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ABSTRACT

Migration of low molecular mass compounds (LMMC), such as monomers and additives, from plastic packaging into
food simulants is a very important issue, concerning public health and chemical contamination of foods. Sterilization of
food packaging materials with ionizing radiation is considered an alternative to other sterilization methods, but when
polymers are irradiated, LMMC may be formed, as radiolisys products. According to the Brazilian legislation, specific
migration tests, such as those of LMMC from packaging into simulants, should be carried out at certain temperature
and time, depending on the real conditions of contact. In this work, multilayer flexible films with polyamide 6 (PA-6),
used for meat foodstuffs, were studied. The e-caprolactam (PA-6 monomer) specific migration into acetic acid 3%
simulant at 40°C during 10 days and at 100°C during 30 minutes was performed. The initial monomer level in the
irradiated and non irradiated PA-6 films was quantified by high resolution gas chromatography (HRGC). Radiation
doses were 3 and 7kGy. e-caprolactam specific migration was carried out only with non irradiated films. The results
showed that radiation causes a significant change in the monomer level, up or down, depending on the multilayer film
type. The kinetic of the g-caprolactam migration at both temperatures, 40 and 100°C was clearly explained by the
numerical simulation, combining an Arrhenius equation with the Fick’s second law, although this kinetic was not
experimentally studied. This simulation allowed to predict diffusion parameters estimates, like diffusion coefficients
and activation energies of e-caprolactam in the films or simulant.

1. INTRODUCTION

The migration of compounds from packaging into food is an important aspect concerning
safety of foods and packaging materials. Plastic additives, frequently used to improve
polymer properties, and residual monomers or oligomers, as well as plastic reaction by-
products and degradation compounds, are not chemically bounded to the polymer molecules



and can, therefore, move freely within the polymer matrix [1]. Sterilization of food packaging
materials with ionizing radiation is considered an alternative to other methods, e.g. chemical
or heat treatment. Depending on the nature of the polymer and the specific irradiation
conditions (absorbed doses, dose rate, temperature) changes in the packaging material may
occur with production of free radicals, hydroperoxides, carboxyclic acids, carbonyl
compounds, discoloration, chain scission, crosslinking, changes in the mechanical properties
etc., as reported in the literature[2-5].

In the present work, part of a major one, we simulated the effects of gamma irradiation on the
migration kinetics of g-caprolactam (polyamide 6 monomer) from multilayer flexible films,
used for meat foodstuffs packaging. The simulation was based on the initial concentration of
g-caprolactam, experimentally measured in the polymer packaging, which changed according
to the radiation doses. The other parameters are kept the same as those obtained for non
irradiated simulation in the kinetic specific migration. The initial monomer concentration in
the irradiated and non irradiated PA-6 films was quantified by high resolution gas
chromatography (HRGC). Radiation doses were 3 and 7kGy. It was not possible to measure
g-caprolactam migration in irradiated films on current conditions, in order to compare the
results with the simulation ones. The kinetic of the e-caprolactam was clearly explained by
the numerical simulation, combining an Arrhenius equation with the Fick’s second law,
although this kinetic was not experimentally studied.

2. METHODOLOGY
2.1. Materials and Solutions

It was used two different kinds (L1 and L2) of films containing polyamide 6 (PA-6),
commercially available in Brazil as meat foodstuffs packaging. The monomer g-caprolactam
(purity >98%, Sigma Aldrich) was used as analytical standard and caprilolactam (purity 99%,
Sigma Aldrich) as internal standard. Methanol, ethanol, dichloromethane and acetone, HPLC
grade, were purchased from Tedia Company (Fairfield, USA).

A 1250pg/ml standard stock solution of e-caprolactam and a 70ug/ml internal standard
solution of caprilolactam prepared in methanol were kept at 0°C for no more than 3 months.
Working methanol solutions were then prepared as needed. Calibration was performed with
diluted working solutions in methanol.

2.2. Extraction and Quantification Procedure to Determine Residual Monomer in the
Polymer

A solvent extraction using methanol was performed. Samples (0.5000g) of multilayer films
containing PA-6 were manually cut into 1cm? pieces and extracted with 30.0ml of methanol
under ultrasonic bath during 60 min. A 5ml aliquot was collected from the methanol extract
and filtered in PTFE filter. A 4ml aliquot was taken from the filtered methanol extract and put
into a volumetric flask. The internal standard solution was added and the volume was
adjusted with methanol. Then this solution was injected in the GC-FID, as showed in the
validated method, described in [6, 7].
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2.3. Migration Test Procedure

It was used a specific migration essay, well described in [8]. In a general way, non irradiated
packaging films were cut in pieces of 6 cm” (2 X 3 cm?) of area and each one was put inside a
glass proof tube containing 20mL of acetic acid 3% solution, and then was hermetically
closed. The tubes were kept at 40 £1°C for 10 days or at 100 £1°C for 30 minutes. After
contact time, the amount of monomer in the stimulant solution was determined by HRGC.

2.4. Numerical Simulation

For this study, it was applied a numerical simulation based on mathematical model of the
diffusive process of migration. Details of this method are in [10-12]. It is important to
mention that initial concentration is an experimentally measuring input parameter of the
simulation. Diffusive coefficients of e-caprolactam in packaging film or in the simulant are
not available in the literature. They had to be obtained by the simulation. Temperature effects
are included by an Arrenhius term on the diffusive coefficient [13].

3. RESULTS AND DISCUSSION

Table 1 shows the initial concentrations of g-caprolactam in the polymer of two samples of
irradiated and non irradiated plastic packaging.

Table 1. g-caprolactam amount in irradiated and non irradiated plastic packaging.

g-caprolactam levels (mg . kg™ of film packaging)
Packagings
Doses
L1 L2
0 kGy 2440.22° 2413.87*
3 kGy 2682.85° 2394.13°
7kGy 3362.50° 2656.62°

Values within a column followed by different letters are significantly different at the
Tukey (p<0.05) test.

These results represents the quantity of e-caprolactam present per mass unit of plastic film.
The dose of 3 kGy resulted in an increase of 10.0 % for L1 and a decrease of 0.8 % for L2,
when compared with the non irradiated correspondent films. The dose of 7 kGy showed an

increase of 37.8 % and 10.0% in the initial e-caprolactam concentration, for both films.

Table 2 shows the e-caprolactam migration results.
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Table 2. e-caprolactam migrated levels from packaging films into 3% acetic acid
simulant.

. e-caprolactam levels (mg . kg™ of simulant)
Packagings :
40°C - 10 days 100°C — 30 minutes
L1 9.49 7.20
L2 9.65 8.38

This migration results shows the e-caprolactam levels that migrated per mass unit of the
simulant solution. The values obtained were lower than the maximum limit values established
in the Brazilian legislation [9,14], which is 15mg e-caprolactam kg™ of simulant.

Figures 1 and 2 show the migration kinetics simulation of e-caprolactam from the L1 and L2
packaging films into 3% acetic acid food simulant after irradiation with 3kGy and 7kGy, and
for non irradiated ones. Current conditions of temperature were used.
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Figure 1. Simulation of the e-caprolactam kinetic migration from L1 plastic packaging
film into 3% acetic acid food stimulant at 100°C (left) and 40°C (right). Irradiated
conditions imparted 3kGy and 7kGy to the film. Non irradiated kinetic is also shown.

As shown in the right side of Figures 1 and 2 (40°C-10 days), where there are a long time of
contact, almost every amount of monomer showed enough time to left the film and drop into
the simulant solution. This already happens after 1.5 days.

Simulations of L2 packaging films show a small change in migration kinetics from 0 to

3kGy. This packaging film should have more radiation resistant components in its
composition at this radiation level.
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Figure 2. Simulation of the g-caprolactam kinetic migration from L2 plastic packaging
film into 3% acetic acid food stimulant at 100°C (left) and 40°C (right). Irradiated
conditions imparted 3kGy and 7kGy to the film. Non irradiated Kinetic is also shown.

3. CONCLUSIONS

e-caprolactam levels in the irradiated or non irradiated packaging films and for non irradiated
films into the simulant after normative intervals and under normative temperatures only
permitted to obtain these interesting simulations shown on the migration kinetics graphics of
Figures 1 and 2.

With this numerical procedure it is possible to calculate the level of monomer that migrates at
any time and any temperature under which the packaging film is submitted to.

It was supposed that initial e-caprolactam concentration profile is constant inside the
packaging film, although any distribution is possible, as input parameter for simulation.

It is of great importance to be able to, at least, simulate possible chemical contamination,

when experiments are not performed. This is more crucial when polymer radiolysis could
generate dangerous substances, which can not be detected.
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