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Abstract: Despite being an effective material for food packaging, chitosan (CS) exhibited poor ductility when 

processed into film, which restricted its use in this industry. In this study, composite films with enhanced properties 

were developed by incorporating polyvinyl alcohol (PVA) into CS through a simple solution casting method. The 

effects of different PVA/CS weight ratios (70:30, 50:50, and 30:70 w/w) on the morphology, mechanical properties, 

antibacterial activity, and soil degradation of the composite films were analyzed. Compared to the pristine PVA film, 

increasing the CS content in the PVA/CS composite film enhanced thickness, stiffness, roughness, antibacterial 

efficiency, and degradation rate, while reducing tensile strength and elongation at break. Fourier transform infrared 

(FTIR) spectroscopy revealed the highest intermolecular interactions in the PVA/CS composite film with 70:30 w/w. 

Antibacterial activity tests and soil burial analysis demonstrated that the PVA:70/CS:30 composite exhibited 

significantly higher antibacterial activity toward Escherichia coli and Bacillus subtilis bacteria compared to the 

PVA film, along with a moderate degradation rate of 76.76% following 30 days of soil burial, effectively balancing 

biodegradability and material integrity. These findings suggest that the PVA: 70/CS:30 composite is a promising 

alternative for sustainable and functional biodegradable packaging solutions. 
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1. INTRODUCTION 

The preservation of food safety and quality 

throughout the processing and consumption stages 

is greatly dependent on food packaging [1]. 

Commonly used materials for this purpose 

include paper, glass, metal, and plastic [2]. While 

plastics offer desirable properties for packaging, 

their long-lasting nature poses a significant 

environmental challenge in terms of pollution  

and waste accumulation [3]. The development of 

biodegradable alternatives presents a promising 

solution to this issue. One potential approach 

involves blending synthetic and natural polymers 

to create composite-based materials that offer 

enhanced mechanical properties and biodegrade-

ability as an adequate replacement for traditional 

plastic packaging. 

Chitosan (CS), a natural polymer, has drawn 

significant interest in food, biomedical, and 

chemical manufacturing owing to its antibacterial, 

non-toxic, biodegradable, and biocompatible 

properties [4]. As such, coating and packaging 

structures for food may benefit from CS due to its 

fascinating properties, for instance, its exceptional 

film formation capability and scent blockade 

characteristics while in the dry state [5]. In addition, 

CS exhibits significant antibacterial efficacy toward 

numerous pathogenic and spoilage microorganisms 

[6]. However, pure CS faces challenges such as 

insolubility in alkaline environments, reduced 

antibacterial effectiveness at higher pH levels 

(above 6.5), and poor mechanical properties. To 

resolve these problems, CS may be blended with 

synthetic polymers to improve its hydrophilicity, 

mechanical strength, and antibacterial properties 

while also improving its performance as a barrier 

against various chemicals [5, 7]. 

The fabrication of composite film is a practical 

approach to address the above problems. Composite 

films offer advantages over those made from their 

components due to their enhanced stability, 

biocompatibility, and mechanical strength. Polyvinyl 

alcohol (PVA) is among the synthetic polymers 

which has been extensively used as a packaging 

solution owing to its biodegradability, ease of 
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processing, high mechanical strength, availability, 

and excellent stability in acidic and alkaline 

environments [8]. PVA readily dissolves in 

hydrophilic polymers, including CS, as a result of 

hydrogen bonding between its hydroxyl groups 

and the amine and hydroxyl groups of CS [9]. 

PVA compatibility enables the immobilisation of 

CS through hydrogen bonding, thereby enhancing 

the mechanical properties of CS. However, 

excessive use of additives such as glycerol could 

result in the formation of a stiffer film with 

reduced tensile strength [10]. 

The distinctive functional properties of both 

polymers and their specific intermolecular 

interactions suggest that blending CS and PVA 

with an appropriate additive could enhance  

the resulting composites, potentially improving  

their mechanical characteristics [11]. Therefore, 

incorporating a plasticiser such as polyethene 

glycol (PEG) into the polymers may be a practical 

approach to enhance the elasticity and mechanical 

strength of PVA/CS composites. The utilization of 

PEG as a plasticizer in PVA/CS composite films 

has not been extensively investigated before, 

highlighting the significance of this study. This 

work aims to produce PVA/CS composite film 

with different weight ratios for potential 

application in food packaging. It includes an 

analysis to assess how varying weight ratios 

impact the mechanical, biodegradable, antibacterial, 

and morphological properties, as well as other 

relevant attributes of the resulting PVA/CS 

composite films. 

2. EXPERIMENTAL PROCEDURES 

2.1. Materials 

Partially hydrolyzed PVA powder (ρ= 1.3 g/cm³, 

Mw= 16 KDa) and CS powder (ρ= 1.08 g/cm³,  

Mw= 302.11 KDa) were acquired from Merck, 

USA and Sigma Aldrich, Malaysia, respectively. 

Glacial acetic acid and PEG powder were 

acquired from HmbG Chemical, Malaysia. 

Nutrient broth (casamino acids of 1 g/L; MgSO4 

of 15 g/L; NaCl of 5 g/L; tryptone of 10 g/L;  

yeast extract of 5 g/L), barium chloride and 

sulphuric acid were acquired from Sigma  

Aldrich, Malaysia. Bacillus subtilis (B. subtilis) 

and Escherichia coli (E. coli) were donated by  

the Biochemical Laboratory of the Faculty  

of Chemical Engineering & Technology at 

Universiti Malaysia Perlis (UniMAP), Malaysia. 

2.2. Fabrication of PVA/CS Composite Film  

The solutions of PVA and CS were separately 

prepared. For instance, 3 wt% of PVA solution 

was prepared by dissolving PVA powder in 

distilled water. The mixture was stirred continuously 

at 300 rpm and 80°C until it was fully dissolved. 

Next, 2 wt% of homogeneous CS solution was 

produced by dissolving CS powder in glacial 

acetic acid at 60°C. Subsequently, the freshly 

prepared CS solution was poured into a PVA 

solution at a predetermined PVA/CS weight ratio 

(70:30, 50:50, and 30:70 w/w) to yield a set  

of blend solutions, denoted as PVA:70/CS:30, 

PVA:50/CS:50, and PVA:30/CS:70, respectively. 

The blend solution was stirred at 600 rpm for  

at least 5 hours at 40°C. Per PVA/CS weight  

ratio, 1 wt% of PEG was added as plasticizer. The 

PVA/CS mixture was subsequently transferred 

onto a clean glass petri dish to form a composite 

film, and the poured solution was dried in a fume 

hood at room temperature for at least 48 hours. 

Pristine PVA and CS films were also prepared for 

comparison. 

2.3. Morphological Analysis 

An optical microscope (Motic BA200, Malaysia) 

was used to examine the morphology of the 

PVA/CS films, employing a 10X low-power 

objective magnification. Before microscopy 

viewing, the samples were cut into a square shape 

with dimensions of 30 mm × 30 mm. Meanwhile, 

a digital thickness gauge (Mitutoyo 547, Japan) 

was used to measure the film thickness at five 

different points with a precision of 0.01 mm. The 

average thickness was then calculated, along with 

its standard deviation (SD). 

2.4. Surface Chemistry Analysis 

The key functional groups in PVA and CS were 

examined using Fourier transform infrared (FTIR) 

spectroscopy (Perkin Elmer Spectrum 65) in 

single attenuated total reflectance (ATR) mode. 

Before analysis, the samples were cut into 10 mm 

× 10 mm squares. Spectra were recorded over a 

wavelength range of 400 to 4000 cm-1. 

2.5. Tensile Testing  

The tensile properties of the composite films were 

measured using a uniaxial tensile tester (Instron 

5569, USA) by ASTM D882. Rectangular 

PVA/CS film samples (60 mm × 7.5 mm) were 

prepared, and their weights were recorded before 

testing. Each sample was mounted onto the tensile 
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grips and stretched to failure at a crosshead speed 

of 1 mm/min, with a gauge length of 30 mm, 

under ambient conditions. For each PVA/CS 

composite film, five replicates were tested. The 

ultimate tensile strength (UTS), elongation at 

break (EB), and Young’s modulus (YM) were 

calculated from the resulting stress-strain curves. 

2.6. Antibacterial Activity 

The antibacterial activity of the PVA/CS 

composite films was evaluated following the 

microbial dilution method described by Liu et al. 

[12] targeting B. subtilis and E. coli. To perform 

the test, a laminar airflow system and an 

autoclave were used to prevent contamination. The 

composite film was dissolved in distilled water at 

a ratio of 1:100 to produce the film’s extract. The 

bacteria were then dissolved in 10 mL sterilized 

distilled water and visually compared with 0.5 

McFarland turbidity standards. To prepare the 

inoculum, the bacterial solution was mixed with 

the nutrient broth at an optimal ratio of 1:100.  

For antibacterial testing, the extracted film and 

inoculum were combined in tubes at a 1:9 ratio. A 

control solution was prepared for both bacteria by 

mixing sterilized distilled water and inoculum 

using the same ratio. All test tubes were incubated 

at 37°C for 24 and 48 hours. The medium's 

turbidity was measured five times at 600 nm using 

a SpectraMax Plus 384 spectrophotometer. After 

each incubation period, the antibacterial activity 

was determined using Eq. (1): 

Antibacterial activity (%)= 1-
OD2

OD1
×100%      (1) 

where OD1 represents the optical density of the 

bacteria in the medium, while OD2 corresponds to 

the optical density of the bacteria in the solution 

in contact with the PVA/CS films. 

2.7. Soil burial Test 

The PVA/CS composite films were shaped into  

30 mm × 30 mm squares and buried for 30 days. 

The soil burial testing was performed at Tan Sri 

Aishah Ghani Residential College, Perlis, Malaysia, 

at coordinates 6 27'14.9508", 100 9'25.9492". The 

temperature of the soil was monitored periodically 

using a soil survey instrument (Giant Force, 

Taiwan). The samples were buried 10 cm deep in 

the ground. The degradation of the samples was 

measured every 6 days. At a pre-determined time 

point, the sample was removed from the soil and 

cleaned carefully with tissue paper. Excess soil on 

the film surface was gently cleaned before weight 

measurement was performed. The film's weight 

loss was determined by Eq. (2): 

Weight loss (%)= 
Wi - Wd

Wi
×100%            (2) 

where Wi is the film's initial weight and Wd is the 

weight of the film after it has been removed from 

the soil. 

2.8. Statistical Analysis 

The statistical analysis was performed using one-

way analysis of variance (ANOVA) with Minitab 

software, with a significance level of p< 0.05.  

All experiments were conducted in triplicate, and 

the data are presented as the mean ± standard 

deviation (SD). 

3. RESULTS AND DISCUSSION 

3.1. Morphological Analysis 

The morphology of the as-produced films was 

analysed using optical microscopy to investigate 

how variations in PVA/CS weight ratios affected 

their surface characteristics. Fig. 1 shows the 

morphology of the PVA/CS cast-composite films 

in comparison to the pristine PVA and CS films. 

It has been revealed that the composite films 

developed a rough surface and coarse structure 

with white areas when the concentration of CS 

was increased, consistent with the findings by 

[13]. However, all PVA/CS composite films, 

regardless of the weight ratio, exhibited an 

uneven surface, air bubbles, and pores, indicating 

inadequate polymer mixing and inconsistent CS 

dispersion in the PVA/CS matrix. Since PEG is a 

highly hydrophilic polymer and its incorporation 

into PVA/CS film was not considered in previous 

studies, this explanation seems plausible. Wang  

et al. [14] demonstrated that increasing the water 

content in a PEG film led to increased surface 

roughness due to hydrogen bonding between the 

hydroxyl groups of PEG and water molecules. 

These hydrogen bonds can disrupt the film's 

organisation and structure, resulting in a rougher 

surface [14]. Furthermore, it has been postulated 

that an acetic acid solution with a concentration 

below 90%, due to the water content in the PVA 

solution, may result in micelle formation [15]. 

This phenomenon can interfere with the uniform 

dispersion of CS on the surface of PVA/CS films. 

From Fig. 1, it was evident that the surface of  

the pristine PVA film contains irregularities such 

as uneven surfaces, roughness, air bubbles, pores, 

cracks, or droplets. This finding significantly 
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contrasts with a previous study by Al-Tayyar et al. 

[16], which reported that pure PVA film had good 

structural integrity without surface irregularities. 

Pristine CS film, on the other hand, had a smoother 

and more consistent surface, free of imperfections. 

This difference can be attributed to the deprotonation 

of CS, which enhances its film-forming ability  

as detected by FTIR spectroscopy, resulting in 

improved smoothness of the CS film [17]. 

Deprotonation causes the amino groups within CS 

molecules to lose protons and acquire negative 

charges, leading to repulsion between molecules 

that prevents clumping and yields a smooth, even 

film. Additionally, the preparation of pristine CS 

film without water molecules is speculated to 

contribute to its smoother appearance compared 

to PVA and PVA/CS films. 

 
Fig. 1. Comparative images of a PVA/CS composite 

film prepared at varying weight ratios, including 

digital (left) and optical microscopy views (right) at 

10X magnification 

The microscopic images revealed the varying 

morphologies of the films. The pure PVA film 

exhibited good structural integrity; however, its 

smoothness was compromised by air bubbles, 

indicating rapid evaporation of the PVA solvent 

during the casting process. Adding CS to the PVA 

matrix resulted in decreased smoothness and the 

appearance of visible black patches [9]. At low 

CS concentrations, the surface remained relatively 

smooth with only a few black spots. However, 

when CS content exceeded 70%, these black spots 

became predominant. This observation can be 

attributed to the inconsistent dispersion of CS  

in the PVA/CS matrix, as evidenced by digital 

images of the film's condition. 

In the food packaging industry, selecting a suitable 

film depends significantly on its thickness. Table 1 

presents the average film thickness of the PVA/CS 

composite, as well as that of pristine PVA and  

CS films, measured at five different locations. 

The use of a consistent volume (15 mL) of casting 

solution in this study led to variations in film 

thickness. 

Table 1. Average film thickness of PVA/CS 

composite, pristine PVA, and pristine CS film 

prepared in this study 

Sample Thickness (mm) 

PVA:100 0.056 ± 0.002** 

PVA:70/CS:30 0.092 ± 0.002** 

PVA:50/CS:50 0.100 ± 0.002** 

PVA:30/CS:70 0.110 ± 0.001*** 

CS:100 0.069 ± 0.001*** 
The data are presented as mean ± SD with 

n= 3. Distinct symbols indicate significant 

differences: * for p< 0.05, ** for p< 0.01 and 

*** for p< 0.001. 

The average thickness of pure PVA and CS film 

was 0.056 mm and 0.069 mm, respectively, while 

the thickness of PVA/CS films ranged from 0.092 

to 0.110 mm. A significant variation (p< 0.05) in 

the film's thickness was observed, suggesting an 

uneven distribution within the film matrix. The 

increase in thickness of PVA/CS films can be 

attributed to the addition of CS. It has been 

postulated that a higher content of CS leads to 

increased thickness due to wider hydration layers 

formed by positively charged groups from CS 

chains [18]. The high prevalence of -OH and  

-NH2 groups in the CS molecule promotes stronger 

intermolecular and intramolecular hydrogen 

bonding. This enhanced bonding capacity leads  
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to improved water retention, resulting in the 

formation of thicker films [19]. 

Contrary to expectations, the pure CS film was 

thinner than the PVA/CS film. This difference 

may be attributed to a higher concentration of 

glacial acetic acid in the pure CS film, which has 

a faster evaporation rate compared to when it is  

in the PVA/CS film. Gavriel et al. [20] suggested 

that glacial acetic acid evaporates more rapidly 

than water due to its weaker hydrogen bond. In 

contrast, the fabrication of PVA/CS involves 

distilled water, indicating stronger hydrogen bond 

formation. As a result, when the CS solution 

is applied to a surface, the rapid evaporation 

of glacial acetic acid results in a thinner film 

compared to the PVA/CS composite films. 

Commercial food packaging films exhibit varying 

thicknesses due to factors such as the specific 

food product, desired barrier properties, and the 

packaging method employed [21]. They can range 

from thin layers, around 0.010-0.025 mm, to 

thicker films of several hundred micrometres. 

Flexible food packaging films typically have a 

thickness between 0.030-0.080 mm, but may vary 

depending on material and product needs [22]. 

Thinner films are used for snack bags, while 

thicker materials are needed for frozen food 

packaging to provide added protection against 

freezer burn and mechanical damage. The 

PVA/CS composite film falls within this standard 

range, with a thickness of 0.092 to 0.11 mm, making 

it suitable for commercial industry applications  

as it is similar in thickness to available food 

packaging film options. 

3.2. FTIR Analysis 

FTIR spectroscopy is a valuable method for 

recognizing distinctive molecular vibrations that 

can help determine the structure and composition 

of materials, as well as the chemical bonds within 

a specific sample. Fig. 2 portrays the FTIR  

spectra of pristine PVA, pristine CS, and PVA/CS 

composite films produced in this study. 

The FTIR spectral analysis reveals that the non-

bonded hydroxyl group typically exhibits a band 

in the range of 3450 to 3600 cm-1, while the 

hydrogen-bonded hydroxyl group is observed 

within 3200-3500 cm-1, consistent with the findings 

reported by Wardhono et al. [23]. For PVA, the 

broad peak at approximately 3344 cm-1 corresponds 

to the stretching vibration of the O–H bond, and 

the peak at 1466 cm-1 is attributed to the bending 

vibration of the hydroxyl group. The vibration band 

at 1098 cm-1 can be credited to the C–O stretching 

of the acetyl groups present on the PVA backbone 

[24]. 

 
Fig. 2. FTIR spectra of PVA/CS composite films and pristine PVA and CS films 
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Additionally, the peak observed at 1665 cm-1 is 

attributed to the C=O stretching vibration in the 

acetyl group, while the peak at 2889 cm-1 arises 

from the asymmetric stretching vibration of the 

C–H bond in the methylene group [23]. 

The FTIR spectrum of CS exhibited characteristic 

peaks at 2886, 2995, 2889, 1641, and 1541 cm-1, 

which were attributed to the stretching vibrations 

of hydroxyl and amino groups, symmetric C–H 

bonds, C=O stretching, and asymmetric stretching 

of amino bonds, respectively. Additionally, the 

peaks observed at 963 and 1223 cm-1 were 

primarily associated with the saccharide moiety, 

while the peak at 1250 cm-1 was linked to the 

amino group of CS. Furthermore, the bands 

detected at 1072 and 1020 cm-1 were attributed to 

C=O stretching [23]. 

The FTIR spectra of the PVA/CS composite films, 

with varying PVA and CS compositions, showed 

distinct changes. As the CS content increased, 

there was a clear rise in the band intensity around 

3314 cm-1, 3344 cm-1, and 3367 cm-1. These bands 

were attributed to the hydroxyl group stretching 

vibrations of PVA and the secondary amide  

group of CS [9], indicating a hydrogen bonding 

interaction between the two polymers. Moreover, 

the characteristic shape of the CS spectrum was 

altered, and the peaks shifted to a lower frequency 

range when PVA and CS were blended. This shift 

was attributed to the formation of hydrogen bonds 

between the hydroxyl groups of PVA and the 

hydroxyl or amine groups of CS. Interestingly, the 

amino group peak at 1250 cm-1 disappeared from 

the CS spectra, and the presence of the secondary 

amine N–H and the O–H group was indicated by 

the band at 1077 cm-1 [23]. The characteristic bands 

of the PVA/CS blend film resembled those of 

PVA, and the strong amorphous C=O stretching 

vibrations of PVA remained constant across all 

films. The spectrum of the PVA/CS blend film also 

showed that the peaks related to the C=O of PVA 

shifted to a higher wavenumber, and the intensity 

of some peaks in pure CS and PVA decreased, 

suggesting intermolecular interactions between CS 

and PVA molecules in the composite films [13]. 

3.3. Tensile Analysis 

Fig. 3 illustrates the typical stress-strain behavior 

of the as-produced PVA/CS composite, pristine 

PVA, and pristine CS films, while their respective 

UTS, EB, and YM values are presented in Fig. 4. 

The tensile test results revealed that increasing  

the CS content in the PVA/CS composite film led 

to a decline in tensile strength and maximum 

elongation, but an enhancement in film stiffness. 

This finding aligns with the study by Fakraoui and 

co-workers [25], which demonstrated that the 

UTS and EB of PVA/CS blend films decrease 

with an increase in CS percentage. The UTS of 

pristine PVA and CS films were determined to  

be 20.73 ± 0.71 MPa and 16.27 ± 0.68 MPa, 

respectively, while their respective EB were  

52.14 ± 0.41% and 1.75 ± 0.05%. The results 

suggest that the presence of PVA may significantly 

influence the tensile strength and maximum 

deformation capacity of the composite films [9]. 

 
Fig. 3. Typical stress-strain curve for a) the as-prepared PVA/CS composite, pristine PVA and CS films, and b) 

enlarged plot of the stress-strain curve at 0-3% strain region 
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Fig. 4. The tensile properties, including a) UTS, b) 

EB, and c) YM of the PVA/CS composite films were 

compared to those of pristine PVA and CS films. 

Distinct symbols indicate significant differences: 

 * for p< 0.05, ** for p< 0.01 and *** for p< 0.001 

As the presence of CS increased and the content 

of PVA decreased in the blend films, the flexibility 

of the PVA/CS composites significantly diminished. 

Tensile strength and ductility tended to decline as 

the CS content increased. For example, the UTS 

of the PVA/CS composite film decreased from 

12.80 ± 0.95 MPa to 6.83 ± 0.55 MPa when the 

CS weight percentage increased from 30% to 

70%. Similar trends were observed for the EB, 

which decreased substantially from 16.26 ± 0.31% 

to 1.11 ± 0.12% with the same increase in CS 

weight percentage. Although pure CS exhibits 

higher UTS than all PVA/CS composite samples, 

its EB was significantly lower than that of  

the PVA:70/CS:30 sample. This suggests that 

incorporating a higher CS weight ratio may result 

in a film with brittle characteristics, which may be 

unsuitable for packaging applications. 

The YM values of the PVA/CS composite films 

exhibited a contradictory trend. As the CS weight 

percentage increased from 30% to 70%, the  

YM of the PVA/CS composites increased from  

354.43 ± 0.95 MPa to 972.50 ± 0.70 MPa. In 

contrast, pristine PVA and CS films exhibited YM 

values of 324.20 ± 0.46 MPa and 1347.90 ± 0.80 

MPa, respectively. This divergent behavior can be 

attributed to the distinctive roles played by CS 

within the composite matrix. Such contradictory 

observations are not uncommon in polymer 

composites, where the individual components 

contribute differently to the overall mechanical 

properties [26]. The enhanced stiffness of PVA/CS 

composite films with higher CS content was 

postulated to be due to the formation of strong 

hydrogen bonds between the amino and hydroxyl 

groups of CS and the hydroxyl groups of PVA, 

creating a tightly integrated polymer matrix that 

improves the film's rigidity [17]. Additionally,  

at higher CS weight ratios, phase separation  

may occur, leading to the formation of CS-rich 

domains within the PVA matrix. These rigid  

CS-rich domains act as fillers that impede the 

flexibility of the surrounding PVA chains, further 

increasing the film's stiffness but simultaneously 

reducing its ductility and ability to withstand high 

levels of stress before failure. 

The observed incompatibility between CS and 

PVA, as seen in the film morphology despite the 

addition of a plasticizer, may have influenced the 

mechanical properties of the PVA/CS composite 

films. This is evidenced by the lower UTS of all 

PVA/CS composites compared to both pristine 

PVA and pristine CS films. This phenomenon can 

be attributed to the effect of non-solvents, where 

water is a non-solvent for CS, while glacial acetic 

acid is a non-solvent for PVA. Despite the 

incompatibility between CS and PVA and the 

resulting lower UTS of all PVA/CS composites 

compared to pure PVA and CS films, the 

PVA:70/CS:30 composite exhibited tensile 

properties that were not significantly different 

from the pure PVA film. This is a crucial finding, 

as it maintains a balance between mechanical 

performance and other beneficial properties,  

such as soil degradation and antibacterial activity. 

Additionally, the presence of CS in the 

PVA:70/CS:30 composite imparts enhanced 

antibacterial activity, which will be discussed in 

the subsequent section. This added functionality 
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makes the PVA:70/CS:30 composite an excellent 

alternative for food packaging films, combining 

adequate mechanical properties, effective 

degradation rate, and improved antibacterial 

properties due to the inclusion of CS. 

3.4. Antibacterial Activity 

The study presented in Fig. 5 examined the 

antibacterial activity of PVA/CS composite  

films and pure PVA and CS films against E. coli 

and B. subtilis. After 48 hours, the antibacterial 

efficacy against B. subtilis was 16.07 ± 0.02%, 

30.00 ± 0.02%, 39.48 ± 0.03%, and 46.48 ± 0.02% 

for CS concentrations of 30%, 50%, 70%, and 

100%, respectively. For E. coli, the antibacterial 

activity was 13.51 ± 0.01%, 26.80 ± 0.08%,  

35.22 ± 0.05%, and 44.67 ± 0.02% for the 

corresponding CS concentrations. These findings 

demonstrate that all the tested films were more 

effective in inhibiting the growth of the Gram-

positive bacterium B. subtilis than the Gram-

negative E. coli after 48 hours. 

The results indicate that Gram-positive bacteria 

are more susceptible to inhibition by the films. 

These findings align with those of previous studies 

[16, 27]. This disparity may be attributed to the 

structural differences in the cell walls of Gram-

positive and Gram-negative bacteria. Gram-

positive bacteria, such as B. subtilis, possess a 

thick, porous peptidoglycan layer that constitutes 

their cell wall. This allows CS to penetrate the  

cell and disrupt its metabolic processes easily 

[12]. In contrast, the outer membrane of Gram-

negative bacteria, such as E. coli, is composed of 

phospholipids and lipopolysaccharides, and its 

peptidoglycan layer is thinner and more permeable 

to ions. Due to its barrier function, this outer 

membrane reduces the antibacterial effectiveness 

of CS by impeding its entry into the cell [28]. 

Meanwhile, the pristine PVA film exhibited 

antibacterial activity of only 5.58 ± 0.01% against 

E. coli and 5.33 ± 0.01% against B. subtilis after 

48 hours of cultivation. The pristine PVA film 

exhibited a negligible antibacterial effect on both 

E. coli and B. subtilis, suggesting that PVA, on  

its own, does not substantially impede bacterial 

proliferation or propagation. This is based on the 

results reported by Bakhsheshi-Rad et al. [29]. In 

contrast, the PVA/CS composite films exhibited 

markedly greater antibacterial efficacy compared 

to pure PVA films. This enhanced antibacterial 

activity can be ascribed to the intrinsic properties 

of CS. As the concentration of CS in the films 

increased, the antibacterial activity also increased 

proportionally. This is because the higher 

availability of free amino groups in CS provides 

more positive charges. These positive charges 

interact with the negatively charged components 

of bacterial cells, thereby disrupting DNA 

replication and protein synthesis, ultimately 

resulting in the observed antibacterial effect [12]. 

 
Fig. 5. Antibacterial activity of PVA/CS composite, 

and pristine PVA and CS film against E. coli and B. 

subtilis at a) 0 hour, b) 24 hours, and c) 48 hours 

cultivation. The data are presented as mean ± SD with 

n= 3. Distinct symbols indicate significant differences: * 

for p< 0.05, ** for p< 0.01 and *** for p< 0.001 
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3.5. Soil Burial Analysis 

Several factors, including polymer structure, 

chain length, soil conditions, film thickness, and 

the presence of microorganisms in the soil 

influence the biodegradation rate of polymeric 

materials [30]. Fig. 6 and Fig. 7 illustrate the 

biodegradation of films through changes in 

surface appearance and weight loss over 30 days, 

respectively. After 30 days, all tested films exhibited 

shrinkage, increased brittleness, and a wrinkled 

appearance, with the pure CS film showing the 

most severe deterioration. Notably, the higher  

the CS content in the PVA matrix, the greater  

the degradation observed. PVA films, however, 

displayed minimal changes after 30 days, as PVA 

biodegradation requires specific conditions and 

microorganisms not commonly found in natural 

environments [31]. 

 
Fig. 6. Comparative digital images of surface 

morphology of PVA/CS composite films against pristine 

PVA and CS films following 30 days of soil burial 

For PVA/CS films, noticeable surface deterioration 

appeared after 12 days of soil burial. Small holes 

on the film surface indicated degradation, and by 

the end of the test, the films had begun to 

disintegrate. The presence of CS likely enhanced 

microbial degradation more effectively than in 

pure PVA films [31]. Films with higher CS 

content aggregated more soil on their surfaces, 

correlating with their higher hydrophilicity due to 

hydroxyl and amino groups in the CS structure 

[12]. This suggests a link between a film’s 

hydrophilicity and its biodegradation rate. 

 
Fig. 7. Comparative analysis of weight loss between 

PVA/CS composite films and pristine PVA and CS 

films following 30 days of soil burial 

Fig. 6 shows that the morphological changes were 

consistent with the weight loss rates for all films 

(Fig. 7). The prepared films exhibited a weight loss 

of about 71-88%, indicating active biodegradation 

by soil microorganisms and moisture. During the 

first 6 days, PVA/CS films lost 17-25% of their 

weight, increasing to 44-49% by 18 days. After  

30 days, 76-82% of the PVA/CS blends had 

degraded, comparable to previous reports on 

PVA/CS composites [29, 32]. Pristine PVA film 

degraded more slowly (72%) compared to the 

PVA/CS composites after 30 days, consistent with 

findings by Ahmed et al. [33]. PVA, although 

biodegradable and susceptible to hydrolysis, 

shows higher resistance to soil burial degradation. 

The degradation of CS blends in soil is influenced 

by water absorption and the susceptibility of 

components to microbial or enzymatic attack [34]. 

CS, being naturally derived, is biodegradable and 

susceptible to microbial attack, resulting in higher 

degradation percentages for blend films compared 

to pure PVA films [4]. The soil environment contains 

diverse microorganisms, including thermophilic, 

psychrophilic, and mesophilic types, which adjust 

their biological activity in response to temperature 

changes. The heterogeneity of soil and its microbial 

inhabitants makes it challenging to obtain uniform 

samples and accurately describe ecological 

relationships. Chitosanases are enzymes that 

accelerate the hydrolytic breakdown of CS. 

Numerous species of chitosanase microorganisms, 
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such as Bacillus, Arthrobacter, Penicillium, 

Aspergillus, and Streptomyces are prevalent in 

soil, and they have been identified as efficient 

degraders of CS [35]. Although CS possesses 

antimicrobial properties that inhibit the growth  

of harmful microorganisms, it can still be 

effectively broken down by specific microbes like 

Streptomyces that thrive in the soil environment. 

Among the studied blend ratios, PVA:70/CS:30 

stands out as the most suitable composition for the 

composite film due to its optimal balance between 

mechanical properties and biodegradability. The 

PVA:70/CS:30 blend exhibits superior tensile 

properties, including higher tensile strength and 

ductility, which are essential for ensuring the 

durability and performance of packaging films. 

Additionally, the PVA:70/CS:30 blend demonstrates 

a more controlled degradation rate, with a weight 

loss of 76.76% over 30 days. This is slower 

compared to the higher degradation rates observed 

in PVA:50/CS:50 and PVA:30/CS:70 blends, 

which show weight losses of 79.31% and 81.42%, 

respectively. The moderate degradation rate of  

the PVA:70/CS:30 composite ensures that the 

film maintains its structural integrity for a more 

extended period, making it a more practical and 

effective packaging material. By combining good 

tensile properties with a not-too-rapid degradation 

rate, the PVA:70/CS:30 blend provides a balanced 

solution that enhances the film’s functionality and 

longevity in practical applications. 

4. CONCLUSIONS 

This study investigated the effects of varying 

PVA/CS weight ratios on the morphological, 

mechanical, antibacterial, and biodegradable 

properties of composite films for potential food 

packaging applications. Morphological analysis 

revealed that increasing the CS content resulted in 

a coarse and rough surface with white patches, air 

bubbles, and pores, indicating inadequate polymer 

mixing and inconsistent CS dispersion. Despite 

these challenges, the PVA:70/CS:30 composite 

exhibited tensile properties comparable to those 

of pure PVA, striking a balance between mechanical 

performance and other advantageous properties. 

Tensile analysis demonstrated that a higher CS 

content reduced the tensile strength and ductility 

of PVA/CS composite films, but enhanced the 

film stiffness. The PVA:70/CS:30 composite 

exhibited a favorable balance with good UTS and 

EB, making it suitable for durable and flexible 

food packaging. 

Antibacterial evaluations revealed that all 

PVA/CS composites exhibited substantially higher 

antibacterial efficacy compared to pure PVA film, 

with the PVA:70/CS:30 composite demonstrating 

enhanced antibacterial properties against both  

E. coli and B. subtilis. This amplified antibacterial 

activity can be attributed to the presence of CS, 

which disrupts bacterial cell walls and impedes 

bacterial growth. Soil burial analysis further 

corroborated the suitability of the PVA:70/CS:30 

composite, as its moderate degradation rate of 

76.76% over 30 days ensured the film maintained 

structural integrity during use, providing a practical 

and effective solution for packaging applications. 

The presence of specific soil microorganisms 

effectively degraded the CS component, while  

the PVA matrix exhibited resistance to rapid 

degradation, ensuring extended functional lifespan. 

In conclusion, the PVA:70/CS:30 composite film 

proves to be the most suitable weight ratio for 

food packaging applications. This can be attributed 

to its well-balanced mechanical attributes, efficient 

biodegradation profile, and improved antibacterial 

performance. These desirable properties position 

it as a promising alternative to conventional 

packaging materials, enabling both sustainability 

and enhanced functionality. The insights gleaned 

from this study offer valuable inputs for the 

development of advanced biodegradable packaging 

films, thereby contributing to the mitigation of 

plastic waste and the advancement of eco-friendly 

packaging solutions. 
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