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Introduction

Paper and cardboard are important food packaging materials. In the last few
years, however, migration issues have been reported in the scientific literature.
Especially the migration of mineral oil components from the cardboard
packaging materials into various foodstuffs were investigated in detail. The
problem behind the mineral oil contamination of cardboard packed foodstuffs is
that most of the paper and cardboard packaging materials are containing
recycled fibres. One main input material of the paper recycling processes is
newspapers. The newspaper printing inks contain mineral oil components which
is the main source of the mineral oil components in cardboard packaging
materials. Due to the fact, that the printing ink components are not removed
completely during cardboard recycling, the mineral oil components can be
determined in recyclate containing cardboard in significant amounts. Unprinted
cardboard with recycled fibres contains about 300 to 1000 mg kg-1 mineral oil
components up to n-C28[1]. In another study an average value of mineral oil
(<n-C24) of 338 mg kg-1 (32 cardboard samples) was reported[2].
Barrier materials will provide an option to reduce the migration of compounds
from the cardboard packaging materials into the foodstuff. However, reference
values for barrier improvement factors for different barrier materials against
mineral oil components are not available in the scientific literature.
Aim of the study was therefore to develop a fast and reproducible method for
the determination of the permeation of mineral oil components through food
packaging film materials.

Method

A list of the model compounds used for the method development and for the
permeation tests is given in Table 1. A disk of the cardboard with 15.4 cm in
diameter (5.5 g) was spiked with approximately 750 mg kg-1 of each substance
in the cardboard. The films were placed in special permeation cells. In the lower
side of the cells the spiked cardboard was placed. The tested films had direct
contact with the cardboard. The upper side of the cells was rinsed with pure
nitrogen. The constant nitrogen flow moved the permeated substances out of
the cell. The nitrogen stream was analysed for the substances by using a 16-
position valve that passes the gas stream of each cell one after the other to a
pre-trap with a connected enrichment unit and gas chromatograph with flame
ionisation detection (GC/FID). Calibration was performed with injections of
known amounts of the applied substances. Permeation was measured at a
constant temperature (40 °C) in a climate chamber.

Results and Discussion

Within the study an automated method for the determination of mineral oil
permeation through packaging films was developed. The method is using 15
defined standard substances instead of mineral oil. The reason for application of
standard substances instead of mineral oil is that the mineral oil typically used
for newspaper printing contains hundreds of different and potentially unknown
substances. A separation is not possible with current available analytical
methods. Therefore when analysed by gas chromatography, the mineral oil
components result in a huge peak with a low resolution. As a consequence,
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Figure 1: Permeation curves at 40 °C of the applied model 
components over time for a OPP film with 42 μm film thickness.
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the permeation rate can only be measured as a sum parameter for the whole
mineral oil peak. For an evaluation of the barrier properties, however, this makes
no sense because low molecular weight compounds with higher vapour
pressures will permeate much faster in comparison to the high molecular weight
compounds with lower vapour pressures. The logarithm of the vapour pressure
correlates with the permeation rates (Figure 2). From such a correlation, the
barrier efficiency can be predicted if the vapour pressure is known. The
correlation for the n-alkanes seems to be the worst-case in comparison to all
other tested compounds. Therefore, n-alkanes can be used for the worst-case
evaluation of inner barrier liners for cardboard packages. Further results for nine
polymer films are given in Lit[3] and in any case, similar correlations were found.
In conclusion, the developed method is a useful tool for the determination of the
improvement factors of functional barrier towards mineral oil components.
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Substance Molecular 
weight 
[g mol-1]

Boiling 
point 
[°C]

log (vapour 
pressure) 
[hPa]

Dodecane 170.3 216 -0,81
Naphthalene 128.2 218 -0,69
1-Methyl naphthalene 142.2 245 -1,05
Tetradecane 198.4 254 -1,84
1-Ethyl naphthalene 156.2 260 -1,49
2,7-Di-iso-propyl naphthalene 212.3 279 -3,14
TXIB 286.4 280 -2,51
Hexadecane 226.4 287 -2,82
Benzophenone 182.2 305 -2,85
Octadecane 254.5 316 -3,85
4-Methylbenzophenone 196.3 326 -3,45
Phenanthrene 178.2 332 -3,54
Eicosane 282.6 343 -4,91
Docosane 310.6 369 -5,91
Tetracosane 338.7 391 -6,92

Table 1: Model substances used for the permeation measurements 
und their physical properties

Figure 2: Correlation between the logarithm of the vapour pressure 
and the permeation rate.
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