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ABSTRACT: Objective To study the effects of different heating temperatures (90, 95, 100°C) and different
heating times (20, 30, 40, 50, 60 min) on the properties of cold-pressing soybean meal gel and its application in Chiba
tofu. Methods The strength and water holding capacity of gel were used as indexes to investigate the properties of
cold-pressing soybean meal gel; the rheological properties of cold-pressing soybean meal gel during heating
treatments were investigated with viscosity, storage modulus and loss modulus as indexes. Single factor experiment
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cold-pressing soybean meal and explore the effects of different freezing conditions on its qualities. Results The
cold-pressing soybean meal solution could form elastic gel (storage modulus was greater than loss modulus) by
heating treatment. The viscosity, storage modulus and loss modulus of cold-pressing soybean meal gel increased with
increase of heating temperatures and times. The strength and water holding capacity of gel also increased and reached
the maximum [(130.57+0.02) g, 0.99 g/g] at 100°C for 90 min, respectively. The optimal conditions of Chiba tofu based
on cold-pressing soybean meal were following: Cold-pressing soybean meal addition of 100.00 g, ice water addition of
575.00%, transglutamianse (TG) addition of 1.64%, and soy protein isolate (SPI) addition of 46.00%. The hardness and
elasticity of optimized Chiba tofu based on cold-pressing soybean meal were 2271.24 g and 0.95, respectively. The
overall content of bound water (77,) in Chiba tofu and relaxation time decreased with the extension of freezing time and
water in gel network was restricted at —18 and —45°C. The relaxation time of non-flowing water (73;) increased first and
then decreased with the increase of freezing time and reached the maximum at 7 and 3 d, respectively. Conclusion
Heat treatment has a positive effect on the properties of cold-pressing soybean meal gel. Freezing can transfer more
bound water in the internal structure of Chiba tofu based on cold-pressing soybean meal to free water, so that its
structure becomes loose and pore size becomes larger.

KEY WORDS: cold-pressing soybean meal; gel strength; gel water holding capacity; rheological property; Chiba tofu
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Table 3 Box-Behnken test design and results
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1 0 0 0 89.5
2 0 -1 1 84.7
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9 1 0 -1 84.3
10 1 -1 0 84.7
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17 -1 -1 0 82.4
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Table 4 Table of scoring model variance analysis
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C 0.28 1 028 078 0.4052 AN
AB 14.06 1 14.06  39.21 0.0004 B
AC 0.000 1 0.00  0.00 1.0000 A4
BC 1.10 1 1.10  3.07 0.1230 AEE
4> 130.40 1 13040 363.58 <0.0001 &
B’ 22.08 1 2286 157 0.0001

c 61.28 1 61.28 170.87  <0.0001 3
B 2.51 7 0.36
KWt 1.90 3 0.63 R
W 06l A 015 4.17 0.1006 A&
BIRZE 36550 16
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Fig.5 Response surface and contour charts of the interaction effects of various factors on sensory scores
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Table 5 Effects of freezing on Chiba tofu T, relaxation time

BHIRIEPC BRI/ 3 /s b
T T T Moy, My, My,
1 8.06+0.01° 119.86+0.30" 381.67+1.13° 224.93+1.79° 5451.33+3.33¢ 389.83+0.51¢
3 8.41+0.02° 120.86+0.32° 312.16+0.01¢ 247.36+0.79° 5771.92+2.21° 274.8942.12°
5 8.23+0.12° 140.00+2.23¢ 696.15+2.22° 114.54+5.79° 128.18+1.12"  5540.40+1.12°
-18 7 8.06+0.12° 188.59+0.12° 233.1442.21° 297.83+2.23° 8524.08+2.21*°  1601.30+1.54°
9 7.21+0.32¢ 145.86+1.12° 153.39+0.23¢8 155.55+2.24¢ 3070.11+5.54¢ 489.06+0.12¢
11 6.11+0.03° 142.74+0.23° 218.68+0.00" 18.206+5.55¢ 62.31+5.42¢8 382.40+1.21°
13 5.05+0.32" 122.42+2.23° 504.55+0.23° 86.70+0.10" 2121.1742.23¢ 388.10+2.54¢
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BHIRIELC WU/ ALFRITE)/ms llld
2b T T2 My, My, M>,
1 8.81+0.01° 137.81£1.23¢ 358.91+2.21° 147.20+0.01° 3023.28+5.53*  208.00+0.01°
3 8.41+0.01° 798.80+6.23"  4277.63+5.53° 51.2140.19° 100.1+5.23¢  2512.3748.49°
5 4.33+0.01° 169.51+2.30° 99.10+0.218 51.17+2.21° 1102.41£1.12¢  276.76+5.00°
—45 7 3.45+0.03¢ 161.57+0.23° 104.46+7.73° 94.72+2.19¢ 2255.5545.23°  269.69+3.21¢
9 2.91+2.30° 160.57+1.13° 150.19+0.09° 143.3242.32° 3012.41+£5.20°  252.38+5.10°
11 1.43+0.02" 7.214£2.10" 291.2142.23¢ 47.2241.53" 138.36+2.25"  240.17+2.12f
13 1.0240.02¢ 139.66+2.21° 312.16+2.23° 174.1242.25 174.1242.25° 18.12+3.05¢8

T AN 5B R ] — BT AN [ I 6] 22 ) A 7 2 25 122 5%, P<0.05.
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Fig.6 Effects of freezing on water transfer of cold-pressing soybean meal Chiba tofu
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