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Predictive methodologies to evaluate the migration from food contact materials offer numerous 

advantages compared to experimental testing. The results can be obtained in real-time without 

delay and without consideration of detection or quantification limits. They do not require any 

analytical standards and can be applied in routine to unknown compounds, such as breakdown 

products, cross-contamination, and non-intentionally added substances (NIAS). They can 

accommodate real conditions instead of accelerated ones, and they can be used in forensic 

analysis to track the causes of unattended contaminations. The main benefits of migration 

modeling are, however elsewhere; it can be applied at virtually no cost and without requiring the 

finished product to be available. It can be, therefore, integrated at the early stages of packaging 

design, polymer formulation, additive design, process optimization, and combined along with 

other preventive approaches, such as ecodesign and life-cycle assessment. In essence, modeling is 

holistic and could virtually cover many aspects of product shelf-life, environmental impacts, and 

safety issues to reach a global optimum. The results can be expressed either in deterministic or 

probabilistic manners. 

 

Though the arguments sound cogent, applying migration modeling suffers several complications 

and limitations:  recognition by authorities, confidence and validity of the conclusions. After 

presenting a brief history of the early developments of migration modeling in the US and the UE, 

the presentation will bring an overview of the state of the art, and of the new perspectives offered 

by multiscale modeling from atoms to consumer exposure. Migration modeling is well accepted 

in the US and the EU for compliance testing, but under some conditions, that guarantee that the 

entire process can be reviewed and tested. The first principle ("conservatism") is that modeling 

and related calculations should overestimate the real migration. The second principle 

("reliability") implies that the foreseen mass transfer pathways and substances obey to well-

described mechanisms (diffusion, sorption/desorption, permeation), accepted conditions (e.g., 

uniform distribution) and proper integration in commercial or free software. The third principle 

("consistency") is that the transport and thermodynamic properties (e.g., diffusivities and partition 

coefficients) are known or guessed in a way they fulfill the requirements of the first principle. 

The fourth principle ("parsimony") states that sophisticated and refined scenarios should be 

considered only when simpler ones cannot demonstrate compliance. The fifth and finally last 

principle ("proportionality") is that the non-compliance cannot be demonstrated by calculation. 

In other words, the authorities cannot oppose their own migration modeling to justify a product 

recall, but they can use it to orient their own survey. 

 

Two-thirds of food packaging are tested for compliance by modeling in Europe. With the 

increasing demand of recycled materials and safe-by-design materials for food contact, migration 

modeling has become an essential tool to validate various critical points along the chain of value: 

the rate of recycled materials, functional barriers, effects of aging, etc. Concurrent engineering 



2 
 

and computer-aided design are highly beneficial for the consumer and the environment, but they 

require more refined tools than the coarse ones used for compliance testing. Databases of 

composition and properties are essential and span all applications of materials, specifically 

regulated or not. Molecular theories and atomistic calculations are the new grail are attracting 

new research efforts. Rapid deformulation techniques, using 1H NMR, FTIR-ATR, thermal 

desorption-GC-MS direct infusion mass spectroscopy combined with proper chemiometric tools, 

feed migration hypothetical scenarios1,2. Prioritizing methods (e.g. Failure Mode Effects and 

Criticality Analysis) select the most relevant substance candidates, critical steps or components14. 

There are currently nevertheless no standards, and the expandable frameworks are scarce and 

mainly proprietary. Several milestones have been, however, reached in recent years and many 

situations can be simulated with advanced migration modeling just by sketching the molecules, 

the packaging and the flow chart of the supply chain. With the always growing power of 

computers, algorithms can even change elements of the 3D design16 along with its formulation to 

reach various targets: improved safety and shelf-life, minimum waste, and environmental impact. 

We developed recently such a detailed workflow so-called [E]valuation3-8, [D]ecision9-12, and 

[S]olving13-16. Safety, ecodesign, and processability are combined within the same multicriteria 

optimization loop looking for the best compromises between contradictory criteria . The objects 

generated in silico can be finally printed in 3D or integrated into virtual or augmented reality 

scenes for rapid prototyping and evaluation. Better design and prevention are at our fingertips. 

Encapsulating the physicochemical knowledge in models and computers will harmonize the 

practices between stakeholders and free resources to tackle emerging issues: contamination by 

secondary and ternary packaging, cross-contamination between packaging components, 

interactions with food, non-specifically regulated material, etc. Large-scale education and 

training initiatives are imperative to make the entire ecosystem applicable, socially acceptable, 

and economically viable. Several universities are currently collaborating in the EU to create the 

first massive open online courses on migration modeling and packaging issues. 
 

Selection of references 

[I]nputs 

[1]  Gillet, G.; Vitrac, O.; Desobry, S. A Fast Method to Assess the Composition of a 

Polyolefin: An Application to Compliance Testing of Food Contact Materials. Journal of Applied 

Polymer Science 2011, 119 (3), 1492-1515. 

[2]  Nguyen, P.-M.; Lyathaud, C.; Vitrac, O. A two-scale pursuit method for the tailored 

identification and quantification of unknown polymer additives and contaminants by 1H NMR. 

Industrial & Engineering Chemistry Research 2015, 54 (10), 2667-2681. 

[E]valuation  

[3] Fang, X.; Domenek, S.; Ducruet, V.; Refregiers, M.; Vitrac, O. Diffusion of Aromatic Solutes 

in Aliphatic Polymers above Glass Transition Temperature. Macromolecules 2013, 46 (3), 874-

888. 

[4] Fang, X.; Vitrac, O. Predicting diffusion coefficients of chemicals in and through packaging 

materials. Critical Reviews in Food Science and Nutrition 2017, 57 (2), 275-312. 

[5] Gillet, G.; Vitrac, O.; Desobry, S. Prediction of Partition Coefficients of Plastic Additives 

between Packaging Materials and Food Simulants. Industrial & Engineering Chemistry Research 

2010, 49 (16), 7263-7280. 



3 
 

[6] Gillet, G.; Vitrac, O.; Desobry, S. Prediction of Solute Partition Coefficients between 

Polyolefins and Alcohols Using a Generalized Flory-Huggins Approach. Industrial & 

Engineering Chemistry Research 2009, 48 (11), 5285-5301. 

[7] Nguyen, P.-M.; Guiga, W.; Dkhissi, A.; Vitrac, O. Off-lattice Flory-Huggins approximations 

for the tailored calculation of activity coefficients of organic solutes in random and block 

copolymers. Industrial & Engineering Chemistry Research 2017, 56 (3), 774–787. 

[8] Nguyen, P.-M.; Guiga, W.; Vitrac, O. Molecular thermodynamics for food science and 

engineering. Food Research International 2017, 88, Part A, 91-104. 

[D]ecision  

[9] Gillet, G.; Vitrac, O.; Tissier, D.; Saillard, P.; Desobry, S. Development of decision tools to 

assess migration from plastic materials in contact with food. Food Additives and Contaminants 

Part a-Chemistry Analysis Control Exposure & Risk Assessment 2009, 26 (12), 1556-1573. 

[10] Nguyen, P.-M.; Julien, J.-M.; Breysse, C.; Lyathaud, C.; Thébault, J.; Vitrac, O. Project 

SafeFoodPack Design: case study on indirect migration from paper and boards. Food Additives 

and Contaminants 2017, 34 (10), 1703-1720. 

[11] Vitrac, O.; Hayert, M. Risk assessment of migration from packaging materials into 

foodstuffs. Aiche Journal 2005, 51 (4), 1080-1095. 

[12]  Zhu, Y.; Nguyen, P.-M.; Vitrac , O., Risk assessment of migration from packaging 

materials into food. In Elsevier Food Science Reference Module, Robertson, G., Ed. Elsevier: 

Amsterdam, NL, 2019; p 64. 

[S]olving 

[13] Feigenbaum, A.; Dole, P.; Aucejo, S.; Dainelli, D.; Garcia, C. D. C.; Hankemeier, T.; 

N'Gono, Y.; Papaspyrides, C. D.; Paseiro, P.; Pastorelli, S.; Pavlidou, S.; Pennarun, P. Y.; 

Saillard, P.; Vidal, L.; Vitrac, O.; Voulzatis, Y. Functional barriers: Properties and evaluation. 

Food Additives and Contaminants 2005, 22 (10), 956-967. 

[14] Nguyen, P.-M.; Goujon, A.; Sauvegrain, P.; Vitrac, O. A Computer-Aided Methodology 

to Design Safe Food Packaging and Related Systems. AIChE Journal 2013, 59 (4), 1183-1212. 

[15] Vitrac , O.; Touffet, M., Food Process Modeling. In Encyclopedia of Food Security and 

Sustainability. 1st Edition., Ferranti, P., Berry, E., Jock, A., Eds. Elsevier: Amsterdam, NL, 2018; 

p 434-453. 

[16] Zhu, Y.; Guillemat, B.; Vitrac, O. Rational Design of Packaging: Toward Safer and 

Ecodesigned Food Packaging Systems. Frontiers in Chemistry 2019, 7 (349). 
 

 

  



4 
 

 

 

Figure 1. Illustration of the possibilities of the current and future evolution of advanced migration modeling. 

 


