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Introduction  

 To enhance food safety of a product, a heating step is include in the 

process, to reduce the number of bacteria in a food  

•  To achieve  this goal, the required time-temperature combinations are 

set, based on challenge-tests, legislation or experience 

•  To assess the adequacy of a heating step, the D/z - concept is often used 



DETERMINATION of the D-value at a given temperature  

Heating time (min) 

•   D, is the amount of heating time needed to obtain a 1-log reduction (min) at a 
given temperature 

      The more the bacteria resist to the heat, higher is the D-value  
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•  z  is the temperature increase (°C) needed to reduce the D-value  
    with a factor of 10 

DETERMINATION of the z-value  

Heating temperature (°C) 



 
Factors reported to have an influence on the heat resistance of 

a pathogen 
 

Strain Growth 

condition 

Experimental 

condition  
Product  

Process 

technology 

Presence 

of salt 

Presence 

of acid Growth phase 

of the cells 

Contamination 
Solid / 

liquid 

Time / 

temperature 

Growth 

medium 

Pressure/ high 

pressure process 

Thermal 

process 
Form of the 

bacteria 

Stress 

induced 



Resistance of  Listeria monocytogenes to heat, in milk products (ICMSF 1996)  
 
 
Products   Temp (°C)  D-value (min) 
 
Raw milk,     52.2   24.08 -  52.8 
raw skim milk      57.8     3.97 -  8.17 
raw whole milk       63.3     0.22 - 0.58 
cream         66.1     0.10 - 0.29 
 

 



D55° 
(min) 

D57.5° 
(min) 

D60° 
(min) 

D62° 
(min) 

D65° 
(min) 

D67.5° 
(min) 

D70° 
(min) 

Z  

(°C) 

 Poultry  
(chicken,   
turkey, duck) 

82 40 23 7 3 0.9 0.3 6.1 

2.4 0.16 4.4 

119 40 16 4.5 1.3 0.5 0.2 5.3 

51 14 8.5 2.6 0.6 0.3 0.1 5.7 

131 23 9.8 2.2 0.93 0.4 0.1 5.0 

Mean values 95.7 ±36 29.2 ±13 14.3 ±6 3.74 ±2 1.20 ±1 0.5 ±0.6 0.17 ±0.01 5.3 ±0.6 

Meat 
(beef, 
pork) 

37 0.06 6.0 

47 0.08 4.4 

3.4 1.17 0.6 7.7 

150 55 20 10 3.1   1.1 0.4 5.9 

Sausage 5.0 1.6 1.2 

14 2.2 0.2 

Ham 1.8 5 - 6.7 

D and z values extract  from litterature for different products (2000 - 2010) 



 Difficult to choose the appropriate D-value  from these lists of reported 
values 

   Difficult to know which factors may influence the  heat resistance  (the 

effect reported of a factor is usually tested in one lab for a few conditions and a 

few strains) 

•   Unclear if such effects are relevant overall in comparison with other 
conditions 





 

 This study have collected a large quantity of D-values (n=4 066) among 
them L. monocytogenes  (n= 967)  

 

 From theses values, linear regression was applied to obtain average  D-
values and the 95% upper prediction level and z values 

 

 Comparing these overall data, it can be seen that most factors reported to 
have an effect on the D-value  are smaller than the variability of all 
published data 

 

 From the statistical analyses performed, this study point out the main 
effects that have to be included for a first step on the performance of a 
heating process 

 





Heat resistance of L. monocytogenes for various products and laboratory media  

Grey line = linear regression on 
products with low aw (NaCl > 10%) 

Black line = linear regression 
on all other products 



 It appears that, when data of various products  and various conditions are combined,  L. 

monocytogenes is overall less heat resistant than other pathogens  

Log reduction of pathogens estimated with the mean log D values 

 for a pasteurisation process (15 s at 72°C)  

L. monocytogenes is more heat resistant in the presence of 10% salt or when the aw is 
below <0.92 



   There is a significant main effect of aw (10% NaCl) on Listeria 

monocytogenes heat resistance  

Conclusion  

     The 95% upper prediction levels of the D-values estimated in this 

study can  be used: 

-   as a conservative estimate of inactivation and  

-   to generally assess the performance of a heating step  
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