
 
Barrier Packaging and Packaging Systems 

 
 

 
© ainia centro tecnológico | guiaenvase.com. All rights reserved 1 
  

BOPP Films with barrier against migration of mineral oils 
 
 
VERSIONS 
V. 1.0  15/09/2016 
 
Key Words:  
BOPP films, barrier, mineral 
oil. 
 

Paolo Serafin 
Ulrich Reiners 
 

Taghleef Industries S.p.A  
 
 
© guiaenvase.com 2016 | ainia Centro Tecnológico 
 

 
 
 
ABSTRACT 
 
Taghleef Industries, following to the ongoing debate concerning mineral oil contamination of packaged food, 
decided to compare the mineral oil barrier performance of various packaging films. Results confirm that 
EXTENDO® high barrier BOPP films provide outstanding barrier performance, unlike standard BOPP films, 
which proved to be very permeable to mineral oil substances.  
 

 

 
 
1. Introduction 
 
Contamination of food with mineral oils 
coming from packages made of recycled 
paperboard has been recognized and has 
opened a debate between distribution 
chains and food producers in Europe.  
In question are the levels of Mineral Oil 
Saturated Hydrocarbons (MOSH) and 
Mineral Oil Aromatic Hydrocarbons (MOAH). 
Aromatic substances, which can be 
detrimental to human health, are raising 
particular concerns. The European Food 
Safety Authority conducted a study in 
2012-2013, and stated that “a significant 
source of dietary exposure to MOH may be 
contamination of food by the use of 
recycled paperboard as packaging material. 
Functional barriers offer one solution. MOH 
contamination can be effectively prevented 
by the inclusion of functional barriers into 
the packaging assembly”.1. 
 
Even though an EU regulation is not in force 
yet, major European retailers have 
requested their suppliers to take actions in 
order to protect packaged food against 
mineral oil migration. 

 
In 2013, Taghleef Industries2 took the 
initiative to commission a comparative study 
to assess the permeability of various food 
packaging films against mineral oils. The test 
was conducted in 2013 by Fraunhofer Institute 
for Process engineering and Packaging IVV, 
Freising, Germany, and the same was 
repeated later in 2015. Methods and results 
are shown herein. 
 
 
2. Methods3 

 
A disk of the cardboard with 15.4 cm in 
diameter (5.5 g) was spiked with 
approximately 750 mg/kg of each substance 
given in Table 1. The substances were chosen 
as representatives for MOSH and MOAH as 
well as for other cardboard contaminants. The 
investigated barrier films were placed in 
special permeation cells. In the lower side of 
the cells the spiked cardboard was placed. 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 analyzed for the 
substances by using a 16-position valve that 
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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 rates (in μg per day and dm²) 
were measured at constant temperature 
(40 °C) in a climate chamber. Further 
details are given in reference [4] 
 
 
3. Results and discussion 
 
Within the study, the barrier performance 
towards mineral oil permeation through 
samples from six commercial packaging 
films were determined. The experimentally 
determined permeation rates for the 
investigated barrier films are summarized 
in Table1. According to the 3rd draft of 
Germany's mineral oil ordinance, the 
specific migration limit (SML) for MOSH and 
MOAH in packed food is 2 mg/kg and 0.5 
mg/kg, respectively. For barrier 
performance evaluation the following worst 
case scenario has been adopted: 
Permeation rates P were measured with 
cardboard spiked with 750 mg/kg per 
substance at 40 °C. As another worst case 
assumption, the lag time is neglected, 
which means that the permeation rate P is 
assumed to be constant over the whole 
storage time already from the very 
beginning of the contact. The time to reach 
the SML (tSML) can be calculated according 
to Equation 1. 
 
Equation 1:   
 
 
 
 
 
As example, a permeation rate P of 0.008 
μg/day dm² (e.g. hexadecane in sample 3) 
results in tSML = 114 years at 40 °C to reach 
the SML of 2 mg/kg (calculated for mfood = 
1 kg, A = 6 dm2). This film can be therefore 

considered as an effective barrier towards 
mineral oils. Under the same conditions, the 
permeation rate of 3.85 μg/day dm2 as 
observed for hexadecane in sample 4 needs 
only 87 days at 40 °C to reach the SML. This 
film can only be considered as medium barrier 
for mineral oils. On the other hand, a 
permeation rate of 238 μg/day dm2 as 
observed for hexadecane in sample 1 results 
in only 34 hours to reach the SML for MOSH, 
which is an insufficient barrier under the 
applied testing conditions. Naphthalene with a 
permeation rate of 0.009 μg/day dm2 for 
sample 3 still needs 25 years at 40 °C to 
reach the SML for MOAH of 0.5 μg/kg food. In 
general, assuming that the shelf life of a 
product is 1 year and that 1 kg of product is 
packed in 6 dm2 of packaging material, the 
permeation rate should not exceed 0.91 
μg/day dm2 (for MOSH) or 0.23 μg/day dm2 
(for MOAH).  
 
The permeation rates which are not in 
compliance with these criteria are marked in 
red in Table 1. It is interesting to note, that 
the permeation rates of the investigated 
(model) contaminants roughly correlate with 
their boiling points (b.p.). The boiling points 
can therefore be used for a prediction of 
barriers for compounds not tested within this 
study. 
 
For example, the permeation rate of 
tetracosane (b.p. 391 °C) is below the 
analytical detection limit for all investigated 
films. The boiling point of 
diethylhexylphthalate (DEHP), which is 
another contaminant in recycled cardboard, is 
460 °C which is significantly higher than that 
for tetracosane. Therefore it can be concluded, 
that the permeation rate of DEHP will be 
significantly lower as determined for 
tetracosane (b.p. 391 °C), i.e. also below 
detection limit. The permeation rate of 
bisphenol A (b.p. 427 °C) should be also far 
below of the permeation rate of tetracosane. 
Anthraquinone (b.p. 377 °C) should show a 
permeation rate comparable to docosane (b.p. 
369 °C). 
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Table 1. Experimentally determined permeation rates at 40ºC 
 
  
4. Conclusions 
 
The results from the several tests which 
were carried confirmed that: 
 

- Standard BOPP films are very 
permeable to mineral oils. This 
means MOSH and MOAHs can 
migrate very quickly from the 
recycled board into foods packed 
with such films alone.  

 
- Metalised BOPP show an 

improvement versus standard BOPP. 
Still, the so called “lag time” (time 
elapsed until mineral oils migrate 
from the outside to the inside of the 
pack is very short) is very short.  

 
 
- Acryilc and PVDC coated films 

provide a moderate barrier 

 
EXTENDO® high barrier BOPP films 
manufactured by Taghleef Industries provide 
excellent barrier against mineral oils (even 
below the detection limits), and results are 
comparable to those of BOPET film, which is 
considered the benchmark with regard to the 
barrier properties against mineral oils. 
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