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Abstract 

A diverse field of predictive microbiology models has emerged in the past 30 years and has advanced our understanding of 
microbial behavior in foods. As most of published models have for objective to provide operationally relevant information to 
decision makers, predictive microbiology models have now found their place within both the academic, and the food industrial 
communities.   
Given the importance of these models to food safety, the decision makers are in need of evidence-based advices in order to assess 
confidence in the predictions provided by models they use. The objectives of this work were (i) to review current approaches in 
predictive microbiology used to build, verify and validate models, and (ii) to propose a categorization scheme that would tend to 
define a model's viability for use in an operational setting.     
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Department of Food Science, Faculty of Food Engineering, University of Campinas. 

Keywords: technological readiness level ; verification; validation; best practices   

1. Introduction 

Predictive microbiology, the quantitative microbial ecology of foods, has made a lot of progress thanks to the 
interdisciplinary research efforts of both food microbiologists and scientists involved in the mathematical modeling.  
It has now found its place in the academic communities and tends to be more and more used by food industrial.  

Predictive microbiology models are diverse and help to answer a lot of questions asked by food industry and risk 
assessors: “what is the growth potential during cooling?”, “what is the efficacy of my pasteurization process?”, “what 
is the dose to which consumers are exposed at the end of shelf-life?” etc. 

As stated by Zwietering & den Betsen1: “predictive models are never perfect, due to intrinsic inaccuracies, 
extrapolations, and unexpected biological behavior”. Yet, whatever the scope, it is important to know the reliability 
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of predictions or recommendations derived from these models. The model developers need to have an estimate of the 
reliability of the models to measure quality, determine the interest, draw biological conclusions or need for 
improvement and thus guide their work. More importantly, model users need to know the accuracy and reliability of 
models to consider this information in the decision making. In order to extend the use of predictive microbiology 
models in the industry, an effort has to be made on these latter points. Moreover to help users, a categorization scheme 
that defines a model's viability for use in an operational setting is needed. 

2. Current practices 

2.1. Data used for model building 

For the construction (and validation) of secondary models for growth or inactivation, more and more studies are 
based on data extracted from existing literature data. The modeling of data from different studies raises particular 
difficulties. Datasets should not be selected just because they yield favorable results for the model. Similarly, one 
should not exclude a dataset just because it yields “bad” results. It is thus necessary to define the criteria for inclusion 
of data. Quality of kinetic (number of points of the kinetics, minimal difference between the inoculated level and 
maximum level) can be part of the potential inclusion criteria2. These criteria are not systematically reported in existing 
literature. Fig. 1 illustrates some inclusion/exclusion criteria. 
 

 

Fig. 1. Three criteria with their conditions for data quality checks and illustration with a dataset. 

2.2. Verification 

Verification of PM models is less documented than validation. The most often reported verification technique in 
PM consists in plotting observed data against predicted data (the observed data being part of the model's training data).  

Within the modeling and simulation community, verification of a model consists in confirming it accurately 
represents the developer's conceptual description and specifications. Many software engineering technology applied 
for software verification are applicable to simulation model verification. During verification, the model is tested to 
find and fix errors in its implementation. Example of techniques to verify a model include the following:  having the 
model reviewed by an external expert, examining the model output for reasonableness under a variety of settings of 
the input parameters, maintaining complete documentation of the code; verifying separate parts of a model one by 
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