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Abstract

The gelatinization properties of corn and waxy corn starch doughs were examined at various mois-
ture contents, heating temperatures and heating times. The onset temperatures of gelatinization with
1% CMC using Brabender Amylograph were 64T for both corn and waxy corn starch. In the gelatiniza-
tion properties using DSC, onset temperature(T;), maximum peak temperature(T,), completion temper-
ature(T,) and enthalpy of the corn starch were 68.15C, 74.01C, 85.65C and 3.2 cal/gram respectively.
While those of the waxy corn starch were 68.24C, 7543C, 93C and 4.2 cal/gram respectively. In
enzymatic analysis, when the moisture content increased from 36% to 52% and heating temperature
from 60C to 100C, the gelatinization degree of starch dough increased from about 10% to about
62%. The gelatinization degree of waxy corn starch dough was 15~20% higher than that of corn
starch dough under the same gelatinization conditions. The regression equations of gelatinization de-
gree (Y) of starch dough in the range of 36~52% moisture content (X;), 60~ 100C heating temperature
(X,) and 0~2.0 min heating time (X,) were examined using response surface analysis. The regression
equation of corn starch dough was:

Y=28.659+8.638 Xi+15675 X,+7.770 X,—1.620 X"+10.790 XXz
—4.220 X, +0.510 X:X;+1.980 X.X3—6.8350 Xi* (R*—0.9714)

and that of waxy corn starch dough was:

Y=32617+12535 X,+20470 X,+8.608 X;+4.093 X,*+13.550 X;X;
—4.467 X,/+1560 XX;~2.160 X;X3—9.527 X;* (R*=0.9621).

As the moisture content, heating temperature and heating time increased, the reaction rate constant
(k) of gelatinization increased. The greatest reaction rate constant was observed at initial 0.5 min
heating time of 1st gelatinization stage. At the heating temperature of 90C, gelatinization of starch
dough was completed almost in the initial 0.5 min heating time. The reaction rate constant of waxy
corn starch dough was higher than that of corn starch dough under the same gelatinization conditions.
At the 52% moisture content, the regression equation between reaction rate constant(k) and heating
temperature(T) for corn starch dough was log k=11.1140-4.1226 X 10%1/T) (r= —0.9520) and that
of waxy corn starch dough was log k=10.1195—23.7090 X 10°(1/T) (r= —0.9064).

Key words: starch dough, moisture content, heating temperature and time, gelatinization proper-
ties
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Table 1. Actual value of coded level of independent
variables for experimental design

Coded levels

Independent

variables —a —1 0 1 o

X:; Moisture content(%) 36 40 44 48 52
X, Heating temperature(C) 60 70 80 90 100
X; Heating time(min) 0 05 10 15 20

Table 2. Coordinates of points of a three variable com-
posite design matrix

Design point Independent variables

i X Xoi Xl

1 -1 -1 -1

2 1 -1 -1

3 -1 1 -1
4 1 1 -1 @
5 —1 -1 1
6 1 -1 1

7 —1 1 1

8 1 1 1
9 0 0 0
10 0 0 0@
11 0 0 0
12 —a 0 0
13 a 0 0
14 0 —a 0 @3
15 0 a 0
16 0 0 —a
17 0 0 a

(1) Eight two-level factorial design point
(2) Center point
(3) Six axial points at distance from the center point(a=2)
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Fig. 1. Comparison of the amylograms of 7% corn sta-
rch with and without 1% carboxymethyl cellulose(CMC)
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Fig. 2. Comparison of the amylograms of 7% waxy corn
starch with and without 1% carboxymethyl cellulose
(CMC)
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Fig. 3. DSC thermogram of corn starch with 80% moi-
sture content
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Fig. 4. DSC thermogram of waxy corn starch with 80%
moisture content
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Fig. 5. Effect of heating temperature and heating time
on the gelatinization degree of corn starch dough with
36% moisture content
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on the gelatinization degree of corn starch dough with
44% moisture content
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Fig. 7. Effect of heating temperature and heating time
on the gelatinization degree of corn starch dough with
52% moisture content
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Fig. 8. Effect of heating temperature and heating time
on the gelatinization degree of waxy corn starch dough
with 36% moisture content
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Fig. 9. Effect of heating temperature and heating time
on the lelatinization degree of waxy corn starch dough
with 44% moisture content
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Fig. 10. Effect of heating temperature and heating time
on the gelatinization degree of waxy corn starch dough
with 52% moisture content
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Table 3. Values of extent of gelatinization of corn starch dough

3

il

A Etstal A Al 273 A 3 & (1995)

Moisture Heating Heating time(min)
content(%) temp.(C) 0 0.17 0.33 0.5 1.0 15 2.0
36 60 oY 0 0 0 0 0 0
70 0 0.012 0.016 0.019 0.030 0.035 0.037
80 0 0.026 0.041 0.053 0.082 0.101 0.114
90 0 0.053 0.082 0.104 0.135 0.149 0.159
100 0 0.068 0.101 0.125 0.155 0.163 0.169
40 60 0 0 0 0 0 0 0
70 0 0.013 0.019 0.024 0.043 0.063 0.071
80 0 0.058 0.086 0.103 0.162 0.185 0.197
90 0 0.080 0.125 0.149 0.198 0.217 0.233
100 0 0.115 0.179 0.220 0.244 0.249 0.258
44 60 0 0 0 0 0 0 0
70 0 0.020 0.031 0.039 0.060 0.077 0.091
80 0 0.064 0.098 0.120 0.195 0.230 0.237
90 0 0.125 0.201 0.240 0.280 0.296 0.308
100 0 0.146 0.235 0.281 0.301 0.325 0.337
48 60 0 0 0 0 0 0 0
70 0 0.028 0.040 0.049 0.077 0.101 0.118
80 0 0.098 0.148 0.181 0.246 0271 0.286
90 0 0.161 0.245 0.303 0.351 0.371 0.380
100 0 0.180 0.271 0.347 0.377 0.394 0.400
52 60 0 0 0 0 0 0 0
70 0 0.027 0.041 0.050 0.090 0.134 0.142
80 0 0.099 0.150 0.188 0.274 0.327 0.345
920 0 0.199 0.298 0.371 0413 0.433 0.446
100 0 0.237 0.358 0.446 0476 0.483 0.490
Y: 0 means no difference in gelatinization degree between raw starch and treated starch.
Table 4. Values of extent of gelatinization of waxy corn starch dough
Moisture Heating Heating time(min)
content(%) temp.(C) 0 0.17 0.33 05 1.0 15 20
36 60 0 0 0 0 0 0 0
70 0 001 0.016 0.020 0.029 0.038 0.043
80 0 0.045 0.068 0.082 0.126 0.146 0.162
90 0 0.069 0.103 0.126 0.166 0.196 0.206
100 0 0.089 0.138 0.171 0.189 0.209 0.217
40 60 0 0 0 0 0 0 0
70 0 0.017 0.025 0.031 0.052 0.068 0.076
80 0 0.080 0.117 0.134 0.191 0.217 0.230
90 0 0.125 0.181 0.215 0.262 0.280 0.286
100 0 0.146 0.221 0.273 0.297 0.306 0.313
44 60 0 0 0 0 0 0 0
70 0 0.026 0.036 0.043 0.066 0.089 0.107
80 0 0.088 0.133 0.163 0.240 0.265 0.269
90 0 0.162 0.242 0.306 0.349 0.364 0.370
100 0 0.190 0.291 0.360 0.379 0.391 0.400
48 60 0 0 0 0 0 0 0
70 0 0.033 0.049 0.061 0.098 0.119 0.132
80 0 0.136 0.216 0.259 0.344 0.365 0.379
90 0 0.218 0.338 0.403 0.464 0.483 0492
100 0 0.247 0.367 0.446 0.489 0.503 0.511
52 60 0 0 0 0 0 0 0
70 0 0.040 0.061 0.074 0.119 0.156 0.175
80 0 0.175 0.269 0.331 0.447 0475 0.489
90 0 0.269 0.409 0.511 0.559 0.583 0.593
100 0 0.290 0.450 0.559 0.583 0.602 0.605
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Table 5. Reaction rate constants of the gelatinization stage of corn and waxy corn starch doughs

Moisture Heating Reactlon rate constant(k, min~!)
content{%) temp.(C) Corn starch dough Waxy corn starch dough
1st stage 2nd stage 1st stage 2nd stage

36 60 0 0 0 0
70 0.038 0.012 0.040 0.015
80 0.106 0.041 0.164 0.0563
90 0.208 0.037 0.252 0.051
100 0.250 0.029 0.342 0.031

40 60 0 0 0 0
70 0.048 0.031 0.062 0.030
80 0.206 0.063 0.268 0.064
90 0.298 0.026 0.430 0.047
100 0.440 0.025 0.546 0.027

44 60 0 0 0 0
70 0.078 0.035 0.086 0.043
80 0.240 0.078 0.326 0.071
90 0.480 0.045 0.612 0.043
100 0.562 0.037 0.720 0.027

48 60 0 0 0 0
70 0.098 0.046 0.122 0.047
80 0.362 0.070 0.518 0.080
90 0.606 0.063 0.806 0.059
100 0.694 0.035 0.892 0.043

52 60 0 0 0 0
70 0.100 0.061 0.148 0.067
80 0.376 0.105 0.662 0.105
90 0.742 0.050 1.022 0.055
100 0.892 0.029 1.118 0.031

Table 6. Regression equations between reaction rate constant(k) and heating temperature(T) of corn and waxy

corn starch doughs in 1st gelatinization stage

Moisture Regression equation
content(%) Corn starch dough Waxy corn starch dough
36 logk =8.8077 — 3 4801 X10%1/T) (r!'= —09727) logk =9.7846—3.7912 X 10°(1/T) (r= —0.9518)
40 logk = 10.0922 - 3.8690 X 10*(1/T) (r= —0.9527) logk =10.2164 — 3.8707 X 10%1/T) (r=—0.9453)
44 logk =9.6181—3.6466 X 10*(1/T) (r= —0.9664) logk =10.3392 — 3.8698 X 10°(1/T) (r=—0.9544)
48 logk =9.4269 —3.5361 X 10%1/T) (r=—0.9433) logk =9.6149—3.5601 X 10°%(1/T) (r= —0.9236)
52 logk =11.1140—4.1226 X 10*(1/T) (r= —0.9520) logk=10.1195—3.7090 X 10%1/T) (r= —0.9064)

Yr: Correlation coefficient
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