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Abstract: To improve the physical properties of rice starch (RS) and expand its application fields, analytical techniques
such as rheological analysis, scanning electron microscopy, low-field nuclear magnetic resonance, and X-ray diffraction were used
to systematically examine the influence of curdlan (CL) addition on the structure and properties of the thermally

irreversible gel of CL-RS blends. When the CL amount reached the threshold of 0.60%, compared with the control group, the
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gelatinization temperature decreased by 1.69 “C , retrogradation viscosity increased by 25%, syneresis rate reduced by 47.73%, and
transverse relaxation time 75, decreased by 58.01% to 6.45 ms. Compared with the group with 0.40% CL addition, the peak value
of the storage modulus increased by 40.20%, the G’ value at the end of cooling increased by 21.46%, and chewiness improved by
24.76%. When the CL addition amount was 0.60% or less, retrogradation viscosity, viscoelastic modulus at each phase-change
temperature node, chewiness, and the ratio of the bound-water peak area (4,,) increased significantly with the increase in CL addition
amount, whereas the transverse relaxation times 7, and 7,; of water molecules and gel syneresis rate consistently decreased. The
microstructure exhibited a decrease in porosity along with an improvement in the uniformity of its distribution. When CL addition
exceeded the threshold (0.80%), a reduction of 11.37% in G’ at the end of cooling and a 42.89% decrease in chewiness were
observed, accompanied by transformation of the microstructure from a porous network to a densely layered structure. The mechanism
was attributed to CL-induced enhancement of hydrogen-bond crosslinking density, which facilitated the formation of stable three-
dimensional RS networks. In conclusion, properties of the RS-based blend gel were effectively regulated by the threshold effect of

CL addition amount. These findings provide a theoretical reference for the development of new foods with RS-based heterogeneous
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polysaccharide blend systems.
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CL A& 5 %/% WHLIRE/C Y8 46 B /Nm BB A6 B /Nm SAAZEE Nm A FRZ5E/Nm =] 4 45 /Nm
0.00 73.77 +0.42° 1.65 +0.08" 0.84 +0.07° 1.18 +0.04° 0.8 £0.02° 0.34 +0.07°
0.20 73.57 £1.05" 1.70 £0.25° 0.68 +0.25° 1.14£0.19° 1.02£0.01° 0.46 *0.06™
0.40 74.43 +0.95" 1.79 £0.02° 0.69 £ 0.09° 1.25+0.01° 1.10 £0.07° 0.56 £0.10™
0.60 72.08 +0.45° 1.67£0.01" 0.67 +0.04° 1.31£0.03 1.00 £0.05° 0.64 £0.02°
0.80 72.63 +0.31% 1.46+0.07° 0.72+0.13° 1.46+0.16° 0.73+0.2° 0.74 +0.12°

E: RIHMISFE AR FELRA AT EFEE (P<0.05)

125



MRE SRR Modern Food Science and Technology 2026, Vol.42, No.4

q 10° g —=—0.0%CL-G'—o—0.0%CL-G" 0-6%CL| | g gocL =90 b 10 90

—#4—0.2%CL-G' —~— 0.2%CL-G"
—v—0.4%CL-G' —v— 0.4%CL-G" 7 80 80
102 £ —*— 0.6%CL-G' —>— 0.6%CL-G" .Tl'v33333 70 70
—*— 0.8%CL-G’ —*— 0.8%CL-G" Vggggggggg
< — 4 XIXTEREER L 60 — 10 60
5 10 Hove==r Mso o 2 50 o
?’{ ..... ' _nn'”'nlgj%cxl 140 : ;D $ ,Nw«‘g%ng;m;i& 40 :
o 10 ) 130 © 10 L oL 0%CL-G! —o—0.0%CL-G” 130
[ s=ad —4—0.2%CL-G" —~—0.2%CL-G"
1O e e i e HT A 420 —v—0.4%CL-G' —v—0.4%CL-G" 420
................. ——0.6%CL-G' —>—0.6%CL-G"
410 4 0.8%CL-G' —#—0.8%CL-G" 110
102 | 0.4%CL  0-0%CL ) 100 ) —T ) )
0 1 000 2 000 0 500 1 000 1500
t[s] t[s]
Bl 1 CL-RS R RIAK - BRETHRE G, G"H tHEH L
Fig.1 G', G" versus 7 cures of CL-RS blends during sol-gel transition
E:(a) AABAANGBINE, H P F LRI K AT K PTIR IR AL S S SEAE 5 A Sy 3 L BB SIEALIB LT A E (D) AR,
% 2 CL-RSHBHZBAR-BRFETHBERTEHESH
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0.20 67.09 0.13 85.00%* 79.84 79.84 57.60 227.4
0.40 66.08 0.52 83.08 279.21 219.28 95.60 280.66
0.60 66.08 0.51 82.09 391.45 293.55 136.01 340.89
0.80 65.09 1.45 83.08 296.84 251.11 117.01 302.14
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FTER R R B I R I, TEBT R I FEH RN 0.60%
AP SRS B IR AT AR IR — AN TR AT KR
B RK 23.00% (P<0.05), FHIAR TSR K AR
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Fig.3 Syneresis rate of CL-RS blend gels

E: BY RRNEFHERTEFRFE (P<0.05).

& 3 CL-RS#HRBER BT 1%
Table 3 Textural parameters of CL-RS blend gels

CL it 5 %/% AE/N 5 PP /m) SR /% wEL g /m] IR AEPE/N 7R/ %
0.00 1.94+0.67° 224+0.19 0.72+0.18" 17.4+10.86" 2.54+0.30° 0.75 +0.08°
0.20 2.62+0.08° 3.06 £0.01° 0.98 +0.02° 31.42+2.5% 233+0.19° 0.89 +0.05*
0.40 6.63 £ 1.65° 472+0.59° 0.93 £0.08" 35.79 £22.71° 5.19 +0.84° 0.74 £0.04°
0.60 19.35+1.12° 9.50 £0.74° 0.41 £0.05° 44.65 +2.42° 11.96 +0.67° 0.62 +0.04°
0.80 22.19 % 1.56" 11.00 £0.52° 0.44 +0.02° 25.50 + 1.05° 14.08 % 0.68" 0.66 *0.03™

E: BRI RMBERAR FEZAFTEFEE (P<0.05).
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Fig.4 SEM images of CL-RS blend gels
2 a AMBAE, bre RAABIR 254 0.20%. 0.40%.
0.60% & 0.80% CL #)4f 5%,

2.6  CL-RS3E 38 & i K 4 oAl HLAE AT
EREFRER (7)), Tk, BHIZRE

TM3030_

128

(7K 3 A B JE X 24 5 W R B A BR 55, K IR Bl PR
Rz T, #N, W Jkng, KomshtEsa®. miEs
KFRATULEH, BE CLJEES AN, CL-RS
BRI T, (Tyy Ty Top) ¥JRIEANES, RITE
BT CL AT {2 3 CL-RS BB 2% & 1), 3 i 0 236 73 7K
SIIRG ) . R 3 BRI R (T hraR e,
EXHHEREMIEL, & 0.60% CL FLIREHI T, B 0.91 ms
2 0.52 ms, [E0EIL 42.86%, *tR45EKELH 4, M
0.73% $2F+ % 1.10%, FH] CL @ F2EEA T 1 &
LRI A K Ay PR A, P8 G K TR N ] T, {EFE
CL I 2 R RE# %4, 0.60% CL 4135 it /IME 645 ms,
BN IR ZE B PR AIC 58.01%,  EMAIE CL P28 % 7K 437
B BEASIE R, BKAS S 5RE A, B IRAEA
5, AR s FE ] T, 1 115.13 ms 46 %7 & 83.27 ms,
BEIRIE 27.67%, UFSE CL ¥ N8 45 2505 2 2 R il 7K 4
RS bR gh B ZIE TR = /50X (CL % n
B <0.60%), CLIEI p-1,3-FEEF MR S B ER T
B R Gk, WK TR R R A
X (CL N5 >0.80%), #4555 80U M 4% i 1,
H Ty (7.57 ms) {5 & ZF K T X (15.36 ms),
F W] CL B AR TE 11 I G W 2547 B £ 7K 43 29 SRAR
B FIMELPVEG L wRE IR R CL R K R
FUERIL T RIS, HAimm0.30% n] 548K 1)
FAE AL S RN M B, EERK I T, 21 5
B IR]AE 1 77 R A%, L3 Ty, It 78 T A% B sy
BFE (P<0.01). ZrEGEEIK Ko o3 A A S RF K 1
JRrMT 45 AT 40, CL-RS JLiRELR A R, AT#34%
JB B hn N AT fig 38 I B K A I T IR R T IR 8 B
FH 2 B A K 3h 77 S BRA AL, 2 BRI TR
AR, REMmMEEK (4,) WBEAR, H
55 25 G 7K R 45 46 SR 2 K I W R F 5 38801 MK 6 K
i~ B

22000
+1 600
41200
4800
Laoo

SR / (au)

&

40
—— Joo%cL
7 02%cCL
7 0.4% CL
7 70.6%CL

T 7y 7 7 0-8% CL

LAl T i 7
0.01 0.1 1 10 100 1000 10 000
T, 5t R 8] / ms

5 CL-RS g T, iR E %
Fig.5 T, relaxation diagram of CL-RS blend gels
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4 CL-RSEBER A RIR A /Kt R B i8] A8 XT & Lb

Table 4 The relaxation time and relative content of CL-RS blend gesl for water with different states

CL JRE54/% T,,/ms Ay /% T,,/ms A% T,y/ms Ay/%
0.00 0.91£0.47"  0.73%0.46 1536 £7.59" 3.66%0.12° 115.13 £4.62" 95.61 +0.46"
0.20 130 £0.39° 0.84+0.12° 1272 +3.17" 3.44 £0.06° 111.69 £ 0.96° 95.72+0.07°
0.40 0.87 £0.04" 0.70 £0.12° 6.53£0.32° 2.31£0.13° 82.62 +2.63 96.99 = 0.06"
0.60 0.52+0.13° 1.10 £0.53 6.45+1.56° 235+0.12° 8327 £2.44° 96.55 % 0.45"
0.80 0.57 £0.09° 2.22+1.01° 7.57+14° 2.39+0.18° 84.63 +1.82° 959+ 1.19

E: Ty AK, Tyt RHRFHIK, Toy: AWK, 4,: - &b, FFIKSRESEFARAFEZNEAFTERFZE (P<0.05).
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Fig.6 XRD spectrum of nature RS (a) and CL-RS (b) blend gels
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