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Dynamic electrical thermal analysis (DETA) is considered as a valuable technique for determination of 
polar polymer structure or changes in the polymer structure as a result of different treatments. Therefore, with 
this study, we wanted to check whether this technique can indicate structural changes in the PET packaging 
material in contact with specific media. Positive response give the opportunity to use the study of PET packaging 
dielectric properties after a programmed contact with some medium, to indicate possible interactions between 
packaging material and the medium, or packaging and foodstuff. It is also known that official simulants may 
have some drawbacks as migration of the potential contaminants depends on the interaction between the 
simulant and packaging and thus the values for measured migration could be exaggerated or too low.

The possibility of DETA to indicate structural changes in the packaging material give also the 
opportunity to adjust the aggressiveness of some medium to the packaging, that is, some solvent, or mixture 
of solvents with different polarity, and thus to choose the most appropriate simulant – medium which will 
behave in the same way as the foodstuff. 

In this study we have chosen several conventional fatty food simulants: olive oil, isooctane, 3% acetic 
acid, and ethanol, and using the DET analysis we compared the influence of these media and the real foodstuff 
(mayonnaise) on the structure of poly(ethylene terephthalate) (PET) food containers.
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ИНТЕРАКЦИИ МЕЃУ АМБАЛАЖА ОД PET И МАСНА ХРАНА 
ИЛИ СИМУЛАНТИ ЗА МАСНА ХРАНА – АНАЛИЗА СО DETA

Динамичката електротермичка анализа (DETA) е инструментална техника која може да укаже на 
одредени карактеристики на структурата и на промените во структурата на поларните полимери како 
последица на различни третмани. Во овој труд е направен обид DETA да се искористи за регистрирање 
на структурни промени на амбалажа за храна произведена од полиeтилентерефталат (PET) при контакт 
со одредени медиуми. По програмиран контакт со специфичен медиум, регистрирани се промени во 
диелектричните својства на полимерот, што укажува на промени во структурата на амбалажата од PET, 
а со тоа и на можни интеракции помеѓу полимерниот материјал и медиумот и/или реална храна. Исто 
така, познато е дека користењето на конвенционалните симуланти за храна понекогаш има слабости, 
бидејќи миграцијата на потенцијаните контаминанти зависи од интеракцијата помеѓу симулантите и 
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амбалажата, така што измерените вредности за миграцијата можат да бидат поголеми од реалните, или 
премногу мали. 

Користењето на DETA при одредувањето на структурните промени во материјалот за пакување 
едновремено нуди можност за регулирање на агресивноста на одредени медиуми во однос на 
амбалажата со употреба на соодветни растворувачи или комбинација на растворувачи со различна 
поларност. Тоа значи дека овој метод би можел да помогне за селекција на најпогоден симулант,  
медиум кој би се однесувал на ист начин како и реалната храна.

За оваа студија како конвенционални симуланти за масна храна беа избрани маслиново масло, 
изооктан, 3% оцетна киселина и етанол, а со помош на DETA беше споредувано влијанието на овие 
медиуми, како и влијанието на реална храна (мајонез) врз структурата на садовите за храна произведени 
од PET.

Клучни зборови: DETA; садови за храна од PET; структурни промени; симуланти за масна храна

1. INTRODUCTION

The primary role of packaging materials 
is to provide a suitable foodstuff protection from 
chemical, biological and physical influences, 
wherewith will contribute to the postponement 
of the product putrescence, extension of the 
shelf-life, as well as to the maintenance or 
increase of the food quality and safety. 

Due to the wide range of their flexibility, 
the possibility of processing in different sizes 
and shapes, thermal sealability, cost advantages, 
and satisfactory barrier capabilities, the usage 
of plastics as packaging material has been 
considerably increased. On the other hand, 
plastics in a contact with the foodstuff are not 
completely inert, they allow mass transport 
(permeation, migration and sorption) of low 
molecular weight substances from packaging 
material to the food, and vice versa [1‒3].

According to the international European 
regulations, any physical or chemical interactions 
concerning polymer packaging and the products, 
used in pharmacy, medicine, cosmetic and food 
industry, should be minimized or completely 
absent. Consequently, improvement of the 
existing and development of new prompt 
methods for identification and determination 
of additives in the polymer packaging material 
represents a permanent challenge [4‒6]. 

In general, as the real food is too complex 
for migration measurement, simpler model 
media, so called food simulants, have been used, 
and they are defined in the regulations [7, 8]. 
In the case of fatty foods, the official simulants 

are: olive oil, acetic acid, ethanol, isooctane, 
and mixtures of triglycerides, used in the proper 
conditions (time and temperature). Anyway, the 
application of the official simulants may have 
some drawbacks as migration of the potential 
contaminants depends on the interaction 
between the simulant and packaging. For 
example, isooctane (which is an authorized 
fatty food simulant) is an apolar solvent and 
strongly interacts with polyolefins, while more 
polar materials may not interact with isooctane. 
Therefore the values for measured migration 
could be exaggerated or could be too low. So, 
the efforts in tailoring the appropriate media 
for a food simulant become of the tremendous 
importance [9, 10]. 

Again, the migration process from 
packaging material is closely related to the 
structure of the material, while the structural 
changes of the polymer could be triggered by 
the penetration of the media or the components 
from the media (foodstuff or food simulant) in 
contact with the packaging [11, 12].

The possibility of dynamic electrical 
thermal analysis (DETA) to indicate structural 
changes in the polar polymer packaging material 
give the opportunity to adjust the aggressiveness 
of some medium to the packaging, that is, some 
solvent, or mixture of solvents with different 
polarity. In that fashion, the selected simulant 
– medium will behave in the same way as the 
foodstuff [3, 9, 10]. 

In this study we have chosen several 
conventional fatty food simulants: olive oil, 
isooctane, 3% acetic acid, and ethanol, and 
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using the DET analysis we compared the 
influence of these media and the real food stuff 
(mayonnaise) on the PET structure. 

Dielectric properties reflex the behavior 
of the polymer in the electric filed. Dielectric 
constant and dielectric losses which are the 
indicators of the dielectric properties depend 
on the chemical composition and structure of 
the polymer, that is, on their dipole moment, the 
temperature, the frequency and the voltage of the 
applied ac electrical field [13‒15].

The relationship between dielectric proper-
ties and structure of the polymers gives the op-
portunity of DETA to be used as a study technique 
for polymer structure and structure changes. On 
the other hand, the changes in a polymer structure 
are closely related to many other properties, like 
mechanical features, resistivity toward different 

media, gasses and liquids permeability, relevant 
for the polymer application. So, the registered 
changes in the dielectric properties of a polymer 
material could indicate a possible migration of 
potential contaminants from the polymer to the 
foodstuff or a sorption of food components into 
the packaging material [13‒15]. The feasible in-
teraction between polymers and the foodstuff can 
contribute to the quality of the packaging material 
and the quality of the food as well.

2. EXPERIMENTAL

2.1. Materials

PET food containers used for the purpose 
of this study were transparent and colorless 
commercial samples. 

T a b l e  2
Analysis of Cu in various samples (n=3)

Sample Added
(µgl–1)

Found
(µgl–1)

Recovery
(%) % RSD

Rain water
0 nd - 1.15
50 52 ± 0.2 104 1.02
110 107 ± 0.4 97.3 0.98

Tap water
0 5.9 ± 0.1 - 0.46
50 53 ± 0.3 106 1.03
100 102.4 ± 0.3 102.4 1.01

Stream water

0 nd - 0.32
60 58.3 ± 0.2 97.2 0.98
120 124 ± 0.5 103.3 1.01

nd – Not detected

		        T a b l e 1
Testing conditions for PET food containers at different time and  

temperatures, in contact with fatty food simulants

Simulant / foodstuff Testing time Temperature

Olive oil

24 h
5 ºС
40 ºС

10 days
5 ºС
40 ºС

1 month room
3 months room

3 % acetic acid
24 h

5 ºС
40 ºС

10 days
5 ºС
40 ºС

Ethanol
24 h

5 ºС
40 ºС

10 days
5 ºС
40 ºС

Isooctane
24 h

5 ºС
40 ºС

10 days
5 °С

40 0С

Foodstuff  (mayonnaise)
1 month

5 ºС
room

3 months
5 ºС
room
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Test samples for DET analysis with the 
diameter of 3 cm, were cut from the containers, 
cleaned in ethanol and dried in a vacuum oven at 
30 °C. Two test samples were used for each of the 
experiments, and when the obtained values varied 
from each other, the third sample was used.

Different samples are treated at different 
temperatures, different time, immersed in differ-
ent media – simulants (15 ml): rectified olive oil 
(Sigma), 95‒97% ethanol (Merck), 3% acetic acid 
(Merck), isooctane (Merck), and real foodstuff – 
mayonnaise (for commercial use). The testing 
conditions are given within the scheme presented 
in the Table 1.

2.2. Instruments

Dielectric properties were measured on 
Polymer Laboratories Dielectric Thermal Analyz-
er (PL-DETA) equipped with parallel plate capac-
itance cell using ac current. Thermal scans were 
performed from the room temperature to 180 °C 
at heating rates of 2, 5 and 15 °C/min. 

Capacitance, Cp (pF), for the parallel equiv-
alent electrical circuit, and phase lag, tgd as D (tgd 
= tg (90×D)), were the measured parameters at 1 
kHz and 200 mV ac signal. 

Dielectric permittivity, e’, and dielectric 
loss, e”, for the known thickness ( L, cm) of the 
treated samples, and electrode area (A = 7.07 
cm2), were calculated by the equations:

e’ = (11.3 ×L×Cp)/A                       (1)

e” = e’·tgd                             (2)

FTIR spectra were obtained by FTIR Var-
ian-600 instrument, FTIR (ATR) (PIKE MIRacle) 
at 550–4000 cm–1, with a resolution of 4 cm–1, and 
16 scans.

3. RESULTS AND DISCUSSION

Figure 1 represents the dielectric permit-
tivity, e’, and the phase lag, tangent d, depend-
ences on temperature, T, at the heating rates of 

2, 5, and 15 °C/min. As it can be seen, heating 
rate of 2 °C/min insures the appearance of a 
glass transition temperature. Namely, the maxi-
mum on a tgd‒T curve appearing between 30° 
and 70 °C belongs to the relaxation processes 
influenced by absorbed moisture and glass tran-
sition temperature.

In fact, the glass transition temperature 
corresponds to a shoulder on a tgd‒T curve in 
the temperature range between 60 and 70 °C, 
which is in an agreement with literature data 
referring Tg for aPET (amorphous PET) at 67 
°C, and cPET (crystalline PET) at 81 °C [16, 
17]. In the temperature range from 20° to 70 
°C, e’ takes values from 3.3 to 3.5, confirmed 
by the literature data [18], with a dispersion, i.e. 
minimum, in the place where tgd curve shows 
maximum.

e’–T dependences take an unconventional 
shape, with maximum which shift toward higher 
values when the heating rate increases. This 
phenomenon is a result of the cold crystallization 
process which could be confirmed by repeating 
the DET analysis on the same sample, when in 
the first heating cycle it was exposed up to 180 
°C (Figure 2). As it can be seen in the second 
and third cycles the maximum disappeared.

The cold crystallization process, almost in 
the same temperature range, was also confirmed 
by DSC analysis [16, 17].

The ascendant amorphous feature of the 
samples and the cold crystallization process 
were also validated by FTIR spectra, Figures 
3a and 3b. The characteristic valence vibra-
tion (ns) for PET are: 2966 cm–1 (C–H), 1263 
cm–1 (–C=O), 727 cm–1 (C(=O)–O), 3545 cm–1  
(–OH), 3268 cm–1 (–COOH), while the signifi-
cant deformation vibrations (w) appear at 1340 
and 1370 cm–1. 

Vibration at 1340 cm–1 correspond to 
the trans-conformation, while that at 1370 
cm–1 is related to the gauche conformation of 
glycol (–O–CH2–CH2–O–) linkages. Hence, the 
crystallization of the polymer can be observed 
according to the appearance and intensity of 
these bands. Namely, trans conformation is 
typical for crystalline phase, while gauche 
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Fig. 1. e’-T and tgd-T dependences, for PET food container, untreated,
heating rates of 2, 5, and 15 °C/min

Fig. 2. e’-T, e”-T and tgd-T dependences for PET food containers  
(three cycles), heating rate 2 °C/min
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Fig. 3. FTIR spectrum for PET food container (a) and FTIR spectrum for PET food  
container after DETA analysis (denote after thermal treatment) (b)

(a)

(b)

conformation is representative for amorphous 
region. If we closely look at the spectra, it can 
been noticed that a vibration band at 1340 cm–1 
became more intensive after a thermal treatment, 
i.e. after completed DET analysis (Fig. 3b). The 
fractions of the gauch and trans conformers can 
be calculated if the bands appearing at 1340 
and 1370 cm–1 are normalized at 1410 cm–1 

(characteristic for the vibration of phenylene 
ring), as it was previously implemented by 
Oureshi et al. [19].

Therefore, the contribution of the gauch 
and trans conformations before DETA stayed 
59 and 41 %, and after the DET analysis was 
performed their participation was 14 and 86% 
respectively. Apparent evidence for the cold 
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crystallization process is the transformation 
of a transparent sample at the beginning of the 
analysis into an opaque and milky white probe.

As it was previously shown on the Figure 
1, applying a heating rate of ≥ 5 °C/min during 
a DET analysis, relaxation processes in the 
temperature range to 80 °C were not registered. 
Thus, it was expected that implementing this 
heating rate during the DET analysis it would 
be possible to indicate the particular influence 
of a specific simulant in contact with PET 
sample in the above mentioned temperature 
range. This assumption was confirmed by the 
samples of PET container treated in olive oil, 
as one of the official fatty food simulants, for 
2 h, at the temperature of 50, 100 and 175 °C, 
Figure 4.

Whereas the tgd-T dependence obtained for 
a sample treated at 50 °C is practically identical 

to that of a virgin sample, the curve gained for a 
sample treatment at 100°C dramatically differs. 
Regarding the fact that this is the temperature at 
which the process of cold crystallization starts 
or already exists, hence primarily, the increased 
macromolecular mobility and enlarged hydrody-
namic volume enables an easier penetration of the 
oil molecules between polymer chains. The addi-
tional plasticizer effect of olive oil reflects through 
tremendously increased dielectric losses detected 
by the appearance of a noticeably defined peak 
in the temperature region between 30 and 80 °C 
(Figure 4). The second peak indicating the end 
of the crystallization process practically overlaps 
to the cold crystallization peak for untreated and 
treated sample at 50 °C. The crystallization pro-
cess for the sample treated at 175 °C is almost 
completed, so the peak on tgd-T dependence is 
significantly smaller and shifted toward higher 

Fig. 4. tg d - T and e’-T dependences for PET food container untreated (k) and  
treated in olive oil 2 h, at 50, 100 and 175 °C (k-50, k-100 and k-175), heating rate 5 °C/min
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temperatures (Figure 4). Changes in the dielectric 
permittivity (Figure 4) correspond to the already 
discussed changes in dielectric losses. 

Our subsequent analyses were concentrated 
on a determination of a suitability of a relevant 
media in simulation of real foodstuff by their 
impact on the PET structure at different testing 
conditions (temperature and time), detected again 

by the means of the DET analysis. Therefore, 
besides olive oil, 95% ethanol, 3% acetic acid, and 
isooctane were used as the conventional fatty food 
simulants, while our selection of the real food was 
mayonnaise as a dominant component in creamy 
salads, mainly packed in PET containers. Testing 
conditions have been already summarized in the 
Table 1.

Fig. 5. e’-T and tgd – T dependences for PET food container untreated (k) and  
treated in mayonnaise one and three months at 5°C and room temperature, heating rate 5 °C/min
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Fig. 6. e’-T and tgd-T dependences for PET food container untreated (k) and treated in olive oil 10 days,  
at 5 and 40°C, and mayonnaise 3 months at 5°C and room temperature, heating rate 5 °C/min

The dielectric behavior of PET samples 
treated in mayonnaise for one and three months 
at 5 °C and room temperature, and those of 
untreated test tubes are presented on Figure 5. A 
big difference in the e’-T and tgd-T dependences 
for samples treated one and three months 
were not noticed. So in the following figures 
of comparison with the behavior in different 
simulants, it was chosen only the features of the 

samples treated three months in mayonnaise to 
be presented.

The responses of PET samples on the treat-
ment in olive oil for 24h and 10 days were simi-
lar, which was shown for 2 and 3 months as well. 
Consequently, it was selected only the reaction 
of the polymer to a treatment in olive oil for 10 
days and 3 month to be compared with the sam-
ple in contact with the foodstuff (Figs. 6 and 7).
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As it can be seen, the mayonnaise which is 
a combination of oily and acidic components is 
a slightly more aggressive medium than a pure 
olive oil. Namely, olive oil is mainly composed 
of a mixture of unsaturated fatty acids and 
owing to their bulky molecules slowly diffuse 
into the polymer.

The sample treated with isooctane (Figure 
8) shows the similar behavior as in the contact 

with olive oil. Both, olive oil and isooctane are 
nonpolar mediums and their interaction with 
polar polymer, such as PET is retarded. 

On the other hand, the last two simu-
lants we used, acetic acid and ethanol, are both 
smaller and polar molecules which can easily 
enter between polar polymer chains, assisting 
the relaxation and restructuration of the macro-
molecules.

Fig. 7. e’–T and tgd – T dependences for PET food container untreated (k) and treated in olive oil 
and mayonnaise, three months at 5 °C and room temperature, heating rate 5 °C/min
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Fig. 8. e’-T and tgd – T dependences for PET food container untreated (k) and treated  
in isooctane10 days, at 5 and 40°C, and mayonnaise 3 months at 5°C and 

room temperature, heating rate 5 °C/min

That was confirmed by the tgd-T and 
e’-T curves, for the sample in contact with 
acetic acid for 10 days and 40 °C shown on 
Figure 9, specifying the start of the relaxation 
processes as a result of increased PET chains 
mobility and plasticizer effect of acetic acid. 

The peak of e’–T dependence shifted toward 
lower temperatures indicate the occurrence of 
the relaxation processes supported by the acetic 
acid. The above mentioned processes and the 
additional restructuring of a system for a sample 
treated 10 days at 40 °C start at slightly lower 
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Fig. 9. e’-T and tgd-T dependences for PET food container untreated (k) and treated in acetic acid 
10 days at 5 and 40 °C and mayonnaise treated 3 months at 5 °C and room temperature,

 heating rate 5 °C/min

temperatures (first peak between 80 and 90 °C) 
and complete at higher temperatures (the second 
peak from ~110 to ~160 °C), compared to the 
untreated sample, samples treated in acetic acid 
at 5 °C or samples treated with mayonnaise. 

Anyway, the performance of the polymer 
samples interacting with acidic simulant didn’t 
correspond to the actual behavior of a polymer 
in contact with the real foodstuff (mayonnaise).

The emphasized interaction between 
small ethanol molecule and polymer is 
presented on Figure 10. The first peak on tgd -T 
curve (~ 70 °C) for sample treated with ethanol 
at 40 °C correspond to a beginning of polymer 
chain relaxation and restructuring assisted 
by ethanol, while the second wide peak is a 
result of completeness of the process of cold 
crystallization. This behavior is confirmed by 
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e’-T dependences. Comparing the behavior of 
samples immersed in ethanol and that in contact 
with mayonnaise, the mismatch of the degree 
of interactions between media and polymer 
again can be noticed, which is to be expected 
since ethanol is polar and has much smaller 
molecules.

It is obvious that a single medium is not 
suitable for simulation of a fatty food with 
complex composition such as mayonnaise, 
so the adjustment of appropriate fatty food 
simulants can be very challenging and exciting 

process, especially in the application of mixtures 
of solvents with different polarity.

4. CONCLUSIONS

It was shown that dynamic electrical 
thermal analysis (DETA) can indicate structural 
changes into poly(ethylene terephthalate) (PET) 
packaging material, exposed to certain conditions 
related with packaging applications, which could 
promote migration of potential food contaminants 
from PET. 

Fig. 10. e’–T and tgd–T dependences for PET food container untreated (k) and treated in ethanol 10 days 
at 5 and 40 °C and mayonnaise treated 3 months at 5 °C and room temperature, heating rate 5 °C/min

tg
d
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Therefore the fine correlations between 
the dielectric properties of PET containers in 
contact with fatty food and fatty food simulants 
could indicate the risk for possible migration of 
contaminants from PET into the foodstuffs and 
could help to choose the appropriate simulant 
for studying the migration into certain food.

PET test tubes were subjected, at different 
conditions, to different polar and apolar media 
(olive oil, isooctane, acetic acid and ethanol), 
acting as a conventional fatty food simulants. 
Dielectric properties of PET containers, treated 
in this way, were compared to those treated with 
a real foodstuff (mayonnaise). It was shown 
that olive oil and isooctane as apolar simulants 
with their bulky and inert molecules are less 
aggressive, while the polar solvents we used, 
acetic acid (3%) and ethanol (96–97%) are 
too aggressive compared to mayonnaise. This 
suggests that a single medium is not appropriate 
in the attempts to mimic the characteristics 
of fatty food with complex composition like 
mayonnaise. Therefore a probe of mixture of 
different media as a simulant for fatty foodstuff 
could be very challenging. 
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