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Abstract: In this study, sodium alginate (SA), locust bean gum (LBG) and mung bean starch (MBS) were
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used as raw materials. Dynamic rheometer, texture analyzer, differential scanning calorimeter, X-ray
diffractometer and low-field nuclear magnetic resonance were used to explore the effects of SA, LBG and
SA-LBG mixtures with different compounding ratios on MBS aging and their influence mechanisms. The
results showed that adding SA, LBG and SA-LBG mixture can reduce the hardness, aging enthalpy value,
recrystallization rate constant (k), relative crystallinity and water mobility of aged MBS gel, and increase its
loss factor. Low-field NMR results found that the SA-LBG mixture increased the T, of MBS gel. The results
show that SA, LBG and SA-LBG mixture can delay the aging of MBS gel, among which the anti-aging effect
of SA-LBG mixture is more significant. SA-LBG mixture at mass ratio of 1:1 exhibited a strongest
synergistic effect on inhibiting MBS gel retrogradation. This may be due to that the synergistic effects
between SA and LBG, as well as hydrogen binding among SA, LBG and starch, which could prevent

interactions between starch molecules and inhibit starch recrystallization. These findings might provide

RoaflT

useful information for improving MBS-based products’ shelf-life with introduction of SA-LBG.

Key words. mung bean starch; retrogradation; sodium alginate; locust bean gum; synergistic effects
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AL, fATE bl Wm0 26l e
K AL T A T, IR R . TR AN
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TR, I HAN R, R
LBG-SA IRAWIE I At &4 T 3R
1 #MRlERA=*E
1.1 #Rl5iRF

S UER (MBS): TEHTIILMEMARA
Al MGEEME (SA): S A EERILAARA
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X-BFRAT AL . FEE S 5 AXS ARRAH
1.3 XEWHE
1.3.1  Ff 55

il 25 B AR BE N 10%059 MBS HE#3 B ik
B 2% SA (wiw, HTER T ). 2% LBG
(w/w, HIEBTH) 5 SA-LBG IREGH (% 1
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in tables and figures %
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MBS 0 0
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MBS-As-Li s 0.5 1.5
MBS-L, 0 2.0
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) HY MBS-ZHMIILAES:, 508 Chen Z5P)5 3%
I R LA S 1 A R
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(25 SRR, JETTRRE S AT 25 S (Relative
crystallinity, RC ),

1.3.6 (X% (LF-NMR )
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LBG ERCHAIR 11 WA REDFEEN, feik
{5 MBS BERC 5, i MBS 1% &1k .

025
—— MBS —+« MBS-A,
020 —~MBS-A;s-Lys  —MBS-A;-L,
—+— MBS-Ays-Lys « MBS-L,
o 015}
f=1
8
0.10
0.05
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fist[B] /min

1 A[E SA 1 LBG £fttt i MBS Ky Bif (8] 43 7 h 2%
Fig.1 Time sweep rheograms of MBS with
different ratios between SA and LBG
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(1, 33 A R J 20 W A otk 1) S K P REA A B3 20 7
(v ik, BERR B R e M 45 O . MBS-A,
I i P 35T MBS-L,, #iH5 LBG ML,

SA il MBS BEfZALEAT . XS SA
{18 2 5 5 T i 93 110 TG o R IR A X, B0
R B, X 5 Chen 2RI 57 25 5 2 —5L,

I SA-LBG IRAYIH) MBS B 6E ¥R TR
T —ZpE MBS, 38 SA 5 LBG 1R fEH
REFEAEIL MBS BRI AURERE . MR A7 ]

MBS-A;-L, B A RARMAEREE, 7 7 d )5,

MBS-A,-L, i [t MBS 1% 362 g, X% SA 5
LBG MR LGN 12 1 B, FErefeis b EfE
H, EBHAS MBS BERE 1K 24k . X AT g & LBG
A2 S SO IX IR AE 5 SA I RURFELE 45
1 LBG B3 3 X 3 7E 4 T Il A e A AU Zhang
AL BRI EL LB 1 4 2Bk iR
E R R R IR A W, /N e Ry LA S AR )
JRRERE, i, 4 LBG 5 SA L1 : 1 iR S
AT DABE N Z 35 WSS A5, EEF SA 5 LBG YA
HAE e, SA-LBG IRA YW IKRE 1 Feok

REA AL S Ve A Fra gl AR, BHIETER 73 F

1800 MBS B= MBS-A, [ MBS-Ays-Los
1600 BEZBMBS-ArL Y MBS-Aos-Lis [ MBS-L,
Aa

1400 |
201900 | »
& 1000
@ 800 |
600
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200
0 7D

3
AffEl/d

TE: /NG T REAS TR 375 A [ i 47 I [ P AS T3] 4 ot 25 S
F s KRG TR 7540 R R S A R AE I B 28 57 3

Note: Different lowercase letters indicate significant differences
between different samples during the same storSAe time; Different
capital letters indicate significant difference in storSAe time of the
same sample.
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Fig.2 Firmnessof MBS or MBS-polysaccharide
at different stor SAetime
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FER R RIVE T, SR & fil MBS BIRIAL . X AT g

&= LBG 5 SA Z [0 %58 i P R 4R b 1 e # i)
Pl B R a] K i S PO S ek i A A
FHRAE T AR A i = [ i A 121
EACKEAE (AH, ) S48 A7 3 v 0 o 32 B O
HTE B 25 i BSOBUMR e r s ZE Y RE . AnIAl 3B,
C M D FiR. 1E 4 CHREFEA RIS ] i iy A 4 i 7E
60 °CLATHERA —A- 2 b M p | 321k IR (R 22
WEACT IR, X R ZTE S T IE
BT ARGESELE AR gk 2 FR, BT AR Y
AH, WEAEAABT R 3E K, SRR AE ot 2 v
TEM BRI AL TR B IR . X 5 Chen ZEPIF 5745 1

A B
\\/_M_Bﬂ\ MBS-1d
® w o MBS-A,-1d
g T MBS-A, oL 3 MBS-A, 5-Los-1d
£ R MBS-A,-L,-1d
- ” —_®  MBS-AgsLisld
— - MBS-L,-1d
30 50 70 90 110
1R/ C
D
MBS-7d
o @ MBS-A,-7d
= g
2 2 MBS-A,5-Los-7d
® | MBSA-L-d O MBS-A,-L,-7d
MBS-AgsLis-3d  MBS-AgsLis7d
i e a——
‘ MBS-L,-3d MBS-Lys-7d
30 50 70 90 110 30 50 70 90 110
R/ C JRE/°C

e A: Wifk; B: 4 CHEfF 1d; C: 4 °CHEfE3d; D: 4 CHEfF 7d.
Note: A: gelatinized; B: stored at 4 °C for 1 d; C: stored at 4 °C for 3 d; D: stored at4 °C for 7 d.
3 MBS MBS-ZiEREMHANFEME
Fig.3 Thermodynamic curves of MBS and M BS-polysaccharide mixtures

®2 MBSE MBSZERASWMMLKRE. ZHEEF Avrami S
Table2 Gelatinization enthalpy, retrogradation enthalpy and Avrami parametersfor MBS and MBS-polysaccharide gels

. JHe) AH,/(J/g) Avrami Z5{(0<t<7)
1d 3d 7d R? n k
MBS 8.98+0.25° 5.60+0.46° 6.08+0.07° 6.81+0.04° 0.960 0.189 0.959
MBS-A, 8.00+0.10° 4.28+0.11° 5.38+0.10° 6.00+0.02° 0.994 0.307 0.778
MBS-A, 5-Lo s 7.66+0.18° 3.38+0.10¢ 4.46%0.15¢ 5.26+0.41° 0.999 0.355 0.590
MBS-A,-L, 6.68+0.08¢ 2.96+0.07¢ 3.84+0.08¢ 4.68+0.05¢ 0.993 0.388 0.574
MBS-Aqs-Li s 7.36+0.01° 3.26+0.16° 4.22+0.04° 5.18+0.11° 0.997 0.375 0.579
MBS-L, 7.87+0.06° 3.97+0.04° 4.38+0.28° 5.31+0.14° 0.920 0.236 0.679

T A B ) - Bk 2R B i 18] B9 35 P 28 5 (1P<0.05 )

Note: Different letters in the same column indicate significant differences between samples (P<0.05).
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WELEH TS . M FIEAAR T, % SA 5 LBG
KIREFEAR MBS 18 AH,, R 7N Z BEREA 6] MBS
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R FALE N SA 5 LBG Y MBS, H:"1 MBS-A-L,
HEARN AH,. B0, fififf 7df5, MBS-A-L 1)
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B, 4 SA 5 LBG ZRCILEIH 12 1 &), &P
)7 FH e e 0 il MBS K &1k
24 EBUHAHE

W2 B, BALRE S 9 R Y L 0.92~0.99,
RS AH, RIFHE T Avrami H#E . n (HE
F R R B 7 SR AR RS, n<t #l 1<n<2 43l
FE R R 1) A% AN S . k (EB T AR K
TR A A% BB, K (EDBR/IN , ff A R A
FRA RS n AEX/NF 1, BT RESSZ r X
et UL . SN Z B RERE IR MBS 1Y k H,
R Z R 2 TE M & LR, A, &
SA-LBG IE&W MBS 1Y k {H/NFEN SA B
LBG /) MBS #t/ik, W LBG 55 SA Z [ HhFIfE
FHA RN S MBS K21k MBS-A;-L; 1 k {H i
/NH0.574, FH SA 5 LBG EEC LN 1:1 B A
A EAR A PNEER, A MBS Z1LEE i, X
Al S 2 WE 0 B Ve B o Th AR TIEM 7 F 2
ARSI, MRy 4E . AT RER: LBG 5
SA Z [A1 s i) AU SR LA AR BEOR T vE B
b2 I AU, SERTERY AR
25 X HE&ITHEE

WA 4 iR, KK MBS £ sl C %l

Zimmsity (B 4A), ffE)E A FERTE 20 Ty 17°
23 A BRI STIE, 2 B AIGE A,
H, XEP MBS AL HES a5 m C R
i B AL, X 0] BESEVE Y BE S K 4> T Z B A AR
F, 0 B R R S B SR AR A A Y
FEAJA AT MBS 45 fi 25 9 B AT i 5200, 3X 2 I
LML SR S 2 L X 5 Li S
SR —3L,

RC {85 8l TP S ey b i 2 A
W& AT R E S, FTAFEM RC HB TR, R
BH A A7 2o P U R AR A I B AR R EE R, X S
Zheng 25PN AT 58 45 R — B X ] gL kA7 A
SRR E LS Y R T A AN AR
FEIFTENT , VRN Z HEREREAR MBS % RC {H, fi#i 7
7dJ5, 5 MBS HLL, %N SA 5 LBG 1) MBS #§
B2 RC {HFEAR T 3.5%~4.9%. %0 ZHEHEA R
TIER F A SR 4L . Luo 211 & P # J5 s fiE
FEARROKRTERY RC Ao BLAM, HIELEIN—Z 8
f) MBS ¥, 7RI SA-LBG IR &% 1) MBS $EIK
) RC {H&K, H MBS-A,-L, BA KK RC 1H,
Ui SA-LBG IR GWITER B LUy 1:1 1), LBG Al
SA MIPNFIZ N o, B AESE MBS &1k, X AhE
S Z WERIVE B 43 Z [R1JE B 1) VB i 10 ) B 5 D
Hoy RSB B by ) T, &, T ) MBS #2246
2.6 SthiRATIE

TE M AR 2 K I I Sh M D Ry S A B LY
Me, AT 3 A AR A R 1 e - B i b 7 B[]
(To) RMEM ., EVEMIERS, T, FRKaTH
TEM TSGR, T, 8K, RaKaF50E

MfBS (RC =32.85 MBS-A;-7d
(R ) M W

M M 1134% MBS-Ais-Los-1d % 13.76% MSB-A, 5-Los-7d
® B | M AT B | NTES o MSELTE
.66% \W

MBS-Aos-Lis-1d
16.19% MSB-L,-7d
13.87%
0 10 20 30 40 4 12 28 36 4 12 20 28 36
20/(%) 26/(°) 20/(°)

W: A: MBS; B: 4 CHgff 1d; C: 4 °CHBfE 7d.

Note: A: MBS; B: stored at 4 °C for 1 d; C: stored at4 °C for 7 d.

4 MBSHK MBS-ZHERRE X ST&ATHEEF RCE
Fig.4 X-ray diffraction profilesand RC values of MBS and M BS-polysaccharides gels
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B or T HIGE Al S, KT sh iR, gk
3 Fin, BSEFERTRIMEE R, FIAFERS I T, 345
BN, RIS R TER LA T =k, EH
BEIE K TS EREAR . 3 1] BB 2 JE My IS h A
WK T RIS S h, W T FuK sy
F B E L AR F ALY, X5 Zhang
SEPA g 45 R — 2 A RIAEAERT IR R,
SA { LBG fit . & 4% MBS [ T,, 17 7d /5,
MBS-L, ) T, it MBS & 12 ms. X 770 £ 6%
PEim T VERMBERE thoK > F TSI PE o X AT BE S SA
5 LBG HABRIKESGREST, W] T i€ 5K
STHEELES, RiET KOS FHTE, WO T
VEM L S EE R TR B K A T, JEZE T MBS 1K
WAL, FEARRAEAFTEL R, W0 SA-LBG R
BV MBS BEREHY T, & T M — SA 5{ LBG
) MBS BEfE, 677 7 d J5, MBS-A;-L, /9 T, Lt
MBS-A, & 33 ms. X £ SA-LBG IR &Y B &2
155 MBS B H K (37 o Luo 25 % BLER
B - ) B KA R B P 8 ROK TE
() T, W3 T U0 — 3 i sl — M ) R
I TR VE MR BERE - 3K FI RE 295 19 14 UE
¥ 5 2R R EEN . SA 5 LBG ZIH AP
FIVER . DL R SRR IR A Re S, W T
7 VE My RIS B E A 1) SRR K TE MY 3 T 5K T
RS G, M s, sz 2, D Ak g2
MBS K&,

R A5 5t T4 ) B) 1 25 5, Ve M Hh K B AEAE
RS ArBR A K (0.01~10 ms, Ty ). A5
Bh7K (40~200 ms, Ty, ) FITH H 7K (1 000~10 000 ms,
Tas ), EATH B RPN TE R /KK R th AN R 20 43
IKEITE S PERY KR A, W AL B SRR AE Sk
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RE /D H KB L, SEZE 3Ry i 24k . 3X 7T fig
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%3 MBSK MBS-ZHEEETE 4 CHE%F 1~7 d Kyt FRES i
Table3 The spin-spin relaxation time of MBS and MBS-polysaccharide gels stored at 4 °C for 1~7 d

1d

T,3/ms A /% An/% Ass/%
N.D. 0.107 £0.013"  99.893 +0.512° N.D.
N.D. 0.458 £ 0.085° 99.542 + 0.493° N.D.
N.D. 1.442 £0.021° 98.558 +0.319" N.D.
N.D. 1.624 £ 0.013" 98.376 + 0.261° N.D.
N.D. 0.921 £ 0.092° 99.079 + 0.609* N.D.
N.D. 0.652 £0.035% 99.348 + 0.593" N.D.

3d

3102.267 £9.731°
3764.936 + 6.183¢
4977.024 + 7.391°
5722368 +9.319°
4977.024 + 8.259°
4328.761 + 4.370°

0.000 = 0.000¢
0.002 + 0.000¢
0.026 + 0.002¢
0.054 + 0.005°
0.037 + 0.003°
0.004 = 0.001¢

94.319 + 0.379°
94.602 + 0.297°
96.526 + 0.306"
98.077 + 0.391°
96.565 + 0.258b
94.791 £ 0.179°

5.681 +0.087*
5.396 + 0.039*
3.448+ 0.013°
1.868 + 0.008°
3.398 + 0.026"
5.204 +0.041°

7d

FE T,/ms T,i1/ms T,,/ms
MBS 84.840 + 2.164% 0.433 +0.083¢ 114.976 + 4.931°
MBS-A, 108.430 + 1.395° 0.498 + 0.041¢  86.975 + 3.724¢
MBS-A;s5-Los 118.330 £ 1.607° 0.658 £0.027° 132.194 + 4.050°
MBS-A;-L; 168310+ 1.932° 1.150 £ 0.037* 174.753 £5.172°
MBS-Ags-L;s 132.470 +3.016° 0.870 + 0.046° 132.194 + 3.721°
MBS-L, 103.760 + 2.637° 0.433 £ 0.062° 114.976 + 4.073°
MBS 53.420 + 1.392" 0.123 £0.005° 57.224 £2.018°
MBS-A, 60.670 + 1.871° 0.201 +0.017°  77.474 + 1.925°
MBS-A;s5-Los  74.250 £ 1.507° 0.215+0.021° 86.975 +2.734°
MBS-A;-L;  100.030 + 1.062° 0.281 £ 0.019° 100.000 + 1.073°
MBS-Ags-L;s  87.480+ 1.391° 0.321 £0.026" 75.646 + 3.067°
MBS-L, 65.450 = 1.906 0.163 +0.037°  65.793 + 2.360¢
MBS 43.220 + 0.981° N.D. 43.288 +2.491°
MBS-A, 50.370 +1.375¢ N.D. 43.288 +1.834°
MBS-A;s-Los  61.710 £1.530° N.D. 65.793 +2.043"
MBS-A;-L, 83.560 +£1.094° N.D. 75.646 £1.931°
MBS-Ags-L;s  75.180 +£1.273° N.D. 57.224 +2.607¢
MBS-L, 55.200 + 1.734¢ N.D. 49.770 +1.037¢

1232.847 £10.271°¢

1 417.474 +8.654¢
1 629.751+5.307°
1773.817£7.218"
1532.847+5.091°
1 232.847 £7.350°

N.D.
N.D.
N.D.
N.D.
N.D.
N.D.

90.140 +0.571°
91.421 +0.395°
91.421 £0.207°
93.376 +£0.613°
92.687 +0.216°
90.945 +0.375°

9.860 +0.017*
9.364 + 0.053°
8.579 £ 0.074°
6.624 + 0.062°
7.313 £ 0.037¢
9.055 +0.091°

TE e [Al—30 A A ) 3 B3R A ) i A I T A i TR ) 2 2522 5 (P<0.05), NLD.FR7R A B o

Note: Different letters in the same column indicate significant differences between samples of the same storSAe time (P<0.05), N.D.

indicates no data.
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