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Abstract: To determine the effect of sodium chloride on the thermal resistance of Geobacillus stearothermophilus at temperatures below
100°C, G. stearothermophilus bacterial suspensions of 10’ CFU/mL were used as the initial cultures for heat treatment. After the center
temperature of the suspension reached 70 °C, 80 °C, and 90 °C, respectively, the corresponding death rates and residual concentrations of G.
stearothermophilus in the suspensions, prepared using different concentrations of sodium chloride, were studied, and the inactivation models of
each temperature and concentration of sodium chloride were preliminarily established based on the residual concentrations. The results indicated
that the inactivation curves of G. stearothermophilus suspensions under all conditions could be fitted with the DoseResp model in Origin 8.0,
and all coefficients of determination (R%) were above 0.96. Single factor analysis of variance was performed on the thermal death rate of G.
stearothermophilus at different temperatures, different time points, and different concentrations of sodium chloride. The death rate in the control
during the first 40 s reached 95% or more at different temperatures, and the death rate with different concentrations of sodium chloride at
temperatures below 70 °C reached more than 95% during the first 120 s, more than 93% at 80 °C during the first 60 s, and 98% or more at 90 °C
during the first 60 s. Therefore, different concentrations of sodium chloride had a protective effect on G. stearothermophilus, and the protective
effect of 2% sodium chloride was more significant than that of the other concentrations of sodium chloride tested.
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Table 1 Parameter values and statistical criteria of inactivation curve models at various concentrations of sodium chloride

NaCl/%  &E/°C AR A A, LOGx, P R?
70 DoseResp 5.00148 8.10989 243735 -0.02158 0.99042
0 80 DoseResp  4.18963 6.56173 48.18065 -0.03348 0.9823
90 DoseResp 3.46784 9.33097 10.63978 -0.01789 0.99709
70 DoseResp 5.3530 7.0223 96.7325 -0.0484 0.9973
2 80 DoseResp 4.9861 7.0106 57.5794 -0.0712 0.9943
90 DoseResp 4.7470 72218 492812 -0.0339 0.9996
70 DoseResp 5.0243 7.3380 93.7844 -0.0310 0.9996
4 80 DoseResp 5.2400 73181 58.1590 -0.0410 0.9778
90 DoseResp 4.9045 7.1295 41.1629 -0.1100 0.9928
70 DoseResp 4.2635 7.2957 109.4534 -0.0151 0.9696
6 80 DoseResp 4.5868 7.0119 57.2980 -0.0727 0.9936
90 DoseResp 42527 7.6039 34.4109 -0.0257 0.9919
70 DoseResp 5.1621 7.2744 85.0151 -0.0224 0.9916
8 80 DoseResp 4.9202 7.5092 52.7994 -0.0195 0.9692
90 DoseResp 4.7470 7.2218 492812 -0.0339 0.9996
70 DoseResp 5.2025 7.0854 96.8838 -0.0338 0.9981
10 80 DoseResp 43043 7.0697 46.2846 -0.0572 0.9963
90 DoseResp 4.1512 7.0349 56.7249 -0.0470 0.9981
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Table 2 Death rate at different time points with various concentrations of sodium chloride before reaching center temperature

NaCl Bt il /s 0% 2% 4% 6% 8% 10%
20 82.1243.47%%  12.5745.56%P  11.66+3.79°P 21.81+8.79<C 53.75+4.07%%  47.8544.32%8
40 95.00+0.75*  15.68+3.46°°  57.24+6.05%C  359543.63%C  77.7742.94%B  56.60+3.15%8
0ec 60 99.04+£0.09%*  21.66+9.03%"  50.60+£9.66"5C  42.06+5.92%C  80.58+2.88™*  64.66+1.39F
90 99.55£0.06*  90.86+0.46"F  96.43+0.03%C  96.6120.51*"  96.81+0.81¥%  77.99+3.48%C
120 99.56+0.03**  97.89+0.28C  99.10+0.03®  96.20+0.96®C  99.15+0.02F  98.71+0.03%B
150 99.49+0.05*  98.00+0.18%C  99.27+0.04B  99.60+0.03%*  99.48+0.01** 98.66+0.22%"
20 91.59+1.47%A  16.7142.17%F  3585+544%° 30454936 60.38+6.14%%  59.00+3.68"C
40 96.38+0.76™  3231+4.53%F  7234+483"P  58.12+4.50™C  80.86+1.44™  81.68+8.08""
. 60 99.60+0.06™  9520+0.83"" - 93.78+0.28%8  96.31+0.51**  99.14+026™4  99.79+0.10%€
80°C ayA axC ayA axA axA axB
90 99.88+0.01 99.04+0.13 98.87+0.17 99.67+0.04 99.47+0.12 99.7940.10
120 99.90+0.01%*  99.06+0.19%® ~ 99.24+0.01™  99.67+0.05™*  99.67+0.04™*B  99.89+0.02™*
150 99.90+0.02™"  99.35+0.06™C  99.67+0.20™C  99.68+0.08™  99.69+0.04®®  99.91+0.01™*
20 94.09+0.13%4  19.16£0.87%C  48.71+4.47%*%  42.92+413.00°°  90.62+3.68™4F 55584237
40 98.95+0.16%4  90.05+£2.64”C  93.69+0.08"F  97.88+031%*  9938+0.17%*  78.67+9.02"*
00°C 60 99.9240.01™* 982240280 99.29+0.01™C  99.71+0.05™®  99.77+0.01™®  98.96+0.14™*
90 99.96+0.00™*  99.48+0.05™"  99.67+0.08"F  99.78+0.03™*  99.75+0.04™*  99.93+0.00™C
120 99.97+0.00™*  99.53+0.00™"C  99.69+0.01™®  99.75+0.03™B  99.78+0.02*B  99.93+0.02™*
150 99.98+0.00™*  99.58+0.05™C  99.82+0.02™F  99.87+0.01**  99.77+0.05*B  99.94+0.02™*

o LA THEAREE; 2000000 £ B SRE FERRA ARRFE (p0.05); 3ABOOEE £ R B AT b AT

B# £/ 2% (p<0.05).
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Table 3 Death rate at different time points with various concentrations of sodium chloride after reaching center temperature

NaCl  BiE]/min 0% 2% 4% 6% 8% 10%
1 99.54+0.05%48  99.32+0.03“5C  99.38+0.03"** 99.67+0.04%%A8 99.61+0.06™ 98.29+0.40%P
0o 99.68+0.01%4 99.41+0.05% 99.72+0.00%8 99.69+0.01%%8 99.64:0.04C 98.61+0.34%8
30 99.78+0.02%4 99.45+0.01%°  99.70+0.01°8 99.69+0.00%% 99.66+0.08%¢ 99.43+0.19™4
60 99.77+0.02%4 99.57+0.06™" 99.84+0.00™ 99.87+0.027* 99.83+0.04%A 99.74+0.06™*
1 99.93+0.01%4 99.41+0.01%8 99.79:0.12%¢ 99.79:0.06%® 99.76+0.02°C 99.95+0.01%4
. 99.97+0.00>4 99.88+0.00F 99.77+0.18"8 99.880.03%¢ 99.81+0.02%P 99.95+0.00%4
80°C axA byB axA abyA byA bxB
30 99.9840.00 99.71+0.01 99.9420.06 99.91+0.01 99.8120.02 99.97+0.00
60 99.98+0.014 99.90:0.01™F 99.96+0.01™8 99.95+0.00™¢ 99.92+0.04>P 99.99+0.01™A
1 99.97+0.00%4 99.58+0.02%°  99.90+0.01™4B  99.90+0.02EC 99.81+0.02%€  99.98+0.00P*ABC¢
90 °C 5 99.98+0.00™%  99.65£0.01°"  99.93x0.01**  99.94+0.01™4 99.82+0.02"4  99.98+0.00™
30 99.99:+0.02™A 99.85+0.02>F 99.96+0.00™A 99.96:+0.03*A 99.95+0.02™B 99.960.00%4
60 99.99+0.00*EC 99.88+0.00™E 99.98+0.00™¢ 99.99+0.00AB 99.96+0.01*P 99.99:£0.00™4

Er LA P IAATE L, 220000 R T B MR T FERRE ZFRE (p<0.05); 3ABCPER. R mBATHYE T TR

FEFRE (p<0.05).
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