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ABSTRACT - We analyzed the heat resistance of non-pathogenic Bacillus atrophaeus, Bacillus subtilis, and
Geobacillus stearothermophilus spores which exhibit strong heat resistance and evaluated the possibility of using
them to determine direct sterilization when manufacturing retort foods. The D,,,-values of B. subtilis, G. stearother-
mophilus, and B. atrophaeus spores were 2.9£0.1 min, 4.3£0.1 min, and 3.740.1 min, respectively. The Z-values of B.
subtilis, G. stearothermophilus, and B. atrophaeus spores were 43.0£1.4°C, 25.0+1.6°C, and 35.8+1.4°C, respectively.
The D,,,-values of B. subtilis, G. stearothermophilus, and B. atrophaeus spores were all higher than that of Clostrid-
ium botulinum spores used to confirm retort food sterilization. Considering these results, B. subtilis, G. stearothermo-
philus, and B. atrophaeus spores can be used instead of the pathogenic spore-forming bacteria C. botulinum when
sterilizing retort food. In addition, sterilization can be confirmed in 2 to 3 days, a shorter time than the 13 days required
for existing bacterial growth experiments based on the Korean food code.
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Fig. 1. Microscopic photograph of Bacillus subtilis (A), Geobacillus stearothermophilus (B) and Bacillus atrophaeus (C) spore
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Table 1. D-value and Z-value of B. subtilis

Temperature  Time

+ - -
“C) (min) MeantSD  D-value Z-value
0 7.7+0.1"
5 5.8+0.2
111 5.0+0.1
10 5.2+0.1
15 4.5+0.2
0 7.7+0.1
5 5.9+0.2
116 4.4+0.1 43.0+1.4
10 5.1+0.4
15 4.2+0.2
0 7.7+0.1
3 5.8+0.1
121 2.9+0.1
6 5.3+0.1
9 4.4+0.1
" Log CFU/mL.
Table 2. D-value and Z-value of G. stearothermophilus
Temp())erature Tlr}qe MeantSD  D-value Z-value
) (min)
0 5.0£0.0"
5 4.3+0.1
111 10.8+0.5
10 3.8+0.1
15 3.6+0.3
0 5.0+0.0
5 3.9+0.1
116 6.6+0.1 25.0+1.6
10 3.4+0.3
15 2.7+0.1
0 5.0+0.0
3 3.9+0.2
121 4.3+0.1
6 3.6+0.1
9 2.8+0.1
" Log CFU/mL.
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Table 3. D-value and Z-value of B. atrophaeus

Temperature  Time

+ - _

“C) (min) Mean+SD  D-value Z-value
0 7.0+0.0
5 5.94+0.2

111 7.1+0.2
10 5.5+0.1
15 4.8+0.1
0 7.0+£0.0
5 5.94+0.2

116 5.2+0.1 35.8+1.4
10 4.9+0.4
15 4.1+£0.2
0 7.0+£0.0
3 6.7+0.1

121 3.7+0.1
6 5.6£0.1
9 4.7+0.1

Y Log CFU/mL.

Table 4. Comparison of heat resistance in B. subtilis, G stearo-
thermophilus and B. atrophaeus

Bacteria D,,,-value Z-value
Bacillus subtilis 2.9+0.1* 43.0£1.4 "
Geobacillus stearothermophilus 4.3+0.1¢ 25.0£1.61
Bacillus atrophaeus 3.7+0.1° 35.8+1.4 "

Different superscripts within the same column are significantly
different by Duncan’s multiple range test (P<0.05).
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