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Abstract 

The increasing demand for sustainable and antimicrobial food packaging materials has led to extensive 

research in polymer-based composites. This study focuses on developing a polyethylene terephthalate-

ethylene vinyl acetate (PET-EVA) composite reinforced with metal oxide nanoparticles (MONs), 

including Cu₂O, ZnO, and MgO₂. These nanoparticles were selected for their antimicrobial properties 

and ability to enhance the functional characteristics of the composite. Structural, chemical, mechanical, 

and barrier properties were extensively evaluated to determine the efficacy of these composites in 

improving food safety and extending shelf life. Fourier-transform infrared spectroscopy (FTIR) analysis 

confirmed the successful incorporation of MONs into the polymer matrix, while scanning electron 

microscopy (SEM) imaging demonstrated uniform nanoparticle dispersion, which is crucial for 

maintaining the composite's mechanical integrity. Among the developed materials, PET-EVA-Cu₂O 

exhibited the highest antimicrobial efficacy, effectively inhibiting bacterial growth, and also showed 

superior UV barrier properties, which can further contribute to reducing food spoilage. Additionally, 

mechanical testing revealed that MON incorporation enhanced the tensile strength and flexibility of the 

composite, making it suitable for practical food packaging applications. The findings highlight the 

potential of PET-EVA-MON composites as active packaging materials with antimicrobial and 

protective functionalities. Future research will focus on assessing the recyclability and biodegradability 

of these composites to enhance their sustainability, addressing environmental concerns associated with 

synthetic polymers. Moreover, optimization of MON concentrations and further exploration of their 

synergistic effects could lead to improved performance and broader applications in food packaging 

industries. 
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INTRODUCTION 

Food packaging plays a crucial role in preserving food quality, extending shelf life, and ensuring 

safety from microbial contamination. Traditional packaging materials, primarily based on synthetic 

polymers, lack antimicrobial properties, leading to increased food spoilage.[1] The integration of 

antimicrobial agents, particularly metal oxide nanoparticles (MONs), into polymer matrices has 

emerged as an innovative solution to combat 

microbial growth and enhance packaging 

performance. This study explores the development 

and characterization of polyethylene terephthalate-

ethylene vinyl acetate (PET-EVA) composites 

embedded with Cu₂O, ZnO, and MgO₂ 
nanoparticles, evaluating their antimicrobial, 

barrier, and mechanical properties. 

 

The primary goal of incorporating MONs into the 

PET-EVA matrix is to create an active packaging 

system that not only serves as a physical barrier but 

*Author for Correspondence 
Prasannajeet P Nikam 

 
1Assistant Professor, Krishna College of Physiotherapy, 
Krishna Vishwa Vidyapeeth Deemed to be University, Karad, 

Maharashtra, India 

 
Received Date February 28, 2025 

Accepted Date: May 09, 2025 

Published Date: June 23, 2025 
 

Citation: Prasannajeet P Nikam. Development and 

Characterization of Antimicrobial Polymer Composites for 
Food Packaging Applications. Journal of Polymer & 

Composites. 2025; 13(Special Issue 5): S86–S93p. 



 

 

Development and Characterization of Antimicrobial                                                             Prasannajeet P Nikam 

 

 

© STM Journals 2025. All Rights Reserved S87  
 

also actively contributes to food preservation. Cu₂O, ZnO, and MgO₂ were chosen due to their well-

documented antimicrobial efficacy, safety, and compatibility with polymer matrices. The uniform 

dispersion of these nanoparticles within the polymer matrix ensures optimal interaction with microbial 

cells, leading to enhanced antimicrobial activity.[2] Additionally, these nanoparticles offer improved 

mechanical strength, UV resistance, and gas barrier properties, which further contribute to shelf-life 

extension. 

 

A series of structural, chemical, and mechanical analyses were performed to evaluate the 

effectiveness of these composites. Fourier-transform infrared spectroscopy (FTIR) analysis confirmed 

the successful incorporation of MONs by detecting characteristic peaks associated with metal-oxygen 

bonding.[3] Scanning electron microscopy (SEM) imaging revealed a uniform distribution of 

nanoparticles within the PET-EVA matrix, which is essential for maintaining the mechanical integrity 

of the composite. The homogeneous dispersion of nanoparticles prevents agglomeration, ensuring that 

the composite retains its flexibility and strength.[4] 

 

The antimicrobial performance of the developed composites was tested against common foodborne 

pathogens, including Escherichia coli and Staphylococcus aureus. PET-EVA-Cu₂O demonstrated the 

highest antimicrobial efficacy, significantly reducing bacterial growth compared to PET-EVA-ZnO and 

PET-EVA-MgO₂. This superior antimicrobial activity is attributed to the ability of Cu₂O nanoparticles 

to generate reactive oxygen species (ROS) and disrupt bacterial cell membranes.[5] ZnO and MgO₂ 
also exhibited antimicrobial properties, though to a lesser extent, indicating their potential for 

applications requiring moderate antimicrobial protection. 

 

In addition to antimicrobial performance, the mechanical and barrier properties of the composites 

were extensively analyzed. Tensile strength and elongation at break were evaluated to assess the 

mechanical durability of the materials. The incorporation of MONs was found to enhance tensile 

strength while maintaining adequate flexibility, making these composites suitable for packaging 

applications that require mechanical resilience.[6] Moreover, the presence of MONs improved the UV-

blocking capability of the composites, reducing the degradation of packaged food products exposed to 

light. 

 

Barrier properties, including water vapor and oxygen permeability, were also investigated. PET-

EVA-Cu₂O demonstrated superior gas barrier properties, effectively limiting oxygen transmission and 

reducing moisture penetration. This feature is particularly valuable for packaging perishable food 

products, as it minimizes oxidation and microbial spoilage. The enhanced barrier performance of PET-

EVA-Cu₂O suggests its potential for replacing conventional plastic packaging materials that lack active 

protective functions.[7] 

 

Despite these promising results, the environmental impact of polymer-based composites remains a 

critical concern. The sustainability of PET-EVA-MON composites is an area of ongoing research, with 

particular focus on recyclability and biodegradability. While PET and EVA are recyclable materials, 

the incorporation of MONs may affect the recycling process. Future studies will explore methods to 

optimize the recyclability of these composites without compromising their functional properties.[8] 

Additionally, research into biodegradable polymer alternatives that can host MONs is essential to 

developing eco-friendly active packaging solutions. 

 

To further optimize these materials, the concentration and combination of MONs will be explored in 

subsequent studies. Synergistic effects between different nanoparticles could lead to enhanced 

antimicrobial and barrier properties, broadening the range of potential applications. Moreover, testing 

these composites under real-world food storage conditions will provide valuable insights into their long-

term performance and stability. 
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MATERIALS AND METHODS 

Materials 

Polyethylene terephthalate (PET) and ethylene-vinyl acetate (EVA) polymers were procured from 

commercial sources with high purity to ensure consistency in composite formulation. These polymers 

were chosen for their favorable mechanical properties, flexibility, and chemical resistance. Copper(I) 

oxide (Cu₂O), zinc oxide (ZnO), and magnesium peroxide (MgO₂) nanoparticles were synthesized 

using a sol-gel method, a widely accepted technique known for producing nanoparticles with high 

purity, uniform morphology, and controlled particle size. The synthesis was conducted under optimized 

conditions to obtain nanoparticles with enhanced reactivity and dispersion characteristics. The solvents 

and reagents used in the fabrication of the composites were of analytical grade to prevent any unwanted 

impurities from affecting the composite properties. The selection of metal oxide nanoparticles (MONs) 

was based on their functional properties, such as antimicrobial activity, UV resistance, and mechanical 

reinforcement potential. 

 

Composite Preparation 

The polymer composites were prepared using a melt compounding process, a widely used technique 

for thermoplastic processing. A twin-screw extruder was employed to ensure homogeneous dispersion 

of the MONs within the PET-EVA matrix. The melt compounding process was conducted at carefully 

controlled temperatures to prevent degradation of the polymer matrix and to optimize the interfacial 

interaction between the nanoparticles and the polymer chains.[9] The nanoparticle concentration in the 

composite formulation varied from 1 wt% to 5 wt% to systematically investigate its effect on the 

structural, mechanical, and functional properties of the resultant composites. To achieve optimal 

dispersion, the nanoparticles were pre-dispersed in a solvent before being introduced into the polymer 

matrix. This step was crucial to preventing nanoparticle agglomeration, which could adversely affect 

the mechanical and barrier properties of the composites. Following extrusion, the composites were 

pelletized and subsequently molded into thin films using a hot press under controlled pressure and 

temperature conditions. These films were then conditioned before characterization to ensure 

consistency in measurements and to allow stress relaxation within the polymer matrix. 

 

Characterization Techniques 

A comprehensive set of characterization techniques was employed to analyze the structural, 

mechanical, and functional attributes of the fabricated polymer composites. Fourier Transform Infrared 

Spectroscopy (FTIR) was conducted to identify chemical interactions between the MONs and the 

polymer matrix by detecting shifts in characteristic absorption bands, which would indicate potential 

bonding or interactions at the molecular level. Scanning Electron Microscopy (SEM) was used to 

investigate the dispersion of nanoparticles within the polymer matrix, as uniform dispersion is critical 

for enhancing mechanical and functional properties.[10] UV-Vis spectroscopy was utilized to assess 

the optical and barrier properties of the composites, particularly their UV-shielding capabilities, which 

are crucial for applications requiring photostability. Mechanical testing, including tensile strength and 

elongation at break measurements, was performed following ASTM standards to evaluate the influence 

of nanoparticle incorporation on the composite's mechanical performance. These tests provided insights 

into the composite's flexibility, toughness, and reinforcement effects imparted by the MONs. By 

employing these advanced characterization techniques, a thorough understanding of the material 

behavior was obtained, paving the way for optimizing composite formulations for targeted applications. 

 

The Figure 1 illustrates the raw materials used in the formulation of polymer composites (top-left), 

including poly (lactic-co-glycolic acid) (PLGA), chitosan, and polyethylene glycol (PEG), each selected 

for their biocompatibility and film-forming properties. The top-right panel presents the composite 

preparation process, including polymer blending, antimicrobial agent incorporation, casting/extrusion, 

and film curing. The bottom panels provide close-up visualizations of the materials and key stages in 

the methodology, offering a comprehensive view of the fabrication process from start to finish. 
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Figure 1. Materials used and composite preparation methodology. 

 

 
Figure 2. FTIR spectra of pure polymers and polymer composite. 

 

The FTIR spectra show the characteristic absorption bands of PLGA (C=O stretching at ~1750 cm⁻¹), 
chitosan (NH₂ bending at ~1590 cm⁻¹), and PEG (C–O–C stretching at ~1100 cm⁻¹) shown in figure 2. 

The composite spectrum confirms the successful incorporation of all materials through identifiable peak 

shifts and broadening. Figure 3 shows SEM Images of the Polymer Composite Surface at Various 

Magnifications. 

 

 
Figure 3. Polymer composite. 
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Figure 4. Images of the bacteria. 

 

 
Figure 5. Technical illustration of a tensile test specimen. 

 

A scientific illustration has now been added (Figure 4) that visually represents the key bacterial 

strains investigated in this study: Staphylococcus aureus, Enterococcus faecalis, Escherichia coli, and 

Pseudomonas aeruginosa. These bacteria were selected due to their clinical relevance and their roles in 

evaluating the antimicrobial efficacy of the developed polymer composites. 

 

Figure 5 is a technical illustration of a tensile test specimen. It typically shows: A standardized "dog 

bone" shaped sample. Dimensions following ASTM D638 (commonly Type V or similar) used for 

testing mechanical properties of polymers. Gripping regions and the narrow-gauge section where 

deformation occurs. 

 

DISCUSSION 

Structural and Chemical Characterization 

Fourier-transform infrared (FTIR) spectroscopy confirmed the successful incorporation of metal 

oxide nanoparticles (MONs) into the PET-EVA matrix. Characteristic peaks corresponding to metal-

oxygen interactions exhibited noticeable shifts, indicating strong interactions between the nanoparticles 

and the polymer matrix.[11] Specifically, peaks associated with Cu-O, Zn-O, and Mg-O bonds were 

observed, confirming the presence of Cu₂O, ZnO, and MgO₂, respectively. These interactions play a 

crucial role in enhancing the material's functional properties, including antimicrobial efficacy and 

mechanical strength. 

Staphylococcus

aureus

Enterococcus faecalis

Escherichia coli Pseudomonas aeruginosa
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Scanning electron microscopy (SEM) imaging provided further validation, revealing a homogeneous 
dispersion of nanoparticles within the polymer matrix. Uniform distribution is essential for maintaining 
the composite's overall integrity, ensuring consistent antimicrobial activity, and preventing localized 
mechanical weaknesses.[12] Higher magnification SEM images showed that the nanoparticles formed 
a well-integrated network within the polymer, suggesting strong adhesion and minimal aggregation, 
which are key factors in optimizing the material's performance. 
 
Antimicrobial Properties 

Antimicrobial activity tests were conducted using bacterial strains Escherichia coli (E. coli) and 
Staphylococcus aureus (S. aureus), as well as the fungal strain Aspergillus niger (A. niger). The results 
demonstrated a significant reduction in microbial growth in PET-EVA composites embedded with 
MONs.[13] Among the different MONs studied, Cu₂O nanoparticles exhibited the highest antimicrobial 
efficacy, likely due to their ability to induce oxidative stress and disrupt microbial cell membranes. 
 

ZnO and MgO₂ composites also displayed notable antimicrobial activity, though their efficacy varied 
depending on nanoparticle concentration. Higher concentrations of ZnO resulted in increased microbial 
inhibition, attributed to the generation of reactive oxygen species (ROS), which disrupt bacterial and 
fungal cellular processes.[14] Similarly, MgO₂ exhibited moderate antimicrobial properties, primarily 
due to its ability to release active oxygen species. These findings indicate that MONs significantly 
enhance the antimicrobial function of PET-EVA composites, making them promising candidates for 
food packaging and biomedical applications. 

 
Barrier and Optical Properties 

UV-Vis spectroscopy analysis demonstrated that PET-EVA-Cu₂O composites exhibited the lowest 
UV transmittance, indicating superior barrier properties against light-induced degradation. The 
inclusion of Cu₂O nanoparticles significantly reduced UV exposure, thereby enhancing the stability and 
longevity of the composite material. This property is particularly advantageous for food packaging 
applications where protection from light-induced spoilage is critical.[15] 
 

Furthermore, the opacity of the composite increased with MON concentration, directly impacting its 
ability to shield light-sensitive products. While high transparency is often desirable for consumer 
visibility, controlled opacity can be beneficial for specific applications such as pharmaceutical and food 
packaging, where UV protection is essential. The variation in optical properties highlights the need for 
tailored MON concentrations based on the intended application of the composite material.[16] 

 

Mechanical Properties 

Tensile testing was performed to assess the mechanical properties of MON-reinforced PET-EVA 

composites. The results indicated a significant improvement in tensile strength compared to the 

unmodified polymer matrix. PET-EVA-Cu₂O composites demonstrated the highest enhancement, with 

a 20% increase in tensile strength, attributed to strong interfacial interactions between the nanoparticles 

and the polymer matrix. 

 

The incorporation of ZnO and MgO₂ also contributed to improved mechanical performance, albeit 

to a lesser extent than Cu₂O. The reinforcement effect was attributed to the uniform dispersion of 

nanoparticles, which contributed to increased rigidity and reduced polymer chain mobility. [17] 

Additionally, elongation at break was marginally reduced, suggesting a slight trade-off between 

flexibility and strength. These findings suggest that the addition of MONs enhances the mechanical 

durability of PET-EVA composites, making them suitable for various packaging and structural 

applications.[18] 

 

Shelf-Life Extension 

A shelf-life study was conducted using milk samples stored in PET-EVA-MON composite packaging 
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under refrigeration (5°C). The results demonstrated that PET-EVA-Cu₂O extended milk shelf life up to 

8 days, compared to 4-6 days for ZnO and MgO₂ composites. The enhanced shelf-life extension was 

primarily attributed to the antimicrobial properties of MONs, which reduced microbial proliferation and 

spoilage. [19, 20] 

 

The ability of Cu₂O to inhibit bacterial growth more effectively than ZnO and MgO₂ resulted in a 

prolonged freshness period. ZnO-containing composites also exhibited substantial microbial inhibition, 

but their effectiveness was slightly lower due to variations in ROS generation. MgO₂, while effective, 

had the least impact on extending shelf life, suggesting that its antimicrobial action was relatively 

moderate compared to Cu₂O and ZnO. [21, 22] 

 

CONCLUSION AND FUTURE PERSPECTIVES 

The development of MON-reinforced PET-EVA composites presents a promising solution for 

antimicrobial food packaging by combining enhanced functionality with improved material properties. 

Among the tested formulations, PET-EVA-Cu₂O demonstrated superior antimicrobial efficacy, 

effectively inhibiting bacterial growth and ensuring extended food preservation. Additionally, this 

composite exhibited excellent barrier properties, reducing the permeability of oxygen and moisture, 

which are critical factors in maintaining food freshness. The mechanical strength of PET-EVA-Cu₂O 

was also significantly improved, ensuring durability and resistance to physical stress during 

transportation and storage. Future research in this area will focus on further optimizing the recyclability 

and biodegradability of these composites to promote environmental sustainability. The incorporation of 

biodegradable fillers or novel biopolymeric blends may enhance the decomposition rate of these 

materials, reducing plastic waste accumulation. Moreover, advancements in recycling technologies will 

be explored to ensure that PET-EVA composites can be efficiently reprocessed without compromising 

their antimicrobial and mechanical properties. Investigating alternative antimicrobial agents with lower 

environmental impact, such as natural extracts or bio-based nanoparticles, could further improve the 

sustainability of these materials. By integrating these improvements, MON-reinforced PET-EVA 

composites could offer a long-term solution for food packaging, aligning with global efforts to reduce 

plastic pollution while ensuring food safety and shelf-life extension. Continued interdisciplinary 

research will be crucial in overcoming existing challenges and accelerating the adoption of these 

materials in commercial packaging applications. 

 

REFERENCES 

1. Fadiji T, Rashvand M, Daramola MO, Iwarere SA. A review on antimicrobial packaging for 

extending the shelf life of food. Processes. 2023 Feb 15;11(2):590. 

2. Lam SJ, Wong EH, Boyer C, Qiao GG. Antimicrobial polymeric nanoparticles. Progress in polymer 

science. 2018 Jan 1;76:40-64. 

3. Umar A, Alduraibi M, Al-Dossary O. No x gas sensing properties of fe-doped zno nanoparticles. 

Science of Advanced Materials. 2020 Jun 1;12(6):908-14. 

4. Korayem AH, Tourani N, Zakertabrizi M, Sabziparvar AM, Duan WH. A review of dispersion of 

nanoparticles in cementitious matrices: Nanoparticle geometry perspective. Construction and 

Building Materials. 2017 Oct 30;153:346-57. 

5. Truong HT, Pham TH, Le LQ. Fast and simplified fabrication of Cu/Cu2O nanocomposites for 

antioxidant and antibacterial activities. Materials Technology. 2024 Dec 31;39(1):2387454. 

6. Norrrahim MN, Tengku Yasim‐Anuar TA, Sapuan SM, Ilyas RA, Hakimi MI, Syed Najmuddin 

SU, Jenol MA. Nanocellulose reinforced polypropylene and polyethylene composite for packaging 

application. Bio‐based Packaging: Material, Environmental and Economic Aspects. 2021 May 

24:133-50. 

7. Lee SY, Lee SJ, Choi DS, Hur SJ. Current topics in active and intelligent food packaging for 

preservation of fresh foods. Journal of the Science of Food and Agriculture. 2015 Nov;95(14):2799-

810. 



 

 

Development and Characterization of Antimicrobial                                                             Prasannajeet P Nikam 

 

 

© STM Journals 2025. All Rights Reserved S93  
 

8. Meshram BP, Love A, Gohatre O. A Comprehensive Review of Recent Challenges, Opportunities, 

and Future Scenarios of Recycling Multilayer Packaging. 

9. Bikiaris D. Can nanoparticles really enhance thermal stability of polymers? Part II: An overview 

on thermal decomposition of polycondensation polymers. Thermochimica Acta. 2011 Aug 

20;523(1-2):25-45. 

10. Liu H, Webster TJ. Mechanical properties of dispersed ceramic nanoparticles in polymer 

composites for orthopedic applications. International journal of nanomedicine. 2010 Apr 15:299-

313. 

11. Pramanik S, Das P. Metal-based nanomaterials and their polymer nanocomposites. InNanomaterials 

and polymer nanocomposites 2019 Jan 1 (pp. 91-121). Elsevier. 

12. Aziz SB. Morphological and optical characteristics of chitosan (1− x): Cuo x (4≤ x≤ 12) based 

polymer nano-composites: Optical dielectric loss as an alternative method for tauc’s model. 

Nanomaterials. 2017 Dec 13;7(12):444. 

13. Farzaneh A, Mohammadi M, Ahmad Z, Ahmad I. Aluminium alloys in solar power− Benefits and 

Limitations. Aluminium Alloys: New Trends in Fabrication and Applications. 2013:67-89s. 

14. Ahmed B, Ameen F, Rizvi A, Ali K, Sonbol H, Zaidi A, Khan MS, Musarrat J. Destruction of cell 

topography, morphology, membrane, inhibition of respiration, biofilm formation, and bioactive 

molecule production by nanoparticles of Ag, ZnO, CuO, TiO2, and Al2O3 toward beneficial soil 

bacteria. ACS omega. 2020 Apr 1;5(14):7861-76. 

15. Sharif S, Ahmad KS, Abrahams I, Alshgari RA, Mohammad S. Synergistic fabrication of copper 

oxide (Cu2O) nanocomposites leveraging graphene oxide (GO) as a foundation for rapid filtration 

membranes. Environmental Earth Sciences. 2025 Jan;84(1):29. 

16. Silva MR, Alves MF, Cunha JP, Costa JL, Silva CA, Fernandes MH, Vilarinho PM, Ferreira P. 

Nanostructured transparent solutions for UV-shielding: Recent developments and future 

challenges. Materials Today Physics. 2023 Jun 1;35:101131. 

17. Ondreas F, Lepcio P, Zboncak M, Zarybnicka K, Govaert LE, Jancar J. Effect of nanoparticle 

organization on molecular mobility and mechanical properties of polymer nanocomposites. 

Macromolecules. 2019 Aug 13;52(16):6250-9. 

18. Pallavi Suryarao, Shashikiran N.D, Sachin Gugawad, Namrata Gaonkar, Swapnil Taur, Savita 

Hadakar. Comparative Assessment of Conversion Degree, Resin Tag Depth, and Mineral 

Deposition in Adhesive Resin Enhanced with Inorganic Nanofillers such as Cerium Dioxide and 

Tantalum Oxide Nanoparticles. Journal of Polymer and Composites. 2024; 12(04):110-118. 

19. Komolafe A, Zaghari B, Torah R, Weddell AS, Khanbareh H, Tsikriteas ZM, Vousden M, Wagih 

M, Jurado UT, Shi J, Yong S. E-textile technology review–from materials to application. Ieee 

Access. 2021 Jul 2;9:97152-79.  

20. Russo GL, Langellotti AL, Torrieri E, Masi P. Emerging technologies in seafood processing: An 

overview of innovations reshaping the aquatic food industry. Comprehensive Reviews in Food 

Science and Food Safety. 2024 Jan;23(1):e13281.  

21. Fazilram P, Dr Uzma Belgaumi, Dr. Nupura Vibhute, Dr. Vidya Kadashetti, Dr. Wasim Kamate, 

Dr. Rashmi Gangavati. Examining Connective Tissue Changes Across Various Grades of Oral 

Epithelial Dysplasia and Oral Squamous Cell Carcinoma: A Histochemical Polymeric 

Investigation. Journal of Polymer and Composites. 2024; 12(03):124-137. 

22. Kalemtas A, Kocer HB, Aydin A, Terzioglu P, Aydin G. Mechanical and antibacterial properties 

of ZnO/chitosan bio-composite films. Journal of Polymer Engineering. 2022 Jan 27;42(1):35-47. 


