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Effects of material form on the modification of rice by heat-moisture

treatment

Wang Haoyan' Feng Wei' Zheng Yubin' Wang Ren' Huo Jian®

(1. School of Food Science and Technology, Jiangnan University, Wuxi, Jiangsu 214122, China;;
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Abstract: [ Objective] To investigate the effects of two material forms (rice flour and whole rice grains) on the modification performance of
rice by heat-moisture treatment and physicochemical properties. [ Methods] Early indica rice is used as raw material. Rice flour and whole
rice grains are subjected to heat-moisture treatment (100 °C, 2 h) under three moisture levels (21%, 24%, and 27%). Subsequently, the basic
chemical composition, surface particle morphology, crystal structure characteristics, and farinograph processing properties of samples from
the two groups are characterized. [ Results] After heat-moisture treatment, the particle dispersibility of samples in both groups decreases
significantly, accompanied by obvious aggregation and fusion. All the samples maintain the typical A-type crystal structure of rice starch,
with a slight reduction in crystallinity, a shift of endothermic peak toward higher temperature, and a decline in enthalpy (AH). After
treatment, the samples exhibit decreased peak viscosity, final viscosity, breakdown and setback values, delayed occurrence of peak time, and
increased gelatinization temperatures. Meanwhile, the thermal stability and anti-retrogradation capacity of starch are improved. Moisture
content exerts remarkable influences on surface particle morphology, damaged starch content, crystallinity, and thermodynamic
characteristics of samples, whereas its effects on gelatinization properties and gel texture are weak. Material form significantly affects the
modification performance of heat-moisture treatment. Compared with the rice flour group, the whole rice grain group exhibits increased
amylose content, damaged starch content, characteristic particle size, gel hardness, chewiness, and resilience, as well as slightly declined
starting temperature, peak temperature, AH, and breakdown value. [ Conclusion] Material form significantly affects the modification

performance of heat-moisture treatment on rice.
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Table 1 Basic chemical composition of rice flour and whole rice grain samples subjected to heat-moisture treatment %
FE 5 Koy HEA Jg i W5y LA VE By
X HEFE 1 6.81+0.09° 8.16+0.46™ 0.54-+0.01° 0.7340.03% 17.8740.49°
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R-27% 7.0940.19% 8.6540.22° 1.04+0.08° 0.5840.05° 19.1440.29"

o[RBT EOR R R 22 5 W (P<<0.05) .

22 BRI (SEM)

H T 1T T, % REAE 1 rh ] AR B ORI £ A TR 1
RIR K UE By UL N G T SR W, L BORE 2 11 4 Ry 't i [
T8 5 556 FERE VAR LE, X R RE 2 v A B R T A R B B
SO/, LU 3 10 SE D oRLRE DB 2, O i
TR HE 2 R R R G LR SR g 5 28 U AR Ak
S5 o T LR 5 T ORE 285 4 AT DR 4 A Bk S8 L (B LA R 2
S HE O URE A3 BRI, B R Y SR A A
%, B A G FF 0 Ak B K 4 2 e Y 1S g
KA FE AT A BT K R 2k [F AR S B0 43 VE B R AR
A, T 5 | & UKL TR) f4 85 BF 55 SR AR o A, T ZE A A Y
RIS AR Al A A7 AR BH B 25 S TR A B S oK 4 S A

HOURL 2 TT HR LT AT Y 1M1 I A T oK A 4L ) RORE T A
D0 A7 TR0 5 3 ik — 22 S ) IR RT BB = (D 3 oy R
T 1 A A B R b2 28 T WK R IK 5 v AU 4 Y 5 AR
b 4 22 S5 2 (o UK 2 T 7 A B g B o, T S R M B S
A AT I 5 @ K 2R 7 T PR b S AT R A
BUBR 7 84 45 T RT BE 5 S50 22 A0 B A A5, o i o ) R A
L T 45 4 1) 8 B
23 NESHMWREHESE

FT P2 W, SR BRRE 15 B A T A X
A, HARE 2 e, 22 SRR AL RS, TR O Y 0
ey £ A% , ELUG iy SR 0 O g . i aR 2 T g B AL
HRRE A4 7K 23 5 i R A AR AR 3 Al 2 R B K



F&M | Vol.42, No.8

XfFEREL

Figure 1
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SEM images of rice flour and whole rice grain samples subjected to heat-moisture treatment
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Figure 2 Particle size distribution curves of rice flour and
whole rice grain samples subjected to heat-

moisture treatment
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Table 2 Particle size distribution parameters and damaged starch content of rice flour and whole rice grain samples

subjected to heat-moisture treatment

7N i fi R
X HEFE 1 5.35+0.10° 17.054+0.91° 77.61+0.82" 4.62+0.07¢ 41.73+0.13¢ 125.45+1.15" 4.22+0.04°
F-21% 3.3440.02° 9.36+£0.42" 87.30£0.40° 8.4020.09" 56.434-0.26" 116.35+1.75¢ 4.7240.04°
F-24% 2.84+0.05° 6.33+0.69° 90.83+0.73¢ 10.61+0.01° 58.404+0.45"  122.00+0.50®  4.88-+0.04¢
F-27% 2.8240.03¢ 5.95+0.10*  91.43+0.13% 12.61+0.08° 65.83+0.16° 137.054+1.15¢ 7.67+£0.21°
Xf BEE 2 1.88+0.02° 7.9940.05° 90.1440.02¢ 10.71+0.04° 94.804+0.76°  217.654+2.15¢ 9.3940.21"
R-21% 1.4540.04" 5.91+£0.12  92.64+0.08"™ 15.93+0.34°  10525+0.75°  230.65+1.35¢ 7.42+0.04°
R-24% 1.514+0.06 4.86+0.13°  93.64+0.18" 18.8640.07°  128.650.75"  297.6542.05" 8.49+0.21°
R-27% 1.2940.03¢ 4.52+0.02¢ 94.19+0.04" 21.51+1.39*  123.15+1.45°  253.9042.00 9.51+0.41°

TS TR RN 22 5 B3 (P<<0.05) 5D, Dso Doo I GBI AL 434 i £ P BAL G340 K 10% , 50% , 90% Hif R 19 25 35 B A% .
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Figure 3 X-ray diffraction patterns of rice flour and whole

rice grain samples subjected to heat-moisture

treatment
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Figure 4 Thermodynamic curves of rice flour and whole
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rice grain samples subjected to heat-moisture

treatment
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Table 3 Thermodynamic parameters of rice flour and whole rice grain samples subjected to heat-moisture treatment

R i T,)C T,/C T./C AH/(J-g )
X B 1 73.39+0.09° 77.9340.01" 82.4240.01° 8.26+0.05"
F-21% 75.6740.10° 82.4940.11° 87.2040.01° 7.5540.31°
F-24% 76.67+0.02° 83.11+0.19° 87.77+0.02" 6.46+0.21°
F-27% 79.824+0.37" 84.3940.16" 88.1940.30° 7.4240.05"
Xf HERE 2 74.4340.01¢ 78.97+0.06° 83.93+0.51¢ 6.9140.28%
R-21% 73.73+0.26° 80.5140.09" 88.0440.05 6.85+0.00%
R-24% 74.7540.02¢ 81.544-0.07 89.1040.17° 5.0120.15°
R-27% 74.46+0.06" 80.9240.03¢ 88.4140.10" 6.32+0.03¢

T AN RER A R 25 5 W (P<0.05) .
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Figure 5 RVA profiles of rice flour and whole rice grain

samples subjected to heat-moisture treatment
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Table 4 Gelatinization properties of rice flour and whole rice grain samples subjected to heat-moisture treatment

FE WEEZEEE/(mPass)  fRME/(mPa-s) &% E/(mPa-s) [o] 4= {f/(mPa-s) U (B 1] [A] /min IR IR R /°C
X HREE 1 2177.54+23.5° 381.0+9.0° 3044.0433.0° 1247.54+0.5° 6.8+0.0% 89.340.3¢
F-21% 1621.5+3.5¢ 203.5+17.5¢ 2 155.0+17.0% 737.0+3.0° 6.940.1"¢ 93.3+0.3"
F-24% 1853.542.5" 235.5412.5° 2 415.54+62.5° 797.54+47.5% 7.14£0.0" 92.540.5"
F-27% 1545.0+15.0% 196.0+1.0° 1979.54+16.5° 630.540.5° 7.140.1° 93.340.4"
X R R 2 2205.5+14.5 349.042.0 3784.0421.0° 1927.544.5° 6.240.0" 83.6+0.4°
R-21% 1522.54+10.5% 13.0+0.0" 2366.5+56.5% 857.0+67.0° 6.9+0.0% 89.640.0%
R-24% 1441.5+10.5¢ 5.041.0" 2258.54+18.5% 822.049.0% 7.140.1" 91.740.4°
R-27% 1823.5414.5° 72.043.0° 2933.540.5 1182.0=11.0° 6.740.1° 90.540.0°

T B TR KR 25 5 3 (P<<0.05) .

RS CRMMERZSEHLEREHE RO REEE

Table 5 Texture properties of rice flour and whole rice grain samples subjected to heat-moisture treatment

FE S T & /N HE N R RELIER P /N al & 1
Xf HEAE 1 1.824+0.04" 0.954+0.01° 0.4740.02% 0.82+0.04* 0.0740.00°
F-21% 0.83+0.02° 0.89+0.03" 0.520.02" 0.39+0.01¢ 0.030.00"
F-24% 1.02+0.00¢ 0.9240.02% 0.4740.01%° 0.4540.00° 0.0340.00"
F-27% 0.93+0.01% 0.95+0.00" 0.480.03% 0.42+0.03¢ 0.030.00°
X FEFE 2 1.50+0.01° 0.95-+0.00" 0.4440.00" 0.6440.00° 0.0440.00%
R-21% 1.85£0.01° 0.83+0.00° 0.39+0.01° 0.59+0.01° 0.080.00"
R-24% 1.70£0.04° 0.960.01° 0.3820.00° 0.630.01° 0.060.01"
R-27% 1.77-+0.08% 0.94-0.02% 0.43-+0.03" 0.71+0.00" 0.05+0.01¢

T ORI RER R 2 5 B3 (P<0.05).
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