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Abstract

Filefish muscle in the form of thin plate (5X10X0.4 cm) was dried in a forced air dryer at
47.5°C to study the relation between dehydration mechanism and water activity. The dryer was
designed in such a way that the temperature, relative humidity and velocity of air could be controlled.
The whole dehydration process of the filefish muscle was divided into two different drying rate
periods, constant and falling rate period. During the constant drying rate period, the drying rate
was proportional to the square root of air velocity under the conditions of constant temperature
and relative humidity of air. The falling rate period was further divided into two different falling
drying rate periods. first and second falling rate period. The first falling rate period was an
unsaturated surface drying period caused by partial unsaturation of the drying surface with capi-
llary condensed free water diffused from the internal part of the filefish muscle. At this stage
the drying rate was mainly dependent on the relative humidity at constant air temperature, and
case-hardening phenomenon started at the end of this stage.

The moisture content and the water activity at which the second falling rate period started
were not constant, because the drying rate of the first falling rate period was strongly dependent
on the air humidity.

The second falling rate period was again divided into two drying rate periods,former and latter
period. The drying rates of both of these periods were independent on the external air humidity.
During the former period of the second falling rate period, the dehydration was proceeded by
diffusion and vaporization of capillary condensed free water in filefish muscle. The diffusion coe-
fiicient of water was 2. 89X 10 ¥m?/sec at 47.5°C. At this stage, the case-herdening continued
until the water activity reduced to 0.7. The latter period of the second falling rate period
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started at the water activity of 0.45. The dedydration was proceeded by diffusion and vaporizat-

ion of bound water,

which adsorbed in muitimolecular layers,

through the hardened drying

surface. The number of molecular layers was 4, and the diffusion coefficient of water during

this stage was 4. 38X 10-1 m?/sec at 47.5°C.
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Fig. 1. Schematic diagram of forced air dryer with regulation of relative humidity,
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Fig. 2. Desorption isotherm of filefish muscle at

47.5°C
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Fig. 3. Drying rate vs. time; dry bulb tempera-
ture, 47.5°C; air velocity, 0.4 m/sec
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Fig. 4. Drying rate vs, time; dry bulb temper-
ature, 47.5°C; air velocity, 0. 65 m/sec
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Table 1. Comparison between air velocity and
constant drying rate under different air
conditions at 45.5°C
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Fig. 5. Drying rate vs. moisture content; dry- 47. 4 0. 65 0.545 1.3 1.3
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Nomenclature

A : drying surface area, m?

a, : water activity
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b: (Sa—~9)/0:dH,(n:...—n,..), kg dry matter/hr-kg
water

C : constant related to the heat of adsorption

D : diffusion coefficient, #?/sec

4F « partial molal free energy, kcal/kmol

4H, : latent heat of vaporization, J/kg

k : constant in equation (€)

K : intercept in equation (13)

n : number of water molecule layers

n, : moisture content, kg water/kg dry matter

#, : mean moisture content, kg Water/kg dry matter

%, .. :critical moisture content. kg water/kg dry
matter

#,... : equilibrium moisture content, kg water/kg dry

mattier

#..m, : moisture content for monolayer. kg water/kg
dry matter

. conet, © ATying rate during constant rate period, kg
water/hr. kg dry matter

9, s~1. : drying rate during first falling rate period,
kg water/hr. kg dry matter

7, s-1. : drying rate during second falling rate period,
kg water/hr-kg dry matter

1, +_1ro. * drying rate during former term of second
falling rate period, kg water/hr-kg dry matter

#, s s : drying rate during latter term of second
falling rate period, kg water/hr-kg dry matter

P : water vapor pressure, P,

P.: water vapor pressure at wetbulb temperature, Pa

P, : saturated water vapor pressure, F.

R : gas constant

R.H, : relative humidity, ¢,

T : absolute temperature, K

t : drying time, hr

v : air velocity, m/sec

« : heat transfer coefficient, W/m?-K

5, : mass transfer coefficient, kg/hr-m? P,

¢« : dry bulb temperature, °C

<

~

e : wet bulb temperature, “C

: slope in equation (13)

=2

g + bulk density of the dry matter, kg/m*
: R. H./100
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