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Introduction

Packaging is an intermediary between the produced food products and the customer, which maintains the
quality of the product and provides the information required by the customer. The primary function of packaging
is to preserve the nutritional quality of products and extend their shelf life. Conventional packaging materials, such
as polyethylene, polypropylene, and polystyrene, are derived from petroleum-based sources and are widely utilized
in food packaging due to their advantageous properties, including high durability, lightweight nature, cost-
effectiveness, ease of manufacturing, and low water vapor permeability. However, degradation of these synthetic
materials is very slowly in the environment, leading to significant ecological pollution. In response to this issue,
there has been growing interest in the use of biopolymer materials as a sustainable alternative to non-
biodegradable, petroleum-derived packaging. Biodegradable biopolymers offer several benefits, such as
environmental degradability and lower production costs compared to synthetic polymers. Additionally, in certain
applications, biopolymers can enhance product shelf life and quality, making them a promising solution for
sustainable packaging.

Materials and Methods
In this study, a polylactic acid/polyethylene blend film reinforced with graphene oxide nanoparticles was
produced and then its mechanical, physical, and antimicrobial properties were investigated in two phases.

Phase 1

In this phase, three-component blends of blown film-type linear low-density polyethylene, general film-type
low-density polyethylene, and extruded sheet-type polylactic acid were prepared. For this purpose, 80 wt% linear
low-density polyethylene with 20 wt% low-density polyethylene and part 3, 6, and 9 part per hundred (phr)
polylactic acid in the presence of 0.05 phr of maleic anhydride-linked polyethylene compatibilizer were melt-
blended in a high-performance twin-screw extruder. Before mixing and extruding, linear polyethylene,
polyethylene, and polylactic acid granules were dried in a dryer at 80°C for 6 hours to remove moisture before the
process. After mixing, a blown film was prepared from the mixture using a single-layer blown extrusion machine.
In this stage, the optimal film was selected by performing various analyses.

Phase 2
The optimal film selected from the first stage was used to investigate the effect of graphene nanooxide in the
second stage. For this purpose, first, graphene nanooxide with phr concentrations of 0, 1, 3 and 5 relative to the
three-component mixture was well dispersed in the polylactic acid solution by ultrasonication. After drying in a
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thermal oven, the solution was poured into a co-rotating twin-screw extruder along with linear low-density
polyethylene, low-density polyethylene, and maleic anhydride-linked polyethylene compatibilizer for processing
and granulation. After that, a nanocomposite film was prepared according to the first phase method. In order to
investigate the effect of nano graphene oxide on the properties of the produced films, all relevant analyses were
performed.

Results and Discussion

The results showed that with the addition of PLA to the polyethylene matrix, due to the immiscibility of these
two materials, two peaks appeared at 122 and 165 °C in the thermogram of the blend, which was related to the
melting temperatures of polyethylene and polylactic acid, respectively. The tensile strength and tensile modulus
of the blends increased significantly with increasing PLA and GO content, so that the sample with 9 phrof
polylactic acid and 5 phr of graphene oxide (LDP9-G5), had the highest tensile strength and tensile modulus, 19.2
and 224 MPa. The oxygen transfer rate decreased with increasing GO content. So that the transmission rate for
sample LDP9 was 425 cm®m?2.d and for samples LDP9-G1, LDP9-G3 and LDP9-G5 were 417, 402 and 380
cm®/m?2.d, respectively. The ultraviolet light transmittance also showed that with increasing GO content in the film,
the ultraviolet light transmittance and transparency of the films decreased. The antimicrobial and antifungal test
of nanocomposite films also showed a decrease in the microbial population with increasing GO concentration.
Positively charged ions on the GO surface react with negative charges on the bacterial membrane and inactivate
the bacterial function. Sample LDP9-G5 had the highest antifungal activity in the culture medium of Candida
albicans. Also, the biodegradability of sample LDP9-G5 was 11% within 8 weeks.

Conclusion
According to the results obtained, it can be said that the obtained nanocomposite film showed excellent
mechanical and antimicrobial properties compared to the control film sample due to the presence of graphene
oxide in its structure.
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1- Water Vapor Transmission Rate (WVTR)
2- Light transmission

3- Staphylococcus Aureus

4- Antifungal

5- Candida Albicans (C. albicans)
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2- X-ray Diffraction (XRD)
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Fig. 1. Stress-strain curve of LDPE/LLDPE/PLA blend and blends containing different concentrations of GO
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Table 3- Tensile strength, tensile modulus, and elongation at break of LDPE/LLDPE/PLA blends and blends containing
different concentrations of GO
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Fig. 2- Oxygen transfer rates of LDPE/LLDPE/PLA blends and blends containing different concentrations of GO
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Table 4- Visible and ultraviolet light transmittance of LDPE/LLDPE/PLA blends and blends containing different

percentages of GO
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Sample Tas0 (%) Teso (%0)
LDP9 535+x14 73217
LDP9-G1 454+2.4 68.5+1.9
LDP9-G3 388+1.3 432+23
LDP9-G5 23515 185+1.1
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Fig. 4. Images of the bacterial growth inhibition zone in the antimicrobial test of film samples 1: LDP9, 2: LDP9G1, 3:
LDP9G3, and 4: LDP9GS5 against Staphylococcus aureus bacteria
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2- Listeria monocytogenes
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1- Salmonella typhi
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Fig. 5. Antifungal activities of film samples against bacteria, a: Escherichia coli and b: Candida albicans after 1 day
incubation at 37°C
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1- Reactive Oxygen Species (ROS)
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