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Simulation Study of Effects of Size and Shape on the Optimum
Cooking Time for Potatoes

ElALN*

(Midori Kasai)

A

(Fumiko Nakamura)

JHIL AT

(Keiko Hatae)

By T

(Atsuko Shimada)

A computer simulation was used to carry out a quantitative study of the effects of the size and
shape of a sample on the optimum cooking time at 99.5°C. The softening ratio was evaluated on the
basis of a thermal conduction analysis combined with the softening rate constant. The optimum
cooking time, which is defined as the time required for the optimum softening ratio, was obtained at
the center of various differently shaped samples. When the sample volume was kept constant, the
optimum cooking time was in the order of sphere> cube>cylinder or rectangular brick>slab. In the
case of constant volume, the larger the surface area, the shorter the optimum cooking time. The
increase in optimum cooking time of the slab sample with increasing volume was remarkably small
due to the low ratio of volume to surface area. It has been quantitatively proved that a slab is best
for a short optimum cooking time and for efficient control of hardness during food processing.
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Table 1. Sizes and shapes of samples with a volume of 20 cm?®

Shape

Side ratio Side length

(cm)
O Sphere 3.37(d)
Ea Cube 1:1:1  2.71X2.71X2.71
()  Rectangular block () 2:2:1  3.42%x3.42x1.71
m Rectangular block (2) 1:1:4 1.71X1.71X6.84
-, Cylinder (1) 2(d) © 1(h) 3.71X1.85
D Cylinder (2) 1(d) : 4(h) 1.85%7.41
A Slab 10:10:1  5.85X5.85X0.59

d: Diameter
h: Height
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Fig. 1. Variation of the temperature at the center
for various shaped samples with a volume
of 20cm® during cooking at 99.5°C
The size of each shaped sample is shown in
Table 1.
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Fig. 2. Variation of the softening ratio at the center

for various shaped samples with a volume of
20cm?® during cooking at 99.5°C

The size of each shaped sample is shown in
Table 1.
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Fig.3. Relation between surface area and the opti-

mum cooking time for various shaped sam-
ples with a volume of 20cm® in cooking at
99.5°C
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. Relation between side ratio and the opti-
mum cooking time for the rectangular
brick samples with a volume of 20cm® in
cooking at 99.5°C
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Fig.5. Volume dependence of the optimum cooking

time at 99.5°C for various shaped samples
d: Diameter h: Height
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< Temperature distribution>

Time * dependence of temperature and
softening ratio distributions for the sphere
shaped sample with 2cm diameter during
cooking at 99.5°C

<Temperature distribution>

Time dependence of temperature and

softening ratio distributions for the sphere
shaped sample with 4cm diameter during
cooking at 99.5°C
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Table 2. Sensory score of the predicted optimum
cooking time for sphere model
Sensory score
Size (Diameter)

Time 1 Time 2

2cm —0.37%0.48 —0.12%0.63
(11°03") (10°45")

4cm 0.13%0.25% 0.50%0.45
(22'54”) (21°20”)

Time 1: Predicted cooking time at the point of center of
the sample :

Time 2: Predicted cooking time at the middle point
between center and surface for the sample

Times in the parenthesis are the predicted cooking time

at 99.5°C.

*p<0.05
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