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ABSTRACT 
 

Plastic additives migration from packaging to food can produce a risk for human health, especially, 
plasticizers such as di-(2-etheylhexyl) adipate (DEHA). The evaluation of DEHA levels in cheese 
packaging was carried out by migration tests. Three different types of local cheeses (Feta, Gouda, and 
Cheddar). Samples were split into two groups and stored at 5oC. One group was analyzed for DEHA 
content four times at intervals between 2 and 14 days of cheese/film contact (kinetic study) and a second 
group was cut into slices (1.2 mm thick) after 14 days of cheese/PE contact and was analyzed for DEHA 
content (penetration study). The DEHA was determined by indirect gas chromatography. Differences in 
migration of DEHA were observed between the cheese types. Results were revealed that migration of 
DEHA depended on contact time, fat, and moisture contents, and consistency of cheese samples. After 14 
days of contact under 5oC, the migration of DEHA was approximately 97.3 mg/kg (5.3 mg/dm2) for Feta, 
134.3 mg/kg (7.3 mg/dm2) for Gouda, and 194.3 mg/kg (10.6 mg/dm2) for cheddar. The loss of DEHA 
from the PE film into the three cheese types was 10.60, 14.74, and 21.17%, respectively. After 14 days of 
cheese/film contact, DEHA was detected in the first three slices beneath the cheese surface (3.6 mm total 
depth) of Gouda & Cheddar cheeses and in the first two slices (2.4 mm total depth) of Feta cheese. DEHA 
was not detected in subsequent layers. These values, were significantly higher than the specific migration 
limits in foods set by the European Union 18 mg/kg for DEHA. Also, these results are significantly higher 
than the upper limit for global migration from plastic packaging materials into food set by EU (60 mg/kg). 
Only Cheddar values, were exceeded the specific migration limit set by EU for the depth of the migration 
into the food (10 mg/dm2) which it reached to (10.6 mg mg/dm2). 
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Introduction 
 

Foods are forward to consumers after packaged in one way or another to preserve and protect the 
product during, transport, storage and use economically and sensitive to environment throughout the entire 
life span of products. 

Thermoplastics polmer materials are the most common packaging of foods. There are different types 
of plastic, each with unique properties and application in the food sector, for example polycarbonate, high 
and low density polyethylene, styrene, polypropylene, etc. These plastics are manufactured from various 
polymers. Additives are used to improve elasticity, flexibility, color, resistance, durability, etc. Both plastic 
and additives such as plasticizers can migrate from the packaging to the food or beverage over time as a 
result of an increase in temperature or mechanical stress. The present of plastic components or additives in 
foods, if not properly controlled, can affect the organoleptic properties of food and produce an endocrine 
distupting effects if the levels exceed the legislated or toxicological values. (Eveline et al., 2012). 

Many plasticizers and additives are considered as "Endocrine Distruptors, and show activity on the 
reproductive system or act as carcinogens. Some of these chemicals are phthalate esters, alklphenols, 2.2-
bis (4-hydroxy phenyl) propane, bis phenol A, and di-(2-ethylhexyl) adipate (DEHA). (Akosua & Sarah, 
2015). 

Phthalates are synthetic organic chemicals introduced in the 1920s such as di-(2-ethylhexyl) phthalate 
(DEHP). Since 1933, the enormous industrial success deriving from the addition of DEHP to polyethylene 
and polyvinyl chlorides to increase flexibility, lead to an increasingly exponential applicability in solvent 
manufacture, adhesive, wax, ink, pharmaceuticals, cosmetic and insecticide and regenerated cellulose 
wrapped food production. They are not bound linked to plastics, therefore they can migrate to the food 
which are in contact. (Tural, 2016). 
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Food is a major source of exposure of several phthalates in humans. Packed foods, especially fatty 
foods are the most affected, in particular by DEHA (Kozyrod and Ziaziaris 2015). 

Most tetrapack food containers, the inner layer which contact with food is polyethylene or polyvinyl 
chloride and have a thickness between 10 and 15 um, most of these films are plasticized with high levels of 
di-(2-ethylhexyl) adipate (DEHA) (Lcoz and Ekar, 2016). 

Concern over the usage of DEHA arose in the early 1980 when the National Toxicology Program of 
the United States published results indicating that DEHA had carcinogenic effects at high doses in mice. 
Mice that were fed for 2 years with high levels of DEHA in their diet showed an increased incidence of 
hepatic tumours (Bradley et al., 2013).  

To guarantee human health both the US FDA and the European Union (EU) established limits for 
many compounds used in packaging and established regulations specifying migration tests food simulants 
to determine their probable migration into food. These values are 1.5 mg kg–1 food stimulant (fs) for DEHP 
and 18 mg kg–1 fs for DEHA, and the European Food Safety Authority (EFSA) established a Total Daily 
Intake 0.05 mg kg–1 body weight for DEHP (Saad, 2016). 

Although, phthalate hazards could threaten human body through the 3 known routes of exposure 
"ingestion, inhalation and dermal contact", diet is still believed to such as milk, milk products, meats and 
oils assumed to be at higher risk of contamination due to the lipophilic properties of most of phthalates. 
During the period 2007 – 2012 the competent authorities in the European Union members stated that only 
12 countries had the interest to inspect food for the hazards of phthalates (Saad, 2014). A collaborative 
data obtained from the 12 participated countries showed that each country applied different methods of 
analysis to determine phthalate residues in food. So, the obtained results were not orthogonal and revealed 
wide range of variance due to the different degrees of uncertainty of measurement. 

Akosua and Sarah (2015) showed that the levels of phthalate contamination were significantly 
affected by the variables of the hardness of the packaging plastics, temperature, time, the length of the 
storage period and the nature of food. 

Goulas et al., (2008) reported the possibility of accumulating high levels of DEHA when consumers 
often ate fatty foods wrapped in cling film. Consumer concern over the migration of chemicals from food 
packaging materials into foods and the public health and safety risks associated with this migration has 
been something of the past and continues to be a real concern (Xu et al., 2010). 

Oil content of the foods served together with the high temperature at which these foods were served 
and consumed could enhance the migration of plasticizers into the foods. The higher the sample's fat 
content, the higher the plasticizers migration such as DEHA which it is lipophilic mature, while moisture 
content seems to directly affect consistency of food in the sense that the higher the moisture content, the 
less consistent the food becomes and thus the probability of DEHA diffusion in a more open structure 
increase. At the same time, the polar water molecules exhibit a megligible chemical affinity for the 
relatively nonpolar, DEHA, resulting in limited DEHA migration. The two opposing phenomena determine 
the net effect of moisture on DEHA migration (Goulas et al., 2000 & Bhunia, 2013). 

Irrespective of incomplete documented information on the carcinogenicity of plasticizers, there have 
been several strong and clear reports on the negative impact of plasticizers on reproductive organs in 
animals including man such that the associated health risks that come along cannot be overlooked. 
Consumers as a result of this are often concerned over the migration of chemicals from food packaging 
materials into foods and the public health and safety risks associated with this migration (Tural, 2016). 

The objectives of this paper were (1) to carry out a Kinetic study of the migration of DEHA from the inner 
PE layer of a aseptic laminate paperboard carton (Tetrapack) into three types of cheese with different fat 
contents and fat: moisture ratios (Feta, Gouda, and Cheddar), (2) to determine the depth of DEHA migration of 
DEHA with the limits established by the EU. 
 
Material and Methods 

 
Materials: 

 
Feta and Gouda cheese were purchased directly from local production plants, while Cheddar cheese 

was purchased  from a local importer. Analytical grade DEHA was purchased from Fluka, Buchs, 
Switzerland. 
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Migration Experiments: 
 
Cheese samples (semi-hard Cheddar and Gouda cheeses and soft Feta cheese) 8x8 cm in dimensions 

and 5mm in thickness were brought in one side contact with PE cling film. Samples weighed 
approximately 35 g. and the film / cheese contact area was approximately 64 cm2. All samples were 
refrigerated at 5oC. Sampling for DEHA was carried out 4 times at pre-determined time intervals between 
2 and 14 days (each 4 days). To achieve the depth of DEHA penetration into the cheese sample, the PE 
film was removed after 14 days of cheese / PE contact, and cheese samples were sliced 1.2 mm thick, and 
each slice had a surface area of 100 cm2 and weighted 35 g nearly. 
 
Plasticizer analysis: 
 

Cheese samples were homogenized in a mortar and subsequently mixed with 40g of anhydrous 
Na2SO4. Samples were then Soxhlet extracted with 150 ml of hexane for 6 hours and the fat and plasticizer 
transferred into the hexane phase. Hexane was evaporated with a rotoevaporator and 85 ml of KOH (2N) 
in CH3OH and 35 ml of glycerine was added to the sample residue. Samples were them saponified with a 
reflux condenser for 3 hours. Thus DEHA was decomposed to adipic acid and 2-ethyl-1-hexanol. After the 
evaporation of the CH3OH in a rotoevaporator, samples were acidified with 25 ml of citric acid 1:1 and 
were steam distilled after the addition of 35 ml of distilled H2O until 200 ml of distillate was collected. A 
10% aqueous solution of Na2CO3 was then added to the distillate to adjust the pH to approximately 9, and 
the distillate was extracted four times with 50 ml of diethyl ether. The combined ether extracts were left 
overnight with 25 g of anhydrous Na2SO4. Diethyl ether was separated from Na2SO4 by filtration and 
evaporated in a rotoevaporator. The residue was redissolved in 5ml of carbon disulfide, and this solution 
was used to determine the 2-ethyl-1-hexanol content by GC using an appropriate standard curve. 

To obtain the recovery factor of the method, cheese samples were prepared by spiking with known 
amounts of DEHA. Extraction of plasticizer, saponification, separation of the alcoholic constituent of 
plasticizer, and GC analysis were conducted using the same procedure as for experimental samples. 
(Goulas et al., 2008). 
 
GC Operational Conditions: 
 

The alcoholic component of the DEHA, 2-ethyl-1-hexanol was determined under the following 
conditions. The GC unit (Agilent Technologies 7890 A) interfaced with a mass-selective detector (MSD, 
Agilent 7000) equipped with an apolar Agilent HP-5ms (5%-phenyl methyl poly siloxane) capillary 
column (30m x 0.25mm i.d. and 0.25 m film thickness). The carrier gas was helium with the linear 
velocity of 1 ml/min. 

The identification of components was based on a comparison of their mass spectra and retention time 
with those of the authentic compounds and by computer matching with NIST and WILEY library as well 
as by comparison of the fragmentation pattern of the mass spectral data with those reported in the 
literature. 

 
Results and Discussion 

 
The amounts of DEHA that migrated into the three types of cheese at 5oC are given in Tables 1 to 3 

as a function of time. 
As shown in these tables, there were differences in DEHA migration among the different types of 

cheese under our experimental conditions. 
The fat contents of Feta, Gouda and Cheddar are 19, 24, and 30% respectively, while the moisture 

contents are 56, 45, and 38%. After 14 days of cheese/PE film contact at 5oC, the amount of DEHA that 
migrated into Feta was 5.3 mg/dm2 (97.3 mg/kg). The respective amount for Gouda was 7.3 mg/dm2 134.3 
mg/kg). and for cheddar 10.6 mg/dm2 (194.3 mg/kg). The percent loss of DEHA from the PE film into the 
above cheese types was 10.60, 14.74, and 21.17% for Feta, Gouda and Cheddar cheeses. These large 
differences among the cheeses can be attributed to differences in the fat contents of the cheeses and the 
lipophilic nature of DEHA (Saad et al., 2015). That is, the higher the sample's fat content, the higher the 
DEHA migration. Moisture seems to directly affect consistency of cheese samples in the sense that the 
higher the moisture content, the less consistent the cheese becomes and thus the probability of DEHA 
diffusion in a more "open" structure increases. At the same time, the polar water molecules exhibit a 
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negligible chemical affinity for the relatively nonpolar DEHA, resulting in limited DEHA migration. The 
two opposing phenomena determine the net effect of moisture on DEHA migration (Goulas et al., 2000). 

 
Table 1: Migration of di-(2-ethylhexylexyl) adipate (DEHA) from polyethylene film into Feta cheese at 5oC as 

a function of time: 
Contact time 

(days) 
Amount of migration Loss of DEHA  from PE film (%) 

mg/dm2 mg/kg 
2 1.6 30.2 3.29 
6 2.7 51.0 5.50 

10 4.2 76.4 8.25 
14 5.3 97.3 10.60 

BEHA not detected at zero time samples (non packing) 
 
Table 2: Migration of di-(2-ethylhexylexyl adipate (DEHA) from polyethylene film into Gouda cheese at 5oC as 

a function of time: 
Contact time 

(days) 
Amount of migration Loss of DEHA from PE film (%) 

mg/dm2 mg/kg 
2 4.9 88.5 9.64 
6 5.8 107.9 11.76 
10 6.7 123.8 13.40 
14 7.3 134.3 14.74 

BEHA not detected at zero time samples (non packing). 
 
Table 3: Migration of di-(2-ethylhexylexyl) adipate (DEHA) from polyethylene film into Cheddar cheese at 5oC 

as a function of time: 
Contact time 

(days) 
Amount of migration Loss of DEHA  from PE film (%) 

mg/dm2 mg/kg 
2 6.6 120.5 13.13 
4 8.5 155.7 16.97 
10 9.8 178.2 19.42 
14 10.6 194.3 21.17 

BEHA not detected at zero time samples (non packing). 
 
After two days of contact at 5oC, the amount of DEHA that migrated into cheddar samples was 6.6 

mg/dm2 (120.5 mg/kg) and into Gouda samples 4.9 mg/dm2 (88.5 mg/kg) but into Feta samples was 1.6 
mg/dm2 (30.2 mg/kg). These values correspond to a DEHA loss of 13.13, 9.64 and 3.29% from PE, 
respectively. This discrepancy between Feta and other two cheeses might be related to the much higher 
moisture content of Feta as well as its non uniform surface texture providing increased resistance to DEHA 
penetration into the cheese body. Therefore, the loss percent reached after 14 days of contact to 21.17, 
14.74 and 10.60% for cheddar, Gouda and Feta samples respectively. 

The values above are significantly higher than the specific migration limit in foods or in food 
simulant's proposed by the EU (18 mg/kg) for DEHA (Commission of the EU Communities, 1994). 
Likewise, these values are significantly higher than the upper limit for global migration from plastic 
packaging materials into food / food simulants set by the EU (60 mg/kg or 10 mg/dm2) with the exception 
of the later for Feta and Gouda cheese 5.3 and 7.3 mg/dm2 respectively (Commission of the EU 
Communities, 1990). Based on the above given values of DEHA content migration, the three types of 
cheeses were exceeded the upper limit for global migration set by the EU Communities. 

A study by Anonymous, (2014) concerned with cheese packaging in DEHA – plasticized PE film 
showed that migration of plasticizer is very rapid, with a 25% loss of DEHA from the film after 30 min of 
contact at room temperature. This loss of DEHA is higher but comparable to our results given the 
differences in cheese fat content (30% to 19% in our study) and temperature of cheese storage (room 
temperature vs, 5oC in our study). 

Kozyrod and Ziaziaris (2015) reported that high migration levels of DEHA (31 to 429 mg/kg) were 
observed in different types of cheese that had been wrapped in PVS and/or PE film at 4oC. Castle et al., 
(2016) reported that the migration of DEHA from PE films (17 and 12% DEHA content) into cheese 
samples after 100 hours at 5oC was 204 mg/kg (4.7mg/dm2) and 104 mg/kg (204 mg/dm2). 

These values are also comparable to those in the present work, given the difference in initial DEHA 
content of the PE film. Startin et al. (1987), reported that the migration of DEHA into Edam cheese 
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samples was 15.7 mg/dm2 at 5oC after 5 days of contact. These large differences among the cheeses can be 
attributed to the differences in time and plasticizer content, moreover, the differences in the fat contents of 
the cheeses. 

 
Degree of DEHA penetration: 

 
The amount of DEHA penetrated into Feta, Gouda and cheddar cheese as a function of depth are 

given in Tables 4 to 6. Results are also expressed as percent loss of DEHA from PE film. The data indicate 
that DEHA penetrates to a small depth beneath the surface of cheese. The migration of DEHA was not 
detectable into the third slice (total depth of 3.6mm) of Feta cheese and into the fourth slice (total depth of 
4.8 mm) beneath the surface of Gouda and cheddar cheeses. 

It is also shown that the amount of plasticizer migrated into the first slice beneath the surface of each 
type of cheese is much higher than the respective amount of plasticizer migrated into the second slice of 
each cheese. After 14 days of cheese / PE film contact at 5oC the migration of DEHA into the first slice 
was 256.4 mg/kg (8.9 mg/dm2) for cheddar cheese samples, 175.7 mg/kg (6.1 mg/dm2) for Gouda samples 
and 138.5 mg/kg (4.7 mg/dm2) for Feta cheese samples. These amounts are 13, 13 and 17 times higher 
than respective amounts of DEHA migration into the second slice for the three cheeses, respectively. 

Gouda and cheddar were the two cheese samples in which a small amount of plasticizer, 1.0 mg/kg 
(0.05 mg/dm2) and 1.5 mg/kg (0.1 mg/dm2) respectively were found into the third slice beneath its surface. 

The differ of the amount of plasticizer migrated into the second slice of cheese samples may be 
attributed to differences in consistence between the three cheese types. 
 
Table 4: Penetration of di-(2-ethylhexylexyl) adipate (DEHA from polyethylene (PE) film into Feta cheese after 

14 days of cheese/ PE contact at 5oC. 
Total depth of migration 

(mm) 
Amount of migration 

Loss of DEHA from PE film (%) 
mg/dm2 mg/kg 

1.2 (1st slice) 4.7 138.5 9.69 
2.4 (2nd slice) 0.3 8.0 0.56 
3.6 (3rd slice) ND ND ND 

ND. Not detectable 
 
Table 5: Penetration of di-(2-ethylhexylexyl) adipate (DEHA) from PE film into Gouda cheese after 14 days of 

cheese / PE contact at 5oC. 
Total depth of migration 

(mm) 
Amount of migration 

Loss of DEHA from PE film (%) 
mg/dm2 mg/kg 

1.2 (1st slice) 6.10 175.7 12.29 
2.4 (2nd slice) 0.50 13.5 0.95 
3.6 (3rd slice) 0.05 1.0 0.05 
4.8 (4th slice) ND ND ND 

ND. Not detectable 
 
Table 6: Penetration of di-(2-ethylhexylexyl) adipate (DEHA) from PE film into Cheddar cheese after 14 days 

of cheese / PE contact at 5oC. 
Total depth of migration 

(mm) 
Amount of migration Loss of DEHA from PE film (%) 

mg/dm2 mg/kg 
1.2 (1st slice) 8.9 256.4 17.90 
2.4 (2nd slice) 0.7 19.7 1.37 
3.6 (3rd slice) 0.1 1.5 0.07 
4.8 (4th slice) ND ND ND 

ND. Not detectable 
 
Our data revealed that DEHA were found in all three types of cheeses examined in the present study 

and the migration values exceeded the upper limit for DEHA migration proposed by the EU (18 mg/kg). 
Therefore, guidelines urgently need to be drafted for the use of plasticizer in cheese packaging. It is 
necessary to take into account that packaging materials in contact with food should not give its ingredients 
to food, especially plasticizers, irrespective of incomplete documented information on the carcinogenicity 
of these additives. 

Food quality affects human health and human health changes the quality of life, therefore EU 
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recommends absorption levels of not more than 0.025 mg/kg/day/person. 
Also, our data revealed that the rate of loss of plasticizer depends on the fat content of cheeses 

examined in the present study which fats accelerate the level of migration into the cheeses. High fats and 
oils are more likely to withdraw additives from PVC & PE – made packaging materials (Petersen and 
Jensen, 2010). 
 
Conclusion 

 
The health risk associated with ingesting plasticizers, it is important that education on plasticizers be 

talked as a national priority issue to help reduce the public health burden that it may impose on the people 
if ignored and empower individuals to take action to minimize their own exposures to plasticizers. 

Such problem needs combined efforts between scientific community, industry and statutory 
regulation authorities. As well, the new trend to innovate and produce non-phthalate plasticizers should get 
the appropriate attention and support. 

Implications of the above results for the food packaging industry may include a trend toward using 
recently developed technology to stop or curtail plasticizer migration with technique of sealing PE surface 
and/or using alternative films containing a significantly lower amount of plasticizer. 
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