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The Effects of Freezing and Thawing Rates on the Percentage of
Sub-lethally Injured Total Coliform on Beef Surface

Yong-Wook Lee and Sung-Woo Hwang
School of Public Health, Seoul National University, Seoul 110, Korea

ABSTRACT-Most of meat spoilage bacteria are Gram negative, which are very sensitive to freezing;
for instance, 90% of E. coli cells are killed or sub-lethally injured by freezing at —30°C, and the
freeze-injury rate is dependent upon freezing rate. Since the injured bacterial cells are sensitive to
selective agents, they fail to.multiply in selective media. Injured bacterial cells are, however,
capable of spontaneous repair at appropriate environmental and nutritional conditions. Enumerati -
on of injured bacterial cells involves artificial induction of repair at these conditions.

Cubic beef samples (3 X 3 X 3cm) were frozen at —60°C, —40°C, or —18°C. The samples frozen at
each temperature were thawed at 4°C, 20°C, or by microwave. After these respective freezing and
thawing treatments, the percentage of sub-lethally injured total coliforms out of total surviving
ones was. measured and compared. The results were as follows:

1. The interaction between freezing and thawing on injury rate was not significant.
2. The injury rates (as means of all three thawing treatments post-freezing) by freezing at —60°C,

—40°C, or —18°C were 32.2%, 30.5% and 19.2% respectively.

3. The injury rates (as means of all three freezing treatments) by thawing at 4°C, 20°C, or by micro-
wave were 49.3 %, 11.7% and 21.0 % respectively.

4. The highest injury rate was caused by freezing at —60°C and subsequent thawing at 4°C.
However, since the injury rates by freezing treatment were not significantly different, freezing

at —18°C and subsequent thawing at 4°C can also be recommended, from an economic perspec-
tive.
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Table 1. Conditions of freezing and thawing treatment

Treatment Temperature Instrument

-60°C  Created by filling of dry ice
in —40°C freezing chamber
Freezing -40°C  Forma Bio freezer
~18°C  Freezer compartment of
domestic refrigerator
4°C  Domestic refrigerator
Thawing 20°C  Low temperature incubator

microwave Domestic electronic oven
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Fig. 1. Enumeration procedure* of inert and total sur-
vivors of total coliform on the surface of frozen-
thawed beef sample
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Fig. 2. Freezing curves of beef samples at various tem-
peratures
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Table 2. Freezing rate of beef sample at various tempera-
tures (sample depth=1.5cm)

Freezing Freezing Freezing
temperature time (h) rate (cm/h)
-60°C 1.8 0.8
-40°C 2.7 0.6
-18°C 4.5 0.3
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Fig. 3. Thawing curves of frozen beef samples at
various temperature (sample depth=1.5cm)
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Table 3. Thawing time and thawing rate of frozen beef
sample at various temperature.

Thawing Thawing time Thawing rate
temperature (cm/h)
4°C 11.5hrs 0.1
20°C 1.5hrs 1.0
microwave® 2min 5.0

«): Thawing by domestic electronic oven
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Table 4. Number of inert and total survivors and percentage of injured total coliform after freezing-thawing treat-

.ment
Treatment Total coliform counts
Freezing Thawing Replication® Survivors
temperature temperature No. (x 15 cells % Injured
per 1cm?) (%)
Inert Total
4°C 1 25 41 39.02
2 10 31 67.74
-60°C 20°C 1 90 105 14.29
2 45 54 16.67
MW.2 1 18 24 25.00
2 78 112 30.36
4°C 1 8 13 38.46
2 13 39 66.67
-40°C 20°C 1 15 17 11.76
2 16 19 15.79
MW 1 38 48 20.83
2 36 51 2941
a°C 1 32 42 23.81
2 6 15 60.00
-18°C 20°C 1 16 17 5.88
2 17 18 5.56
MW 1 90 100 10.00
2 115 128 10.16

a): Thawing by microwave

b): Each combination of freezing-thawing treatment was repeated twice.
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Table 5. Mean percentage of injured total coliform by
respective freezing-thawing treatment

(unit: %)

Freezing Thawing temperature Mean
temperature 4°C 20°C Mwa

-60°C 39.02 14.29 25.00 32.15
67.74 16.67 30.36

-40°C 38.46 11.76 20.83 30.49
66.67 15.79 29.41

-18°C 23.81 5.88 10.00 19.24
60.00 5.56 10.16
Mean 49.29 11.63 20.96

a): Thawing by microwave
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Fig. 4. Mean percentage of injured total coliform by

respective freezing-thawing treatment

a): Thawing by microwave
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Fig. 5. Percentage of injured total coliform by respec-
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a): Thawing by microwave
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