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within a short time after cooking
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Abstract The aim of this study was to investigate the texture change of cooked rice within a short time after cooking.
Using four instant rice brands, the texture change within 30 min after cooking was measured by the texture profile analysis
(TPA) method for hardness, adhesiveness, cohesiveness, chewiness, and springiness with different compression ratios (30,
70%) and cross-head speeds (0.5, 1.0 mm/s). In the case of cohesiveness, adhesiveness, and chewiness, there were
significant differences in the rice textures at 20 to 30 min after cooking compared to that in the sample immediately after
cooking. In particular, adhesiveness showed significant differences at 10 min after cooking. However, there were little
significant differences within 30 min for springiness. In conclusion, when measuring cooked rice texture, it is desirable to

measure it, if possible, within 10 to 20 min after cooking.
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Table 1. Variation in the texture parameters of four cooked rice samples as a function of compression ratio and cross-head speed in the
texture profile analysis

Hardness (N) of cooked rice samples

Test conditions”
CRA? CRB CRC CRD
30% 0.5 mm/s
0 min 2.26+0.36 2.24+0.60° 2.04+0.38" 1.76+0.37*
5 min 2.26+0.47 1.98+0.34* 2.04+0.32° 1.69+0.36°
10 min 2.20+0.39 2.12+0.33° 1.73£0.35® 1.76+0.35°
20 min 2.02+0.31° 1.86+0.35° 1.62+0.24 1.7440.32°
30 min 2.25+0.34° 1.86+0.30° 1.14+0.36¢ 1.68+0.43°
70% 0.5 mm/s
0 min 19.18+3.04° 19.83+2.63* 13.6242.35" 15.73+2.90°
5 min 18.83+2.97° 20.69+2.87° 15.19+2.01° 15.65+2.59
10 min 18.96+2.92* 18.59+2.47% 14.5742.23" 15.47+2.70°
20 min 19.70+3.78" 18.48+3.00® 14.21+2.30° 15.99+2.92°
30 min 20.58+3.09* 17.11+2.60 15.0342.40° 17.03+2.76"
30% 1.0 mm/s
0 min 2.2040.63™ 3.02+0.58° 2.05+0.37 1.7240.28°
5 min 2.80+0.44° 1.95+0.27¢ 1.91+0.25° 1.77+0.36°
10 min 2.14+0.36° 2.56+0.36™ 2.07+0.44° 1.8240.39°
20 min 2.67+0.44® 2.26+0.04™ 1.98+0.35° 1.77+0.46"
30 min 2.12+0.62¢ 2.27+0.43% 1.88+0.43° 1.73+0.28°
70% 1.0 mm/s
0 min 23.09+3.52 23.32+4.05° 15.60£2.47% 17.40+3.15
5 min 23.60+3.53* 24.17+£3.36° 13.87+2.43" 16.51+3.63"
10 min 21.86+3.19* 20.06+3.11° 15.0242.33" 18.82+4.55°
20 min 20.36+3.13% 23.02+3.49° 17.3143.86" 17.95+3.52°
30 min 19.66+3.11° 25.00+3.21° 16.48+2.71% 16.59+2.85
. Adhesiveness (Nsec) of cooked rice samples
Test conditions CRA CRB CRC CRD
30% 0.5 mm/s
0 min -0.14%0.05 -0.25+0.09* -0.23+0.06 -0.15+0.08°
5 min -0.25+0.09* -0.23+0.08° -0.24+0.09 -0.15+0.07°
10 min -0.14+0.04° -0.26+0.08° -0.37+0.10° -0.16+0.05°
20 min -0.15+0.05" -0.23+0.09 -0.24+0.07 -0.19+0.06°
30 min -0.22+0.09* -0.26+0.08° -0.24+0.07 -0.20+0.07*
70% 0.5 mm/s
0 min -1.76+0.43" -2.29+0.36" -1.67+0.43® -1.5120.30°
5 min -1.66£0.35 -2.02+0.37® -1.65£0.28° -1.5420.50°
10 min -1.52+40.30° -1.55£0.25¢ -2.06+0.31° -1.03£0.35
20 min -1.69+0.52° -1.98+0.63* -1.64+0.26° -1.27+0.45%
30 min -1.61+0.33° -1.80+0.47* -1.7440.38® -1.60+0.53"
30% 1.0 mm/s
0 min -0.12+0.05¢ -0.18+0.07® -0.15+0.06® -0.09+0.04"
5 min -0.17+0.08 -0.110.04° -0.130.08° -0.08+0.04°
10 min -0.12+0.04° -0.21£0.07* -0.13£0.05" -0.11£0.06™
20 min -0.22+0.05* -0.20+0.08* -0.15+0.05® -0.13+0.08*
30 min -0.17+0.06° -0.17+0.06™ -0.22+40.11* -0.15+0.09
70% 1.0 mm/s
0 min -1.24+0.48® -1.31£0.36° -1.03£0.29° -0.74%0.30°
5 min -1.42+40.44° -1.25+0.23° -1.00£0.23° -0.65£0.29*
10 min -0.99+0.30° -1.29+0.25 -1.40£0.19° -0.74+0.33
20 min -0.75£0.27° -1.57+0.38® -1.2240.27® -0.75£0.22¢
30 min -1.05+0.25° -1.78+0.28" -1.00£0.36° -0.72£0.29*
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Table 1. Continued
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Chewiness (N) of cooked rice samples

Test conditions
CRA CRB CRC CRD
30% 0.5 mm/s
0 min 1.44+0.22% 1.64+0.24° 1.31+0.25% 1.37+0.27°
5 min 1.50+0.29* 1.35+0.21° 1.19+0.18% 1.27+0.22%
10 min 1.70+0.31° 1.43+0.31% 1.20+0.31%® 1.36+0.26*
20 min 1.58+0.29° 1.57+0.43% 1.40+0.22* 1.35+£0.212
30 min 1.68+£0.27° 1.50+0.33% 0.90+0.26° 1.26+0.35°
70% 0.5 mm/s
0 min 4.49+0.73¢ 5.28+0.80" 3.24+0.75° 4.80+1.15°
5 min 4.80+0.76° 6.15+0.88% 3.88+0.60® 4.70+0.717
10 min 5.37+0.87% 4.80+0.70° 3.64:+0.80%° 5.12+1.53¢°
20 min 6.04+1.20® 5.60+1.24% 4.16+0.73* 5.03£1.42°
30 min 6.58+0.97% 6.69+1.34% 4.22+0.85% 5.47+1.22°
30% 1.0 mm/s
0 min 1.73+0.45% 2.08+0.41° 1.22+0.45% 1.37+£0.22°
5 min 1.86+0.30® 1.40+0.22° 1.29+0.20* 1.35+£0.25°
10 min 1.61+0.25° 1.86+0.27* 1.37+0.36* 1.43+0.26*
20 min 1.95+0.34° 1.74+0.27% 1.39+0.25* 1.49+0.37%
30 min 1.80+0.26™ 1.80+0.39* 1.20+0.29* 1.45£0.27%
70% 1.0 mm/s
0 min 6.95+1.07® 7.69+2.40° 4.38+0.90® 6.38+1.47°
5 min 747+£1.16° 7.77+1.92° 4.16+0.91° 5.2341.12°
10 min 6.70+1.10° 7.47+1.26° 4.17+0.81° 6.59+1.58%
20 min 7.1441.95% 7.80+1.78° 5.31£0.92* 6.65+1.57%
30 min 6.11+1.53° 9.87+1.47% 5.33+1.422 6.23+1.02°
Test conditi Cohesiveness of cooked rice samples
est conditions
CRA CRB CRC CRD
30% 0.5 mm/s
0 min 0.74+0.05* 0.74+0.04° 0.67+0.04" 0.79+0.03°
5 min 0.75+0.06" 0.75+0.05° 0.69+0.04° 0.78+0.04°
10 min 0.75+0.06" 0.76+0.04* 0.710.04 0.810.03
20 min 0.75+0.04° 0.79+0.04° 0.70+0.06" 0.82+0.03°
30 min 0.76+0.05* 0.77+0.04% 0.73£0.06" 0.83+0.04*
70% 0.5 mm/s
0 min 0.38+0.04° 0.39+0.02° 0.36+0.02* 0.42+0.04*
5 min 0.38+0.03™ 0.39+0.03" 0.36+0.03* 0.43+0.03*
10 min 0.40+0.03™ 0.40+0.03" 0.37+0.03™ 0.43+0.04*
20 min 0.41£0.03" 0.42+0.03* 0.39+0.02" 0.45+0.03*
30 min 0.42+0.04° 0.42+0.03* 0.41+0.04¢ 0.46+0.03*
30% 1.0 mm/s
0 min 0.74+0.08* 0.75+0.04 0.70+0.05" 0.78+0.04*
5 min 0.75+0.05* 0.77+0.04% 0.69+0.05" 0.78+0.05*
10 min 0.78+0.05* 0.78+0.05™ 0.71+0.06" 0.81+0.04*
20 min 0.78+0.04° 0.80+0.04° 0.72+0.05% 0.81+0.04*
30 min 0.77+0.06" 0.79+0.05* 0.76+0.05* 0.82+0.06*
70% 1.0 mm/s
0 min 0.42+0.03* 0.42+0.04° 0.39+0.03" 0.46+0.03"
5 min 0.42+0.04* 0.43+0.03° 0.39+0.03" 0.46+0.03"
10 min 0.43+0.02* 0.43+0.04% 0.39+0.03" 0.47+0.04%
20 min 0.44+0.03* 0.45+0.03* 0.41£0.03™ 0.49+0.04"
30 min 0.44+0.04* 0.46+0.03* 0.42+0.03* 0.50+0.05*
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Springiness of cooked rice samples

Test conditions
CRA CRC CRD

30% 0.5 mm/s

0 min 0.88+0.05* 0.87+0.07% 0.84+0.06* 0.93+0.03*

5 min 0.89+0.05* 0.89+0.06* 0.88+0.07* 0.91+0.04*

10 min 0.89+0.08* 0.90:+£0.05* 0.89+0.03* 0.93+0.04*

20 min 0.88+0.09* 0.90+0.04* 0.87+0.08* 0.93+0.04*

30 min 0.88+0.07* 0.90+0.06* 0.89+0.08* 0.92+0.05*
70% 0.5 mm/s

0 min 0.66+0.08* 0.69+0.07* 0.67+0.08® 0.72+0.08*

5 min 0.65+0.08* 0.70+0.09* 0.68+0.09® 0.73+0.09*

10 min 0.68+0.09* 0.66+0.08* 0.65+0.07° 0.69+0.09*

20 min 0.68+0.09* 0.68+0.08* 0.67+0.08" 0.71£0.08*

30 min 0.68+0.09* 0.70+0.06* 0.75+0.08* 0.77+0.08*
30% 1.0 mm/s

0 min 0.89+0.09* 0.92+0.04* 0.89+0.07* 0.92+0.04*

5 min 0.90+0.07* 0.92+0.07* 0.89+0.07* 0.94:+0.05*

10 min 0.92+0.06* 0.95+0.03* 0.92+0.04* 0.95+0.04*

20 min 0.94+0.06* 0.93+0.05* 0.93+0.03* 0.96+0.05*

30 min 0.90+0.07* 0.93+0.05* 0.90+0.06" 0.94:+0.05*
70% 1.0 mm/s

0 min 0.75+£0.07* 0.73+0.09% 0.66+0.09" 0.79+0.08*

5 min 0.72+0.09* 0.74+0.09% 0.76+0.08* 0.75+0.07%

10 min 0.74+0.07* 0.76+0.06® 0.75+0.10%® 0.77+0.08*

20 min 0.70+0.09* 0.71x0.12° 0.70+0.11%® 0.79+0.09*

30 min 0.73£0.08* 0.80+0.09* 0.74+0.09%® 0.78+0.09*

DCompression rate (%), cross-head speed (mm/s)
ICRA; cooked rice a, CRB; cooked rice b, CRC; cooked rice ¢, CRD; cooked rice d

Ymeans+SD (n>25)

“Different superscripts in the same column indicate significant difference at p<0.05.
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