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Performance Characteristics of Experimental Freeze-Drying . ..

Apparatus and a Drying Example of Beef Sample*
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Fig. 1 Schematic diagram of experimenntal
 freeze-dryer.
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Fig. 5 Temperature change of beef during
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Table 1 Physical properties of raw-and dry-beef sample.

Weight -Moisture | Specific dimension Volume Shrmkage 7
Sample content weight ds b v s =1 v
€:9) . (% w.b.) (g/cm®) | (cm) (cnd) (/o)
Raw 65. 84 70.1* 1.16 4.9 4.9 3.0 56.6 '
95.7 94.3 107.3 96.8
Dry 20.36 3.4 0.37 4.7 4.6 3.2 54.7
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Table 2 Temperature fluctuation at sample, § or
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bottom —12,7£0.5 8.5 [-12.2 0 5 10 15 20 25 30
Distance from surface (mm)
Heater surface * £5.2 4.3 * X . .
Platen surface % 0.8 8.5 * Fig. 8 Temperature as a function of position at

various times during freeze-drying.
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Fig. 7 Freeze-drying process of beef sample.
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Table 3 Moisture contents of beef specimens
by Karl Fischer method. :

Specimen*| Weight | Moisture | Solid | Moisture| M&an
. content M.C.
No. | (mg) | (mg | (mg |(% w.b)|(% w.b.)
1 | 1249 323 121.67]  2.59
2 111.3 | .2.34 .| 108.97]° 2.10
3 98.4 3.38 95.02 3.44
4 89.4 | 3.47 | 85.93 3.8 3.3
5 - 98.7 3.50 95.20|  3.55
6 71.3 3.35 73.95  4.34
7 76.0 2.70 73.31]"  3.55
8 - 106.0 3.89 102.11) . 3.67-
9 -135.8 | .7 5.09 130.71)  3.75
10 8.5 3.92 94.58  3.98 3.8 .
1 59.5 2.31 57.20 3.88
T12 83.3 3.56 79.74]  4.28
13 113.5 2.22 111.28)  1.95
14 113.4 2.41 110.99  2.13
15 | "96.7 [ 2.40 94.31 " 2.40
16 76.1 2.64 94.07  2.73 3.1
17 61.4 2.81 58.50|  4.58
18 83.7 4.01 9.6 4.79
) Averege of all specimens:-+-3.4

* shown in Fig. 5

Table 4- Raw beef moisture.contents determined
’ by Karl Fischer method.

Specimen | Moisture Solid Moisture
No. weight content
(mg) (mg) (mg) (% w.b.)
1 54.9 39.7 15.1 72.4
2 70,00 p - 48.0 21.9 68.6
3 97.1 165.3 29.8 65.3
4 | w2z | 7 33.5 69.9
5 C93.2- [ -629..| 303 61.5..
6 98.4 "69.9 214 71.0
Average of six specunens ------ 69.1
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Summary

To study the controlling factors which affect
the
authors have constructed an experimental freeze-
drying apparatus as shown in Fig, 1. The charac-

teristics of the apparatus as well as the experi-

the drying rate during freeze-drying process,

mental results obtaind from beef samples are
summarized as follows, ‘,

1. The changes in sample weight, drying rate,
temperature distribution in the sample, heater and

platen temperatures and total pressure during the

freeze-drying process of beef-sample—were meas=—-""

ured and shown in Fig. 8.
2. The weight measuring device,
Fig. 2,

shown in

had the sensibility of (.37g and an

accuracy of 1/250 when the samble weight was
63.0 8.

3 The surface and the bottom temperatures
of the beef sample were controlled within (—35~
98)+0.4°C, (—35~85)+0.5°C, respectively.

4. During sublimation dehydration process, the
sublimation front showed a minimum temperature

“and its values were lower in the center portion
of the sample than the values néar the surfaces
(See Fig. 8).

= 577" The avérage moisture content of dry beef
specimen, which was determined by Karl Fischer
method, was 3.4% w.b. (See Table 3).
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