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Context of the study:

In Modified Atmosphere Packaging system (MAP) of fresh food products, one of the main
roles assigned to the packaging material is to control gas transfer from the surrounding
atmosphere toward headspace. Beyond gas losses toward external atmosphere, the gases
dissolve and diffuse in the product leading to gas modification in headspace. Most of the
studies recently carried out to evaluate the impact of gases on microorganism growth used
the “pack and pray” empirical methodology. Different gas mixtures (mainly 02/CO2/N2) are
successively tested on the product until the right combination (02/CO2 ratio, package
surface/volume, mass of food, etc.) is found. In this approach, mass transfer phenomena

through the packaging material are seldom taken into account.
\

The objective of this work is to develop a Decision Support Tool aiming at predicting the
shelf life of fresh food. This tool is based on mathematical models coupling mass transfer
models and predictive microbiology. The originality of the approach is that it takes into
account, in a dynamic system, the impact of gradients of dissolved gases within the product
(due to mass transfer trough packaging and within headspace and food matrix) on
microorganism growth, that was never done until now in predictive microbiology. It would
be helpful to simplify the package design steps by being able to predict in advance the
required window of packaging permeability for maintaining the quality of the packed food.
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headspace volume (VHS) due to mass Microorganism growth —7 R sl X Ppossibility to take into account consider that:
. ! C additionnal reactions such as
transfer are thus taken into account as (Rosso’s model) \ ol oo sueh o %CO, (1.x)\"
follows: Yeo, =1-| —22
MIC
d—N—O fort = lag/ N \ X=€y aC
Vs _RT (S0, +bor , $o1¥90r  Pur dr \\\\\\\\\\\\\\ (6D -0 Finally, microbial concentration N is
dt F M, M, My dN v P 1 ax given according to the primary growth
@ - o
g e = ort>lag model of Rosso (1995).
Nomendiature X
0,0 ) and p, K= Henry's jinmole patm* N= number of microorganisms at time t (CFU/g)
dioide and ntrogen parialpréssure (7a) ofspecie ] LR » e - rate
F=fim P V= o
V5= volume of headspz et k) t=time (s) M e = optimal growth rate.
A molar mass (kgmol® f specie 7= tampersture () 5= net volumic production ateofspecie i th food M ~Minimal Inibitory Concentration
permeabilty (molms-.pa’) of gas | P (gm?s) %C02-concentration of CO2 in %) imposed o the
;= film surface (m?) fo0d (Pa) Ny, = maximal number FU/g) at function of time and position in
&= film thickness (m) 5= interface headspace/food surface the end of the growth curve the food
Preliminary simulations
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o Conclusion: This Decision Support Tool appears very interesting from a practical point of
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N 7 o view, to help food manufacturer to choose the packaging material that best suits to a given
i : food product to ensure food safety.
°
#70 g Perspectives: To go further, this modeling tool should be experimentally validated. An update
“ 3 version taking into account the respiration of microorganisms and its impact on gases
! = concentrations is foreseen. A global sensitivity analysis will be performed to identify the less
“ influential factors among the existing input parameters in order to simplify the model and
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reduce the experimental cost of parameters determination.
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This work is done in the project MAP’Opt (2011-2015), funded by the French National Research Agency, whose full name is “Equilibrium gas composition in modified atmosphere packaging and food quality”.
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