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1. INTRODUCTION 

Polyethylene (PE) films dominate the food-contact packaging 
materials because they are cheap, flexible, and readily available 
[1], [2], [3]. Both low-density polyethylene (LDPE) and high-
density polyethylene (HDPE) films see extensive use in retail and 
informal food supply chains, particularly across developing and 
tropical regions [4]. While PE itself is chemically stable, the 
commercial films we actually encounter contain additives, 
stabilizers, or non-intentionally added substances (NIAS) that 
can migrate into food during use [2], [5], [6]. Ultraviolet (UV)-

absorbing contaminants pose a specific concern, as these 
compounds, which may originate from stabilizing agents or 
degradation products, have been linked to potential health and 
environmental risks [7]. Given these risks, understanding how 
substances migrate from PE packaging into food products 
continues to be essential for protecting consumers [2]. 

Several structural and physicochemical factors are influenced 
by migration from polyethylene (PE) food-contact materials. PE 
has a semicrystalline structure characterized by crystalline 
lamellae embedded within amorphous zones [3], [8]. Molecular 
movement is constrained within the crystalline regions, whereas 
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the amorphous areas create easier routes for diffusion [3], [8]. 
This means that polymer density, the extent to which the chains 
branch, and crystallinity levels all matter when predicting 
migration [3], [8]. Studies have repeatedly demonstrated that 
LDPE exhibits faster diffusion and greater migration than 
HDPE does, which makes sense given their structural 
differences—LDPE possesses less ordered chains and a more 
loosely organized crystalline structure [3], [8], [9], [10]. Because 
of this connection, we routinely use differential scanning 
calorimetry (DSC) data, like melting temperature and crystallinity 
percentage, as indirect predictors of the migration potential [3], 
[8], [11]. 

Understanding PE morphology is essential for interpreting 
how substances move through it. The chemical composition of 
test simulants also shapes what we observe in migration tests. 
Ethanol-based simulants are commonly used to represent 
contact conditions for aqueous, alcoholic, and certain fatty or 
semi-polar food systems, and they are effective at extracting UV-
absorbing migrants from PE materials [12]. Changing the ethanol 
concentration alters the partitioning behavior between the 
polymer and the simulant, which can influence the apparent 
migration response. In addition, polymer–simulant interactions 
associated with changes in simulant polarity may also affect 
diffusion behavior and mass kinetics within the polymer matrix 
[13], [14]. Despite this, many migration studies rely on a single 
simulant concentration, which limits the ability to examine the 
role of simulant polarity under otherwise comparable conditions 
[14], [15]. 

UV–VIS spectrophotometry offers a quick way to screen for 
total UV-absorbing contaminants from food-contact plastics  
[16], [17], [18]. Chromatography and mass spectrometry can 
identify specific compounds, but they are expensive and time-
consuming for routine work [19]. Screening methods, when used 
appropriately, give us a practical option for comparing many 
samples and for building tiered assessment strategies [20]. 

At an earlier conference, the authors validated a UV–VIS 
spectrophotometric screening method and applied it to PE films 
using a single ethanol-based food simulant [21]. That work used 
Fourier transform infrared (FTIR) analysis to identify polymer 
through library matching, while the detailed interpretation of 
chain structure, crystallinity, and simulant polarity effects was 
outside the study scope. So, the relationships between polymer 
structure, thermal behavior, and migration response were not 
thoroughly examined. 

The present study builds on that foundation with a more 
complete structure–property–migration approach. Polymer films 
were collected from the local market and FTIR spectroscopy was 
used to classify them as LDPE-like and HDPE-like behavior 
based on their spectral features. Thermal properties and the 
degree of crystallinity were determined by differential scanning 
calorimetry (DSC), and migration of UV-absorbing 
contaminants was evaluated using ethanol-based food simulants 
of different concentrations. Bringing together structural 
characterization, thermal analysis, and migration screening 
within a single dataset allows us to better understand migration 
behavior in real-world PE packaging, and shows how simulant 
polarity affects what we detect. 

In this study, the objective was to evaluate the migration 
behavior of UV-absorbing contaminants from commercially 
available PE food-contact films, using an integrated structure–
property–migration approach. Specifically, the study aimed to (i) 
classify market-sourced PE films as LDPE-like or HDPE-like, 
using FTIR chain structure indicators, (ii) measure thermal 

behavior and the degree of crystallinity using DSC, (iii) test UV-
absorbing contaminant migration using ethanol-based food 
simulants of different concentrations under controlled 
conditions, and (iv) evaluate the relationships between polymer 
structural and thermal characteristics and the observed migration 
response of UV-absorbing contaminants during screening 
analysis. By combining structural, thermal, and migration data 
within a single experimental framework, the study seeks to clarify 
the influence of polymer morphology and simulant polarity on 
migration trends observed during migration screening. 

The paper proceeds as follows: Section 2 describes the 
materials and experimental procedures. Section 3 presents and 
discusses the results of FTIR-based structural classification, DSC 
thermal analysis, and UV–VIS migration screening, including the 
integrated structure–property–migration relationships. Finally, 
Section 4 summarizes the main conclusions and implications for 
polyethylene packaging safety assessment. 

2. MATERIALS AND METHODS 

2.1. Materials and sample selection  

Fourteen (14) polyethylene (PE) packaging films were 
selected from the sample set analyzed in the earlier conference 
study [21]. These samples consisted of commercially available, 
single-use, flexible films collected from different brands in the 
Philippine market and commonly used for food-contact 
applications. The PE films used in the migration screening 
experiments had thicknesses ranging from approximately 
6-130 µm [21]. The subset was chosen to represent distinct 
products while avoiding redundancy among similar samples, 
allowing focused comparison of material variability across 
brands. 

The same samples were used in the present work to enable a 
direct comparison between migration results obtained using 8 % 
ethanol and those obtained using 20 % ethanol under identical 
test conditions.  

Prior to analysis, all samples were visually inspected and cut 
into appropriate dimensions suitable for FTIR-ATR contact, 
DSC pan loading, and UV–VIS analysis. Each PE film was 
identified using a unique sample code (PE-0001 to PE-0014), 
consistent with the coding scheme used in the earlier migration 
screening study, to ensure traceability and facilitate comparison 
across analyses. 

2.2. FTIR spectroscopic analysis 

FTIR spectroscopy was used to confirm polymer identity and 
to classify the PE films based on structural features. FTIR 
measurements were performed using a Shimadzu IR-Prestige-21 
spectrometer equipped with an attenuated total reflectance 
(ATR) accessory. Spectra were acquired over the spectral range 
of 4000–400 cm-1 at a resolution of 4 cm-1, with 32 scans per 
sample to ensure an adequate signal-to-noise ratio. 

PE identity was verified through the presence of characteristic 
absorption bands associated with C–H stretching and 
deformation modes, which are well established for polyolefin 
materials [22], [23], [27], [28]. Structural classification of the films 
into LDPE-like and HDPE-like groups was based on qualitative 
interpretation of FTIR spectral features related to chain 
branching and crystallinity. These included the relative 

prominence of CH₃ bending bands, CH₂ deformation bands, and 

the position and sharpness of the CH₂ rocking region, which 
have been reported to reflect differences in chain structure and 
crystalline order in PE [23], [29], [30], [31]. 
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2.3. Differential scanning calorimetry (DSC): Thermal 
characterization and crystallinity determination 

DSC was employed to evaluate the thermal behavior and 
degree of crystallinity of the PE films. Measurements were 
carried out using a Shimadzu DSC-60A under a nitrogen 
atmosphere to minimize oxidative effects during heating. 
Approximately 5–6 mg of each PE film was sealed in standard 
aluminum DSC pans, with an empty pan used as the reference. 

Samples were heated at a constant rate of 10 °C min⁻¹ from 
approximately 50 °C to 170 °C. Within this scan range, the 
melting endotherm of PE, which typically occurs between 
approximately 105 and 135 °C depending on chain structure and 
crystallinity, was fully captured °C [25], [32]. The melting 

temperature (𝑇m) was determined from the peak maximum of 

the endothermic transition, while the enthalpy of fusion (Δ𝐻m) 
was obtained from the integrated area under the melting peak 
[26]. 

The degree of crystallinity (%𝑋𝑐) was calculated using the 
relationship: 

%𝑋𝑐 =
Δ𝐻𝑓

Δ𝐻°𝑓
 ∙  100 , (1) 

where Δ𝐻°𝑓 = 293 J g⁻¹ represents the enthalpy of fusion of 
100 % crystalline PE [3].  

2.4. UV–Vis migration screening using ethanol food simulants 

Migration screening was conducted using ethanol-based food 
simulants under conditions adapted from the U.S. FDA 21 CFR 
Part 177 for the screening-level evaluation of food-contact 
packaging materials [33]. Ethanol–water mixtures of 8 % and 
20 % (v/v) were employed to represent food simulants of 
differing polarities. 

Migration data obtained using 8 % ethanol were previously 
reported as part of an earlier screening study [21]. In the present 
work, 20 % ethanol was applied to extend the comparative 
assessment and to examine migration behavior under a higher 
ethanol concentration. The results reported here are based on 
preliminary screening measurements and are intended for the 
comparative evaluation of migration trends among samples and 
between simulant conditions, rather than for compound-specific 
quantification or regulatory compliance assessment. 

Film samples were exposed to the simulant at 49 °C for 24 
hours under controlled conditions. To minimize variability 
associated with the exposed contact area, all migration tests were 
performed using a constant film surface area-to-simulant ratio of 
50 cm² film per 100 mL simulant under identical extraction 
conditions. Following exposure, the simulant solutions were 
collected and analyzed using UV–VIS spectrophotometry. 
Measurements were performed using a Shimadzu UV-1800 
double-beam spectrophotometer, with absorbance spectra 
recorded in absorbance mode over the wavelength range of 
220-360 nm using 5 cm quartz cuvettes. 

Prior to the analysis of each sample, the instrument was 
zeroed using the corresponding reagent blank prepared under 
identical conditions.  

2.5. Data interpretation and analysis 

Data obtained from FTIR spectroscopy, DSC, and UV–VIS 
spectrophotometry were interpreted using an integrated 
structure–property–migration framework. In particular, FTIR-
based polymer classification and DSC-derived thermal 
parameters were examined alongside UV–VIS migration 
screening results, to explore potential relationships between 

polymer structure, thermal behavior, and migration response 
across the analyzed PE films. FTIR results were used to classify 
PE films as LDPE-like or HDPE-like, based on qualitative 
spectral characteristics associated with chain branching and 
crystalline organization. DSC parameters, including melting 
temperature and the degree of crystallinity, were used to describe 
thermal behavior and support the interpretation of polymer 
morphology. 

UV–VIS absorbance values were treated as preliminary 
screening indicators, and used for the comparative evaluation of 
migration behavior among samples and between ethanol 
simulant concentrations. Absorbance measurements were 
performed in duplicate, and reported values represent the mean 
of the two measurements. The interpretation focused on the 
relative differences in absorbance rather than the absolute 
quantification of migrated species. Although the exposed surface 
area-to-simulant ratio was standardized during extraction, the 
absorbance values were compared directly without thickness 
correction. Therefore, film thickness and material morphology 
may have contributed to the observed migration response, and 
the results should be interpreted as comparative screening values 
rather than thickness-normalized migration measurements. 

Migration trends were examined in relation to polymer 
structural classification and crystallinity, to identify general 
patterns across the sample set. As DSC measurements were 
conducted once per sample and UV–VIS analysis was based on 
duplicate measurements, the integrated interpretation was 
considered exploratory in nature. The relationships between 
structure, thermal behavior, and migration response were 
therefore interpreted as associative trends rather than definitive 
causal relationships. 

No compound-specific identification or regulatory 
compliance assessment was performed. The combined 
interpretation was intended to provide a comparative framework 
for understanding migration screening behavior in PE packaging 
films under controlled test conditions. 

3. RESULTS AND DISCUSSION 

3.1. FTIR-based structural classification of PE packaging films  

Clear structural variability was observed among the PE 
packaging films, despite all samples exhibiting the characteristic 
infrared features of PE. Differences in peak definition and 
relative intensity indicated variations in chain structure and 
molecular organization across the sample set. 

All spectra displayed the expected PE absorption features, 
including C–H stretching and deformation bands, confirming 
the polymer backbone. Despite these shared characteristics, 
noticeable differences were evident in the sharpness of 

deformation bands, and in the position and definition of the CH₂ 
rocking region (Figure 1), which provided the basis for structural 
differentiation among samples. 

Based on the combined spectral characteristics, the films were 
classified into LDPE-like and HDPE-like groups, as summarized 
in Table 1. LDPE-like samples (PE-0001, PE-0002, PE-0003, 
PE-0005, PE-0006, and PE-0008) exhibited broader 

deformation features within the CH₂ bending region 
(~1460-1470 cm-1), together with less well-defined rocking bands 
within the lower wavenumber region near ~717–721 cm-1. These 
spectral features are commonly associated with increased chain 
branching and lower apparent crystalline order. In contrast, 
HDPE-like samples (PE-0004, PE-0007, and PE-0009 to 
PE-0014) displayed sharper and more defined deformation 
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bands along with more distinct rocking features toward the 

higher-wavenumber region near ~730–731 cm⁻¹, indicative of 
more linear chain structures and higher crystalline order. The 
classification was therefore based on overall spectral profile 
interpretation rather than the isolated presence or absence of a 
single absorption band [34]. 

Although PE-0008 exhibited LDPE-like FTIR features, it is 
discussed in later sections as a borderline or mixed case based on 
its thermal behavior, highlighting the complementary nature of 
spectroscopic and thermal analyses. The overlap in crystallinity 
values observed for certain samples (e.g., PE-0004 and PE-0005) 
further indicates that no single crystallinity threshold can reliably 
distinguish LDPE-like from HDPE-like films within 
commercially produced PE materials. Therefore, the structural 

classification in the present study was based primarily on 
comparative FTIR spectral interpretation, with DSC results used 
as complementary thermal characterization data. 

Overall, the FTIR results demonstrate that PE packaging 
films marketed under different brands are not structurally 
uniform, despite being nominally identified as PE. The resulting 
LDPE-like and HDPE-like classification provides a structural 
framework for interpreting the thermal behavior and migration 
screening results discussed in the following sections, in line with 
structure–property relationships reported for PE packaging 
materials [8]. 

3.2. Thermal behavior and crystallinity of PE films by DSC 

Clear differences in melting behavior and crystallinity were 
observed among the PE packaging films. All samples exhibited 
melting endotherms within the temperature range typically 
reported for PE, with peak melting temperatures ranging from 
approximately 107 to 131 °C (Table 2), consistent with materials 
differing in chain structure and crystalline organization [35], [36]. 
 

The peak melting temperature (𝑇m), enthalpy of fusion (𝛥𝐻f), 

and calculated degree of crystallinity (%𝑋𝑐) are summarized in 
Table 2. Samples classified as LDPE-like generally exhibited 
lower and more dispersed crystallinity values, ranging from 
10.4 % to 31.7 %. For example, PE-0002 showed the lowest 
crystallinity (10.4 %), while PE-0005 and PE-0006 exhibited 
intermediate values (31.7 % and 28.2 %, respectively). This wider 

spread in %𝑋𝑐 is consistent with greater heterogeneity in 
crystalline organization, which is commonly associated with 
branched PE systems [35]. 

In contrast, HDPE-like samples displayed consistently higher 
crystallinity values, typically between 45.2 % and 50.1 %. 
Samples such as PE-0009, PE-0010, and PE-0014 exhibited 

%𝑋𝑐 values close to or exceeding 49 %, together with peak 
melting temperatures clustered around 129–130 °C, suggesting 
more uniform crystalline domains and higher chain regularity. 

Differences in melting peak shape were further supported by 
the onset and end melting temperatures provided in 
Supplementary Table S1. LDPE-like samples generally showed 
wider onset-to-end temperature ranges, indicating broader 
melting endotherms associated with a distribution of crystalline 

 

 

Figure 1. Representative FTIR-ATR spectra of LDPE-like and HDPE-like 
polyethylene packaging films, illustrating differences in the overall spectral 
profile, particularly within the CH₂ deformation and rocking regions, used for 
comparative structural classification.  

Table 1. Summary of FTIR spectral features used for the structural classification of PE packaging films. 

Sample ID 
CH₃ bend 

(~1370 cm⁻¹) 
CH₂ deformation region 

(~1460–1470 cm⁻¹) 
CH₂ rocking 

(~717–731 cm⁻¹) 
Structural feature Polymer group 

PE-0001 More pronounced Broader / less defined ~721 Branched / lower apparent crystalline order LDPE-like 

PE-0002 More pronounced Broader / less defined ~717 Branched / lower apparent crystalline order LDPE-like 

PE-0003 More pronounced Broader / less defined ~717 Branched / lower apparent crystalline order LDPE-like 

PE-0004 Less pronounced Sharper / more defined ~731 More linear / higher apparent crystalline order HDPE-like 

PE-0005 More pronounced Broader / less defined ~717 Branched / lower apparent crystalline order LDPE-like 

PE-0006 More pronounced Broader / less defined ~717 Branched / lower apparent crystalline order LDPE-like 

PE-0007 Less pronounced Sharper / more defined ~731 More linear / higher apparent crystalline order HDPE-like 

PE-0008 More pronounced Broader / less defined ~717 Branched / lower apparent crystalline order LDPE-like 

PE-0009 Less pronounced Sharper / more defined ~731 More linear / higher apparent crystalline order HDPE-like 

PE-0010 Less pronounced Sharper / more defined ~731 More linear / higher apparent crystalline order HDPE-like 

PE-0011 Less pronounced Sharper / more defined ~731 More linear / higher apparent crystalline order HDPE-like 

PE-0012 Less pronounced Sharper / more defined ~731 More linear / higher apparent crystalline order HDPE-like 

PE-0013 Less pronounced Sharper / more defined ~731 More linear / higher apparent crystalline order HDPE-like 

PE-0014 Less pronounced Sharper / more defined ~731 More linear / higher apparent crystalline order HDPE-like 
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domains of varying thermal stability. In contrast, HDPE-like 
samples exhibited narrower melting intervals, consistent with 
more uniform crystalline populations. 

A notable exception was PE-0008, which exhibited a bimodal 
melting behavior, with two overlapping peak temperatures at 
approximately 114 and 120 °C. Such bimodal endotherms are 
commonly associated with PE blends or materials containing 
multiple crystalline populations with different lamellar 
thicknesses [37]. This behavior suggests a mixed PE structure, 
consistent with its borderline classification in the FTIR analysis. 

Overall, the DSC results corroborate the FTIR-based 
structural classification presented in Section 3.1. LDPE-like films 
were associated with lower and more variable crystallinity and 
broader melting behavior, while HDPE-like films exhibited 
higher and more tightly clustered crystallinity values with sharper 
melting transitions. These differences in crystalline organization 
are relevant to migration behavior, as the diffusion of low-
molecular-weight species is generally favoured in amorphous 
regions, and may be influenced by the presence of heterogeneous 
crystalline structures. The implications of these thermal 
properties for migration screening are discussed in the following 
section.  

3.3.  Migration screening of UV-absorbing contaminants using 
ethanol food simulants 

Migration screening using ethanol food simulants revealed 
material-dependent differences in UV-absorbing responses 
among the PE films. When compared under identical 
temperature (49 °C) and exposure time (24 h) conditions, the use 
of 20 % ethanol generally resulted in higher or more readily 
detectable absorbance responses than 8 % ethanol, indicating 
enhanced screening sensitivity under higher ethanol 
concentration. Higher ethanol concentrations are known to 
provide a more aggressive simulant environment, enhancing 
polymer–simulant interactions and the release of potential 
migrant species from polyolefin materials [38].  

The blank-corrected UV–VIS absorbance values measured in 
the 220–360 nm range are summarized in Table 3. Several 
samples that showed near-zero or very low absorbance in 8 % 
ethanol (e.g., PE-0001, PE-0004, and PE-0010) showed 

measurable responses when exposed to 20 % ethanol, 
supporting the use of higher ethanol concentrations as a more 
sensitive screening medium for differentiating material behavior.  

However, the response across the sample set was not 
uniform. Some films exhibited comparable or lower absorbance 
values at 20 % ethanol compared to 8 % ethanol (e.g., PE-0003 
and PE-0005), indicating that migration screening responses are 
influenced not only by simulant polarity but also by material-
specific factors. These include polymer structure, crystallinity, 
and possible formulation differences, as discussed in Sections 3.1 
and 3.2. 

When considered alongside the FTIR and DSC results, films 
classified as LDPE-like tended to exhibit a wider range of 
absorbance responses, including some of the higher values 
observed under 20 % ethanol exposure (e.g., PE-0002 and PE-
0008). This broader response range is consistent with the lower 
apparent crystalline order and greater structural heterogeneity 
identified for these films, which may facilitate the diffusion of 
UV-absorbing species. In contrast, HDPE-like films generally 
exhibited lower or more tightly clustered absorbance values, 
although measurable responses were still observed for several 
samples (e.g., PE-0009), highlighting the influence of additional 
material parameters beyond crystallinity alone. 

Overall, the UV–VIS results demonstrate that increasing 
ethanol concentration enhances the sensitivity of migration 
screening and reveals material-dependent differences among PE 
films. While this screening approach does not provide 
compound-specific quantification or regulatory compliance 
assessment, it effectively highlights relative migration tendencies 
that can be interpreted in the context of polymer structure and 
thermal properties. 

3.4. Structure–property–migration relationships in PE films 

The combined FTIR, DSC, and UV–VIS results were integrated 
to examine the structure–property–migration relationships 

among the analyzed PE films. Figure 3 compares the distribution 
of UV–VIS migration screening responses between films 
classified as LDPE-like and HDPE-like, based on FTIR 
interpretation. LDPE-like films generally exhibited a wider 

Table 2. The DSC melting temperature (𝑇m), enthalpy of fusion (Δ𝐻f), and 
degree of crystallinity (%𝑋𝑐) of PE packaging samples. 

Sample ID Peak 𝑻𝐦 (°C) 𝜟𝑯𝐟 (J/g) %𝑿𝒄 (%) 

PE-0001 121.29 74.41 25.4 

PE-0002 107.37 30.51 10.4 

PE-0003 121.9 44.96 15.3 

PE-0004 130.81 104.26 35.6 

PE-0005 120.66 92.79 31.7 

PE-0006 109.11 82.55 28.2 

PE-0007 129.24 136.69 46.6 

PE-0008 114.32 / 120.31 19.87 6.8 

PE-0009 129.26 142.13 48.5 

PE-0010 130.04 146.69 50.1 

PE-0011 129.77 145.49 49.6 

PE-0012 129.38 132.5 45.2 

PE-0013 130.01 136.62 46.6 

PE-0014 129.57 146.22 49.9 
 

Table 3. Blank-corrected UV–VIS preliminary screening absorbance values 
(220–360 nm) of PE films after exposure to 8 % and 20 % ethanol at 49 °C for 
24 h. 

Sample ID 
Absorbance_Au 

(8% Ethanol) 
Absorbance_Au 
(20% Ethanol) 

PE-0001 0.000 0.017 

PE-0002 0.003 0.028 

PE-0003 0.009 0.001 

PE-0004 0.000 0.002 

PE-0005 0.093 0.004 

PE-0006 0.001 0.001 

PE-0007 0.000 0.004 

PE-0008 0.154 0.022 

PE-0009 0.007 0.036 

PE-0010 0.000 0.014 

PE-0011 0.005 0.002 

PE-0012 0.015 0.008 

PE-0013 0.005 0.015 

PE-0014 0.002 0.007 
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spread of absorbance responses, whereas HDPE-like films 
tended to cluster within lower absorbance ranges. This 
distribution generally aligns with established polymer structure-
property concepts, where chain branching and lower apparent 
crystalline order may contribute to an increased variability in 
migration screening responses. However, the overlap between 
LDPE-like and HDPE-like samples indicates that migration 
behavior was also influenced by additional material-related 
factors beyond crystallinity alone [39], [40], [41], [42]. 

To further explore the relationship between thermal 
properties and migration behavior, the UV–VIS absorbance 
values obtained using 20 % ethanol were compared with the 

degree of crystallinity determined by DSC (Figure 3). Although 
some lower crystallinity films exhibited relatively higher 
absorbance responses and greater variability, exploratory 
Spearman correlation analysis showed no significant monotonic 
relationship between crystallinity and migration screening 

responses (𝜌 = −0.052, 𝑝 = 0.860). These results suggest that 
crystallinity alone did not govern the observed migration 
behavior within the analyzed sample set. Instead, the broader 
variability observed among lower-crystallinity films may reflect 
the combined influence of polymer morphology, additive 
composition, processing history, and molecular weight 
distribution commonly present in commercial PE materials. 

The influence of polymer structure became even more 
evident when individual samples were considered. For example, 
PE-0008, which exhibited a bimodal melting behavior and 
intermediate crystallinity, showed relatively high absorbance 
values under both 8 % and 20 % ethanol exposure. In contrast, 
more crystalline HDPE-like samples, such as PE-0011 and 
PE-0014, generally exhibited lower absorbance values under the 

same extraction conditions. Such variability likely reflects the 
combined influence of additive composition, processing history, 
molecular weight distribution, and crystalline morphology 
commonly observed in commercial PE films [10]. 

Taken together, the migration screening results demonstrate 
that both simulant polarity and material-specific structural 
characteristics contributed to the observed UV-absorbing 
responses among PE films. Although the present study was 
limited to screening-level evaluation and did not provide a 
compound-specific quantification or regulatory compliance 
assessment, the integrated FTIR, DSC, and UV–VIS results offer 
a practical framework for the comparative interpretation of 
migration screening trends in PE food-contact materials. 

4. CONCLUSIONS 

This study demonstrated that PE food packaging films sold 
under different brands exhibit measurable differences in polymer 
structure, thermal behavior, and migration screening response, 
despite being nominally identified as PE. FTIR analysis enabled 
the classification of the films into LDPE-like and HDPE-like 
groups, based on established spectral features associated with 
chain branching and crystalline order. Differential scanning 
calorimetry further confirmed these distinctions by revealing 
systematic differences in melting behavior and the degree of 
crystallinity, including the identification of films with mixed or 
bimodal crystalline populations. 

Migration screening using UV–VIS spectrophotometry 
showed that increasing ethanol concentration from 8 % to 20 % 
enhanced the sensitivity of the screening method and revealed 
material-dependent differences in UV-absorbing responses. 
When interpreted together, the FTIR, DSC, and UV–VIS results 
suggested that films with a lower apparent crystallinity and more 
heterogeneous structures tended to exhibit a broader variability 
in migration screening responses. However, exploratory 
statistical analysis indicated that crystallinity alone did not show 
a significant monotonic relationship with the absorbance 
response, highlighting the influence of additional material-related 
factors in commercial PE films. 

Although the present work was limited to screening-level 
evaluation and did not involve a compound-specific 
quantification or regulatory compliance assessment, the 
integrated structure–property–migration framework provides a 
practical approach for the comparative evaluation of PE 
packaging materials. The findings highlight the importance of 
considering polymer structure and thermal properties when 
interpreting migration screening results, and support the use of 
complementary analytical techniques for the preliminary 
assessment of food-contact materials. 
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Figure 2. Distribution of UV–VIS migration screening responses for LDPE-like 
and HDPE-like PE films after exposure to 20 % ethanol (49 °C, 24 h). The 
points represent individual film samples; the boxplot summarizes the spread 
of absorbance values. 

 

Figure 3. UV–VIS absorbance (20% ethanol, 49 °C for 24 h) as a function of PE 
film crystallinity (%𝑋𝑐) determined by DSC. Points represent individual film 
samples classified as LDPE-like or HDPE-like based on FTIR interpretation. 
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SUPPLEMENTARY MATERIAL 

Table S1: Combined DSC dataset of polyethylene packaging films 

Sample ID Onset (°C) Peak Tm (°C) End (°C) 𝜟𝑯𝐟 (J/g) %𝑿𝒄 (%) Interpretation 

PE-0001 110.92 121.29 128.67 74.41 25.4 PE (LDPE-like) 

PE-0002 100.61 107.37 121.73 30.51 10.4 PE (LDPE-like) 

PE-0003 114.4 121.9 129.78 44.96 15.3 PE (LDPE-like) 

PE-0004 126.35 130.81 139.28 104.26 35.6 PE (HDPE-like) 

PE-0005 95.26 120.66 129.1 92.79 31.7 PE (LDPE-like) 

PE-0006 94.47 109.11 126.97 82.55 28.2 PE (LDPE-like) 

PE-0007 122.82 129.24 139.31 136.69 46.6 PE (HDPE-like) 

PE-0008 111.65 114.32 / 120.31 127.99 19.87 6.8 PE (LDPE-like) 

PE-0009 122.24 129.26 139.89 142.13 48.5 PE (HDPE-like) 

PE-0010 123.33 130.04 140.28 146.69 50.1 PE (HDPE-like) 

PE-0011 123.28 129.77 139.97 145.49 49.6 PE (HDPE-like) 

PE-0012 123 129.38 139.26 132.5 45.2 PE (HDPE-like) 

PE-0013 123.51 130.01 138.77 136.62 46.6 PE (HDPE-like) 

PE-0014 123.57 129.57 138.39 146.22 49.9 PE (HDPE-like) 
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