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Abstract: In order to improve the physical properties of rice starch (RS) and expand its application fields, analytical techniques such as
rheological analysis, scanning electron microscopy (SEM), low-field nuclear magnetic resonance (LF-NMR), and X-ray diffraction (XRD) were
used to systematically study the influence of curdlan (CL) addition amount on the structure and properties of the thermally irreversible gel of the
CL-RS blends. It was found that when the CL addition amount reached the threshold of 0.60%, compared with the control, the gelatinization
temperature was decreased by 1.69 C, the retrogradation viscosity was increased by 25.00%, the syneresis rate was reduced by 47.73%, and the
transverse relaxation time T2 was shortened by 58.01% to 6.45 ms. Compared with the group with 0.40% CL addition, the peak value of the
storage modulus was increased by 40.20%, the G’ value at the end of cooling was increased by 21.46%, and the chewiness was improved by
24.76%. When the CL addition amount was<0.60%, the retrogradation viscosity, the viscoelastic modulus at each phase-change temperature
node, the chewiness, and the ratio of the bound-water peak area (A2i) were increased significantly with the increase of the CL addition amount,
while the transverse relaxation times T»> and T23 of water molecules, and the gel syneresis rate were decreased. Meanwhile, the porosity of the
microstructure was decreased and the distribution uniformity was improved. When the CL addition was 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 a transformation of the
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microstructure from a porous network to a dense 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, the properties of the RS-based blend
gel were effectively regulated by the threshold effect of CL addition amount, and a theoretical reference was provided for the development of
new RS-based heterogeneous polysaccharide blend system foods.
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Table 1 Pasting characteristics of the CL-RS blends

CLIREN4/% H#MLRELC  MAAZEE/Nm  BHAEE/Nm  ZE45E/Nm  AMFEEE/Nm =4 56 /Nm

0.00 73.77+0.42% 1.65+0.08% 0.84+0.072 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° 0.7240.13° 1.46+0.16* 0.73+0.2° 0.74+0.122
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Table 2 Rheological characteristic parameters of CL-RS blends during sol-gel transition
CLRES4/% T,s/C GuuPa Tuy/C Guy/Pa  Glunu/Pa  Gluui/Pa Glyny/Pa

0.00 71.09 0.12 85.00* 18911 3.64 18.91 207.68
0.20 67.09 0.13 85.00**  79.84 79.84 57.60 2274
0.40 66.08 0.52 83.08 279.21 219.28 95.60 280.66
0.60 66.08 0.51 82.09 39145  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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J&, JEARS A K LVER ¥JHIEEEVE, RS E CL 5l KR BAHA G, SBR e Rl 2. g Sk
P -TER R R R T 20~60 C AN T GBI T4 e kn B A0 S BRI AR 73 B8 FU R E AT ARALLE, {H CL 4K
FR R AN T e R AR 2 BB 35 (1) e AR 5 i lSle 28 b, CL R 2 AN I X A 8 ) 20 A7 LR A E R 14 1
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Table 3 Textural parameters of CL-RS blend gels
CLREN#/%  AE/N  ARb/m) 3% wEdEm] REWN ARMEY%

0.00 1.94+0.67¢  2.2440.19¢  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+0.028  31.42+2.5%  2.33+0.19¢  0.89+0.05°
0.40 6.63£1.65°  4.72£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£1.568  11.00£0.52*  0.4440.02° 25.50+1.05%  14.08+0.68*  0.66+0.03%

E: RISRMIAFRR FEZAAFE7F2H (P<0.05) .
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73 6/4. 5/5) WA KIER: (RS) 5ARZE R (TS) IR RN SXTHRAE RS 14 ZAH L B 5T 5im 15 o & 5 Ak
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Fig.3 Syneresis rate of CL-RS blend gels
Z: BYRRNEFERTEREE (P<0.05).
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AL, 24 CL RESH0E 0.20%)5, HTKERFEKIRATIE 19.04%, B CL iSINEIE 0.60%, /K3 FEAKRE £
b TR E 47.73%, FEFMEFES B EX (CL RINE<0.60%) AR IIEIE S5 iE /0 T4 A
B, SRAGEEIR MR, MHKS TR RS, BERAKSIERBANTH . CLIRINE>0.60%, HrKZ iR 5
FHa%z, 0.80% CL HEL 0.60%ZHI NS 7.69%, FH CL HERE T K IIAH B HISS M ZES: . EFRIEFITK
DULEREIT CL XN M i REBERC PRI R B,  ZEBF R AR AN 0.60% nT 4548 M il i 457 Fi nf 15 R /N Ve R
BN R IEFEK 23.00% (P<0.05), HIAR T 398 BE A /MR B AR I B AsiEs kv, AT
Sk H KA ETE. 27 b, SO rTAS SR R 2 2 BonTadidd 27 () SR E FH 0P E e 2%, 4kl 7K 33
T 5 SRR BT K P = A R 3 R

2.5 IR AW 2 A A

HHE 4 AR E S HX (CL ININE<0.20%), BRENE FEB NG, IR E R AR, fL
BRI A R %, M CL BT B e/ IV M 80 BUEMRLIX (CL EINEN 0.40%~0.60%),
LR A SR ESG I, PR R A ES, TR s R EA NN, HAGReiE (6 54 R
IEAESG: AR IX (CLIRINE>0.80%), WO NS Z IR, R R E N TR E SR g4, 1L
BRI, SiRAR S GRE S g N A SR N . %7 R CL S5 M AL RIME (0.60%) &35 TH
fh WA 2R, Wk S HE-TE R RBCE BB N 0.05%, TR0 TRERPGEgE ST, RRik-reh
P R PR SRR I R R IR I B BUE MR 0.75%, FFF 0.75% KC 1 4.00%E 5754 R VR SR LE it 473 8 53¢
NRasE, IRIBRRER A A B sh 88,  AIMTE R T ) ISR SRR, CL MU T B-1,3-FEEr St SR 7
(R ARAN TR AR, S LR i N TP 4 RE R 25 A 1 o

IR CL IR INEXS CL-RS IR BI IOWZE #4128 T 5 02 A A AR AL

™ DS0 =500 o0Dum TR

Thasaan_ M DES xEOD Traaess
[E 4 CL-RS B REIIEERSEE
Fig.4 SEM images of CL-RS blend gels
JE:r a AMEBAE b o d R e RKATARTESNH0.20%, 0.40%, 0.60%% 0.80% CL #94F 5%,

2.6 CL-RS 3385t fr Ak -2 A 2 #T

FEREF TR RS (T2 o, Tk, REZRS K G IR 26 S5 R SR A5 8855, KM mahtlok; Rz
ToHN, RAE R, AKORBhETE, hE s &R 4 /TLUEH, B CL FUES BN, CL-RS BEKH Ts
(Ta1iv Toov Ta3) BB NS, FWIHRIN CL AIERE CL-RS B RIZ S5, 50543870 7K 23 I o 48 1458
%3 B SIRI TR (T2) R, SXFIEEEAEL, & 0.60% CL HLIRELRA Tt i 0.91 ms F42%E 0.52 ms, F&IE
15 42.86%, XL ARG Aahh 0.73%3THEE 1.10%, K CL @I RIS T 10U X 2 38 S P /K 43 1 SR
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PG KITRES 1] TfHRE CL AN 2 T, 0.60% CL 4Lk HMA 6.45 ms, B IRZH R EFEMK 58.01%, E]
iIE CL PZ8X5 7K 7347 Bl Jy 2 i siais e, H7KAE 5 3R Ags TS, (H IS TPRIN A] Tos HY 115.13 ms 44
F1%2 83.27 ms, FEIRIX 27.67%, UESE CL FhAMESE RN i 2 BRI /K 73 AH 73 B8 o ik g5 5 3 B TR &40 #k X (CL
I INEE<0.60%), CLEILA-1,3-HH RS BEEM U 701" 45k, KT Eg1e: miiE 28X (CL
WINE>0.80%), H4r B FEURHIMLE I, (1 Tofl (7.57ms) PIRERTHIE (1536 ms), #W CL HEEE
FRH IR B ATs B /K o LIRS o« ZIMEFEROE IR 2 iR B iR R b CL BRI 7 2R 5, o
7NN 0.30% AT A3 SRR 1) % A FRZH 5 AR IR ZAAH L, B 31 To251a) st BRI [B) KL 7 [l ds , G2 T T4
IR SR % (P<0.0D). ZREEERIK I /AT KA K I B 45 P %, CL-RS HIRBHR A R, w15
SR F] e B /K S B 3 B S S 2% L% L AR B4 Ko sl g A BRI LA, BB IR T TR BN RRK
e/l REWREEGK (A MEIRARR, HS545E7KAS M R AK B B EE BT kR0 TR .
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Fig.5 T: relaxation diagram of CL-RS blend gels
3R 4 CL-RS FREMIARIMAZS Kot FAH 8] B AR 5 EE
Table 4 The relaxation time and relative content of CL-RS blend gesl for water with different states

CLAE54/%  Ta/ms Aoi/% Ta/ms An/% Tas/ms A%
0.00 0912047  0.73£0.46>  1536£7.59* 3.66+0.12° 115.13£4.62*°  95.61+0.46"
0.20 1.30+0.39*  0.84+0.12°  12.72+3.17%  3.44+0.06° 111.69£0.96*  95.72+0.07°
0.40 0.8740.04°  0.70£0.12>  6.53+0.32°  2.31£0.13°>  82.62+2.63°  96.99+0.06"
0.60 0.5240.13>  1.10£0.53°  6.45t1.56° 2.35£0.12° 83.2742.44>  96.55+0.45%®
0.80 0.5740.09° 222+1.01°  7.57+1.4>  2.39+0.18" 84.63:1.82>  959+1.19°

VE: Torr 69K, Tn: RERFHK, Tu: BEK, A A5 Bk, 12 RO KSHRBIAFAR FRHZ A AT EZFEE (P<0.05).
2.7 XRD 4-#t

6a TR AR KAR RS I A FUZE L (260=15°, 17°, 23°), 5 CHRIRAE OREK SRR IE R RFIE XRD
Hr A B 2R, B 6b R BHE v IR - i AL AR B 5 BT AR (0.00%<CL ¥ INE<0.80%) #IK4E A—V
RIZE AR, RHIEWEATF% 2 20=19.80 °, R AR 78 A TE R BURL I RAR SRR T o CL IR v AYLh
i s (A20<0.3 °), (EERFEIEEIETEA, R CL MR -5k b RV O T 45 & IX 2 T-HED IR
FEJFF T REZ CL A5 B R e e 7 s TE A S N 2%, 4k SRR Ve B 45 T8, Zhang SFPOEIS T
FKTER (WRS) FIERRAFR (FG) LR RBI AR 7RIS, — WRS 2 A BIRAZR, AT
BHERT 15°, 17°, 18°M123° (20D, Firfs WRS-FG JREHRFIFFIERTHIEE K, WRS-FG HRERTE 12°%
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24° (20) I Ry s H R, XATRE2 e 5 FG IR EAER, 38T KA P4 RG
RINTEREBREA S5 SRS IR, JER 7 FREE MRS A 5 B RS, EEk B b I — B A 1)
W, 27 b, BN CL X4 DI IR-BH AR R LG RS (SRR SE A TE I B, AEANUR SR AR ~, nf
L1 S E AU S L X SRR o

(19.64, 3353)
(b) 0.80%CL 26.28%
(19.74, 3174)
T 0.60%CL 26.44%
P
(19.84, 3481)

0.40%CL 26.33%
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Fig.6 XRD spectrum of nature RS (a) and CL-RS (b) blend gels
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Fig.7 FTIR spectrum of CL-RS blend gels

Wi 7 fizs, BT CL-RS FLIRERAE S (L /M6t 45 2 B = LTS H s B, R BAAE SR B i %
IR AR AR B AL A G AR RSN B A, Yang SFPEBZFoKTER (CS) MFLIETEEH (WPD Hfh
SR T ILEYIE R R B FTIR JEHEK (400~4 000 e AVASINE] CS A1 WPT BUAFARIE, X3 W AE i
I FE A CS 5 WPI 22 Al R A L AR BAT FH 8 0.20% CL £f O-H i RS -0 56 ot B2 MG N2 12.32%,
A7 T 3 290 cm 41 F£4) 28.00 cm ' % 3262 cm !, F W] CL 5 RS (AL AII BT, MEMLX (CLRInEAN
0.60%), O-H WE5RFERRKAE, U5 2 ZXTHRZALR 90.00%, FH CL 5 EAEE Fyig et S s i 250 ™
%%, HERESHIX (CLINIIEN 0.80%) O-H A 2 15.00 cm ' H [H] 75 S fRZKF, RS S
AT /AR, 5 XRD R ERE5 M SR I GO O B3 20A ELEDTE . 25 BUskiE (1080 cm™) Ug5R
FERf CL VSR IN& TRy, BNIE CL i M2 o i SCREVE Ry B 45 it o B4, S H Bt (CL<0.60%),
C-O U (1160 cm™) SRFEEHS AR 22.00%, R CL 1I4-1,3-H e i ke (A 1 F 38 i X 25 AC R o
SHEETIEE (0.60% CL) S5iiAR G K E A (391.45Pa) LIRS, HERMLRE 50 FHEA I E B,
25 I, FTIR 4347 CL-RS HIREHLH, CL #1 RS WK R 2 W50 FIRAAEIAN R, B A A B
VB BLAEMN D0 1A 21 BB A BE A 0 f 1 Ve FH s S 3 a3

3 Zhip
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AR (CL) X ACKIER (RS) FEILIREEAR PR S0 2 AR BUE RN, HAE ML 5 575
ZHEAR B EAE B VIR BRI, CL M5 NARBIIR K TER A7 1 701 P HES IR, B e AL
R R IR T A B AR R AR R . 2 CL IR INEAE TG S BIER (<0.60%), S TR
JR- B AN A AR SR RIEAT, ARG R R EEASE MR HIE R R AR, el i@ 2 fL- IR B A k4%
SRR AR K R S PR s SR, 24 CL SIS IE A RE (>0.60%) J&, HEREZRHEUR S
FIVE BN S, SRR B S ERE AR IR, IO A 22 AL 45 ) 350 E R 2, eI U
PERER R DAL, EAERRE, BESML CL 5 RS 7 HESS BUKIEH st RSP, DLRA%ZGS
TG HITER KRR, MR R ARG N SR 2 R 2 iR 1l RS TR CL I & ] € a)
BT SHRBUERIAT g S-SRI S I A SR PSRRI AT, DT R T 57 5 22 W e e 458 S5 2 i JR A
ARG 7R, BB R TRV O A2 & i B BEVE ST T RE T BURTER A .
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