
Packaging materials can be a source of chemical 
contamination  of food products. Migration experiments 
are costly and time consuming. Current process-based 
models to predict chemical migration have small 
applicability domains and low predictive performance.  
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OBJECTIVE

Develop a linear mixed-effects model to predict chemical 
migration from packaging into food using experimental 
data based on food, migrant, and packaging properties as 
well as experimental conditions. We aimed for a larger 
applicability domain and higher predictive power than the 
process-based model (PMM) developed for prioritization 
tools for human exposure (Ernstoff et al. 2017).

Fig. 2 – The grey dots represent the migration experiment results used for model fitting, 
the shaded area represents the 95% confidence interval. 

Fig. 3 – (A) Scatterplots of the FC predicted using the PMM and estimated diffusion coefficient versus the 
measured FC, (B) Scatterplots of the FC predicted using the LMM assuming unknown reference, analytical 
method, and chemical versus the measured FC.. The blue dots are the points outside the PMM’s 
applicability domain.

Comparing process-based and regression-based 
modelling of chemical migration from packaging to food
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• Large chemicals migrate more from packaging with 
low crystallinity than with high crystallinity.

• High temperature and exposure times increase the 
migration of chemicals from packaging into food.

METHODS

Database of 10,235 migration experiment results for 70 
chemicals, 16 packaging, 117 food/food simulants 

Fraction migrated for chemical C: FC=
mC, food

mC, packaging

Linear mixed-effects model (LMM)
FC = β0 + β1 ∙ x𝑖,1+. . . +β𝑝 ∙ x𝑖,𝑝 + ui

Experiment duration and temperature
Crystallinity of the packaging
Ethanol-equivalency of the food
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Analytical method

Fig. 1 –The grey dots represent the migration experiment results used for model fitting, 
the shaded area represents the 95% confidence interval. 

• The predictive performance of the LMM for chemicals not 
included in the database in contact with untested food items 
but known packaging material is higher (Fig. 3B, CoE = 0.21) 
compared to the PMM (Fig. 3A, CoE = -5.24). The CoE is the 
Coefficient of Efficiency: a value of 1 is a perfect fit, a value 
below 0 means that the average is a better predictor.

• The predictive performance of the LMM depends on the a 
priori knowledge of the food and packaging.

• The LMM can predict the migrated fraction for more chemicals 
than the PMM (larger applicability domain).

• The LMM is useful for prioritization of chemicals in human 
exposure assessments (comparative assessments of products 
or first screening in risk assessment of chemicals). 

CONCLUSIONS


