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Abstract

The model foods similar to Korean typical foods were propared by combining moisture,
protein and starch, and their thermal conductivities were investigated. Thermal conductivity
of the model foods had a close relationship with food components such as moisture, protein
and starch content. The interaction between the thermal conductivity and food components
was not found. Thermal conductivity was proportionally increased as the moisture content
increased, and thermal conductivity of starch food was lower than that of protein foods under
the same level of moisture content of the model foods. The regression equation between
thermal condutivity of the model foods. The regression equation between thermal conduc-
tivity of the model foods and moisture, protein and starch content at 20°C was as follows;
k = 0.00421M + 0.03152P + 0.05181. Correlation coefficient between calculated by above
equation and measured values showed highly significant (r = 0.8418%¥*),
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Fig. 1. Preparation of soyprotein isolate
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Table 1. General Composition of soyprotein isolate and potato starch

Carbohydrate
Ingredient Moisture Protein Fat Ash
Sugar Fiber
Soyprotein isolate 12.1 82.1 0.8 24 - 2.6
Potato starch 11.7 1.1 0.3 86.7 — 0.2
Table 2. Formular of model foods
Food formula Water (%)
78 82 86 90 94

Po S 0.0:22.0 0.0:18.0 0.0:14.0 0.0:10.0 0.0:6.0

P, S, 5.5:16.5 4.5:135 3.5:10.5 25: 7.5 1.5: 4.5

P, S, 7.3:14.7 6.0:12.0 4.7: 93 33: 6.7 2.0:4.0

P, S 11.0: 11.0 9.0: 9.0 70: 7.0 50: 5.0 3.0:3.0

P, S 147: 7.3 12.0: 6.0 *93: 47 6.7: 3.3 40:20

P, S 16.5: 5.5 13.5: 45 10.5: 3.5 7.5: 25 4.5:1.5

P, So 220: 00 18.0: 00  140: 00 100: 0.0 6.0:0.0

P and S denote protein isolate, starch, respectively and subscripts represent the ratio of their

composition.
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Table 3. The temperature changes at the center of cylindrical cell with model foods (P, S,,
P, S;,and P,S,) containing 86% of moisture at the initial temperature of 20°C and 60°C

Heating time Py S, P, S, Py S,
(min) 20°C 60°C  20°C 60°C.  20°C  60°C
10 31.2 71.2 30.5 70.7 31.7 71.3
20 33.2 73.1 33.1 72.6 333 72.8
30 34.1 74.1 344 73.5 345 74.0
40 353 75.0 36.0 74.3 354 74.9
50 36.1 75.3 37.1 74.9 36.1 75.2
60 36.6 76.0 37.8 75.4 37.2 75.7
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Fig. 2. Time-temperature relatlonshxp of thermal
(b).containing 80% of moisture.

conductivity test P,S, (a) and P4So
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Table 4. Thermal conductivity of model foods

Table 5. Analysis of variance for thermal conduc-
tivity of model foods

Mean square of
Source of

e f thermal conductivity
variation 20°C 60°C

Treatment 34  0.00221**  0.00347**

Moisture 4  0.01510**  0.02630**

Protein, Starch 6  0.00188**  0.00135**
Interaction 24 0.00014 0.00019
Error 70 0.00048 0.00039

(kcal/mh °C)
Moisture Measuring
Food %) temperature (°C)
20 60
78 0.3930 0.4145
82 0.4140 0.4429
Po Sa 86 0.4190 0.4445
90 0.4287 0.4833
94 0.4443 0.5087
78 0.3945 0.4182
82 0.4079 0.4373
P, S; 86 0.4164 0.4568
90 0.4344 0.4818
94 0.4517 0.5105
78 0.3951 04272
82 0.4028 0.4296
P, S, 86 0.4196  0.4454
90 0.4405 0.4862
94 0.4622 0.4987
78 0.4038 0.4343
82 0.4033 0.4364
P, S 86 0.4295 0.4643
90 0.4396 0.5063
94 0.4672 0.5164
78 0.3905 0.4235
82 0.4082 0.4351
P, S, 86 0.4286 0.4617
90 0.4476 0.4874
94 0.4718 0.5128
78 0.4041 0.4255
82 0.4155 0.4365
P, S, 86 0.4537 0.4754
90 0.4625 0.4938
94 04843 05181
78 0.4202 0.4567
82 0.4241 0.4632
Py S, 86 0.4532 0.4709
90 0.4607 0.4981
94 0.4877 0.5279
Mean 0.4309 0.4665

** . Significant at the 0.01 level of probability

AEgreksl 5| F A4+ Table6 3 Fkon oY e
kol dal AFFYE ot dAETE AFE F e
A AL o1 4 Udek, AF 2 o2 8% TFEEH
o o2 gty o AEFgst dAz o] @A
€ oh&3k o] vebd 4 ek

k=0.3870 4+0.02319 precvescrrasareracocnaas (1)

e

k=0.3927 —0.0146p +0.0377p? -~ (2)
g 86%oll A 2 AHTAAQ S/HEAERE Jehi
2] ke 2ggkal 4= Tablebol 49} 7ol
3 AEggs dAEE Aboldle LA A
£2g 4 gdodch & vk sl Q4P w2
’ﬂii—l RAle FELY 8% A= wH Az
ko]l F71gtoll wel dAEET MAAQ S
Bgon, oute) FRgaklds 2 AFAAelA
AE 5 W3l Ak TR FAE BAFA G

X
a2

mlo ¥
i3

IR TR [ S

no e

n‘,’L
)
[s3

ox

L3
ol

SHET TR A

7 R AENA LSS deldtddd dALE
ske} RAE 29 Table?7 3 2eh 20CoHA RE
Y ohlale) A £Fel4, Rl Frigtdl =}
IEZ Fog AAdAql FrHE4AE ¥4 F PiS,,
PSS, EHAEL JAMo|dAE 23T4H Ay
vetedll, & o2 PoSidlAe] dAsEet Y
3P°l AL vd ohgsl 2

k=0.164+0.003M «cccocrreermmminiiiianiane. (3)
k= —0.4977+0.0185M —0.0009M* -+ @)
Sharma''® 2] el 9&a FEoA ddxEEs} 5



486 A4 AAT - 2w WF 4 Eoherel 2

Table 6. Regression coefficient of thermal conductivity on protein content of model foods at
20°C

(keal/mh°C)
Moisture con te Goodness of fit
of model food(%) a b ¢ to regression
78 Ln. 0.3870 0.0231 Ln **
Qd. 0.3927 -0.0146 0.0377 NS
82 Ln. 0.4033 0.0135 NS
Qd. 0.4096 -0.0253 0.0241
86 Ln. 0.4137 0.0354
Qd. 04179 -0.0081 0.0274 Qd.*
90 Ln. 0.4266 0.0354 NS
Qd. 04274 0.0286 0.0072
94 La. 0.4407 0.0501 NS
Qd. 0.4396 0.0597 -0.0072

* : Significant at the 0.05 level of probability.
a.b.c are constants for the equation y = a + bx + cx?, where x is protein fraction. (wt/wt)

Table 7. Regression coefficient of thermal conductivity on moisture content of model foods
at model foods at 20°C

(kcal/mh °C)
Goodness of fit
Model food a b c to regression

Py S4 Ln. 0.1600 0.0030 Lo **
Qd. -0.4977 0.0185 -0.0009

P, S, Ln. 0.1190 0.0035 Ln **
Qd. - - -

P, S, Ln. 00.0800 0.0040 Ln **
Qd. 1.3953 -0.0267 0.0002

P, S, Ln. 0.0410 0.0045 Ln. **
Qd. 1.3565 . -0.0262 0.0002

P, S Ln. 0.0000 0.0050 Ln **
Qd. - - -

Py S Ln. 0.0120 0.0050 Ln **
Qd. -0.6457 0.0201 -0.0001

P, So Ln. 0.0610 0.0045 Ln **
Qb. 0.3764 -0.0262 0.0002

a. b.c are constants for the equationy =a +bx + ¢x?, Where x is moisture content (%).
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Fig. 3. Relationship between the measured and estimated thermal conductivity at 20°C (a) and 60°C (b)

.. Thermal conductivity (Kcal/mhT)

&

0.5240

Thermal conductivity {Keal/mhT)

(a)

(b)

Fig. 4. Response surface for the estimated thermal conductivity of model food at 20°C (a) and 60°C ®)
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Table 8. Analysis of multiple regression between
components and thermal conductivity of model
foods at 20°C and 60°C

Mean square of

f::;:;ozf af the:mal conductiovity
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
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k = Thermal Conductivity, Kcal/m.h.°C
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