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Prediction of the Optimum Time for Non-Isothermal Cooking
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The optimum cooking time was determined for leaving a potato to cook after it has been heated to
boiling point and the heat input removed. A numerical simulation used a three-dimensional mesh
model, and the surface node temperature was determined from the measured values for water. The
internal temperature of the sample was calculated by an unsteady three-dimensional heat conduction
analysis based on the finite difference method. The softening process was predicted by calculating of
softening ratio with the softening rate constant applied. The duration time at boiling point was
calculated when the sample center temperature and the softening ratio had reached 70C and 0.9,
respectively. The calculated temperature of the sample center was in fairly good agreement with the
experimental value. The time predicted for the boiling duration for non-isothermal cooking was
markedly less than that for isothermal cooking at 99.5C. This simulation elucidates that, even though
the sample is undercooked when the heating is stopped, softening is optimized by the residual heat.
The residual heat effect was increased by increasing sample size and total weight. The reliability of the
prediction was confirmed by the hardness measurements and sensory evaluation.

(Received Septernber 6, 1997; Accepted in revised form December 25, 1997)

Keywords: softening #k{t, potato 3+ # 1 E, optimum cooking time REMEAFEH, residual
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Fig. 1. Time-course plots of water temperature

under various conditions

(a) When the effect of the sample weight is negligible. (b)
When the effect of the sample weight is 50 % of the total
weight. The numerical values attached to the curves
indicate the total weight of the water plus sample.
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Table 1. Changes in water temperature (C/min) and required time (min) at the temperatue range

Total weight Temperature Change of the water temperature (C/min)

(kg) range (TC) a b
1kg 20-99.5 19.9+£0.3  (4.0) 26.1£0.9 (3.1)
99.5-90 2.0+0.1 (4.8) 2.3+£0.2  {4.1)
90-80 1.8+0.03 (5.6) 1.8+0.2 5.7)
80-70 1.4+£0.03 (7.3) 1.3%£0.05 (7.5)
2 kg 20-99.5 11.1£0.3 (7.2) 13.6+0.1  (5.9)
99.5-90 1.2+0.08 (8.3) 2.0+0.4 (4.9
90-80 1.0£0.03 (10.2) 1.1£0.1 (8.9
80-70 0.8+0.04 (13.2) 0.8+0.1 (13.3)
3kg 20-99.5 8.0%0.1 (10.0) 9.7+£0.1 (8.2}
99.5-90 0.9£0.1 (10.8) 2.0x0.4 (4.7)
90-80 0.7£0.01 (14.1) 0.9+0.1 (11.2)
80-70 0.6%+0.03 (17.3) 0.6+0.03 (17.2)
4 kg 20-99.5 6.2+0.01 (12.8) 7.3x£0.1 (11.0)
99.5-90 0.6£0.01 (15.1) 1.8x£0.2 (5.3)
90-80 0.5+0.01 (18.2) 0.5+0.1 (18.9)
80-70 0.4+0.01 (22.7) 0.5+0.04 (20.8)

Parenthesized numbers (min) indicate the time required for passing the tempreature range. a: when the effect of the
sarple weight is negligible. b: when the effect of the sample weight is 509% of total weight.
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Fig. 2. Comparision of the center temperature of a

potato between the calculated and experi-

mental values

—3, expermiental water temperature for 2 kg in total
weight; A, experimental center temperature for a cubic
potato with an edge of 3 em; ——, calculated center
temperature for a cubic potato with an edge of 3 cm.
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Fig. 3-1. Simulation for predicting optimum time for non-isothermal cooking
The numerical values in the figures show the sample size and total weight in that order. ----, experimental water
temperature for each condition; — — , calculated center temperature for a cubic potato of each size; ——, calculated

center softening ratio for a cubic potato of each size. Arrows represent the end of heating.
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Fig. 3-2. Simulation for predicting optimum time for non-isothermal cooking
The numerical values in the figures show the sample size and total weight in that order. ----, experimental water
termperature for each condition; — — , calculated center temperature for a cubic potato of each size; , calculated
center softening ratio for a cubic potato of each size. Arrows represent the end of heating.
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Table 2. Time at boiling point and required time for residual heating {min)
Total weight (kg)
Size 1kg 3 kg 4 kg
a b a b a b a b
1 cm Time 1 3.0 3.5 0 1.8 —0.3 1.3 —-0.8 —-0.2
Time 2 17.5 15.0 20.1 25.8 32.7 30. 4 45.8 42.1
2 cm Time 1 4.8 0.4 0.7 3.2 —0.3 2.6 —-0.8 0
Time 2 19.3 17.6 32.9 26.8 36,7 34.8 45.3 42.7
3 cm Time 1 8.5 9.3 3.6 6.4 0 2.3 —0.5 2.2
Time 2 22.5 22.1 36.5 31.8 41.1 36.0 44.0 45.0
4 cm Time 1 13.8 14.6 §.1 11.2 3.8 10.1 —0.2 6.0
Time 2 27.2 23.8 11.6 37.3 50. 1 40.8 54.9 33.1

a: When the effect of the sample weight is negligible. b: When the effect of the sample weight is 50% of the total weight.
Time 1: time at the boiling point. Time 2: required time for residual heating. Size implies the length of the edge of a
cubic sample. Minus means that heating was stopped before reaching boiling point. Cooking time was calculated to get

the optimum softening ratio.

Table 3. Sensory score and softening ratio for the
predicted optimum cooking time
Sensory score Softening ratio
Size
a b a b
I em 0.19=0.81 0.05+0.96 0.85+0.2 0.91+0.1
3em 0.0240.64 0.17+0.88 0.86+0.1 0.94=+0.2

Size implies the length of the edge of a cubic sample. a:
When the effect of the sample weight is negligible. b:
When the effect of the sample weight is 509% of the total
weight.
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