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Effects of differential protein removal on the properties
of early indica rice flour

CAO Yijun* FENG Wei”> WANG Ren"* ZHANG Hao** WANG Tao"*

(1. National Engineering Research Center for Cereal Fermentation and Food Biomanufacturing, Jiangnan University,
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Abstract: [ Objective] To investigate the mechanism of the effect of deproteinisation on the physicochemical and functional properties of
rice flour.[ Methods | Enzymatic and alkaline methods were used to remove protein from early rice flour, and the damaged starch content,
size distribution, morphology, solubility, swelling power, pasting characteristics and textural characteristics of the deproteinized rice flour
were analyzed.[ Results ] Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and confocal laser scanning microscope
(CLSM) showed that the alkaline method equally removed the protein subunit where as the enzymatic method showed a better
homogeneity of protein removal from the surface of starch. The size distribution of the control showed a majorpeak at ca. 70 pm and it
shifted to 6pmafter protein removal. With the reduction of the protein content, and the damaged starch content of the deproteinized rice
flour decreased while its elasticity and hardness increased. The deproteinized rice flour with 3.0% of protein (RFA@3.0), which was
treated by alkaline method, showed a most uniform particle distribution, and a minimum D, of 23.58 um was observed. When compared
to the control, its damaged starch content decreased from 3.32% to 1.48% while the elasticity and hardness increased by 54.55%,
52.60% , respectively. The deproteinized rice flour had lower peak viscosity, breakdown viscosity and final viscosity than the control, and
the RFA@3.0 had minimum breakdown and setback viscosities, which indicated that it exhibited best paste stability and was difficult to
retrograde.[ Conclusion ] The protein removal by alkaline and enzymatic methods can improve the properties of early indica rice flour. The
enzymatic method has mild reaction conditions and the result and products has better protein and size distribution and are more difficult to
retrograde than the rice flour that treated by alkaline method.
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Figure 1 Reaction process for protein removal from rice flour by enzymatic and alkaline methods
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Table 1 Preparation of rice flour with different protein contents based on theoretical reaction conditions and actual protein

content and damaged starch content in the prepared rice flour

B 1=y SN 2% A LR A/ % A5 VA B/ %
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% 6% y=5.76+2.81X0.89" 0.075% 6.0140.03" 3.2240.07"
R*=0.97 21.62 min
% 3% y=2.78-+6.09<0.86" 0.20% 3.02+0.07° 2.5940.11"
R*=0.99 21.98 min
it 1% 6 % y=5.83+3.680.96" 15U/¢g 5.97+0.02" 2.4940.14"
R*=0.99 75.33 min
fiti 1% 3% y=2.9246.46 X0.91" 300 U/g 3.0140.06° 1.4840.29¢
R*=0.98 46.56 min
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Figure 3 Particle size distribution of rice flour

Figure 2 SDS-PAGE of extracted rice protein from rice flour
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Table 2 Size distribution parameters of rice flour
Fe ANURE 7 He FhORE 5 L RIBOREL (5 L D../um Dey/um Dy/um
(<2 pm)/% (2~10 pm)/ % (>10pm)/% ‘
JEUBY 5.604-0.19°¢ 13.644-0.80° 80.7540.99° 5.004-0.18" 46.6040.04° 130.45+0.77°
k1% 6 %6 14.09+0.18" 39.61+40.60 46.30+0.79" 1.4340.01" 9.08+0.32" 86.81+41.49"
ik 3% 18.554-0.95° 53.0640.99° 30.3841.95° 1.2140.03° 6.48-0.26° 65.9941.71¢
M 1% 6% 20.1340.52" 56.19+1.18" 23.684+1.71 1.15+0.01¢ 6.07+0.20" 27.1141.42°
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Figure 4 SEM and CLSM images of rice flour
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Figure 5

Effects of differential protein removal on the solubility and swelling power of rice flour
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Table 3  Effects of differential protein removal on the pasting properties of rice flour

B W {7 B2/ HA i/ RYFE/ Il A= {5 / VAR B 1] / TR T/
(mPass) (mPass) (mPa-s) (mPa-s) min C
J5 R 3537.00£16.97°  1038.00479.19°  5391.00%155.56" 2 892.00493.33" 6.93£0.04"  92.5540.00°
i 6% 2721.50+3.53° 571.00435.35" 4 175.00+62.22° 2024.50+101.11°  5.68+0.07°  82.75+0.07
ik 3% 3231.50412.02 976.00450.91* 4 714.50--86.97" 2459.004125.86"  5.2040.04'  82.5740.24°
i} 12 6 %4 2 678.50+ 24.74° 681.00+90.50"  3512.50+103.94  1515.00+38.18° 6.82+0.07"  94.27+0.88"
fiti 12 3% 2 406.50+26.16 303.00+5.65° 3194.50+12.02° 1091.00+8.48° 6.61+0.02"  93.35+0.00"

T A TR R 5 2 5 B (P<C0.05) .
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Table 4 Effects of differential protein removal on the textural properties of rice flour

FE ity [R5 NELIE P/ mN JlieRis N R T /mN
JE Ay 0.44+0.01° 10.21+0.12" 20.34+0.11° 0.47-+0.06° 40.724+1.02
ik 6 0.5040.03" 11.324+0.27" 22.28+0.27° 0.51+0.04¢ 43.83+0.88"
Wik 3% 0.67-0.01° 30.5240.22¢ 45.5740.35 0.7240.05® 62.8441.56°
iti 1% 6 %4 0.51+0.00" 11.80+0.09 28.63+0.63" 0.67+0.07" 42.65+0.79"
ik 3% 0.68--0.00° 33.6240.38° 49.1540.19° 0.794-0.05" 62.1441.39*

T A R R R 2 R B (P<0.05).
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