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Abstract

The thermal diffusivity of defatted and nondefatted starches were measured on the basis of
one dimensional semi-infinitive theory. Differential scanning calorymetry was used to study the
effects of cooling rate, fat and water contents on the enthalpy and entropy changes with the cool-
ing rate of 2.5~ 10 °C /min. Thermal diffusivity of defatted and nondefatted straches were deter-
mined to be 4.14 x 10 ~4.96 x 10 %(m? /h), 4.09 x 10 ~4.81 x 10 *(m?/h) in unfrozen state, and
2.78 x 102-3.91 x 10 (m?/h), 2.26 x 10°-3.57 x 10~ (m? /h) in frozen state respectively. On de-
creasing temperatures in frozen state, thermal diffusivities of starches were increased and en-
tropy and enthalpy were decreased, and more rapid cooling rates resulted in a decrease in en-
tropy. A linear relation was observed between enthropy, enthaly and water content. Thermal dif-
fusivity was decreased, and entropy was increased with increasing fat content. With water con-
tent ranging from 35 to 90%, enthalpy and entropy of straches were found to be 107 ~ 216 (kcal/

mol), 0.45~0.94 (kcal /mol.K), respectively.
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Fig. 1. Details of thermal diffusivity-cell. Length unit:
[mm]

1. Sample, 2. Thermocouple, 3. Copper cooling plate, 4. Hea-

ter, 5. Refrigerant pipe, 6. Thermocouple for temperature con-

trol, 7. Sample container, 8. Container lid, 9. Inner insulator.
10. Quter insulator, 11. Expansion valve
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Fig. 2. Flow diagram of ultra freezer

1. High compressor, 2. Low compressor, 3. Pressure gauge, 4.
Condenser, 5. Drier, 6. Magnetic cut solenoid valve, 7. Expan-
sion valve, 8. 1st heat exchanger, 9. 2nd heat exchanger, 10.
Evaporator, 11. Qil seperator
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Fig. 3. Comparison of measured and computed values
of temperature for defatted potato starch with water
content 88.5% in unfrozen state
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Fig. 4. Comparison of measured and computed values
of temperature for defatted potato starch with water
content 88.5% in frozen state
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Table 1. Thermal diffusivity of corn and potato starch-
water system

A=A Fohetsla) A2 A1 2 (1990)

Table 2. Thermal diffusivity of defatted and nondefatted
wheat starch

Volume fraction  Thermal diffusivity
(-) K(m2/h) x 1072

Volume fraction Thermal diffusivity
{-) K(m?/h) x 1073

X, X! 0°C 10°C
Unfrozen  0.9759  0.0241 0.477  0.496
0.9599  0.0401 0.466 0.482

state 0.9361  0.0639 0.459  0.479
Corn 0.9138 0.0862 0.444  0.460
X X; -10°C  -20°C

Frozen 0.9778 0.0222 3910 3.780
0.9631 0.0369 3.830 3.430
state 0.9410 0.0590 3.510 3.380
0.9202 0.0798 3310 3.300

X, X 0°C  10°C
Unfrozen 0.9278 0.0272 0.457  0.480
0.9603 0.0397 0.449  0.460

Defatted  state 0.9342 0.0658 0.433 0.449
wheot 0.9067 0.0933 0.414 0.424
X, X;  -10°C  -20°C

frozen 0.9749 0.0251 3.540 3.710
0.9634 0.0366 2.940 3.340
state 0.9392 0.0608 2.708 2.886
0.9136 0.0864 2.390 2.780

X, X, 0°C 10°C
Unfrozen 0.9740 0.0260 0.470  0.492
0.9626 0.0374 0.467 0.485

state 0.9464 0.0536 0.460 0.48}
Potato 0.9226 0.0744  0.445  0.460
X3, X3 -10°C -20°C

Frozen 0.9760 0.0240 3.660  3.810
0.9655 0.0345 3.420 3.620
state 0.9505 0.0495 3.370  3.520
0.9285 0.0735 3200 3.330
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Volume fraction Thermal diffusivity
(=) K(m2/h) x 10-3

X, X 0°C 10°C

Unfrozen 0.9753 0.0247 0.449  0.472

Nonde- 0.9660 0.0340 0.446 0.459
fatted state 0.9443 0.0557 0.428 0.439
wheat . 0.9090 0.0910 0.409 0.410
X, X! -10°C  -20°C

Frozen 0.9691 0.0309 3.390 3.540
0.9686 0.0317 2910 3.230
state 0.9486 0.0514 2.614  2.867
0.9158 0.0842 2.260 2.550
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Table 3. Thermal diffusivity of defatted and nondefatted
rice starch

Volume fraction Thermal diffusivity

(-) K(m2/h) x 103
XY, X¢ 0°C 10°C
Unfrozen 0.9691 0.0309 0.489  0.495
0.9557 0.0443 0.468 0.485
Defatted  state 0.9383 0.0617 0.456 0.473
rice 0.9062 0.0938 0.443 0.453
XZ, XY -10°C  -20°C
Frozen 0.9715 0.0285 3.680 3.840
0.9591 0.0409 3.430 3.650
state 0.9430 0.0570 3.363 3.501
0.9131 0.0869 3.260 3.300
Volume fraction Thermal diffusivity
(-) K(m2/h) x 1073
X, X! 0°C 10°C
Unfrozen 0.9749 0.0251 0470 0.48)
Nonde- 0.9617 0.0383 0.459 0.480
fatted state 0.9459 0.0541 0.442 0.467
0.9109 0.0899 0.432 0.448
X:, X7 -10°C  -20°C
Frozen 0.9770 0.0230 3.450 3.570
0.9647 0.0353 3.140 3.170
state 0.9501 0.0499 3.046 3.063
0.9168 0.0832 2.830 2.880
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Fig. 5. Relation of enthalpy and water content of
various starches at cooling rate ~5°C/min
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Fig. 6. Relation of entropy and water content of various

starches at cooling rate -5°C/min
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Table 4. Relation of cooling rate and entropy of various
starches near water content 50%
{(Unit: kcal/mol .K)

Starch
Cooling
rate(°C/ min

-2.5 0.77 0.73 0.75 0.70

-5.0 0.72 0.63 0.64 0.6]

-10.0 0.42 0.41 0.41 0.39

Defatted

Corn Potato Rice Wheat Rice Wheat

Whole

0.78 0.70
0.69 0.60
0.46 0.40

Table 5. Effect of cooling rate on entropy of various
starches near water content 50%
(Unit : keal/mol)

Starch Defatted

Corn Potaoto Rice Wheat Rice Wheat

Whole

Cooling

rate(°C/ min
-2.5 181.6 170.6 179.0 162.4 185.7 167.0
-5.0 166.2 1455 153.3 139.2 164.2 141.1
-10.0 92.3 89.1 90.1 83.1 102.4 853
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b : Boltsmann’s constant [kcal/ °C]

C, : Specific heat capacity at constant pressure [kcal/
kg.K]

- E : Activation energy [kcal/mol]

AF : Free energy [kcal/mol]

AH : Enthalpy [kcal/mol]

h : Plank constant [kcal/s]

K : Eaquilibrium constant [-]

R . Gas constant [kcal/mol.kg k}
AS : Entropy [kcal/mol.K}
T Temperature [ °C, K]
T, Initial temperature [ °C]
T, Surface temperature [ °C)
t Time [h]
XY, : Volume fraction of water [-)
X3 Volume fraction of carbohydrate [-]
K Thermal diffusivity [m2h]
A Thermal conductivity [kcal/m.K]
0 Density [kg/m?3]
= i
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