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Abstract

Physical properties were investigated in tangsuyuk batter containing different amounts of ingredients,
such as wheat flour, corn starch, sodium bicarbonate, alum and water. For the response surface methodology
(RSM) central composite design was used to determine the optimal ingredient ratios for viscosity, color
properties(lightness, redness, yellowness, color differences) and cutting forces. There were significant
differences(p<0.05) between the different batter mixtures. The lightness(L) of batter was in proportion
to the increased amount of wheat flour and corn starch. Higher redness was recorded with increasing
corn starch. Higher yellowness was observed with increasing wheat flour and sodium bicarbonate. Color
differences were higher with increasing wheat flour, corn starch, and/or alum and decreasing water.
Cutting forces were linearly increased with increasing sodium bicarbonate. From these results, it is
possible to monitor the effects of ingredients on physical properties of tangsuyuk batter, and to predict
their optimal ratios.
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Table 2. Coded level of ingredient ratios for experimental treatments, ingredient proportions, and some physical properties

of experimental batter solution data

Treat- Ratio level ) Ingredients(%) Physical properties
ment X; X, X3 X4 Xs A B C D E Y Y Ys Y. Ys Ys
1 -1 -1 -1 -1 -1 2888 1969 015 022 51.06 63.06 -2.80 886 6375 26824 14000.00
2 +#1 -1 -1 -1 +1 2917 1628 012 018 5425 6240 -280 690 6285 12368 10800.00
3 -1 +1 -1 -1 +1 2428 2023 012 019 5518 6292 -222 600 6325 11582 6933.33 -
4 +1 +1 -1 -1 -1 3186 2173 0.13 020 46.08 7808 -224 1060 7883 13364 43733.33
5 -1 -1 +1 -1 +1 2518 1717 022 019 5724 61.90 -298 894 6262 15226  4666.47
6 +1 -1 +1 -1 -1 3314 1849 023 021 4793 7222 -216 1260 7334 15257 64533.33
7 -1 +1 +1 -1 -1 2764 2304 024 021 4387 70.04 -194 1142 7099 21963 34933.33
8 +1 +1 +1 -1 +1 28.10 1916 0.20 029 5225 76.02 -202 1120 76.87 23415 17600.00
9 -1 -1 -1 +1 +1 2517 1716 013 032 57.22 6492 -210 738 6538 990.3 22000.00
10 +1 -1 -1 +1 -1 33.13 1848 014 034 4791 7666 -244 11.20 7752 14235  6133.33
1 -1 +1 -1 +1 -1 2763 2303 014 035 4885 6046 -142 474 6069 18268 31600.00
12 +1 +1 -1 +1 +1 2812 1917 012 029 5230 7890 -214 986 7954 19770  7066.67
13 -1 -1 +1 +1 -1 2881 1965 025 036 5093 7542 -240 1130 7630 22192 16266.67
14 +1 -1 +1 +1 +1 2012 1624 020 030 5414 65.02 -274 968 6580 14989 32133.33
15 -1 +1 +1 +1 +1 2423 2019 021 030 5507 66.70 -250 912 6737 13556 @ 7066.67
16 41 +1 +1 +1 -1 3179 2168 022 033 4598 7998 -220 1166 80.86 17860  5333.33
17 -2 60 0 0 o0 2413 2057 019 027 5484 61.36 -262 720 6184 19135 6533.33
18 +2 0 0 0 0 3230 1835 017 024 4894 6344 -248 1218 64.65 1420.8 123466.67
19 0 -2 0 0 o0 2959 1614 019 027 5381 6044 -240 928 6133 15024 12666.67
20 0 *2 0 0 o0 2738 2241 017 025 4979 7584 -239 1130 7672 18321 21066.67
21 0 0 -2 0 o0 2848 1941 008 026 51.77 7556 -234 992 7626 14123 37600.00
22 0 0 +2 0 o0 2842 1937 028 026 5167 63.16 -244 1338 6461 22846 1853333
23 0 0 0 -2 0 2848 1942 018 013 5179 6432 -2.28 1320 6570 17956 20800.00
24 0 0 0 +2 9 2841 1937 018 039 5165 7798 -240 11.18 7882 24389 26533.33
25 0 0 0 0 -2 3267 2227 021 030 4455 7466 -2.16 1196 7565 13304 227000.00
26 0 0 0 0 +2 2519 1717 016 023 5725 6882 -232 962 6953 11263  6533.33
27 0 0 0 0 0 2845 1939 018 026 51.72 7238 -246 1104 7326 11422 16933.33
28 0 0 0 0 O 2845 1939 018 026 51.72 6284 -226 684 6326 12278 19866.67
29 0 0 0 o0 0 2845 1939 018 026 51.72 6230 -256 9.78 6313 12856 24666.67
30 0 0O 0 0 0 2845 1939 018 026 51.72 6354 -266 954 4232 12250. 2413333
31 0 0O 0 0 o0 2845 1939 018 026 51.72 6330 -254 1080 6428 12180 27733.33
32 0 o 0 0 0 2845 1939 018 026 51.72 6386 -260 946 6461 16537 33466.67
33 0 0 0 0 0 2845 1939 018 026 5172 67.02 -244 1016 6783 1207.0 34800.00
34 0 0 0 0 o0 2845 1939 018 026 51.72 63.34 -258 966 6413 14103 29866.67
35 0 O 0 0 o0 2845 1939 018 026 51.72 6530 -260 9.22 66.01 14198 30666.67
36 0 0 0 0 0 2845 1939 018 026 51.72 67.02 -262 968 6778 15220 21333.33

Xj=A! wheat flour, X2=B: corn starch, X3=C: sodium bicarbonate, X4=D: alum, Xs=E: water
Y1 lightness, Y2 redness, Ys' yellowness, Y4 color differences, Ys' cutting forces, Ys viscosity
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Table 3. Correlation matrix between dependent variables

¥’ .2 Yo v Yo Yo
Y 0.30661 0.49988 0.99921 0.24431  0.12290
0.0689 0.0019 0.0001 0.1510 0.4752
Yo -0.05093 029934 0.12153 0.17408
0.7680 0.0761  0.4802 0.3099
Ys 053371 0.27838  0.30961
0.0008  0.1002 0.0661
Y4 0.25220  0.13409
0.1378 0.4356
Ys -0.14162
0.4100
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Table 4. Significance of terms in response surface at some physical properties of batter solution
Independent Dependent variables
Variables(Xi) Yi{color L) Yalcolor a) Ys(color b) Y4« 4E) Ys(cutting) Ye(viscosity)
Interc ept: 65.063™ -2.535"™" 9.816™" 65.867" " 1335.838™" 30119.0°
Linear:
flour 2.834" -0.004 1.079°" 2953 -32.311 11822.0
starch 2596 0.157" 0.074 2.568™ 107.222 222
SBY -0.204 -0.041 1.138™ -0.040 191.439™ 889
alum 2.031" 0.041 -0.234 1.967 -27.980 -2422.2
water -2.034 -0.093" -0.749" -2.118" -116.339 -22883.0™
Quadratic:
flour * flour -0.632 -0.000 -0.279 -0.663 76.955 3754.2
starch * starch 0.803 0.039 -0.129 0.783 76.980 -8279.2
SB. * SB. 1.108 0.040 0.211 1.135 122.280™ -5479.2
alum * alum 1.556 0.052 0.346 1.591 189.480™" -6579.2
water * water 1.703 0.077" -0.004 1.674" -32.745 16696.0"
Crossproduct:
flour * starch 2616 -0.041 0.509 2.646" 229.320°"" -3966.7
flour * S.B. -1.594 0.1117 -0.451 -1.630 98.620 3966.7
flour * alum 0.141 -0.114" 0.236 0.169 23.567 -6400.0
flour * water -0.754 0.036 -0.221 -0.774 338.254™" 250.0
starch * S.B. 0.304 -0.031 0.251 0.326 123.945 -95566.7
starch * alum -1.466 -0.056 -0.381 -1.495 -17.933 -2166.7
starch * water 1.819 -0.016 0.551 1.870 176.279 -2850.0
S.B. * alum -0.471 -0.169™" -0.201 -0.496 -97.858 -3266.7
S.B. * water -1.181 -0.074 -0.174 -1.191 89.354 -683.3
alum * water 0.199 -0.009 0.474 0.253 -30.216 7883.3
R’ 0.7843 0.8154 0.7741 0.7911 0.8579 0.5929
significance 0.0261 0.0109 0.0336 0.0219 0.0022 0.4377

Y5 B.: Sodium bicarbonate

*Significant at 10%; **significant at 5%;

Ak

significant at 1%
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Effect of wheat-flour and corn starch (a), wheat flour and alum (b), wheat flour and water (c), corn starch

and alum (d), corn starch and water (e) and alum and water (f) on lightness.
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