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temperature
Introduction:
With regard to consumer safety, the benefit of cold chain is to limit growth of pathogens that
need to reach high levels in food to cause illness. Among these, the most relevant pathogens
are those able to grow at cold temperature (i.e. the most difficult to control by the cold chain).
This mainly corresponds to Listeria monocytogenes. It is a robust, ubiquitously present
foodborne human pathogen and the causative agent of listeriosis. This pathogen has served
as a model in a large number of studies that addressed the impact of strain diversity (3) and
the role of population heterogeneity in adaptive stress response and survival capacity (1).
An increased number of studies in quantitative microbiology have shown that lag time and
probability of growth is much more uncertain and difficult to predict compared to growth rate
(2, 4). However, the validity of a mathematical model in predicting the conditions that lead to
critical levels in foods highly depends on its ability to describe the effect of the environment

on lag time and growth probability. This implies that a better understanding of the pathogen
behavior (lag time and growth probability) near growth limits is of great importance for the
effective application of predictive models in food safety risk assessment.
The classical method for individual cell lag times and growth probability acquisition is based
on turbidity measurement on microplate wells inoculated with approximately one bacterial cell
per well (5). The growth probability can be determined either by monitoring visually 96microwell plates and deduced from concentrations estimated with the MPN calculation (4) or
by comparing the ratio of cfu formed on agar plates incubated in studied conditions to cfu
obtained in optimal conditions (2). Yet these methods are labour intensive, long and would
benefit of a higher throughput.
In order to improve throughput of data collection at single cell level, a direct method should be
developed. It will consist in the use of direct cell observation with a phase-contrast
microscopy (equipped with a 100× objective and a high-resolution device camera) (6). This
device will be used to study growth initiation and lag phase of individual cells deposited on
microscopic slides covered by agar. Automation of image acquisition on large surface will be
used to reach a high throughput.
With this method the single cell growth probability will be characterized at low temperature.
Experimental effort will be concentrated on 0-4°C range. The number of strains and
conditions (different temperature profiles), that will be studied will be chosen according to the
analytical capabilities provided.
Finally the obtained data will be analyzed statistically and distributions will be fitted.
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