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On Freeze-Drying Characteristics of Beef*
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Symbols ;
H : Controller for heater
P : Controller for platen
S : Beef sample
: Thermo-couple
Fig. 1 Schematic diagrams of the four heating
methods (® ; surface-bottom control,
® ; heater-platen control, © : surface-platen
control, @ ; both-surface control)
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Table 1 Drying data for beef samples.

Temperature (°C) Chamber Drying

Run Heating pressure time

e method? surfacesamplebottom Heater Platen max. 2) (Trgir:x.)” P,» | (hr)
1 A 20.0 -30.0 372.5— 89.8 -35.5—-36.0 0.79 0.12 0.08 161.75
2 A 20.0 -25.0 387.4—109.2 -35.5—-33.5 0.48 0.16 0.09 122.50
3 A 40.0 -15.0 418.7—111.2 -17.6— -27.8 0.53 0.06 0.02 94.75
4 A 60.0 -15.0 469.6—171.5 -18.5—-24.1 0.53 0.13 0.08 65.00
5 A 45.0 -14.0 369.3—131.8 -17.4—-27.5 0.23 0.11 0.07 86.75
6 A 50.0 -13.0 450.0—159.6 -16.6—-29.8 0.65 0.09 0.04 40.00
7 A 55.0 -12.0 437.5—163.7 -14.6—-24.1 0.52 0.12 0.08 46.75
8 A 37.7 -12.2 415.5—132.3 -10.2—-24.0 0.60 0.14 0.09 67.00
9 B —25.7-44.5 -25.7— -5.2 80.0 -15.0 0.98 0.16 0.09 62.33
10 C 45.0 -35.3—-17.2 394.0—111.2 -15.0 0.95 0.10 0.06 67.50
11 D 45.0 45.0 209.7— 63.5 207.5— 51.0 0.78 0.15 0.09 46.25

1) Shown in fig.1

2),3) The maximum and minimum value of the total pressure after heat supplied.
4) Partial pressure of non-condensing gas at the end of the drying process.
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Fig. 2 Eighteen specimens of an beef sample
for Karl Fischer titration and measuring
locations of the sample. The size of a spec-
imen was about 5%X8 x5 mm. Sample dimen-
sions are shown Table 2.
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Sample weight temperature ; 45°C i
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Platen temp.

Sample weight (X1072kg)

Rate of drying

Drying rate(kg/(m?h)] Heater, Praten temperature.('C)
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Drying time
Fig. 3 Drying characteristics of the beef sample
during freeze-drying. (Run. 11).
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Fig. 4 Sample surface-, center- and bottom-

temperatures versus drying time. ® © ©
correspond to heating methods given in
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Symbols ;

——— ; when sublimation front is at half distance
from the bottom. )
Sample temp. { - ; when sublimation front is approaching
the sample bottom.
— <— ; when frozen region disappeared.
o bottom Frozen region [ il
(1) (2) (3)

{

o Sublimation front

Temperalure{o Surface

) IS
N \\
\ \
AN

\ b N
\

N

\
NAN \

Sample temerature—>
7
.
,
\74
.
;
Vi

Distance from the surface —
Heating method A, C B D
Fig. 5 Schematic diagrams of three typical pat-
terns of the temperature distribution in
beef samples during freeze-drying. Heating

Fig. 1. methods are shown in Fig. 1.
Table 2 Physical properties of raw- and dry-samples.
Weight (@ légcr)litsg.:{e Density Dimension?) Volume Shrinkage?)
}131‘3" (% w.b.) (g/cm?) (cm) (cm3) (%)
raw dry solid| raw dryd | raw dry ds dég' 1 d; v 4 dég’ 1 df,y
1 S 64.32 16.87 15.50 | 75.9 8.14 1.14  0.32 4.77 459  3.07 52.8 2.7 6.2 + 2.2 6.7
2 65.91 19.95 18.71| 71.6 6.23 1.17 0.36 4.73 4.63 3.23 55.4 3.5 5.6 + 7.5 2.1
3 j 65.53 17.93 16.70 | 74.5 6.86 1.16 0.33 4.7 4.60 3.16 53.6 4.0 6.1 + 5.2 5.2
4 | 65.86 17.63 16.98 | 74.2 3.67 1.16 0.33 4.72 4.58 3.19 54.1 3.7 6.6 + 6.3 4.3
5 i 66.26 17.55 16.84 | 74.6 4.07 1.17 0.31 4.74 4.60 3.27 56.0 3.3 6.1 + 9.0 1.0
6 66.23 20.00 18.94 | 71.4 5.33 1.17 0.35 4.71 4.59 3.32 56.6 4.0 6.3 +10.5 0.0
7 ; 65.10 17.47 16.86 | 74.1 3.48 1.15 0.31 4.75 4.54 3.37 57.0 3.2 7.4 +12.1 0.7
8 ‘ 68.84 20.36 19.66 | 70.1 3.40 1.16 0.37 4.70 4.60 3.20 54.7 4.3 5.7 + 7.3 3.2
Average \ 66.01 18.47 17.52 | 73.3 5.15 1.16 0.34 4.73 4.59 3.23 55.0 3.6 6.3 + 7.5 2.9
9 60.77 16.42 15.96 | 73.7  2.82 1.09 0.33 4.66  4.48 3.07 50.3 4.4 8.1 + 2.3 10.0
10 | 60.31 16.71 16.35 | 72.9  2.19 1.08  0.34 4.68 4.48 3.01 49.5 4.0 8.0 + 0.2 11.4
11 ‘ 61.58 17.02 16.63 | 73.0 2.33 1.10  0.33 4.62 4.64  3.07 51.6 5.2 4.8 + 2.3 7.6
Average \ 60.89 16.68 16.31 | 73.2 2.45 1.09 0.33 4.65 4.53 3.05 50.5 4.5 7.0 + 1.6 9.7

* Raw sample dimension (cm) and volume (cms3).

Sample No ds dp 1 v
|
|
1 ~8 | 49 4.90 3.00 56.57
9 ~11 . 4.87 4.87 3.00 55.88

1) Average moisture content of the 18 specimens of a beef sample shown in Fig. 2.

2) Measuring locations are shown in Fig. 2.
3) Referred to initial, raw sample dimension.
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Fig. 6 Sample weight versus drying time. Drying

conditions and data for each sample are

shown in Table 1 and 2.
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Fig. 7 Drying rate versus drying time of teef
samples.
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Fig. 8 Percent of initial water content versus
drying time of teef sample.
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Fig. 9 Water content versus drying time.

Table 3 The drying times for the total, the Ist
and the 2nd drying periods.

Run Drying time (hr)

No. total 1st period 2nd period
1 161.75 74.45 87.30
2 122.50 64.15 58.35
3 94.75 36.12 58.63
4 65.00 18.30 46.70
5 86.75 23.70 63.05
6 40.00 15.93 24.10
7 46.75 15.48 31.27
8 67.00 24.05 42.95
9 62.33 22.10 40.23
10 67.50 18.49 49.01
11 46.25 12.15 34.10
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temperature.
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Summary

To study the drying characteristics of beef
samples during freeze-drying process which includes
- the 2nd drying period, experiments with different
conditions of heating methods, modes and sample
temperatures were made using the freeze-drying
apparatus which had been reported in reference
(14). The results obtained from these experiments
and the drying conditions are summarised as
follows.

1. Different heating methods as well as the

temperature conditions of the sample were shown

in Fig. 1 and Table 1, respectively.

2. Experimental results provided important data
pertinent to the drying characteristics of the sam-
ple tested and the corresponding operating condi-
tions. The former consists of the change in sample
weight, calculated drying rate and temperature
distribution in the samples while the latter includes
the surface temperatures of the heater, platen and
condenser as well as the total and partial pressures
of the non-condensing gas in vacuum chamber. A

result obtained for the case in which both sample
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surfaces were heated by radiation was shown in
Fig. 3. The changes in moisture contents, dimen-
sions and densities of raw and dry samples were
presented in Table 2, while the moisture distribu-
tion in sample was shown in Fig. 10.

3. Three typical patterns of temperature dis-
tributions of beef samples during freeze-drying were
shown in Fig. 5. During the ]st drying period
where no water vapor transfered from the sample
bottom (patterns 1 and 2 in Fig. 5), the temper-
ature gradient in the dryed region indicated larger
value than that in the frozen region with the
sublimation front showing a minimum temperature
value, As the sublimation fronts proceeded inward
from both top and bottom surfaces (patterns 3 in
Fig. 5), the temperature of the frozen region de-
creased gradually and finally attained the minimum

value at the instant immediately before the 2nd

drying period began. In the latter period, the tem-
perature distribution was linear between the
sample surface and bottom,

4. The drying time for the 1st drying period
was defined as the time required to dry 80 percent
of the sample water content. Measured value under
the present experimental donditions were given in
Table 3. For example, the difference of 17.30 hours
was observed in the 1st drying time when the
surface temperature differed 20°C from each other
keeping the bottom temperatures the same.

5. When the total pressure was (0.02-0.09 torr
at the end point of the drying process, the
moisture distribution in the sample was influenced
significantly by the temperature distribution within
the sample. The higher the heating temperature
of the sample, the lower the value of the moisture

content,
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