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Summary 
 
The management of microbial risks in foodstuffs needs an exact knowledge of 
microorganisms and of their behavior in these products. This knowledge is classically 
obtained from a limited number of experiments because of the time required and the 
cost.  
 
For these reasons, a mathematical simulation is used more and more often, in tandem 
with experimentation, to describe the theoretical dynamics of a microbial population 
under various conditions (product formulation, industrial process, storage conditions, 
and so on). 
 
The quality and the credibility of the simulation results depend on the rigor used to 
build and use the models. In general, two groups of models are distinguished: the 
primary models describing the variation of the number of cells, or the microbial density 
with respect to time; and the secondary models describing the effect of environmental 
factors (temperature, pH) on the parameters of the primary model. 
 
Different models were proposed in the literature and used by microbiologists. Some are 
more convenient and more in agreement with the needs of food microbiologists and 
food hygienists. These models were validated successfully in foodstuffs in complex 
situations (thermal variation, acidification, and so on). 
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1. Introduction 
 
In the food industry, the control of microbial food quality is an obligation, from the raw 
material stage to the point of sale. This concern is not only linked with regulations, but 
it has become a fundamental demand of consumers, who want to buy safe and healthy 
products that keep their nutritional and sensorial properties. 
 
Nevertheless, an increase in the outbreaks caused by foodborne pathogenic 
microorganisms has been observed. The reasons are numerous: aging of the population, 
increase in vulnerable population, modifications of industrial and commercial practices, 
modification of consumption lifestyle, increase in transcontinental travel, and the 
development of detection techniques. 
 
Therefore, manufacturers are obliged to develop their knowledge of pathogenic 
microbial hazards to improve their risk analysis. This knowledge is usually based on 
experimental methods. These consist of the study of the behavior of a given 
contaminant population in a given product under different environmental situations 
(e.g., temperature and duration of storage). Nevertheless, because of the delay and the 
cost, this usual approach is always based on a limited set of experimental scenarios of 
risk conditions (limited number of breaks of cold chain, contamination level, microbial 
strain studied, and so on). This fuzzy knowledge of hazard obliges producers to 
maximize their safety margins (e.g., important heat treatments). This may be 
incompatible with improvement of nutritional properties of foods. 
 
For this reason, microbiologists and hygienists would like to improve their approach by 
using new tools for modeling and simulation. Some models have been proposed and 
used with the aim to describe the effect of temperature and heat treatments on microbial 
destruction. But it is only since the end of the 1980s that the first mathematical tools 
have been built to simulate the complete behavior of microbial flora (growth, lag, and 
decrease phases) in food products under process conditions. This approach, called 
Predictive Microbiology, has no authority to replace the experimental approach, but it is 
used to complete and to lead it.  
 
2. General Principles and Microbial Dynamics 
 
Food processing may be described as a succession of steps, from the input of raw 
materials to the distribution and consumption of the product (Figure 1). Different steps 
can be identified as critical from the microbiological point of view. At each of these 
steps, microbial contamination or multiplication can occur. If we consider that a 
contamination occurs at a given initial level during one of these critical steps, predictive 
microbiology consists of a simulation of the behavior of this contamination, from the 
starting point to a given time, taking into account variations of process conditions. 
Hence, from a general point of view, four major objectives may be identified:  
 
1. This approach allows the microbial hazard to be predicted, which improve the 

choices used to prevent and to control the risk;  
2. Predictive microbiology allows quantification of the risk, so as to improve accuracy 

of the data gathered; 
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3. Predictive microbiology is used to optimize experimental design, which allows the 
spread of the investigation domain, and reduces delay and cost; 

4. This approach is supportive of debate, which improves communication between 
experts and managers.  

 

 
 

Figure 1. General principle of Predictive Microbiology in the food quality context 
 

The objective of Predictive Microbiology is to be able to forward microbial dynamics 
by using mathematical models. Before studying the different models and formulations 
proposed, it is important to consider the classical behavior of the microbial population. 
As shown in Figure 2, the evolution of the logarithm of the microbial cells’ density 
under constant environmental conditions may be classically described in four main 
phases, which are: 
 
1. The lag phase, which may be considered as an adaptation phase between an initial 

physiological state and a growth state, in a growth condition, and a delay of decrease 
in unfavorable conditions.  

2. The growth phase characterized by a linear portion if the logarithm of the variable 
(biomass, number, or concentration of cells) is represented versus time. This 
dynamical step is close to an exponential phase, and is classically described from the 
slope value called maximum specific growth rate, μmax (time-1), defined as follows: 
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3. The breaking and stationary phases may have several origins linked to high cell 

density in growth conditions (lack of nutrients, acidity, and so on), or to the 
apparition of a stable density of resistant cells in unfavorable conditions. 
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4. The decrease phase that appears when the medium and the conditions become too 
unfavorable. This phase is usually close to an exponential decrease of the density. 

 

 
 

Figure 2. Different phases of dynamical behavior of Bacillus cereus and 
 Listeria monocytogenes in a laboratory medium at 58.5 °C log x, logarithm of the 

microbial density; xo, inoculum; xmax, maximum density; xf, the final survivals density; 
μmax and μd respectively, the maximum specific growth rate and the maximum specific 

decrease rate. 
Step 1: lag phases (growth, lag; decrease, lagm); Step 2a. exponential growth;  

Step 2b. exponential decrease; 3. stationary phases 
 

- 
- 
- 
 

 
TO ACCESS ALL THE 18 PAGES OF THIS CHAPTER,  
Visit: http://www.eolss.net/Eolss-sampleAllChapter.aspx 

 
 
Bibliography 
 
Arrhénius S. (1889). Ûber die Reaktionsgeschwindigkeit bei der Inversion von Rohrzucher durch Saüren. 
Zeit. Phys. Chem. 4, 226–248. 

Bigelow W. (1921). The Logarithm Nature of Thermal Death Curves. Journal of Infectious Diseases 29, 
528–538. 

Brown D. and Rothry P. (1993). Models in Biology, Mathematics, Statistics and Computing. Chichester: 
John Wiley & Sons. 

Buchanan R.L. and Phillips J.G. (1990). Response Surface Model for Predicting the Effects of 
Temperature, pH, Sodium Chloride Content, Sodium Nitrite Concentration, and Atmosphere on the 
Growth of Listeria monocytogenes. Journal of Food Protection 53, 370–376. 

Burton A.C. (1936). The Basis of the Principle of the Master Reaction in Biology. Journal of Cellular 
and Comparative Physiology 9, 1–14. 

https://www.eolss.net/ebooklib/sc_cart.aspx?File=E5-08-02-05


UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

FOOD QUALITY AND STANDARDS – Vol. I - Predictive Microbiology - Laurent Rosso 

©Encyclopedia of Life Support Systems (EOLSS) 

Delignette-Muller M.L., Rosso L. and Flandrois J.P. (1995). Accuracy of Microbial Growth Predictions 
with Square Root and Polynomial Models. International Journal of Food Microbiology 27, 139–146. 

Hinshelwood C.N. (1946). Influence of Temperature on the Growth of Bacteria. The Chemical Kinetics of 
the Bacterial Cell, 254–257. Oxford: Clarenson Press. 

Monod J. (1941). Recherches sur la Croissance des Cultures Bactériennes. Thèse de doctorat ès science 
naturelles 2847. Paris. 

Neidhardt F.C., Ingraham J.L. and Schaechter M. (1994). Physiologie de la Cellule Bactérienne. Paris: 
Masson.  

Pasteur L. (1873). Etude sur le Vin. Paris: L. G. F. Savy. 

Ratkowsky D.A., Lowry R.K., McMeekin T.A., Stokes A.N. and Chandler R.E. (1983). Model for 
Bacterial Culture Growth Rate Throughout the Entire Biokinetic Temperature Range. Journal of 
Bacteriology 154, 1222–1226. 

Rosso L. (1995). Modélisation et Microbiologie Prévisionnelle: Elaboration d'un Nouvel Outil pour 
l'Agro-alimentaire. Ph.D. thesis in Biometry (No. 197–95). Université Claude Bernard Lyon-I. 

Rosso L., Lobry J.R., Bajard S., and Flandrois J.P. (1995). Convenient Model to Describe the Combined 
Effects of Temperature and pH on Microbial Growth. Applied Environmental Microbiology 61, 610–616. 

Stanier R.Y. et al. (1986). The Microbial World, Fifth Edition. Englewood Cliffs: Prentice-Hall Inc.  

Wijtzes T. et al. (1993). Modelling Bacterial Growth of Listeria monocytogenes as Function of Water 
Activity, pH, and Temperature. International Journal of Food Microbiology 18, 139–149. 

Zwietering M.H. et al. (1990). Modelling of the Bacterial Growth Curve. Applied and Environmental 
Microbiology 56, 1875–1881. 

Zwietering M.H. et al. (1992). A Decision Support System for Prediction of Microbial Spoilage in Foods. 
Journal of Food Protection 55, 973–979. 

 
Biographical Sketch 
 
Dr. Laurent Rosso is Coordinator of Research and Technical Support of the French Food Safety Agency 
in Maison-Alfort, France, and Deputy Director in charge of the coordination of research, expertise, and 
technical support. He received his Ph.D. in biometry, applied to quantitative and predictive microbiology. 
Dr. Rosso has been active for eight years in applied research in the food industry. He is a well-known 
expert, both nationally and internationally, in the field of predictive microbiology applied to microbial 
risk assessment and management in foods. Dr. Rosso is the author of many scientific publications and an 
organizer and lecturer of several international scientific events. 


