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Modelling  
 
Predictive microbioloy 
Biochemical dynamics 
 Mass transfer (diffusion) 
 
and optimization 
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Fish Safety Requirements Predictive microbiology 

• Listeria concentration at final time ≤ 2 logs 

– Assumed exponential growth 

 

 

– Velocity depends on the temperature following (Rosso et al 1995) 

 

 

 

– Inhibition by carvacrol using the square root model (Dalgaard, 1995) 

 

 

 

 



Design Constraints  Packaging modelling 

Packaging constraints 
• Concentration of carvacrol in the food at all times 

• Thickness of each layer: 

• Total thickness of the active packaging  

• Initial concentration of carvacrol in each layer 

 Partial differential equations (PDEs) modelling the spatial distribution of carvacrol 
on package and food matrix 

 

 

 

 

 

 

 

 

 



Active packaging desing to extend use-by date 
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Fish Quality Requirements 

• k-quality index 

 

 

 

 

• To develop a mathematical model 
describing early quality losses in hake 
including: 

– Enzymatic degradation model 

– Bacterial growth model  

– Mass diffusion through the food 
matrix (leaching) 

 

 

 

 

 



Active packaging to extend use-by and best-before date 
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Effect of transport/storage temperature on shelf-life 





Smart label/sensor  Consumers industry 4.0 

 

 

 

 

 

 

 

 

 

 

 



Conclusions 

• Tool to optimially desing active packaging to extend shelf combining predictive 

microbiology and disfussion models of active packaging 

 

 

 

• Study the effect of transport/storage on shelf life date using active packaging 

• Details about software and general methodology: 

– Vilas, Mauricio-Iglesias, García «Model-based design of smart active 

packaging systems with antimicrobial activity»  

     submitted to Food Packaging and Shelf Life 
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