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ABSTRACT

This research concentrates on the fabrication and characterization of biodegradable food packaging
composed of Chitosan and polyvinyl alcohol (PVA), both possessing antioxidant and antibacterial activates.
Simultaneously, the aim is to enhance the degradation of food packaging materials, safeguarding the
environment against the hazards of pollution caused by food packaging waste, thereby safeguarding human
health. The study explores the impact of different molecular weight biopolymers combined with synthetic
polymers by incorporating various molecular weights of chitosan and polyvinyl alcohol PVA in different
ratios (pure MMW-CS, LMW-Cs, PVA, 70:30, and 90:10). Films were created using the solvent casting method
to fabricate and characterize biodegradable food packaging from these biopolymers, aiming to mitigate
environmental pollution caused by food packaging waste and its adverse effects on human health. Various
tests were conducted, and the comparison between MMW_CS and LMW_Cs revealed that the most effective
combination was found to be (pure and 70 % MMW_CS). This combination exhibited superior antibacterial
properties, enhanced biofilm formation, favorable contact angle, UV resistance, as well as improved results
in AFM and DSC analyses. The chitosan content played a significant role in augmenting the antibacterial
activity and reducing roughness in the AFM test. Moreover, chitosan-based films demonstrated exceptional
UV absorbance, providing a protective shield against lipid oxidation induced by UV light, thereby preserving
the quality of the packaged food.

Keywords: Antimicrobial; Antibacterial; PVA; Chitosan; Molecular Weight; Blend.
RESUMEN

Esta investigacion se centra en la fabricacion y caracterizacion de envases biodegradables para alimentos
compuestos de quitosano y alcohol polivinilico (PVA), ambos con propiedades antioxidantes y antibacterianas.
Simultaneamente, se pretende potenciar la degradacion de los materiales de envasado de alimentos,
salvaguardando el medio ambiente de los peligros de la contaminacion causada por los residuos de envases
alimentarios, y salvaguardando asi la salud humana. El estudio explora el impacto de diferentes biopolimeros
de peso molecular combinados con polimeros sintéticos mediante la incorporacion de varios pesos moleculares
de quitosano y alcohol polivinilico PVA en diferentes proporciones (MMW-Cs puro, LMW-Cs, PVA, 70:30, y
90:10). Se crearon peliculas mediante el método de colada con disolvente para fabricar y caracterizar envases
alimentarios biodegradables a partir de estos biopolimeros, con el objetivo de mitigar la contaminacion
ambiental causada por los residuos de envases alimentarios y sus efectos adversos sobre la salud humana.
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Se realizaron varias pruebas, y la comparacion entre MMW_CS y LMW_Cs revelé que la combinacion mas
eficaz resulto ser (puro y 70 % MMW_CS). Esta combinacion mostrd propiedades antibacterianas superiores,
una mayor formacion de biopeliculas, un angulo de contacto favorable, resistencia a los rayos UV, asi como
mejores resultados en los analisis AFM y DSC. El contenido de quitosano desempefd un papel importante
en el aumento de la actividad antibacteriana y la reduccion de la rugosidad en la prueba AFM. Ademas, las
peliculas basadas en quitosano demostraron una excepcional absorbancia UV, proporcionando un escudo
protector contra la oxidacion lipidica inducida por la luz UV, preservando asi la calidad de los alimentos
envasados.

Palabras clave: Antimicrobiano; Antibacteriano; PVA; Quitosano; Peso Molecular; Mezcla.

INTRODUCTION

Plastic packaging, typically crafted from nonbiodegradable synthetic materials, plays a vital role in preserving
and safeguarding product quality.? Unfortunately, the widespread improper disposal of these items, combined
with the slow degradation of plastic, results in the accumulation of solid waste in the environment.® To address
these challenges, research into biodegradable polymers has gained momentum. These polymers, derived from
renewable sources and posing no toxicity, facilitate composting as a recycling option when packaging reaches
the end of its life cycle.® Packaging materials serve the crucial function of shielding products, delaying food
deterioration, and extending shelf life to enhance overall food quality and safety.®

In pursuit of these objectives, various packing materials have been developed, with extensive efforts
focused on creating mechanically and functionally effective materials. Notable studies include W. Yang et al.’s
exploration of antioxidant and antibacterial lignin nanoparticles in polyvinyl alcohol/chitosan films for active
packaging.® Patricia Cazon et al. investigated composite films of regenerated cellulose with chitosan and
polyvinyl alcohol, emphasizing improved mechanical properties, high water absorption capacity, UV radiation
protection, and sufficient transparency.” Hossein Haghighi et al. developed eco-friendly antimicrobial films
by incorporating ethyl lauroyl arginate (LAE) into chitosan and polyvinyl alcohol, showcasing antibacterial
properties.®

Beyond material composition, packaging technology is pivotal, with High-Pressure Processing of Foods
standing out as a cutting-edge method for ensuring food safety, extending shelf life, and preserving nutrients.
© Biopolymers, often referred to as biodegradable plastics, undergo a disintegration process involving living
organisms.” The European Bioplastics Organization defines bioplastics as polymers made from renewable
resources or plastics that are compostable and/or biodegradable. These plastics break down under specific
conditions, leaving behind no harmful waste. ("2

Experimental part
Materials

The materials used to prepare the films were low molecular weight Chitosan (MMW-CS) (50000 - 190000 Da)
with viscosity (100 - 300 cps), medium molecular weight Chitosan (190 000 - 310 000 Da) with viscosity (300-1
000 cps) was obtained from Glentham life sciences., Ltd., polyvinyl alcohol (Mw = 85 000 - 1 240 000), glacial
acetic acid (Mw = 60,05) was purchased from (Thomas baker chemicals) pvt. ltd. b3 & b4 midc, chemical zone,
ambernath 221 501. India , Deionized water.

Preparation of samples

The polymer films were prepared by the casting method, (2 g) of chitosan powder was dissolved in solution
consists of (98 %) deionized water and (2 %) of glacial Acetic Acid. The chitosan solution remained of 8 hours
under constant stirring at temperature (40 °C). Solution of (5 g) of PVA powder dissolved in 100 ml of deionizad
water under constant stirring of 4 hours without heating. The final samples were casted by mixing different
proportions of PVA solution (90, 80, 70, 60, 50 wt. %) to the chitosan solution with fixed stirring of 3 hour in
order to obtain chitosan/PVA blends. All samples placed in a vacuum of 15 minute to prevent the emergence of
air bubbles during casting process and then dried in oven at (40 °C) of 24 hours.

RESULTS AND DISCUSSIONS
Antibactirail test

The widely employed Agar well diffusion strategy serves as a common method for evaluating the antimicrobial
activity of plant or microbial extracts. As illustrated in figures (1, 2, 3, 4) and the accompanying table 1, it is
evident that the higher molecular weight chitosan (MMW-CS) results in an increased inhibition area, proving
more effective against both types of bacteria (Gram-positive and Gram-negative) compared to lower molecular
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weight chitosan (LMW-CS). The antimicrobial nature of chitosan is attributed, in part, to its positively charged
amino group, which interacts with the negatively charged cell membranes of microorganisms, leading to the
release of proteinaceous and other intracellular constituents.

The inhibitory effect of chitosan on Gram-negative bacteria is marginally higher in comparison to Gram-
positive bacteria, as depicted in figure 1-4. This analysis suggests that both pure MMW-CS and the 70 % MMW-CS
blend exhibit superior antibacterial properties compared to LMW-CS. It is noteworthy that the antibacterial
efficacy of chitosan appears to be closely associated with its molecular weight and degree of acetylation.

Table 1. Influencing of chitosan and polyvinyl alcohol for Inhabitation of S.
aurous inhabitation of E. coil

No. Ratios of chitosan with Inhabitation of S. Inhabitation of E.
polyvinyl alcohol aurous (mm) coil (mm)
1 Pure MMW-CS 24 26
2 Pure LMW-CS 15 18
3 PVA 100 % 0 0
4 50 % MMW-CS 14 15
5 70 % MMW-CS 18 21
6 40 % LMW-CS 8 9
7 50 % LMW-CS 13 16

Figure 1. The impact of (40, 70 wt. %) solution of chitosan low molecular wright on S. aurous
bacteria and E.coil bacteria

Figure 2. The impact of (100, 50 wt. %) solution of chitosan low molecular wright on S. aurous
bacteria and E.coil bacteria
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Figure 3. The impact of (50, 100 wt. %) solution of chitosan medium molecular wright and
polyvinyl alcohol on S. aurous bacteria and E.coil bacteria

Figure 4. The impact of (70, 100 wt. %) solution of chitosan medium molecular wright on S.
aurous bacteria and E.coil bacteria
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Figure 5. The amount of inhibition diameter in mm for both types of Bacteria

Biofilm Formation Assay

Approximately 99 % of bacteria primarily exist as cells attached to surfaces, demonstrating a natural
inclination to adhere and form colonies. The adhesion process is significantly influenced by surface properties
such as hydrophobicity and the presence of adsorbed polymers.( Factors like charge, roughness, energy,
stiffness, and topography also play a substantial role in biofilm formation.® The findings from this investigation
are presented in table 2, indicating that there is minimal adhesion of bacteria to the surface of MMW_CS,
resulting in the absence of a biofilm layer. In contrast, weak to moderate adhesion is observed on the surfaces
of LMW_CS and PVA, leading to the formation of a biofilm layer. Different proportions of the blend exhibit a
medium level of adhesion.
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Table 2. Biofilm formation of pure MMW-CS, LMW-CS, PVA and the

blends

No. Samples E-Coli Staph
1 Pure MMW-CS Non Non

2 PVA Medium medium
3 90 % MMW-CS Weak Weak
4 70 % MMW-CS Medium medium
5 Pure LMW-CS Weak Weak
6 90 % LMW-CS Medium Medium
7 70 % LMW-CS Medium Medium

UV-Vis spectroscopy

UV-vis spectroscopy is an intriguing technique due to the valuable insights it offers into the absorbance,
transmittance, and reflectance of polymeric materials.7'®1% Light barrier properties are a sought-after feature
in packaging materials as they prevent the oxidation and degradation of nutritional compounds, especially in
the presence of UV radiation.">'® The recorded UV-Visible spectrum reveals absorption peaks at 208 nm, 214
nm, and 212 nm for MMW_CS, LMW_CS, and PVA, respectively. The introduction of PVA results in a reduction in
intensity and broadening of the absorption peak. Notably, Abdelrazek et al. have reported on the analysis of
optical properties. @
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Figure 6. UV-vis spectra for different weight ratios of CH/PVA (a) MMW-CS (b) LMW-CS
Wettability

An additional crucial aspect of structural analysis for characterizing packaging material involves measuring
the water contact angle.@" In figure 7, a depiction of water droplets on the surfaces of pure CS, PVA, and CS/
PVA blend films is presented. Specifically, the contact angle for the pure PVA film is observed to be 6 = 74°,
indicating a hydrophilic behavior attributed to the presence of hydroxyl groups on the carbon structure.?23
Similarly, both MMW-CS and LMW-CS exhibit a hydrophilic nature due to the presence of hydrophilic amino and
hydroxyl groups in the CS chain. This aligns with research findings by Chiu and colleagues, ?* who reported that
in blends of CS/PVA with increased PVA content, the contact angle decreases. This outcome is consistent for
both medium and low types of chitosan.

Atomic force microscopy (AFM)

AFM provides intricate details regarding alterations in surface roughness. As evidenced by the provided table
3, the surface of medium molecular weight (Mw) chitosan appears smoother than that of low molecular weight
(Mw) chitosan. In the case of pure PVA, a consistently smooth surface layer is achieved, with a film roughness
measuring 8nm, a finding consistent with prior research.®) Altering the ratio in the CS/PVA blend demonstrates
that the roughness increases as the chitosan ratio decreases for both types, as indicated in the table. Clearly,
the film surface roughness experiences a significant increase with a reduced ratio of chitosan.
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Figure 7. Contact angles of pure PVA, MMW-CS, LMW-CS and its blend

Table 3. The root-mean-square (RMS) roughness of pure LMW-CS,
MMW-CS, PVA and blends 70, 90 %.

No. Sample RMS (nm)
1 Pure LMW-CS 12,461
2 Pure MMW-CS 4,4837
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3 Pure PVA 8,2168
4 90 % MMW-CS 5,8705
5 70 % MMW-CS 12,689
6 90 % LMW-CS 8,8246
7 70 % LMW-CS 19,629

(2) LMW-CS (b) MMW-CS

(c) PVA (d)90:10 LMW-CS /PVA

(e) 70:30 LMW-CS/PVA () 90:10 MMW-CS/PVA

(2) 70:30 MMW-CS/ PVA

Figure 8. The 3D AFM images of pure PVA, MMW-CS, LMW-CS and the blend (70, 90 % of MMW-CS, LMW-CS)
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Differential scanning calorimetry (DSC)

The DSC curves offer insights into the blend's component miscibility, revealing changes in Tm and Tg
concerning composition.® Figure 9 displays DSC curves for the blended CS/PVA films alongside their pure
CS and PVA counterparts. Notably, the DSC curve of the chitosan film exhibits a broad endothermic peak at
approximately 87,93 °C, representing the evaporation of absorbed water molecules in the CS molecule and
signifying the energy required for water vaporization within the film. Conversely, the PVA film displays a smaller
endothermic peak around 51,47 °C. At 70 % Mmw-Cs, broad endothermic peaks appear at higher positions
compared to the pure components, within the range of 94,75 °C. Conversely, at 70 % Lmw-Cs, two distinct
phases manifest at (54,39 & 85,16), indicating immiscibility and a lack of interaction between the components.
At 90 % Mmw-Cs, broad endothermic peaks emerge at lower positions than the pure components, registering
at 54,39 °C.
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Figure 9. DSC curves of (a) pure MMW-CS, (b) pure PVA, (c) 70 % MMW-CS, (d) 90 % MMW-CS, (e) 70 % LMW-CS

CONCLUSION

The current study involved the fabrication of biodegradable films using both MMW-CS and LMW-CS combined
with PVA. The outcomes suggest that the blending of chitosan and PVA, achieved through the casting technique
during the CS-PVA blending process, results in effective polymer interaction. Antibacterial assessments reveal
that higher chitosan content correlates with increased inhibition diameter, with the optimal percentages
observed in pure and 70 % MMW-CS. This trend is further evident in biofilm formation assays.
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Wettability tests indicate that both PVA and CS polymers exhibit hydrophilic characteristics. The AFM
examination demonstrates that an elevated proportion of CS leads to decreased surface roughness, inhibiting
bacterial growth. The films exhibit robust barrier properties against UV radiation, with diminishing intensity.
This attenuation proves beneficial in averting lipid oxidation processes in food. In summary, our research and
conducted tests highlight the superiority of MMW-CS over LMW-CS as a viable alternative to synthetic films. The
findings suggest the feasibility of producing films with favorable properties suitable for food packaging.
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