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Effect of linoleic acid coupled with rice glutenin on extruded rice starch complex
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Abstract: In order to investigate the effect of linoleic acid (LOA) combined with rice glutenin (RG) on the
molecular structure and physicochemical properties of extruded rice starch (ERS), ERS-RG-LOA ternary
complexes with 10% RG (based on the mass of RS, the same below) and different LOA amount (based on
the mass of RS, the same below) were prepared from rice starch (RS), RG and LOA via a twin-screw
extruder, and characterized by XRD, FTIR, low-field nuclear magnetic resonance (LF-NMR) spectrometer,
DSC, rheometer, fast viscosity analyser, SEM, and laser particle sizing instrument. The results showed that
compared with ERS and ERS-RG prepared by adding RG only, ERS-RG-LOA ternary complexes exhibited
significant increase in the short-range ordered structure, the relative crystallinity and the pasting
temperature, enhancement in the viscoelasticity, the thermal stability and the binding ability of water
molecules, a denser microstructure, and reduction in the peak viscosity. ERS-RG-LOA ternary complex
with 1% amount of LOA displayed a relative crystallinity of 14.54%+0.51%, a short-range order degree of
0.971£0.005, significantly higher energy storage modulus, and increased bound (1.77%=+0.06%) and
weakly-bound (4.39%+0.01%) water contents. The ERS-RG-LOA ternary complex showed little difference
in the water absorption index compared with ERS-RG, but significantly lower water solubility index.
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Fig. 1 XRD patterns of ERS, ERS-RG and ERS-RG-LOA
ternary complexes
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Fig. 2 FTIR spectra (A) and deconvolution patterns (B) of
ERS, ERS-RG and ERS-RG-LOA ternary complexes
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BEEWA R, 3 H ERS-RG-1%F DO i M ERS
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B P45 03 0 o3 & K R RS il RG Fi LOA
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Fig. 3 Water state and distribution curves of ERS,

ERS-RG and ERS-RG-LOA ternary complexes
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ME 3 FiZ 1 Al VA, 5 ERS Ak, ERS-RG

Fl ERS-RG-LOA —JCE GYIMNFILEEIK (Ty) ihig
ki) [ 5 = (B I RS 31, 6B LOA 5 RG AYAS I ive
IR 45 A K BT sh e s . X, R
LOA il RG il i /KA BEAEH S 3ER - FHZ &, A
mamd T 2EEWEEKKEE T . [H ERS-RG Al
ERS-RG-LOA —JeE &% (ERS-RG-10%F%5M ) I H
K To3 ) 548 ( A3 ) iR 3E8/0 ( P<0.05 ), ERS-RG-1%
RIZEAK (Ty) i (Ay) SH456K (Ty) &
(Ay) WFETHE, 23BIH ERS £ 1.12%+0.02%TH

% 1.77%+0.06% . 2.79%+0.01%T & 2 4.39%+ 0.01%.
XEH], ERS-RG-LOA = 0 AWxi /Ko R4 5
T3, EZRK T R mIRZE T, TEE KT
SN TR ST T A R SR 2SR
XATRESEN, LOA MZsHAFfH A LOA Siektk
SEAMER, BHAE T B TEM 5 S BEVE M 2 [0 ST
A, MRS T8¢ Ry oK P Boriz i . 1 LOA
TN 10%0 ERS-RG-10%[1) A»; BB 5, X2
T, FE LOA HEETEVEMmBR M, i Tk
FRATEBEERARZ

%1 ERS, ERS-RG fll ERS-RG-LOA =Ju&E &YIMMIXT&E W | EREA T E LA R SKE &

Relative crystallinity, short-range ordered degree and content of different states water of ERS, ERS-RG and

A21 A22 A23

Table 1
ERS-RG-LOA ternary complexes
HE il 44 AT 2 b DO f
ERS 7.58%+0.47%° 0.896+0.010°
ERS-RG 10.66%+0.38%" 0.926+0.006¢

ERS-RG-0.5%

13.90%+0.18%"

0.967+0.013°

ERS-RG-1% 14.54%+0.51%" 0.971+0.005*
ERS-RG-3% 13.85%+0.80%" 0.970+0.003*
ERS-RG-5% 12.36%+0.32%" 0.950+0.002°

ERS-RG-10%

12.22%+0.11%"

0.925+0.007¢

1.12%+0.02%¢
2.38%+0.03%"
1.56%+0.04%°
1.77%£0.06%"
1.16%+0.02%*
1.00%+0.01%"
0.73%+0.03%*

2.79%+0.01%"
4.10%+0.02%"
3.98%+0.03%°
4.39%+0.01%"
3.00%=+0.02%"°
2.97%=0.04%°
2.59%+0.01%%

96.08%+0.01%"
93.51%+0.03%®
94.46%+0.02%°
93.84%=0.03%"
95.84%+0.01%°
96.03%+0.02%°
96.69%+0.06%"

I WA AR NG PR ERRR B B#EE 2R (P<0.05) , T

24 = EAUMBAZESESHT

% 2 y ERS. ERS-RG #il ERS-RG-LOA =Ji&
G ) 2R

A CAH ) B FIRRIRTE R 7+ W f ik
LEFI I SEREAR T, AH B, RRTER TR E T
TRE RS . R 2 LR, RG BINA I ALl
ERS-RG M AH W& TR, X5 ARSI i 4 iF
grtlgh B — s, W E BRI LOA 5 RG )
ERS-RG-LOA =JtE &% ( ERS-RG-10%FR41 ) 1E
70~106 °CHy AH 34T, X J& i F3EM - iR 1 A

BEWRIE ., 16 100 °CRFT i PLAg g R 1 R
HY, EUPGERZIE R, B&EEARNVRE5Y
iy, BRI At T ERS-RG-LOA =J0E &
YITEAE IR, ERS-RG-LOA = TtH AW (%
ERS-RG-10%%4 ) AH {E¥%F ERS 1 ERS-RG,
FB ERS YA E Ml L 7 LOA Fil RG 145 3]
HEEE L 24 LOA WshnE N 1%}, ERS-RG-1%M) AH
fH ((5.85+0.17) J/g) I K, RHHEAER . A7
JERH Z 1 bR gh i, X5 XRD 258 (K 1) —
i&[m]o

%2 ERS. ERS-RG #ll ERS-RG-LOA & & W1 2450 . WIkistE 251
Table 2 Thermal properties and pasting properties of ERS, ERS-RG and ERS-RG-LOA ternary complexes

ks 2 T,/°C T,/°C T./°C AH/(J/g)  EMHZEEE /P AMERE/P  FHEEEE /P ZAERE/cP
ERS 89.70+0.45° 98.81+£0.16™ 102.44+0.21°  2.37+0.06° 1360.33+10.41° 213.33+11.68° 1147.00+8.54"  249.67+13.87°
ERS-RG 87.06+0.57° 98.96+0.53" 104.77+0.36*  2.60+0.16° 795.00+11.79" 229.67+19.14**  564.67+14.29" 313.00+7.81¢

ERS-RG-0.5% 87.81+0.66° 99.54+0.47* 103.77+0.88%* 3.22+0.04¢ 1019.67£10.97° 252.33£10.79°

ERS-RG-1% 79.79+0.43" 96.88+0.28° 104.31+0.56" 5.85+0.17°
ERS-RG-3%  81.45+0.83° 96.36+0.95% 104.61+1.23"
ERS-RG-5%  83.97+1.06 97.87+1.70° 103.09+1.47** 3.72+0.11°

ERS-RG-10%  85.12+0.85° 99.10+0.60™ 102.89+0.63"

5.4440.23"

1.11£0.19°

397.67+9.02¢
393.00+5.57°
428.67+13.05°
424.00£15.10°
972.00+8.19°

768.00+17.78°
747.00+10.58°
718.67+9.45¢
669.67+13.65°
83.00+3.61"

999.00+6.56°  252.00+9.64°
966.33+14.64% 247.00+8.00™
916.33+10.07° 245.67+5.03"
521.00£12.008 437.67+20.60°

#: 1x107° Pars=1 cP, Fdl,

25 ZrnEEYRTHEMEST
4 )y ERS. ERS-RG Hll ERS-RG-LOA =7t&
YRR

fERERLE (G') FISRICMBER A i PEvEfRE,, X
& LRV TV A B SRAR T DI A 5 AR
(G") FR A R 9 N DL PEAE BOR U 10
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e, MIE 4A ATLIFE T, ERS-RG fl ERS-RG-
0.5%~ERS-RG-5%[% GE¥I L ERS 5, FIFER
MEE T T H5ESEME LOA 28] AL AE H ™
DA SR GE Ry B BE R G4, , T R R E Y = 4 4 45
F, x5 LI 2P & BT 55 LOA 3 (>1%)
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