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Abstract

Optimization study was conducted for preparation of uncompressed soy protein isolate(SPI) tofu
in the aspects of water addition ratio, second heating temperature and amounts of oil and dextrin
added. The SPI tofu was prepared without compression step with SPI-oil-dextrin mixture and CaSO,-
GDL mixed coagulants. The data were statistically analyzed by multiple regresstion and response
surface methodology(RSM). Addition of dextrin increased the hardness of tofu, particularly for the
second heating at 85C and 8 times of water to SPI. RSM figure showed that the effect of dextrin
on hardness became to be less as the heating temperature increased. The hardness increase effect
was no significant except addition of 25% oil and 8 times of water and second heating at 85C. The
addition of 25% oil and 10~15% dextrin and second heating at 90C for 45~60 minutes resulted
hardness and cohesive tofu. The optimal method proposed for uncompressed SPI tofu on the basis
of textural and sensory properties was first heating of homogenized SPI-oil-dextrin(100:25:15) with
addition of 8 times of water(on the basis of SPI) at 100C for 6 minutes, cooling to 40C, additon
of mixed coagulants of CaSO,-GDL(0.07 g, 0.0075 g/SPI) and second heating at 90T for 45 minutes.
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Table 1. Effects of dextrin addition on the textural properties of uncompressed SPI tofu prepared with different
ratios of water addition and second heating at 75, 85, 95°C for 30 minute

Water/ Dextrin 75C 85C 95C
SP1 (%) H. Adhes. Cotes. Gumm. H. Adhes. Cohes. Gumm. H. Adhes. Cohes. Gumm.

(v/w) (® (dyne/cm?) (® (@ (dyne/cm?) (® (@ (dyne/cm?®) ®
7.0 0 140 5.38 023 2813 175 9.85 012 2177 124 513 0.14  20.64
5 125 431 0.18 2256 174 551 013 2256 130 5.13 0.19 24.96
10 130 3.04 0.12 1569 169 5.03 013 1569 135 4.24 0.14 19.21
15 134 447 0.11 1439 170 542 012 1439 140 5.19 018 2559
20 140 5.61 0.12 1854 172 511 0.11 1854 144 5.42 0.15 20.10

25 138 4,03 012 1615 168
30 142 445 0.13 1852 165

75 0 155 5.63 019 2933 179
5 162 5.69 016 2598 161
10 165 548 017 2718 233

15 166 5.62 017 2851 212

20 166 5.71 017 2835 225
25 180 503 016 2822 179
30 165 457 015 2478 175
8.0 0 164 5.63 019 2982 175
5 180 7.15 019 3394 215
10 200 5.33 014 3176 222
15 207 5.67 0.17 3954 221
20 180 8.68 Cl15 2617 189
25 189 5.11 (17 3036 185
30 186 7.65 17 3074 192

5.04 014 1615 142 5.24 013 1934
4.75 012 1852 139 520 012 1764

425 019 3408 156 492 019 2912
6.08 018 2870 160 4.98 016 2503
6.01 015 3560 180 512 020 3558
501 0.17 3620 184 5.13 018 3272
519 017 3725 179 4.69 019 3428
551 0.16 2909 189 5.17 018 3318
528 018 3234 185 5.03 017 3211
4.92 022 3905 168 4.19 019 3112
6.14 030 5139 168 413 015 2657
6.10 026 5819 195 4.19 0.18 3563
597 017 3791 195 511 018 3585
8.08 015 2781 200 5.80 019 3853
5.66 015 2847 190 5.12 022 4090
7.65 016 2966 194 5.10 019 3731

H: hardness, Adhes; adhesiveness, Cohes; cohesiveness, Gumm; gumminess, The CaSO, 0.07 g and GDL 0.0075 g/ISP

was used for coagulants
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Table 2. Effects of oil addition on the textural properties of uncompressed SPI tofu prepared with different ratios
of water addition and second heating at 75, 85, 95°C for 30 minute

Water/ 0il 75C 85C 95T

SPI (%) H. Adhes. Cohes. Gumm. H. Adhes. Cohes. Gumm. H. Adhes. Cohes. Gumm.

(v/w) (®) (dyne/cm?) (® (@ (dyne/cm®) ® (® (dyne/cm?) @

7.0 0 140 5.38 023 2813 175 9.85 012 2177 124 5.13 0.14 20.64
5 118 2.36 025 2975 132 1.89 025 3358 115 2.29 0.25 28.83
10 137 3.77 024 3255 135 371 021 2851 137 3.62 0.27 37.31
15 126 2.87 021 2602 121 3.17 020 2533 141 1.96 0.20 27.51
20 142 217 022 3122 147 2.27 030 4342 1% 1.83 0.20 3140
25 123 2.87 024 2911 133 344 024 3163 147 2.87 0.25 36.79
30 101 0.22 022 2061 128 3.60 021 2695 128 3.60 0.21 26.95

7.5 0 155 5.63 019 2933 179 4.25 019 34.08 156 4.92 0.19 29.12
5 152 4.79 022 3496 167 3.64 017 2732 134 5.71 0.22 29.29
10 142 5.98 020 2819 166 5.23 017 2741 135 6.92 0.21 27.89
15 159 367 019 3341 178 8.01 023 40.83 162 3.27 0.19 30.40
20 157 3.96 018 2890 178 7.98 022 3883 164 3.37 0.20 33.07
25 142 361 022 3122 164 4.26 018 30.07 168 2.50 0.23 38.95
30 170 361 025 3229 176 8.08 0.16 2895 143 5.03 0.21 29.42

8.0 0 164 5.63 019 2982 175 492 022 39.05 168 4.19 0.19 31.12
5 161 3.13 022 3521 171 7.31 017 2944 170 1.76 0.19 32.33
10 162 2.32 024 3864 184 7.04 019 3443 164 3.78 0.17 27.66
15 171 3.17 0.19 3276 168 6.78 0.19 3201 169 5.66 0.19 32.95
20 154 3.63 014 2190 166 4.60 016 2647 175 6.04 0.17 29.58
25 165 423 023 3859 240 5.90 015 36.04 177 8.04 019 3345
30 172 2.15 021 3529 239 6.03 015 36.63 188 5.10 0.19 36.58

H; hardness, Adhes.; adhesiveness, Cohes; cohesiveness, Gumm; guUmminess
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Table 3. Effects of dextrin addition on the texture properties of uncompressed 20%, 25%, 30% oil tofu prepared

by second heating at 85°C for 15~45 minute

Heating Oil(%) 20 25 30
time  Dextrin H. Adhes. Cohes. Gumm. H. Adhes. Cohes. Gumm, H. Adhes. Cohes. Gumm.
(min) (%) (@ (dyne/cml) (® (@ (dyne/cm? (g (@ (dyne/cm?) @
0 130 2.07 0.23 3007 166 5.69 015 2497 159 5.74 0.18 28.68
5 132 4.22 0.24 3107 147 4.15 0.16 2399 138 4.15 0.14 19.69
10 131 4.27 02C 2619 145 6.34 013 1925 156 5.25 0.16 25.25
15 15 137 7.44 0.14 19.25 153 3.63 013 1969 149 3.52 0.14 19.24
20 123 7.14 0.12 15.18 169 361 016 2699 186 417 0.16 30.18
25 125 4.66 0.1z 16.00 153 6.95 017 2590 153 5.32 0.19 29.90
30 138 713 015 20.87 168 5.60 016 2544 175 3.82 0.15  25.87
0 168 4.60 017 3206 236 5.88 0.17 3943 230 6.05 0.16 34.03
5 189 7.20 020 2964 223 345 030 5228 160 7.26 0.19 29.69
10 138 4.15 0.1¢ 1965 230 2.92 025 5561 173 2.69 0.15 27.30
30 15 145 6.34 013 1925 223 2.83 024 5484 184 8.13 0.16 28.71
20 186 4.17 016 3018 200 1.88 025 4997 179 2.36 0.18 3081
25 153 6.95 017 2581 207 3.10 021 4314 175 7.98 0.16 27.81
30 156 3.82 0.15  27.87 205 3.03 017 3355 164 2.10 0.19 30.96
0 169 3.61 017 2745 240 1.63 016 3946 217 7.39 0.15 32.78
5 190 447 0.17 3145 231 2.10 020 5125 179 8.79 0.15 51.25
10 198 4.44 016 3210 242 3.59 021 5125 181 9.12 0.12 21.75
45 15 182 4.66 021 3113 233 5.67 018 4187 193 9.66 0.11 21.13
20 170 8.44 014 2420 237 4.75 022 4976 204 2.44 0.15 30.55
25 172 341 012 2294 227 2.02 023 5194 196 1.27 0.20 3594
30 166 6.33 0.1 2702 211 2.79 0.18 3740 205 5.04 0.17 35.24

H; hardness, Adhes.; adhesiveness, Cohes; cohesiveness, Gumm; gumminess
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Table 4. Values of regression coefficients calculated for
optimal condition of second heating temperature and
water ratio according to dextrin addition

Ind. variable

Constant

201.07
11.28
6.78
20.56
—8.67
8.58
—233
—18.39
—24.22
—5.89

7.16
331
3.31
331
4.06
4.06
4.06
5.74
5.74
5.74

Coefficient Std.error

R SQ=0.8450, R-SQ(Adj. for d.f)=0.7630

t-value

28.08*
340*
2.05*
6.20"

—2.13*
2.11*
0.57

—3.20*

—4.22*

—1.03

*Significance at p<0.05, X,=
X;— Water addition

Dextrin, X,=Temperature,
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Table 5. Values of regression coefficients calculated for
optimal condition of second heating temperature and
water ratio according to oil addition
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Table 6. Values of regression coefficients calculated for
optimal condition of mixed material and heating time
at 85°C

Ind. variable Coefficient Std.error t-value
Constant 176.30 8.00 22.03*
X, 461 3.70 125
X, 7.72 3.70 2.08*
X3 22.56 3.70 6.09*
XX, 7.58 4.54 - 1.67
X,X;3 16.50 4.53 3.64*
XX -2.33 4.54 —0.51
X,? 0.94 6.41 0.15
X? —23.06 6.41 —3.59*
X3? —8.89 6.41 —1.39*

R-5Q=0.8134, R-SQ(Adj. for d.f)=0.7147

Ind. variable Coefficient Std.error t-value
Constant 207.84 8.38 24.79*
X4 9.93 4.01 248*
Xz ~7.41 4.01 —1.85*
X 20.37 4.01 5.08*
XX, —3.94 5.03 —-0.78
XX —7.86 5.03 —1.56
XX 4.64 5.03 0.92
X —31.96 6.70 —4.76*
X, 4.04 6.70 0.60
X —9.96 6.70 —1.49

R-5Q=0.8142, R-SQ(Adj. for d.f)=0.7098

*Significance at p<0.05, X;=0il, X,=Temperature, X;=
Water addition

Temp. = 85°C

Hardness{g)
Hardness(g)

Hardness(g)
Hardness(g)

Dextrin{s)

Temp, = 85°C

0il{x)

*Significance at p<0.05, X;=0il, X,=Dextrin, X;=Hea-
ting time

Hardness{g)

Dextrin = 15 %

Hardness(g)

0i1(%)

Fig. 1. Contour plots and response surfaces of hardness of SPI tofu as affected by ratio of water/SPL, second
heating time, temperature, amounts of dextrin and oil added
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Table 7. Effects of heating time at various temperature
on the textural properties uncompressed 15% dextrin-
25% oil ISP tofu

Temp. Heating Textural proparties
() time H. Adhes.  Cohes. Gumm.
(® (dyne/cm?)  (g)

15 199 432 .23 50.03
30 233 240 0.21 54,75

85 45 240 423 0.22 47.68
60 224 6.56 0.25 57.00
75 248 2.04 0.21 51.20
15 197 6.18 0.18 35.46
30 256 441 0.21 53.54

90 45 259 7.72 0.19 49.70
60 245 5.03 0.16 40.28
75 224 482 ).24 56.64
15 130 797 2.29 36.19
30 157 9.63 0.33 51.31

95 45 196 8.57 0.44 86.39
60 198 6.99 0.37 73.17
75 210 7.98 0.34 8393

H; hardness, Adhes; adhesiveness, Cohes; cohesiveness,
Gumm; gumminess
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