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Abstract

Purpose Doogh is a famous Iranian drink based on fermented milk. Laminated film is one of the most common packaging
for this beverage in Iran. So, chemical substances of the packaging may migrate to the Doogh and endanger human health.
Method In this research, High-Performance Liquid Chromatography (HPLC) was used to determine the migration of Irganox
1010 and Irganox 1076 from the contact layer and inductively coupled plasma for Titanium dioxide (TiO,) from the second
layer of three-layer laminate films into Doogh and acetic acid 3% (w/v). The influence of different storage temperatures and
times was investigated by evaluating the samples stored in various conditions. The morphological, thermal and mechanical
properties of the film, before and after contact with food simulant were further studied.

Result The highest amount of Irganox 1010 concentration of the tested samples were 0.8 +0.04 mg/l in acetic acid 3%
(w/v), and 0.62 +0.04 mg/l in Doogh. The highest amount of TiO, concentration were 0.25 +0.04 mg/l in acetic acid 3%
(w/v), and 0.124+0.02 mg/1 in Doogh. The migration of Irganox 1076 was determined, but it was not detected. The results
indicated that the food simulant had no significant effect on the microstructure and thermal properties of the polymer, but
it reduced the mechanical properties.

Conclusion The results indicate the possible migrating of Irganox 1010 and TiO, through laminate packaging into Doogh
in some storage conditions. Since the migration value was low, the mentioned film was proven safe for Doogh packaging,
imposing no hazards on human health.
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Introduction

54 Mehdi Farhoodi Food packaging is a rapidly evolving field applied to dif-
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ferent kinds of products. Packaging offers many advan-
tages such as food protection from external environment,
increased shelf life, reduced costs, and the possibility of
modern marketing. On the other hand, packaging affects the
final products as their contaminants migrate into foods, some
of which are harmful even at low doses [1, 2]. Laminated
films are generated by a combination of two or more films.
They are utilized to enhance different film properties such
as heat resistance along with moisture and oxygen barrier
properties; they further optimize packaging for food preser-
vation while significantly increasing the shelf life of different
types of packaged foods. Polyolefins are widely used in this
industry. These materials have the advantages of process-
ability, non-penetration of moisture, plus desirable thermal
and mechanical properties [3].
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Environmental factors can adversely impact polymers by
making them inefficient. To prevent these changes in poly-
mer properties, some additives should be added to the virgin
polymer resin. Free radicals formed through the subjection
of plastics to heat, oxygen, or irradiation can cause oxidative
degradation and make many changes in the properties. In
this regard, antioxidants are added as additives to inhibit or
reduce degradation. Irganox 1010 and Irganox 1076 are two
kinds of phenolic antioxidants widely used in polyethylene
polymer [4].

These antioxidants might migrate into food matrices
through direct contact, where chemicals with a molecular
weight below 1000 Da can be absorbed through the gastro-
intestinal tract and pose a risk to the consumer’s safety [5,
6]. TiO, is a white chemical substance that has been applied
in different industries for many years. The most common use
of this chemical substance is in the form of a white pigment,
but it has applications including UV resistance as well as
antimicrobial and brightness properties. In the food pack-
aging industry, TiO, is widely used as a coloring and anti-
bacterial agent. TiO, can migrate from packaging to food,
and since there is no convincing evidence that it is safe for
consumer health, concerns about the toxicity of TiO, have
increased. Hence, the migration of this chemical substance
from food packaging should be investigated further [7].

The migration of chemical substances from packaging
into food is affected by many parameters such as the initial
concentration of the migrants in the packaging and the food,
the food properties, temperature, and storage time [8].

The presence of various plastic chemical substances in
food could be the consequence of the migration of sub-
stances from plastic packaging, whereby food becomes the
main way of human exposure to a wide range of chemicals
with potential damaging health effects, including hormone
disruption, and metabolic syndromes. Thus, concerns about
consumer health were raised and strict national and interna-
tional standards were created specifying permitted chemicals
along with allowable limits [4].

As stated in the European Union (EU) regulations, the
quality of food packaging materials is mainly determined
by the overall migration limit at the maximum level of
10 mg/dm? and the specific migration limit whose level is
mentioned in the regulation (EU) No.10/2011 [9]. Because
the migration study on food products is not simple, food
simulants can be used as substitutes. These simulants can be
made of acetic acid 3% (w/v), olive oil, ethanol, and ethanol/
water for liquid products, and Tenax for solid products [10].
However, the use of simulants should not underestimate the
importance of complex food matrix as they may, under cer-
tain conditions, lead to the major migration of contaminants
from the packaging [11].

The migration of additives from packaging materials into
food or food simulants has been the subject of many studies.
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Using gas chromatography, Chang et al. (2016) studied the
specific migration of toluene through plastic-laminated films
into isooctane, ethanol 50% (v/v), acetic acid 3% (w/v), and
ethanol 10% (v/v) [3]. Rastkari et al. (2012) investigated
the effect of sunlight on the migration of phthalates through
polyethylene terephthalate (PET) and High-density poly-
ethylene (HDPE) packaging into acidic content. This study
reported that the migration of these substances was lower
than the authorized limit [12]. Goulas (2001) employed dis-
tilled water and acetic acid 3% (w/v) to measure the overall
migration from commercial plastic cups and five-layer films
used for dairy products such as ice cream and yogurt. He
reported that the overall migration into food simulants was
far lower than maximum authorized limit [13]. The migra-
tion of TiO, into different foods and food simulants was
determined elsewhere [7, 14—16]. Other studies have also
investigated migration of chemical substances into milk and
food simulants [17, 18].

Doogh is a famous Iranian drink based on fermented milk
with a pH of less than 4.2; currently, it is produced in consid-
erable amounts in the country, and its industrial production
is growing. Laminated films are one of the most common
and important packaging materials for Doogh drink [19, 20].
The shelf life of Doogh in this packaging is about 2 months
so it may be consumed during its shelf life. Nevertheless,
after a long time of its production, it thus leads to prolonged
contact of food with the packaging. This beverage may be
stored under various conditions including refrigerator, room
temperature, and under sunlight, so different temperatures
may affect that. Farhoodi et al. (2008) conducted a study
on the impact of environmental factors on the migration of
phthalates from PET bottles to Doogh. The obtained result
showed that storage temperature and time have a significant
effect on the phthalate migration process [21].

In consideration of great consumption of Doogh in the
Iranian diet, it is necessary to study the migration of chemi-
cal substances from laminated films to it, because best of our
knowledge, no research has been performed on the migration
of contaminants from laminated films to Doogh in Iran.

Accordingly, the present research aimed to investigate
the migration of specific additives including Irganox 1010
and Irganox 1076 from the contact layer, and TiO, from
the second layer, of three-layer laminate films. The effects
of Doogh and acetic acid 3% (w/v) as a food simulant at
different storage temperatures and times was determined in
order to assess the safety of the studied packaging additives
for human consumption. The effect of food simulant on the
structural, thermal, and mechanical properties of the packag-
ing materials affecting migration was further investigated.
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Materials and methods
Materials

The three-layer laminate film was obtained from a local film
manufacturer. Methanol (HPLC grade), acetonitrile (HPLC
grade), acetic acid, nitric acid (HNOj;), hydrogen peroxide
(H,0,), sodium chloride, and sodium hydroxide were pur-
chased from Merck (Darmstadt, Germany). Pure water was
provided by a Mili-RO system, (Millipore, Bedford MA,
USA). Standard of Irganox 1010, Irganox 1076, and TiO,
were obtained from Sigma Aldrich (Steinheim, Germany).
According to data from the laminate film production com-
pany (local film manufacturer), rutile TiO, particles were
supplied by Kronos GmbH. The average diameter of the
particles (according to the company) was 300 nm, and their
purity was >92.5%.

Methods
Sample pouch preparation

The three-layer low density polyethylene (LDPE) laminate
film was heat-sealed in 10 cm X 10 cm pouches. The initial
percentages of Irganox 1010 and Irganox 1076 were 1.76%
and 0.66%, respectively, present in the inner layer of film (in
direct contact with food). The initial content of TiO, was 5%,
which was in the second layer. The thickness of each layer
was 30 pm.

Overall migration measurement

The overall migration test was assessed according to BS EN
1186-7. In this test, the pouches were filled with acetic acid
3%(w/v), sealed, and kept in an oven at 40 °C for 10 days.
Following exposure to simulants, the pouches were with-
drawn from the oven and emptied, whereby the simulants
were evaporated to dryness using a hotplate. After evapora-
tion, the residue was kept in the oven at 105+ 1.0 °C for
30 min and then in a desiccator for 15 min, followed by
weighing. For weighing, the weight difference obtained by
the analytical balance had to be less than 0.5 mg [22]. The
measurement was performed in triplicate.

The overall migration (mg/dm?) was calculated as
follows:

M:@xmoo

where, M is the overall migration into the simulant (mg/
dm?), ma denotes the mass of the residue from the test spec-
imen after the evaporation of the simulant filling the test

specimen, (g), mb represents the mass of residue from the
blank simulant equal to the volume filling the test specimen,
(g), and S reflects the test specimen surface area in contact
with the simulant during the exposure, (dmz) [23].

Specific migration measurement

Specific migration test was performed by filling the pouches
with 100 mL Doogh and food simulant. The Doogh used in
this study had a pH of 3.7; thus, as reported by regulation
(EU) No.10/2011, for foods with pH <4.5, acetic acid 3%
(w/v) must be used as a food simulant. Acetic acid 3% (w/v)
was prepared by a dilution of 30 g acetic acid with ultrapure
water to 100 mL in a volumetric flask. The surface of the
film in contact with 100 mL of food simulant in pouches was
2 dm? (surface to volume ratio) [24]. Since Doogh in Iran
is usually stored at room temperature or refrigerator, so to
determine the effect of storage temperature, three tempera-
tures of 4 °C, indicate the temperature of the refrigerator,
25 °C for the room temperature, and 40 °C, which represents
the temperature of tropical regions of Iran, was considered.
Therefore, the pouches were placed at 4, 25, and 40 °C for
60 days. The migration of Irganox 1010, Irganox 1076, and
TiO, were studied over a period of 60 days with time inter-
vals of 1, 3, 7, 15, 30, 45, and 60 days. Irganox 1010 and
Irganox 1076 concentrations were measured using HPLC-
UV and TiO, concentration were determined by Inductively
coupled plasma - optical emission spectrometry (ICP-OES).

Migrant extraction method

To determine the amount of Irganox 1010 and Irganox 1076
migrating to the acetic acid 3% (w/v), the sample solution
was injected directly into HPLC-UV. The Doogh sample
needed to be prepared before injection, which was done by
the solvent extraction method. Via this method, proteins and
carbohydrates were separated from the samples. Briefly,
5 ml of acetonitrile and 50 pl of 0.02 mol/L sodium hydrox-
ide were added to 1 g of the Doogh sample and then vortexed
for 1 min. Following ultrasonication for 10 mins, 0.25 g of
sodium chloride was then added for phase separation. Next,
the sample was centrifuged to remove the particles from the
solution at 2000 rpm for 10 mins. The supernatant was then
evaporated. Thereafter, to redissolve the dry residue, 1 ml
of methanol was added. Finally, to eliminate fats from the
sample, it was placed in —20 °C freezer for 12 h. It was then
centrifuged again at 2500 rpm for 2 mins. Finally, the super-
natant was transferred to another vial for HPLC injection.
To measure the content of TiO, migrating to the ace-
tic acid 3% (w/v), the sample solution was injected directly
into ICP-OES. In order to prepare the Doogh sample for
measuring TiO,, 3 ml of Doogh, 3 ml of HNO;, and 1 ml
of hydrofluoric acid were added. It was then digested by a
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microwave system (multiwave 3000) for 20 mins at 210 °C.
The digested sample was injected into the ICP-OES to deter-
mine the amount of titanium.

Apparatus condition

HPLC-UV The migration of the two antioxidants was speci-
fied by HPLC-UV model 1260 (Agilent, California, USA).
The mobile phase was methanol/water (95:5) for Irganox
1010 and methanol (100:0) for Irganox 1076, both with a
flow rate of 1 mL/min. The analytes were separated through
a250x4.6 mm column NC100-5C18-3610. The absorbance
was recorded by a UV detector at 278 nm for Irganox 1010
and 280 nm for Irganox 1076.

In order to quantify the data obtained from food simulant
and Doogh, the calibration curve was plotted using external
standard solutions which were prepared in 6 concentrations
within the range of 0.5 to 100 mg/1.

ICP-OES The migration of TiO, was measured by ICP-OES
(Arcos EOP, Spectro, Germany). The optimal conditions
of the instrument were as follows: the torch, detector, and
nebulizer type were quartz-axial, 32 linear CCD, and modi-
fied lichte, respectively. The coolant, auxiliary, and nebulizer
flow were 13, 0.7, and 0.7 (L/min), respectively, and RF
power was 1.4 (kW). Total time and Instrument stabilization
delay were 28 and 5 (s), respectively. The migration amount
of titanium into acetic acid 3% (w/v) as a food simulant
and Doogh as a real food were characterized by plotting the
calibration curve of standard solutions. Standard solutions
were prepared at different concentrations within the range
of 0.5 to 100 pg/l with the calibration curve plotted based on
peak area and the concentration. The limit of detection and
quantification were specified at 3 and 10 times the signal-to-
noise values, respectively. The analytical approach accuracy
was confirmed by calculating the peak areas of six replicates
of standard solution.

Field emission scanning Electron microscopy (FE-SEM)

The microscopic morphology of the surface and cross-sec-
tion of the samples was analyzed after metallization by gold
via FE-SEM (MIRA3, TESCAN) at the voltage of 15 kV.
The samples were fractured in liquid nitrogen and main-
tained in acetone for 24 h.

Differential scanning calorimetry (DSC)

The thermal properties of the samples were determined by
DSC (Mettler Toledo) over a temperature range of 25 °C to
200 °C, at a heating rate of 20 °C/min, and with a flow rate
of 50 mL/min. Specifically, 4-5 mg of the samples were
sealed in aluminum pans. The second run data of the heating
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and cooling processes were used for DSC curves analysis.
Measurements were taken on three replicates, and the mean
values were reported.

Mechanical properties

The mechanical properties were determined using Santam
Machine Controller. The procedure was based on the 882
American Society for Testing and Materials (ASTM) stand-
ard. Samples (1 cm X 10 cm) were tested with a crosshead
speed of 50 mm/min at room temperature. Measurements
were taken on five replicate samples, and the average values
were reported.

Statistical analysis

To assess the influence of different times and temperatures
on the migration of Irganox 1010, Irganox 1076, and TiO,
into food and food simulants as well as thermal and mechan-
ical properties of the laminate film, statistical analyses were
performed using SPSS 22.0. All chemical measurements
were accomplished in triplicate, and analysis of variance was
analyzed through one-way analysis of variance (ANOVA),
and Duncan’s multiple range test. P <0.05 was considered
statistically significant at a confidence level of 95%.

Results and discussion
Overall migration test

Overall migration refers to the entire amount of chemical
substances able to migrate from packaging into the food sim-
ulant. The overall migration test was conducted to assess the
compliance of the film with the overall migration limit and
its suitability for use in food packaging. The overall migra-
tion, determined in acetic acid 3% (w/v), was 3.75 mg/dmz,
which is below the 10 mg/dm? limit for food contact surface
under test conditions of 10 days at 40 °C as mentioned in
regulation of plastic packaging in contact with food. This
test indicates the inertness of plastic and determines whether
or not the food is adulterated [25]. Bardley et al. (2008)
stated that substances with a specific migration limit of
5 mg/kg or higher based on stability and volatility, could
be specified by the overall migration test. Further, no other
tests are required for specific migration, especially for plas-
tics with low basic overall migration; thus, overall migration
test is more economical and time-saving [26]. As a conclu-
sion of this section, it should be noted that two phenomena
cause interactions between food and packaging, which leads
to the migration of chemicals. The first phenomenon is the
solubility of migrants into food simulants. When a migrating
substance has a high solubility in food simulants, it will tend
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to migrate to the simulant more than stay in the polymer. The
second parameter is the absorption of liquid food simulant
by the polymer film that can cause to rise the diffusivity
of chemical substances in the polymer film. In the present
research, the overall migration experiments showed that this
laminated film was sufficiently inert and stable in contact
with high polar solution [27]. A similar impact was further
observed for LDPE plastic packaging, indicating a migration
of lower than 10 mg/dm2 [23].

Method validation

The merit figures of the analysis methods including linear-
ity, repeatability, the limit of detection (LOD), and limit of
quantification (LOQ) were determined.

Regarding the acetic acid 3% (w/v), the quantification of
selected substances was carried out via a calibration curve.
Standard solutions of Irganox 1010, Irganox 1076 were pro-
vided in methanol, and TiO, was prepared in HNO; to inves-
tigate the linearity approach. The results of the correlation
coefficient () of the selected substances were greater than
0.99 for all migrants thus showing good linearity. The pre-
cision of the experiment was evaluated from relative stand-
ard deviation (RSD) which was within the 4-6% range for
selected substances.

Concerning Doogh, the quantification of selected chemi-
cal substances was accomplished by a matrix-matched
calibration curve. Further, the RSD of the method was in
the range of 4-7%, thus showing the replicability of the
experiment.

LOD and LOQ determination were performed using sig-
nal-to-noise ratio, where the amounts of LODs were 0.09,
0.18, and 0.015 mg/L, while LOQs of the substances were
0.27, 0.61, and 0.064 for Irganox 1010, Irganox 1076, and
TiO,, respectively.

Migration of selected chemical substances
into the food simulant

The migration of Irganox 1010, Irganox 1076, and TiO, into
the food simulant of the acetic acid 3% (w/v) through the

three-layer laminate film was quantified at different times
and under temperature conditions. Considering the condi-
tion of Doogh storage, three temperature points (4, 25, and
40 °C) and contact period of 60 days were selected, with the
results displayed in Fig. 1 which will be explained below.

Migration of Irganox 1010 and Irganox 1076 into acetic acid
3% (w/v)

Irganox 1010 The results of the specific migration test of
Irganox 1010 in Fig. 1(a) indicate that no migration was
detected until 7th day; from 7th to 15th day, the migra-
tion occurred with a steep slope. Thereafter, the migration
increased with a mild slope until the 60th day and reached
equilibrium at temperatures of 4 and 25 °C, but at 40 °C,
migration increased without reaching equilibrium.

The maximum migration was 0.8 +£0.04 mg/L, which
was observed at 40 °C on the 60th day. Similar results were
obtained by Farhoodi et al. (2008) who reported that upon
approaching the end of the storage time, the amount of
migration increased [27].

Irganox 1076 The findings showed that the migration of
Irganox 1076 was not detectable at any of the specified tem-
peratures and times.

Migration of TiO, into acetic acid 3% (w/v)

Figure 1(b) displays the migration results of TiO, into ace-
tic acid 3% (w/v). According to the results, the migration
level was directly related to the time and temperature of the
migration experiment. The release behavior showed that over
time, the degree of migration increased. Within the first few
days, the migration amount was low; a sharp increase was
observed on day 7th and continued to grow until the 60th
day. The results of Fig. 1(b) showed that the migration of
TiO, into the acetic acid 3% (w/v) did not reach equilibrium
even after 60 days. With increasing contact temperature, the
rate of migration also increased significantly and the highest
migration was observed at 40 °C. Based on the findings, it

Fig. 1 Specific migration of @ .
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was observed that temperature had a more significant effect
on the migration of TiO, than contact time.

In conclusion of this section, the results of the migration
of Irganox 1010 and TiO, into the food simulant of acetic
acid 3% (w/v) showed that temperature played an impor-
tant role. Similarly, Galotto et al. (2011) reported that the
Irganox 1076 content of the food simulant, originating from
the LDPE packaging, was significantly higher at 60 °C com-
pared with lower temperatures. At high temperatures, the
mobility and vibration of polymer chains increased, resulting
in the migration of additives through the amorphous zone
of the polymer into the simulant [28]. Chang et al. (2016)
also found that toluene migration from laminated films sig-
nificantly increased at higher temperatures [3], which can
be explained by the theory of free volume. According to
this theory, sufficient molecular energy as well as hollow
space in the polymer cause the migration of additives from
the packaging. In addition, increased temperature on one
hand, leads to more free volume by weakening the forces of
polymer chains and on the other hand, elevates the energy
of the migrating molecule to overcome the attraction force
of the surrounding molecules [29]. Contact time also had
significant effects on the rate of migration, which could be
due to the increase in swelling of the film via the solvent,
which reduces the diffusion resistance with rising the free
volume [30].

Finally, in the current research, it was concluded that the
highest amount of migrated Irganox 1010, Irganox 1076,
and TiO, was less than the specific migration limit specified
in regulation (EU) No. 10/2011 and its latest amendments.

Migration of selected chemical substances
into the food matrix

The amounts of migrated Irganox 1010 and TiO, from the
laminated three-layer film into Doogh are summarized in

Fig.2 Specific migration of

Migration of TiO, and Irganox 1010 to Doogh

Fig. 2. The migration level of targeted chemical substances
was obtained at 4, 25, and 40 °C within 60 days. Further,
the initial amounts of Irganox 1010, Irganox 1076, and TiO,
were determined in Doogh at zero time of storage which was
not detectable.

Migration of Irganox 1010 and Irganox 1076 into Doogh

Figure 2 indicates the migration of Irganox 1010 into Doogh.
The amount of Irganox 1010 into Doogh packed with the
laminated film was not detectable until the 15th day. The
migration of this additive increased fast within the 15th to
30th days, after which the migration level rose gently. The
greatest amount of Irganox 1010 occurred as 0.62 +0.03 mg/
kg on the 60th day. In this study, temperature played an
important role as the highest migration was observed at
40 °C.

Migration of TiO, into Doogh

Figure 2 depicts TiO, migration into Doogh at different
temperatures. Analysis of findings showed that until the 3rd
day, no migration was detected, after which the migration
gradually increased by the end of the storage. The highest
migration was found on the 60th day at 40 °C. According
to Fig. 2, as we approached the end of the product storage
time, migration increased. The temperature also played an
important role in migration.

Comparison of migration into food and food
simulant

In this study, Table 1 and Fig. 3 present the comparison
between the migration of Irganox 1010 and TiO,, respec-
tively, into the food simulant and food matrix through the
three-layer laminate film. For both substances of Irganox

Irganox 1010 and TiO2 from 0.9 woart
three-layer polyethylene film B Day3
into Doogh at 4, 25 and 40°C a 0.8 | Day7
period of 60 days
0.7 Day15
i u Day30
u Day45
u Day60
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e = o °
~ w - wn

e
=

]

all il il

TiO,4°C  Ti0,-25°C
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Table 1 Comparison of specific migration (mg/1) of Irganox 1010 to acetic acid 3% and Doogh during storage at storage temperature

Treatment Storage (day)

Experiment matrix Temperature 1 3 7 15 30 45 60

Acetic acid 3% 4°C nd” nd  nd  035°4+004 045 +0.05 0.51*° +0.01 0.52%PE 10.02
25°C n.d. nd.  nd  037+0.03 0568 +0.015 0.61%°8 +0.02 0.66°® +0.015
40 °C n.d. nd. nd 052%+002  0.63% +0.02 0.70°°A +0.01 0.8 +0.04

Doogh 4°C n.d. nd.  nd  0304+0.02  0.42°0+0.045 0.45F +0.02 0.47°€ +0.017
25°C n.d. nd. nd  0354+008  047°PP+0025 052 +0.02  0.57*P +0.02
40 °C n.d. nd.  nd  036*+005  0.53%8C+0.02 0.57B€ +0.01  0.62%5€ +0.03

Means shown in row or column with different small & capital English letters respectively are significantly different. (P <0.05)

Not detected

-]
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Fig.3 Comparison of the migration of TiO, from three-layer polyethylene film to Doogh and Food simulant at (a) 4°C and (b) 25°C (c) 40°C

over a period of 60 days

1010 and TiO,, the migration amount in the acetic acid 3%
(w/v) was greater than in Doogh. For Irganox 1010, the
variations in the findings of the food simulant and Doogh
were very small. The differences at lower temperatures
and until 15th day were insignificant, but after that, by the
end of the storage, the migration level to acetic acid 3%
(w/v) was significantly higher than to Doogh. For TiO,,
the differences in the results which can be seen from Fig. 3
were insignificant until day 15 and after which migra-
tion into the simulant grew more significantly than the
migration level into Doogh. It is evident from Fig. 3 that
TiO, had a small amount of migration into both food and

food simulant, which can be due to the settlement of this
substance in the second layer where the first layer acts
as a barrier to penetrations of acetic acid 3% (w/v) into
the polymer. As a result, TiO, particles migrate slowly
from the polymer or remain in the polymer, even after an
extended period of contact with the food simulant or the
food matrix.

In general, acetic acid 3% (w/v) dissolved more Irganox
1010 and TiO, than the Doogh did; the findings in this work
showed that acetic acid 3% (w/v) is a suitable food simulant
to investigate the migration of selected chemical substances
into Doogh. This is because the migration levels into acetic
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acid 3% (w/v) were significantly higher than the obtained
values into Doogh.

Microstructure properties

The cross-sectional and surface morphologies of the lami-
nated films were studied by FE-SEM analysis (Fig. 4).
Fig. 4(a,b) demonstrates the cross-sectional image of the
laminated film, showing the three layers of the film and their
thicknesses (80.8 pm) along with the layer in contact with
the food.

Figure 4(c) reveals the cross-section of the second layer
of the laminated film, TiO, spherical particles were 150-
250 nm in size and cross-linked with polymeric chains
(Fig. 4(d)). Although TiO, particles could make aggregates,
according to Fig. 4(c), no clear aggregation of these particles
was seen, showing the homogenous dispersion of TiO, in
the second layer of the laminated film matrix. These TiO,
particles were uniformly dispersed, whereby the film would
function better, and the particles would not separate easily
from the film. This could explain the low migration of TiO,
from the laminated film.

Figure 4 (e, f) indicates the surface images of the layer in
contact with the food simulant; Fig. 4(e) is a witness sample
of the multilayer, and Fig. 4(f) is the sample in contact with
food simulant at 40 °C for approximately 60 days. No obvi-
ous differences were noticed after contact with acetic acid
3% (w/v). Baloul et al. (2018) explored the migration of
Irganox 1010 and Irgafos 168 from polypropylene packaging
in contact with fatty foods at 20 and 40 °C for 10 days. In the
SEM images of the plastics, they observed certain dark areas
and holes, indicating the migration of the additives. Also,
the surface of the treated plastics was rougher than that of
the control plastics [31].

Differential scanning calorimetry (DSC)

Differential scanning calorimetry was used to examine the
changes in the thermal properties of the laminated films
before and after treatment. Table 2 presents the values of the
thermal properties obtained from the DSC curves. As seen,
the interaction between film and acetic acid 3% (w/v) did not
influence the thermal properties of the polymer. This affirms
the excellent resistance of the laminated films in contact
with a very polar solution of acetic acid 3% (w/v).

The results of the present study indicated that the greater
amount of migration at higher temperatures was not associ-
ated with changes in the laminated film structure in contact
with the simulant. Therefore, there is no clear relationship
between migration and thermal properties. This conclusion is
consistent with the results obtained from the surface image of
the polymer. Similarly, Farhoodi et al. (2008) found that the
crystallinity percentage of PET bottles, in contact with acetic
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acid 3% (w/v) at 25 and 45 °C was constant; there anywhere
no significant changes observed except for the increase in Tg at
45 °C. The significantly higher amount of migration at higher
temperatures is related to the higher solubility of the migrant
compounds and the diffusion rate [21]. Widén et al. (2013)
found similar results for the DSC test of PET bottles in contact
with acetic acid 3% (w/v). However, they observed a decrease
in the Tg of the polymer that was in contact with the ethanol.
As a food simulant, ethanol functions as a plasticizer and pro-
motes the mobility of polymer chains, thereby augmenting the
migration of additives [32].

Mechanical properties tests

Figure 5 (a, b) summarizes the test results of the mechanical
properties of the laminated film.

As observed, the tensile strength and elongation were sig-
nificantly reduced after the contact of the polymer with the
simulant; the highest reduction was found in the sample at
higher temperatures.

The resistance and strength of the polymer are affected by
several factors, including temperature variations, solvents,
and humidity. These conditions weaken the mechanical
properties and make the polymer fragile [33]. Additives such
as fillers are added to polymers to modify their mechanical
properties and to improve their tensile strength [34].

The mechanical strength was reduced probably due to the
increased migration of fillers and other additives from the
polymer and causing the structure to change. This migration
created certain porosities and micro-crazes in the polymer,
leading to reduced mechanical strength of the polymer. The
greatest reduction in the mechanical strength was observed
at 40 °C, where the most migration occurred as the polymer
had high micro-craze values [35, 36].

The results of this study are compiles with the findings
of Urmia et al., Which states that increasing the tempera-
ture causes more changes in the mechanical properties of
the polymer. These changes are due to the increased rate of
migration at higher temperatures [37]. Similarly, Elgozali
et al. (2008) reported the effect of additives (plasticizers and
fillers) on the mechanical properties of polyvinyl chloride
(PVC) polymer. Their results showed that adding fillers to
PVC polymer partly increased the tensile strength, elonga-
tion at break, and shore hardness but reduced the modulus
of elasticity [38].

Conclusion

In the current study, the migration of Irganox 1010, Irganox
1076, and TiO, from three-layer LDPE laminate film as a
food packaging into Doogh and acetic acid 3% (w/v) were
determined.
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Fig.4 FE-SEM micrographs
of cross-sectional and surface
morphologies of the laminated o

films. (a) and (b) FE-SEM LAYER 1
micrographs of cross section of
laminated film, the three layers
of the film and their thicknesses;
(c) and (d) TiO, particles in the
second layer of three-layer lami-
nate film; (e) and (f) FE-SEM
observations of the surface of
laminated film before and after LAYER 3
contact with food simulant at
40°C for 60 days. (e) Before
contact with food simulant (f)
after contact with food simulant
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Table 2 Thermal properties of the control and aging laminated film

Treatment X (%) AH, T(°C) Crystallization AH,, (J/g) T, (°C)
Crystallinity Degree Crystallization Enthalpy Temperature Melting Enthalpy Melting Temperature
control 36.6 +0.35 101.9 £ 0.9 101.4 £ 0.7 1074 £ 0.4 127.3+0.13
4°C 36.3 +0.17 103.4 +£0.2 102.8 £ 0.15 106.4 + 0.41 126.2+0.33
25°C 36.0 £0.42 100.2 £ 0.41 101.6 £ 0.8 107.7 £ 0.5 127.7+£0.2
40 °C 35.8+£0.57 103.8 £ 0.14 103.1 +£0.38 107.2 + 56 127.2+0.16
Fig. 5 Mechanical properties 30 (@) 800 (b)
of film before and after contact 700
with acetic acid 3% (w/v). (a) % .

Tensile strength at break (Mpa).
(b) Elongation at break (%). The
values are expressed as means +
SD (n=5, a =0.05)

—_ — N
o [ S

Tensile strength at break (Mpa)

o

Control 4°C

Based on findings of migration measurement into acetic
acid 3% (w/v), contact times and temperatures had a signifi-
cant positive effect on the release of Irganox 1010 and TiO,.
Temperature showed a more effective role than contact time
on the migration level of these additives. On the other hand,
no migration was detected for Irganox 1076 at different times
or temperatures.

The findings of comparing the migration level of selected
substances to acetic acid 3% (w/v) and Doogh suggested that
acetic acid 3% (w/v) is a suitable simulant to be used instead
of Doogh since migration of target substances into simulant
were significantly higher than migration into real food. Nev-
ertheless, the highest migration amount of selected chemical
substances was far lower than the regulation (EU) migration
limit ((EU) No.10/2011) thus confirming the safety of these
laminated films for consumer health to be used for Doogh
packaging.

DSC results and FE-SEM analysis revealed that the expo-
sure of laminated packaging material to acidic food simu-
lant did not considerably change the structure and thermal
properties of packaging. On the other hand, the release of
additives from the packaging material and exposure to food
simulant reduced the mechanical properties of the polymer;
the maximum reduction was observed at 40 °C at the end of
the storage time.

In this paper, an attempt was made to provide signifi-
cant results regarding chemical compounds migration and
polymer structural changes during the contact of Doogh
and its corresponding food simulant with the laminate film
in different temperatures conditions and assess its health
for the consumer. However, this study is not complete and
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comprehensive, and more studies are essential in this field.
Further studies should be performed on laminate films and
the migration of other chemical substances from different
layers. Additionally, the health of other packaging such as
HDPE, PS, and PET should investigate in contact with car-
bonated and non-carbonated Doogh.
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