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Abstract
The model foods similar to general Korean foods were prepared by combining starch, protein and moisture,

and relationship between their thermal diffusivities and components were investigated. Thermal diffusivity
of the model foods tended to be proportional with the moisture content. Under the same level of moisture
content of the model foods, thermal diffusivity of the starch foods was higher than that of the protein foods,
but no interaction among components was found. The measured values was quite agreed upon with the calculated

values with 3.60 residual percent. The regression equations between thermal diffusivity and moisture, pro-
tein and starch contents at 20°C and 60°C were a20°C = 0.04911M +0.37355P + 3.73072, a60°C = 0.05353M —
0.4766P +4.15136, respectively. The correlation coefficients obtained according to the above equation were

0.9650** and 20°C and 0.9002** at 60°C.
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Table 1. The temperature changes at the center and surface of cylindrical cell with model foods (P.S., P.S,)
containing 86% of moisture at the initial temperature of 20°C and 60°C

Heating time PoS. P.S, P.S,
(min) Center Surface Center Surface Center Surface
0 20 20 20 20 20 20
10 21.8 30.2 22.0 30.8 20.6 29.8
20 24.0 40.3 229 43.0 21.8 38.6
30 30.2 52.1 29.2 53.2 24.1 46.5
40 40.3 62.5 42.2 65.7 34.7 57.1
50 51.7 73.8 53.8 78.3 43.5 65.2
80 80
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Fig. 1. Time- temperature relationship of thermal diffusivity test for P,S. (a) and P.S, (b) containing 86%

of moisture
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Table 3. Analysis of variance for thermal diffusivity
of model foods

Mean square of

Source of d thermal diffusivity
variation 20°C 60°C
Treatment 34 0.3950** 0.43391**
Moisture 4 2.0760** 2.42348**
Protein, Starch 6 0.4312** 0.58600**
Interaction 24 0.1076 0.06430
Error 70 0.0697 0.06297

* df denote degree of freedom

Table 4. Specific heat of model foods

2YAES daitEe B A7

27

0CUd 74 FEYFAAE g FFel Fh
Yol oot QUAEE AAA FAAEE UeAR
on, 60CANE WA &l wel 8% FEYY
AdE AR pLPLE ebAdch olde 7
LEoA 18% FEUFYA 134 mE 234402 F
Asd g3 2o
‘@ 20°C =0, 077917—0, 007977P = + @ 20°C=0,
07752—-0‘ 005367P_0' 0026132 ................................. (1)
a 60°C =0, 084893 —0.007386P = = @60°C =0.
008461 —0, 005537P —0, 001848P2
QuAdEe) SEggse BAE LY w4y 2 5
ryegol YA $rYwe wIHALd 20CAA

(kcallkg °C)

78% 82% 86% 90% 9%
Food
Average* SD  Average SD Average SD Averageb SD Average SD
Py, S, 0.768 0.021 0.805 0.010 0.814 0.020 0.846 0.016 0.904 0.028
P, s, 0.773 0.037 0.814 0.042 0.042 0.020 0.872 0.023 0.907 0.029
P, s, 0.784 0.041 0.803 0.017 0.843 0.025 0.868 0.052 0.914 0.014
P, S, A 0.774 0.032 0.808 0.025 0.840 0.019 0.875 0.030 0.927 0.021
P, 5§, 0.784 0.018 0.820 0.033 0.867 0.026 0.882 0.015 0.946 0.029
P, S, 0.787 0.033 0.822 0.012 0.871 0.054 0.908 0.041 0.954 0.012
P, S 0 0.805 0.021 0.842 0.029 0.872 0.027 0.916 0.030 0.958 0. 022
* Average value of 4 to 6 replicates
Table 5. Apparent density of model foods
(glem?)
Food 78% 82% 86% 90% 94%
Average” SD  Average  SD Average  SD  Aversge  SD  Aversge  SD
P, S, 1.092 0.0122 1.074 0.0101 1.059 0.0129 1.042 0.0106 1.030 0.0082
P, S, 1.085 0.0095 1.070 0.0092 1.058 0.0086 1.037 0.0116 1.026 0.0113
P, S, 1.083 0. 0083> 1.066 0.0157 1.050 0.0050 1.035 0.0136 1.022 0.0141
P, S, 1.075 +0.0092 1.060 0.0129 1.046 0.0056 1.030 0.0089 1.030 0.0096
P, S, 1.072  0.0067 1.057 0.0109 1.042 0.0085 1.032 0.0066 1.020 0.0072
P, S, 1.071 0.0144 1.058 0.0104 1.040 0.0133 1.028 0.0098 1.018 0.0102
P, S, 1.068 0.0102 1.051 0.0114 1.039 0.0061 1.029 0.0098 1.016 0.0063

* Average value of 4 to 6 replicates
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Table 6. Comparison of the measured and calculated thermal diffusivity of model foods

Thermal diffusivity

Food Moisture (cm? /min) Residual Residual
content (%) (%)
Measured Calculated
78 0.0772 0.0775 —0. 0003 —0.39
82 0. 0779 0.0791 —.0012 —1.%4
P.S. 86 (0. 0812 0.0813 —0. 0001 —0.12
90 0. 0812 (. 0813 —0. 0001 —0.12
94 0.0848 0.0788 —{). 0006 —0.71
78 0.0764 0.0775 —(. 0011 — 1.4
82 0.0784 0. 0785 —0. 0001 —0.13
P.S, 86 0.0784 0. 0795 —(. 0011 —1.38
90 0.0786 0.0793 —0. 0007 — .88
94 0.0827 0. 0806 +0. 0021 + 2.6l
78 0.C756 0. 0785 —0. 0029 —3.69
82 0.0765 0. 0778 —{,0013 —1.67
P.S, 86 0.0771 0.0791 —(), OU20 —2.53
90 0.0796 0. 0804 —0. 0008 —1.00
94 0. 0807 0. 0820 —0.0013 —1.59
78 0.0749 0. 0801 —0. 0052 — 6.49
82 0.0746 0.0779 —0.0033 —4.24
P.S, 86 0.0758 0.0816 —0.0058 —7.11
90 0.0776 0.0814 —0.0038 — 4.67
94 0.0798 0. 0829 —0.0031 —3.74
78 0.0715 0.0774 —0.0059 --7.61
82 0.0678 0. 0789 —0.0111 ~—-14.07
P.S, 86 0.0770 0.0793 —0.0023 —2.90
90 0.0783 0. 0824 —0.0041 —4.98
94 0.0815 0.0812 +0. 0003 +0.37
78 0.0720 0.0791 —0. 0071 —8.98
82 0.0756 0. 0805 —0.0047 —5.84
P.S, 86 ). 0798 0. 0828 —0.0030 —3.62
90 0. 0808 0. 0822 —0.0014 —1.70
94 0.0814 0. 0824 —(). 0010 —1.21
78 0. 0699 0. 0814 —(.0115 —14.23
82 0.0743 0. 0791 — (). 0048 —6.07
P.S, 86 0.0797 0. 0828 —0. 0031 —3.74
90 0.0797 0. 0814 —0.0017 —2.09
94 0. 0801 (. 0839 —0.0038 —4.53

Mean 0.0779 0.0803 —0.0024 —~3.60
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Table 7. Analysis of multiple regression between com-
ponents and thermal conductivity of model foods at
20°C and 60°C

Mean square of

Source of df thermal diffusivity
iati
variation 20°C 60°C

Regression 2 0.0116** 0.1642**
Moisture 1 0.0198** 0.3089**
Protein, Starch 1 0.0034** 0.0195**
Deviation 32 0.0005 0.0008
e r =0.8002 **
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Fig. 2. Relationship between the measured and estimated thermal diffusivity at 20°C (a) and 60°C (b)
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Fig. 3. Response surface for the estimated thermal diffusivity of model food at 20°C (a) and 60°C (b)
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A = linear rate of heating, °C/min

R = radius of a cylindrical cell, ecm

T, = temperature at the center of a cylindrical cell, °C
T = temperature at the surface of a cylindrical cell, °C

Q
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thermal diffusivity, cm?*/min
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