm™' Ji [l A IS 22 H B T — 55 I A 04,
B-CH, AR FRfh4aiRahg™, FB-CH, FEHIHE A

-A 60 mg/mL EP

-B 60 mg/mL EP+0.2 g/mL SUC

-C 60 mg/mL EP+0.3 g/mL SUC

A B -D 60 mg/mL EP+0.4 g/mL SUC
100

80

60

B (%)

40

20

4(1)000 35I00 30I00 25[00 ZOIOO 15100 i:)IOO S(I)O
HEL (em™)
K8 NIFIVEEE EP-SUC &4 BER M 2L /Mg 5]
Fig.8 Fourier infrared spectrum of different concentrations of
EP-SUC composite gels




- 102 - 0 Tl B

2023 4F 11 H

e 5 HANMIBEAE BAER, X EP AOgita =4 —x&
2RI, 24 SUC HRIEHH 0 g/mL FHE 2 0.3 g/mL
B, 3296.57. 3264.83 . 3261.20. 3265.85 cm™ ' 11 O-H
PRIz i se, H 3L ga sl IR )
A, T R S AR PR S5 A B S S E
77, IFBEE SUC He B i SR B B kg m , 1 >4
SUC ¥ JF ik %] 0.4 g¢/mL B, O-H & shé 1 4H 18 55,
U S B RE ARV /L, X ] RESE T SUC #i
IKPEREER, Wik 519 SUC FEAIR T RS K A5 B, {f
Bi/RAVEFHMIEZ BOE NG 25, Hl55 T S58IERH, S:3
BRI BE P F5 0, 2SI L RAE SUC TR E 2 HEE
AR FR gl AR )
2.7 AEIKE EP-SUC B & 5Nt

FHE 9 AT, &8 AFEHE SUC 19 EP-SUC &
BBER RO EA Ba B i 2= 55 . oA, Baali EP %
FE(E 9OA) BT EE F B RHFATR, FLEBRECR, SR
R, FIREA GII 4 . A SUC )5, EP &EiE
PR L ST A R Al A, LT T 25 At A in~F- 2%, LBt
ERHIGEE, X HATESA 0.3 g/mL SUC 1Y SUC-
EP B HHE 3Bl 3, BRI &t 35—,
HEZ 45 A 4 SF R, 52 B34 252 B9 ST AR 32 TR IR 45 4
(Bl 9C) ., 4 SUC HEEIRFE 0.4 g/mL B}, HEE LS
FAIBSURE B2 ST B, FLBRITFURAE R, STARZEI IR &5 44
WEHI 55, R A S AASSIEARFI- T ARSI . 3X
FIHIE—EHRIEIEEIN, SUC AN ABEZ AL EP (Y
PO 4, T Az e e, SUC WIHIES T2 &
BERE BOTAOIEE A, X AHI 5SS S R Fhs: . 2140
St FEKEE 1 L IR —EK, B XY SUC ¥ EE S #
0.4 g/mL B}, 4EF5 EP BE RSG5 1) S SR /0, S5
PEREAR, FKie ) FRE. I, 9] 60 mg/mL EP Hrifshil

9 R SUC-EP A BER H E T

BB (2000%)
Fig.9 SEM of different concentrations of SUC-EP
composite gels (2000x)

e A RGSINRERE; B: 780 0.2 g/mL BERE; C: %)M 0.3 g/mL
THERE; D: 300 0.4 g/mL HERE

0.3 g/mL SUC FJ LIZRAGEEFY B0 . ik L Rk
PERE BRI
3 g

A 5T 3 BRI AN Bk &2 SUC M EP-SUC
B EECIRFR, 5 T B M T AR AR E RN S 44
ZEHLFHH, BhN SUC 254t EP AYsh 2 i A8 Rtk r= 2k
S, 7EAIR T 0.3 g/mL UL N, B SUC 1Y
BN, EP AUFEEERG O | st E R RGN . Rk fE 1k
R 287 Y DRI S B R R Rt e, (]
SUC & T 0.3 g/mL B, SUC M RFEXT EP 3ids
EREE A W g R, [RIE, ST LA A
TS A8 4 AT, #0028 JIWE SUC 43T 5 7K 43 F % EP
Sy 1 Ta] i) SRV FHAE EP A8 e vk vhole 32 B4R
o AHFFEE L ST AR SUC-EP & A BEIE I
TUARREE FNZE A RR AL, DA AN R] = S R | BEI
PR R AR SRR TR 2R, S BP AHSC =S BT e L id
Jr RN T A A RSS20, i iE—20utbr = i
JE, 25 AR VR S5

S 30k
(1] 3ARA, K4, RAT, 5. 3 BARRAR Y B & R BACE AT
7 [J]. &R 5 4,2021,42(12):3-9. [ HU X Y, ZHANG
W, ZHAO X, et al. Preparation and antioxidant activity of Entero-
morpha prolifera oligosaccharide[J]. Food Research and Develop-
ment, 2021, 42(12): 3-9. ]
[2] WASSIE T, NIU K, XIE C, et al. Extraction techniques, bio-
logical activities and health benefits of marine algae Enteromorpha
prolifera polysaccharide[J]. Frontiers Nutrition, 2021, 8: 747928.
[3] #hspe. RbHBeAREA AT ERSS TR, 2007,
2(9):3-5. [ LIN W. Discussion on development and utilization of
Enteromorpha proliferalJ]. Food and Nutrition in China, 2007,
2(9):3-5. ]
(4] Hwesh, Goesm, X—d&, F. 6B PRGENE O Fk
YR AL FERANR [T]. K 5 4 &, 2021, 34(5): 86-99. [ XIAO
X W, GAO X X, WU Y J, et al. Species, distribution, active sub-
stances and resource utilization of green algae in Taiwan Strait[J].
Chinese Journal of Fisheries, 2021, 34(5): 86-99. ]
[5] Mikdy, . # % % B4R IR AL ol 3 45 #  BF 0 it
J 1], ok 3705 B % 2 &,2012,18(2): 2-4. [ CHEN D M, LIN
W T. Advances in extraction, purification and chemical structure of
Enteromorpha prolifera polysaccharide[J]. Strait Journal of Preven-
tive Medicine, 2012, 18(2): 2—4. |
[6] REN R D, YANG Z, ZHAO A L, et al. Sulfated polysaccha-
ride from Enteromorpha prolifera increases hydrogen sulfide pro-
duction and attenuates non-alcoholic fatty liver disease in high-fat
diet rats[J]. Food & Function, 2018, 9(8): 4376—4383.
[7] QI X, MAO W, GAO Y, et al. Chemical characteristic of an
anticoagulant-active sulfated polysaccharide from FEnteromorpha
clathrata[J]. Carbohydrate Polymers, 2012, 90(4): 1804—1810.
[ 8] HUANG L, HUANG M, SHEN M, et al. Sulfated modifica-
tion enhanced the antioxidant activity of Mesona chinensis benth
polysaccharide and its protective effect on cellular oxidative stress
[J]. International Journal of Biological Macromolecules, 2019,
136(10): 1-6.
[9] XIAO H, FU X, CAO C, et al. Sulfated modification, charac-
terization, antioxidant and hypoglycemic activities of polysaccha-
rides from Sargassum pallidum [J]. International Journal of Biologi-
cal Macromolecules, 2019, 121(4): 7-14.
[10] CHEN Y, ZHANG H, WANG Y, et al. Sulfated modifica-


https://doi.org/10.3389/fnut.2021.747928
https://doi.org/10.1016/j.carbpol.2012.07.077

%44 5 21

TR, S RO & 2SR AR R A R - 103 -

tion of the polysaccharides from Ganoderma atrum and their antiox-
idant and immunomodulating activities[J]. Food Chemistry, 2015,
186(23): 1-8.
[11] WANG Z, XIE J, SHEN M, et al. Sulfated modification of
polysaccharides: Synthesis, characterization and bioactivities[J].
Trends in Food Science & Technology, 2018, 74(1): 47-57.
[12] LIN T, CHANG C, TENG A, et al. Sodium thiosulfate en-
hances production of polysaccharides and anticancer activities of
sulfated polysaccharides in Antrodia cinnamomea[J]. Carbohydrate
Polymers, 2019, 216(2): 4-12.
[13] LINW T, WANG W X, LIAO D D, et al. Polysaccharides
from Enteromorpha prolifera improve glucose metabolism in diabet-
ic rats[J]. Journal of Diabetes Research, 2015: 675201.
[14] WANG W, SHEN M, LIAN J, et al. Rheological behavior,
microstructure characterization and formation mechanism of Mes-
ona blumes polysaccharide gels induced by calcium ions[J]. Food
Hydrocolloids, 2019, 94: 136—143.
[15] JOSE A. L, SONIA R M. Gelling and emulsifying properties
of soy protein hydrolysates in the presence of a neutral polysaccha-
ride[J]. Food Chemistry, 2019, 294: 216-223.
[16] k&F, B0, i, 5. EHER RMEXT T 3k & AT
MR m [J]. 2 S I Ak A3, 2016, 37(13): 262265, 345.
[ ZHANG Z P, PENG S, NIU L H, et al. Effects of sucrose and
fructose on rheological properties of Tilapia skin gelatin[J]. Sci-
ence and Technology of Food Industry,2016,37(13):262-265,
345. ]
[17] BEZ KBERETLAKRS TELSHMRU]. R
5 JF£,2005(4):38-43, 7. [ CUI Z Q. Research on development
status and process points of low-sugar jam[J]. Food Research and
Development, 2005(4): 38—43, 7. ]
[18] CHOI'Y, LIM S, YOO B. Measurement of dynamic rheolo-
gy during ageing of gelatine-sugar composites[J]. International
Journal of Food Science and Technology, 2004, 39(9): 935-945.
[19] NIU L H, ZHOU X, YUAN C Q, et al. Characterization of
tilapia (Oreochromis niloticus) skin gelatin extracted with alkaline
and different acid pretreatments[J]. Food Hydrocolloids, 2013,
33(2):336-341.
[20] %47, X R A&, Spue7E, . K 2 AIKES -3 B L6 RACR X
H R AN F AR RS, 2010,31(19): 111-
114. [ LIU H, LIU H D, GUO X F, et al. Water holding capacity and
mechanical and optical properties of Soybean peel low ester/high es-
ter composite Pectin gel[J]. Food Science,2010,31(19):111—
114.]
[21] ok, ke, 8 S04 B silifom s 4547 J]. FEZ
A2 &, 2014, 24(3): 359-363. [ HUANG B, LIN W T. Isola-
tion, purification and composition analysis of Enteromorpha prolif-
era polysaccharides[J]. Chinese Journal of Hygiene Laboratory,
2014, 24(3): 359-363. ]
[22] skurd, B BRE, A0, 5. BT T EERT BT
o Meag A [J]. & e T kA3, 2018, 39(4): 240-243. [ ZHANG
X Q, MA S C, YAN R X, et al. Rapid determination of sugar and
glucose addition content of coconut powder[J]. Science and Tech-
nology of Food Industry, 2018, 39(4): 240—243. ]
[23] KOLSI R, FAKHFAKH J, KRICHEN F, et al. Structural
characterization and functional properties of antihypertensive Cy-
modocea nodosa sulfated polysaccharide[J]. Carbohydrate Poly-
mers, 2016, 151(5): 11-22.
[24] XIE J, WANG Z, SHEN M, et al. Sulfated modification,
characterization and antioxidant activities of polysaccharide from
Cyclocarya paliurus[J]. Food Hydrocolloids, 2016, 53: 7-15.

[25] AXE, kidfth, S, F LR Afef i i S Hh ey AL
B R & R [T]. LR S A, 2021, 37(11): 58-67.
[ ZHOU W J, CHI T W, YI Y, et al. Physicochemical properties and
synergistic prebiotic activities of polysaccharides from longan fruits,
goji berries, and jujube fruits[J]. Modern Food Science and Tech-
nology, 2021, 37(11): 58—67. ]
(26 ] 4545, 435t § R, . T 545 5 IR Bk R 89
TR AF T &S At 5, 2019, 40(17): 72-76. [LIU T T,
YANG J D, CAO C Y, et al. Rheological and gelling properties of
Tremella fuciformis polysaccharide and gellan gum mixtures[J].
Food Science, 2019, 40(17): 72-76. |
[27] 2 EER, B L LA AR 5 Bk
B0, & B A 4R, 2022,22(2): 89-97. [JINY L, HOU F
R, TANG W. Analysis of fluid and gelation properties of Dendrobi-
um officinale polysaccharide[J]. Journal of Chinese Institute of
Food Science and Technology, 2022, 22(2): 89-97. ]
[28 1 ZHU Y, FANG B, LU Y, et al. Rheokinetics of the gelling
process of water-soluble STMP-modified carboxymethyl hydrox-
yethyl cellulose[J]. Journal of Dispersion Science and Technology,
2017, 38(7): 1017-1020.
(29 ] 3R#4h. 20> 24 & NaCl, g b g 7 An 7T 6 344
YA 5 [D]. Kk, BRI AN—RKEKF, 2020. [ ZHANG J
Y. Study on the effects of starch and NaCl, sucrose and oil on starch
properties of Adzoko bean[D]. Daqing: Heilongjiang Bayi Agricul-
tural University, 2020. ]
[30] ZHAO L, DONG Y, CHEN G, et al. Extraction, purification,
characterization and antitumor activity of polysaccharides from Gan-
oderma lucidum[J]. Carbohydrate Polymers, 2010, 80(3): 783—789.
[31] SHAOP, QIN M P, HAN L F, et al, Rheology and character-
istics of sulfated polysaccharides from chlorophytan seaweeds Ulva-
fasciata[J]. Carbohydrate Polymers, 2014, 113: 365-372.
(32 ] 4&Ah, B, AR, . AT AR R B AUIE A 5 1L TR
BTG i i A6 )] & o 5 A B Tk, 2005, 30(3): 90-93. [ XU
W,MA L, YUAN Y J, et al. The gelling mechanism of low methoxy
pectin and the measures to prevent the formation of pregel[J]. Food
and Fermentation Industry, 2005, 30(3): 90-93. ]
[33] skabde, SEA%, L4555, F. BAERER A M- R IR AR
KRB R AR AR E F RT3 H Feall].
£ A5, 2019,40(12): 37-45. [ ZHU T H, ZOU X R, QIU X Z,
et al. Effects of sucrose co-solute on rheological properties and
structure formation kinetics of Agar-konjac gum blends during sol-
gel transition [J]. Journal of Food Science, 2019, 40(12): 37-45. ]
[34] X%, &, A4, F. mEEARERRE LA LR [T].
WAL Tk K F AR, 2012(2): 57-60. [ HUSF, LIH, Hu W, etal. Res-
earch progress and application of thixotropy[J]. Journal of Hubei
University of Technology, 2012(2): 57-60. |
[35] TR#, X, 2ok, FHARRAT £ Mg R T FHAART].
SRe Tk X F WA AFFEMm), 2019, 42(2): 261-266. [ ZHANG
R, YANG H W, LIU Y. Rheological properties of Okra straw
polysaccharide[J]. Journal of Hefei University of Technology (Nat-
ural Science), 2019, 42(2): 261-266. |
(361 #hmide. M3t 5 IR IAAL  FRAC I IR AR T I B A5 1
#H% [D]. &1 8. % 3 K%, 2017. [LIN L H. Study on extraction
optimization, physicochemical properties and rheological character-
istics of polysaccharide from Gazebo alba[D]. Nanchang: Nan-
chang University, 2017. ]
[37] %FM, x5, T4, F K& SBRGBBRAEFRI]. 25
I kA3, 2011,32(8): 118-122. [TU Z C, LIU W, WANG H, et
al. Study on gelation capacity of soybean polysaccharide gel [J]. Sci-
ence and Technology of Food Industry, 2011, 32(8): 118—122. ]


https://doi.org/10.1016/j.foodhyd.2019.03.014
https://doi.org/10.1016/j.foodhyd.2019.03.014
https://doi.org/10.1016/j.foodchem.2019.05.039
https://doi.org/10.1111/j.1365-2621.2004.00871.x
https://doi.org/10.1111/j.1365-2621.2004.00871.x
https://doi.org/10.1016/j.foodhyd.2013.04.014
https://doi.org/10.13386/j.issn1002-0306.2018.04.044
https://doi.org/10.13386/j.issn1002-0306.2018.04.044
https://doi.org/10.13386/j.issn1002-0306.2018.04.044
https://doi.org/10.13386/j.issn1002-0306.2018.04.044
https://doi.org/10.1016/j.foodhyd.2015.02.018
https://doi.org/10.13982/j.mfst.1673-9078.2021.11.0504
https://doi.org/10.13982/j.mfst.1673-9078.2021.11.0504
https://doi.org/10.13982/j.mfst.1673-9078.2021.11.0504
https://doi.org/10.13982/j.mfst.1673-9078.2021.11.0504
https://doi.org/10.7506/spkx1002-6630-20190122-257
https://doi.org/10.7506/spkx1002-6630-20190122-257
https://doi.org/10.16429/j.1009-7848.2022.02.010
https://doi.org/10.16429/j.1009-7848.2022.02.010
https://doi.org/10.16429/j.1009-7848.2022.02.010
https://doi.org/10.1080/01932691.2016.1218341
https://doi.org/10.1016/j.carbpol.2009.12.029
https://doi.org/10.13995/j.cnki.11-1802/ts.2004.03.021
https://doi.org/10.13995/j.cnki.11-1802/ts.2004.03.021
https://doi.org/10.13995/j.cnki.11-1802/ts.2004.03.021
https://doi.org/10.7506/spkx1002-6630-20180630-527
https://doi.org/10.7506/spkx1002-6630-20180630-527
https://doi.org/10.3969/j.issn.1003-5060.2019.02.021
https://doi.org/10.3969/j.issn.1003-5060.2019.02.021
https://doi.org/10.3969/j.issn.1003-5060.2019.02.021
https://doi.org/10.3969/j.issn.1003-5060.2019.02.021
https://doi.org/10.3969/j.issn.1003-5060.2019.02.021
https://doi.org/10.3969/j.issn.1003-5060.2019.02.021
https://doi.org/10.3969/j.issn.1003-5060.2019.02.021
https://doi.org/10.3969/j.issn.1003-5060.2019.02.021
https://doi.org/10.3969/j.issn.1003-5060.2019.02.021
https://doi.org/10.3969/j.issn.1003-5060.2019.02.021

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 样品的制备
	1.2.2 流变特性的测定
	1.2.3 持水能力测定
	1.2.4 傅立叶红外光谱（FTIR）测试
	1.2.5 扫描电镜（SEM）测试

	1.3 数据处理

	2 结果与分析
	2.1 EP凝胶的流变特性研究
	2.2 不同浓度EP-SUC复合凝胶黏度测定
	2.3 不同浓度EP-SUC复合凝胶动态黏弹性测定
	2.4 不同浓度EP-SUC复合凝胶触变性测定
	2.5 不同浓度SUC-EP复合凝胶持水能力测定
	2.6 不同浓度SUC对EP结构的影响
	2.7 不同浓度EP-SUC复合凝胶微观结构分析

	3 结论
	参考文献

