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Migration Characteristics under Long-term Storage and a
Combination of UV and Heat Exposure of Poly(Amide)/Poly
(Ethylene) Composite Films for Food Packaging

By Milena Funk,"? Derck Schlettwein®* and Ulrich Leist'

LGerman Reference Office for Proficiency Testing and Reference Materials (DRRR GmbH), Bodmanstrafie 4, D-87435,
Kempten, Germany
2Institute of Applied Physics and Laboratory of Materials Research (LaMa), Justus-Liebig University Giessen, Heinrich-
Buff-Ring 16, D-35392, Giessen, Germany

The migration behaviour of polymer films in contact with food simulants is of high importance in terms of
consumer protection. Legal regulations require compliance with specific and overall migration limits that
are tested by standardized testing conditions. The testing of a polymer film generally takes place shortly
after the manufacturing process and decides about the conformity or non-conformity of the polymer film
with the legal requirements. For film and food producers as well as for end users, it is of great interest that
the conformity of a film is ensured over its complete lifetime and that environmental influences do not affect
the migration behaviour inadequately. In this work, we have investigated (I) the long-term storage behaviour
of a poly(amide)/poly(ethylene) film over a storage period of 40 months with respect to the overall migration
rate. This rate is decreasing over the storage period for the chosen food simulant. This means that the
material characteristics concerning the overall migration of the poly(amide)/poly(ethylene) film were
preserved over the lifetime of the film and even improved with regard to the overall migration potential.
Additionally, (II) the migration behaviour was investigated under a combination of ultraviolet and heat
exposure. A significant increase in the overall migration rate of 36.8% compared with the standardized
migration conditions of 10days at 40°C was observed. The specific migration of caprolactam, however,
did not show a significantly different migration behaviour compared with the standardized migration
conditions.

Received 11 August 2015; Revised 22 December 2015; Accepted 2 March 2016

KEY WORDS: migration; long-term storage; UV; caprolactam; food packaging

INTRODUCTION

Plastics are used in various industrial sectors, and they serve as packaging materials. According to a
study by PlasticsEurope,’ the plastics demand in Europe in 2013 amounted to 46.3 million tons,
whereof packaging applications were the largest application sector in Europe for the plastics industry
with a market share of 39.6%. If polymer films are used as packaging, they serve to keep the product
properties and as protection against environmental effects. This is of particular importance for food-
stuffs packed in polymer films. It is essential that the protection of the food is ensured to avoid that
the product comes into contact with harmful environmental influences. Packing materials, not suitable
for the respective application, might result in an inacceptable change of the packed goods and therefore
to spoilage of the product or, even worse, to health risks of consumers. According to Regulation (EC)

*Correspondence to: Derck Schlettwein, Institute of Applied Physics and Laboratory of Materials Research (LaMa),
Justus-Liebig University Giessen, Heinrich-Buff-Ring 16, D-35392 Giessen, Germany.
E-mail: schlettwein @uni-giessen.de

Copyright © 2016 John Wiley & Sons, Ltd.
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no. 1935/20047 article 3, materials and articles ‘intended to come into contact directly or indirectly
with food must be sufficiently inert to preclude substances from being transferred to food in quantities
large enough to endanger human health or to bring about an unacceptable change in the composition of
the food or a deterioration in its organoleptic properties’.

The plastic packaging itself is in constant contact with the environment over its complete lifetime,
already during its production, during storage of the polymer film itself between production and
application and during usage of the film as packaging material. On the one hand, the film undergoes
a natural ageing process between production and disposal and on the other hand, depending on the
respective environmental influence the ageing process may be accelerated: both can result in changes
of the chemical and physical-mechanical properties of a polymer film.” There are several environmental
influences that can cause polymer degradation: heat that can lead to thermal degradation, light can lead
to photooxidation reactions, ionizing radiation leading to radiodegradation, and mechanical action or
even biodegradation can take place induced by fungi or bacteria, for example.”

One ubiquitous environmental influence is illumination by light. It is well known that especially
ultraviolet (UV) light can lead to chemical and physical-mechanical degradation processes in polymers
that influences the properties of the packaging material.® On the one hand, this can result in inadequate
protection of the foodstuff against environmental effects, and on the other hand, this can lead to
undesired changes in the foodstuff caused by the packaging material itself. Foodstuffs and therefore
the packaging material can come into contact with UV light during outdoor activities or display of
goods in front of shops. Further, UV light can even be present in enclosed areas because some fluorescent
bulbs or tubes can emit UV radiation, in some cases, even allowing conversion of O, to ozone in air.
Such lamps are commonly used, for example, in supermarkets and also in the warehouses where
plastic films are stored between production and application as packaging material. The mechanical
degradation of polymer films under UV radiation and ozone treatment is well documented as
reviewed, for example, by Ozon and Floros.” Cheneler and Bowen® published a review paper dealing
with the current state of research concerning the physical degradation of polymer films under consid-
eration of photon interactions due to UV irradiation. When dealing with chemical degradation of
polymer packaging, aside from altered mechanical properties, the migration behaviour is of particular
interest. Migration of many relevant chemical substances from the packaging material into the food is reg-
ulated according to EU Regulation 10/2011° and has become of major, even public interest, e.g. following
reports of bisphenol A, having migrated from polycarbonate baby bottles into infant milk formula.’

Only a few publications are dealing with the stability of the migration behaviour of polymer films.
But with regard to consumer protection, this seems to be of great importance: end users, for example,
buy poly(amide)/poly(ethylene) (PA/PE) plastic vacuum bags for long-term storage in the freezer as
well as for boil-in-bag applications and use one by one over months or even years until all bags are
used. Within this context, the influence of degradation on the migration rate becomes of interest in
terms of consumer protection. Stoffers ef al.®* monitored the stability of different migrants in polymers
over 12months applying different storage temperatures in the context of material characterization.
Instabilities were observed for a poly(propylene) (PP) film, but the findings were not documented in
detail. Lund et al.” reported results of stability tests in the context of reference material characterization
for the overall migration from a coextrudate consisting of linear low density polyethylene (LLDPE)
and polyethylene (PE) modified with ethylene methacrylate (EMA) into olive oil and isooctane. The
authors found the material to be stable over 45 month storage under ambient temperature in the dark.
To the best of our knowledge, there are no studies dealing with the overall migration behaviour of
PA/PE films for different food simulants over a long storage period.

As a chemical of special interests, because of its use in polymer preparation and because of its
known toxicity, the specific migration rate of caprolactam under UV/heat exposure in direct contact
with food simulant is of particular importance. In this context, the effects of different food processing
techniques and their impact on the packaging materials were investigated by many authors. Bhunia
et al.'"” found out for different types of polymers that in general, migration of compounds is higher
for extended contact periods and that microwave heating causes less overall migration compared with
conventional heating. According to Guillard et al.,'" the migration properties of polymer films under
UV and ozone treatment were considered mainly with respect to chemical species that formed as
by-products during degradation process of the polymer or of polymer additives. According to

Copyright © 2016 John Wiley & Sons, Ltd. Packag. Technol. Sci. 2016; 29: 289-302
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homogeneity for the overall migration testing was determined with s,;=0.81 mg/dm*. To check
whether the material shows a sufficient homogeneity, the determined standard deviations s,; were
compared with a test statistic. The test statistic contained all standard deviations of previously run
PT rounds with the same type of material. An average standard deviation was calculated representing
the standard behaviour in different PT rounds over time. The samples were classified as homogenous if
the standard deviation s, of the tested material was smaller than 30% of the corresponding average
standard deviation. Homogeneity for the material RM-WS F 1 was, thereby, confirmed. Because
RM-WS F 11 was produced in the exact same manner, the same homogeneity can be assumed as found
for RM-WS F 1.

Copyright © 2016 John Wiley & Sons, Ltd. Packag. Technol. Sci. 2016; 29: 289-302
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