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The migration of chemicals from packaging materials into food is predictable by
various mathematical models. However, the loss of chemicals makes the predic-
tions more complicated. In this article, a mathematical model considering chemi-
cal instability is developed to quantify the release of chemicals through double-
layer packaging films based on Fick's diffusion and first order reaction. At the
same time, two different loading modes are considered in the loss function. The
release model is solved numerically to elucidate the effects of diffusivity value,
distribution of chemical and mass transfer at the interface of material and food
on the migration process, and the loss of the chemicals in food is also elucidated.
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Introduction

Food safety refers not only to the safety of food itself, but also to the safety of food
packaging materials. The migration of chemicals in food packaging materials has attracted ex-
tensive attention and in-depth research from food packaging enterprises and scholars [1-9].
The ability to predict the migration is critical to assess the hazards. However, the current pre-
dictive models have some limitations, because the instability of migrants in food are not con-
sidered [10-13]. Experiments show that the migrants in packaging materials are unstable in
some foods, such as hydrolysis and thermal degradation [14-17]. Instability affects the relia-
bility and accuracy of migration model prediction.

The objective of this paper is to develop a migration model for two-layer film con-
sisting of regenerative layer and original layer. In this model, one direction migration, the
same diffusion coefficient, partition coefficient between material and food, mass transfer co-
efficient between material and food, most importantly, chemical instability and different load-
ing ways of loss function, are considered. A series of equations are developed based on Fick’s
diffusion and first order reaction, and solved numerically by compact difference scheme from
the finite difference method.
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Diffusion modeling and assumptions

Assumptions

Packaging materials and food volume are limited in finite packaging-finite food mi-
gration modeling, and the concentration of chemicals in food varies with time, and the mass
transfer resistance and the distribution at the packaging-food interface are also considered.

The assumptions of this model are: two layers are in perfect contact, migrant is from
the regenerative layer to food, fig. 1. At the initial stage, the initial concentration of migrant is

uniform in the regenerative layer, the migration
is in one direction, i.e. from the regenerative

Regnerative Original Food layer into food, there is no migration from the
layer layer packaging into air, there is no migration of food

c c K into the package, and there is a finite coefficient

o} D K of mass transfer, hm, from original layer to

food, the migration in each layer follows Fick’s
| / diffusion, and diffusivities of migrant in each
layer are constant, the partition coefficient kee
(ratio of chemical concentration in packaging
material to chemical concentration in food at balance) of a migrant is constant at the interface
of original layer and food.
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Figure 1. Scheme of model system

Model and difference scheme

A migration prediction model is established for the migration of contaminants in
double layer packaging materials through the original layer as functional barrier layer into the
limited volume food. The thickness of the barrier layer is I, =1 — I.

The migration of chemicals from material into food can be described by the follow-
ing diffusion equation.

Let Cp=u, Cc = v, we have the following governing equations:
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The packaging film is divided into a uni-
form mesh in the direction along film thickness, o 1 m-1 m m+ M-1 M
fig. 2, in which 1 is divided into M parts (space
step is h), time step is 7.

At the initial time, the chemicals are even-
ly distributed in the regenerated layer, the com-
pact difference scheme is:
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Figure 2. Scheme of model meshing of limited
packaging-limited food
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Then have the following equations:
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Modeling of chemical loss

The loss of migrants in food is simulated using different functions. The chemical
residues in packaging materials at time t are:

Mp, = Aju(x,t)dx @7)

0

Il
Mg, = Aj v(x, t)dx (28)

0
These integrals can be expressed as sums by using the compound trapezoidal meth-

od:
1 ko k T«
Mp, :EAh(UO +Up )+ Ah D u; (29)
i=1
M, =L ARGE +vE )+ AR S Uk
o1 =5 A(Vm + Vi) + 2y (30)
j=m+1

where Mp; is the contaminant content in regeneration layer at time t, Mc; — the contaminant
content in original layer at time t, and A — the contact areas between packaging materials and
food.

Assuming that a first-order reaction occurs in the food, it is defined by the first-order
reaction:

_dCg(t)

= KaCe® (31)
Ce(t) = Crpe < (32)
Cr(t)Vy =Crpe Ve (33)
Mg =Mge < = Mba®™ (34)

where Ka is the rate of loss reaction, Cro — the migrant concentration in food without consid-
ering loss, Mro — the migrant mass in food without considering loss, Mg — the migrant mass in
food considering loss, Vr — the food volume, Cr — the migrant concentration in food, b; — the
front coefficient of loss function in the first order reaction, a; — the base number of loss func-
tion in the first order reaction, c1 — the exponential coefficient of loss function in the first or-
der reaction, and az, bs, c1together determine the loss ratio of migrant per unit time.

According to the principle of conservation of mass, the amount of chemicals enter-
ing food at t time is equal to the difference between the initial amount in packaging material
and the residual amount in packaging at time, namely Mrt= Mpo — Mp: — Mc .. Because of the
instability of migrant in food, assuming that the loss function is expressed in E(t) and loaded
into the numerical model in two ways, then the chemical mass Mru’ = MeE(t) (loading mode
1) or Mru” = Mgt — E(t) (loading mode 2) in food at time.
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The final amount of chemical in food considering loss are as follows:

Mey'=MeE() =ba* Mg, (39)
or
Meg'= Mg, —E(t) = Mg, —b,a,™ (36)
The final expression of chemical mass in food are:
Mo, _jAu(x t)dx_—Ah(uo +um)+AhZu
i=1
-1
MCK_J‘AV(X t)dx——Ah(v +vE )+ Ah Z vk
I, i=m+1
Mgy '= (CinAlL =Mp —Mc)E(t) = @37)
:{cmAl1 { Ah(ué +um)+AhZu }
i=1
{ Ah(VE +VvEK )+ Ah Z v, }}(blaﬁ) (loading mode 1)
i=m+1
or
Mp, _jAu(x t)dx——Ah(uo +um)+AhZu
i=1
M-1
Mcy = jAv(x t)dx——Ah(v +Viy )+ Ah D v
i=m+1
MF,tZ =Cjn Al —Mp; —M¢, —E(t) = (38)
=C;, Al — { Ah(ug +um)+AhZu }
i=1
M-1
{ Ah(VK +VE )+ Ah >V } (b,a,%') (loading mode 2)
2 i=m+1
Conclusion

The paper reports a mathematical model aiming to prediction of the migration of
chemicals from two-layer packaging material into food by considering the loss of chemicals
in food. Many important parameters are considered in the model, such as diffusion coeffi-
cient, partition coefficient, transmit coefficient at the interface of material and food. Especial-
ly, chemical instability and different loading ways of loss function are considered in the mod-
el. Numerical solution is given by compact difference scheme from the finite difference
method. Recently Liu, et al. suggested a fractal release kinetics [18, 19] which can take into
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account the porous structure on the release process, Liu’s fractal model can be extended to the
present study, and we will discuss the release process by either a fractal model or a fractional
model [20-26] in a future paper.
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