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ABSTRACT: Effective wound care requires dressing materials that provide physical 

protection while actively encouraging tissue regeneration. This research investigates the 

development and characterization of biocomposite nanofiber membranes composed of 

polylactic acid (PLA), chitosan, and cellulose, synthesized via the electrospinning method 

at an optimized operating voltage of 20 kV. The study aimed to identify the optimal material 

ratio that balances mechanical durability with surface wettability. Comprehensive 

evaluations included Scanning Electron Microscopy (SEM), Fourier Transform Infrared 

(FTIR), water contact angle (WCA) measurements, and mechanical testing. The results 

demonstrate that the integration of chitosan and cellulose significantly refined fiber 

morphology and wettability. The optimal variant with a composition of 90:5:5 wt.% 

(PLA:chitosan:cellulose) achieved a WCA of 98.64°, indicating that the hydrophobicity was 

maintained relative to pure PLA. M orphologically, the composite fibers were uniform and 

bead-less, with a mean diameter reduction of 36.2% (from 517.12 nm in pure PLA to 329.68 

nm). FTIR spectra confirmed successful component incorporation through characteristic 

amide and hydroxyl bands. Mechanically, the composite membrane exhibited a superior 

synergy between strength and flexibility, achieving a yield strength of 0.06 MPa and a 

significant elongation at break of 80.36%. These findings suggest that the 90:5:5 formulation 

successfully bridges the gap between mechanical durability and the high surface area-to-

volume ratio required for advanced, biodegradable wound care applications. 
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1.     Introduction 

Wound healing is an intricate and active biological process 

essential for restoring tissue functionality following an 

injury. This mechanism involves several overlapping 

phases, including hemostasis, inflammation, proliferation, 

and maturation (Asadzadeh 2024). During hemostasis, the 

body activates clotting mechanisms to arrest 

hemorrhaging, followed by the inflammatory phase, which 

focuses on eliminating pathogens and cellular debris. In the 

subsequent proliferation phase, new tissue is formed 

through cell migration and extracellular matrix (ECM) 

deposition. Finally, the maturation phase involves tissue 

remodeling to enhance the structural stability of the 

repaired area (Sonar et al. 2021). To support these stages, 

wound dressings play a pivotal role by protecting the site 

from external contaminants, maintaining an optimal 

microenvironment, and promoting tissue regeneration. An 
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ideal dressing should accelerate healing while ensuring 

patient comfort and safety. Traditional materials like gauze 

or synthetic plastics have been widely used; however, 

plastic-based dressings raise environmental concerns due 

to their poor biodegradability (Wang, Wen, and Huang 

2021). The accumulation of non-degradable plastic waste 

has necessitated the development of sustainable 

alternatives derived from natural polymers to mitigate 

long-term environmental pollution. Consequently, recent 

research has shifted toward eco-friendly dressings derived 

from biodegradable polymers. Nanofiber-based dressings 

have recently become a primary focus due to their 

biomimetic structure, which closely resembles the natural 

skin ECM, thereby fostering an ideal environment for 

tissue engineering and cell proliferation (Partovi et al. 

2024). Among various These materials provide a 
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sustainable solution for wound recovery without 

exacerbating the global environmental footprint. 

Nanofiber-based dressings have recently become a primary 

focus in biomedical research due to their biomimetic 

structure, which closely resembles synthesis techniques, 

electrospinning is regarded as the most effective for 

producing ultrafine fibers with diameters between 5 and 

100 nm. PLA is frequently utilized as a base polymer in 

electrospinning due to its controllable degradation and 

mechanical integrity (Ehyaeirad et al. 2024). Nevertheless, 

the inherent brittleness of PLA often limits its application. 

The integration of reinforcing phases, such as cellulose 

derived from biomass residues, serves to bridge these 

mechanical gaps and improve the structural stability of the 

resulting composites (Lestari, Anggorowati, and Hadi 

2021). Given its remarkable properties, cellulose enhances 

the composite’s tensile strength and hydrophilicity. 

     Furthermore, incorporating antimicrobial agents is a 

critical strategy in preventing infections. Chitosan, a 

natural biopolymer, provides intrinsic anti-inflammatory 

and antibacterial properties, making it an excellent 

functional additive. The versatility of chitosan, particularly 

its reactive functional groups, allows for effective 

modification and integration into composite matrices for 

various functional applications (Sulistyawati et al. 2022). 

Previous studies have explored various formulations; for 

example, Rahmayetty, 2021 found that a PLA/chitosan 

blend with 3% chitosan yielded optimal tensile strength of 

120.396 MPa, while Madani, 2024 reported the benefits of 

modified cellulose in PLA-based composites for 

antibacterial inhibition. However, the synergistic interplay 

between natural cellulose and chitosan when 

simultaneously integrated into a PLA matrix remains to be 

fully elucidated. Specifically, there is a lack of research 

focusing on how the simultaneous addition of these two 

biopolymers affects the balance between surface 

wettability and ultrafine fiber morphology.  

This study operates on the premise that the 

incorporation of cellulose will strengthen the structural 

framework of the nanofibers through mechanical 

reinforcement, while the addition of chitosan will refine the 

fiber morphology by increasing solution conductivity. By 

addressing this gap, this research focuses on the synthesis 

of a triple-component PLA/chitosan/cellulose 

biocomposite. Such a combination is anticipated to yield a 

biocomposite with a superior balance of tensile strength 

and ultrafine fiber diameter, ideally suited for wound 

dressing applications. Building on these findings, this 

study focuses on the synthesis of PLA/chitosan/cellulose 

biocomposite nanofibers via electrospinning. The primary 

objective is to bridge the inherent brittleness of PLA by 

integrating varying compositions of chitosan and cellulose. 

This work provides a specific contribution by optimizing a 

triple-component formulation that achieves the necessary 

flexibility and mechanical integrity for medical 

applications while maintaining a fully eco-friendly 

material profile. Ultimately, this research provides a 

practical scientific framework for utilizing biomass-

derived additives to enhance the functional performance of 

biodegradable wound dressings. 

2.     Materials and Methods 

2.1.   Materials and Polymer Solution Preparation 

The primary materials used in this research were PLA in 

pellet form, Chitosan powder, and Alpha-Cellulose. Both 

the Chitosan and Alpha-Cellulose were supplied by Nitra 

Kimia (Surabaya, Indonesia). The solvent system 

employed consisted of Dichloromethane (DCM) and 

Dimethylformamide (DMF), both of analytical grade with 

a purity of  ≥ 99% and molecular weights of 84.93 g/mol 

and 73.09 g/mol, respectively, purchased from CV. 

Chemical Indonesia Multi Sentosa (Chemindo Group). All 

chemical reagents were used as received without further 

purification. In this research, PLA was utilized as the 

fundamental polymer matrix owing to its exceptional 

biocompatibility and non-toxic nature. Its renewable origin 

and biodegradable properties further solidify its position as 

a premier substrate for advanced biomedical devices and 

wound care systems. Although PLA exhibits good 

mechanical strength and processability, it is inherently 

brittle and possesses limited elongation at break, which 

may restrict its performance in flexible wound dressing 

applications. Therefore, PLA is commonly combined with 

other biopolymers to improve its functional performance. 

In this study, PLA was dissolved in 7 mL of DCM and 

homogenized using a magnetic stirrer at room temperature 

for 15 minutes at a stirring speed of 300 rpm to obtain a 

homogeneous solution, hereafter referred to as Solution A. 

DCM was selected as the solvent due to its excellent 

solubility for PLA and its suitability for electrospinning-

based nanofiber fabrication. Chitosan and cellulose were 

incorporated as functional and reinforcing biopolymers to 

enhance the biological and mechanical performance of 

nanofiber wound dressings. Chitosan, obtained from the 

deacetylation of chitin, is recognized for its exceptional 

biological safety and hemostatic capabilities. Its intrinsic 

antimicrobial activity and biodegradable nature make it a 

versatile biopolymer for enhancing the wound recovery 

process.  

The presence of amino (–NH₂) and hydroxyl (–OH) 

functional groups imparts a cationic character to chitosan, 

enabling interactions with negatively charged cell 

membranes and microbial walls, thereby contributing to its 

antibacterial activity. On the other hand, cellulose 

represents a highly prevalent natural polysaccharide 

consisting of recurring β-D-glucose monomers 

interconnected through glycosidic linkages. Strong 

intermolecular hydrogen bonding between cellulose chains 

results in high tensile strength, good structural stability, 

and excellent water retention capacity, making cellulose an 

effective reinforcing agent for polymer-based wound 

dressings. In this study, chitosan and cellulose were 

dissolved together in 7 mL of DMF and homogenized 

using a magnetic stirrer at room temperature for 15 minutes 

at 300 rpm to obtain a uniform solution, referred to as 

Solution B. DMF was selected as the solvent due to its 
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ability to facilitate the dispersion of both chitosan and 

cellulose in polymer blend systems intended for 

electrospinning. The chitosan content in Solution B was 

varied at 0, 2.5, 5, 7.5, and 10 wt%, while the cellulose 

content was adjusted to 0, 2.5, 5, and 7.5 wt%, depending 

on the designated sample formulation. 

     Subsequently, Solution A and Solution B were 

combined and further homogenized using a magnetic 

stirrer for 15 minutes at 300 rpm to ensure uniform 

blending of all polymer components at the molecular level. 

The homogeneous polymer blend solutions obtained from 

this process were then directly used for the fabrication of 

nanofiber wound dressings through the electrospinning 

method. The detailed compositions and corresponding 

sample codes are summarized in Table 1. 

 

Table 1. Composition and Sample Codes of Nanofiber 

Solutions 

Sample 

Code 

PLA 

(wt.%) 

Chitosan 

(wt.%) 

Cellulose 

(wt.%) 

A 100 0 0 

B 90 7.5 2.5 

C 90 5 5 

D 90 2.5 7.5 

E 90 10 0 

 

2.2.  Preparation of Nanofiber Wound Dressings by 

Electrospinning 

The fabrication of nanofiber-based wound dressings was 

executed via electrospinning, owing to its operational 

simplicity and high efficiency in producing continuous 

fibers within the nanometer scale. The schematic 

arrangement of the electrospinning apparatus used in this 

study is illustrated in Figure 1. This method employs a 

high-voltage electrical field to counteract the surface 

tension of the polymer solution, which facilitates the 

creation of ultrafine fibers with diameters typically 

between 50 and 500 nm. The primary components of the 

electrospinning setup include a syringe for the polymer 

solution along with a metallic spinneret, a high-voltage 

power source, and a grounded collector. Structural and 

morphological variations in the fibers can be regulated by 

adjusting the spinneret design or collector setup and 

processing variables such as the applied voltage, flow rate, 

or tip-to-collector distance. The electrospinning process 

was conducted at a stable ambient temperature of 25°C. 

Before the process began, the polymer blend was 

carefully loaded into a 15 mL syringe to prevent air bubble 

formation and installed onto an infusion pump. The 

solution was extruded through a 22-gauge stainless steel 

needle, which served as the spinneret. The needle tip was 

attached to the positive electrode of the power supply, 

while the aluminum foil collector was placed at a specific 

distance and connected to the negative terminal. To ensure 

optimal solvent evaporation and stable jet formation, the 

collector was placed at a fixed tip-to-collector distance of 

15 cm. A constant voltage of 20 kV was applied to generate 

a stable electric field between the components. This 

electrical force caused the polymer solution to form a 

Taylor cone and emerge as a charged jet directed toward 

the collector. As the jet traveled, solvent evaporation 

occurred, resulting in the accumulation of solid nanofiber 

membranes on the collector surface. The extrusion was 

maintained at a steady flow rate of 7 mL/h until the entire 

volume of the polymer solution was fully utilized. These 

specific parameters were strictly controlled to maintain 

consistency in fiber diameter and morphology across all 

samples. 

 

 

Figure 1. Schematic of the electrospinning system 

2.3.  Characterization and Testing of Nanofibers 

Contact Angle analysis 

The surface wettability characteristics of the nanofiber 

wound dressings were determined through contact angle 

analysis employing the sessile drop technique. These 

observations were conducted using a contact angle 

goniometer integrated with a high resolution digital camera 

to ensure precise measurement of the droplet interaction 

with the membrane surface. Prior to testing, the nanofiber 

samples were gently cleaned with a dry, lint-free cloth to 

remove surface contaminants. A droplet of deionized water 

with a fixed volume of 0.01 mL was carefully deposited 

onto the nanofiber surface using a micropipette or a 1 mL 

syringe. The droplet profile was captured immediately 

after deposition, and the contact angle was determined 

from the recorded images using ImageJ software (v1.52). 

To ensure data reliability and reproducibility, contact angle 

measurements were conducted at five different locations 

(n=5) for each sample. The results are reported as the mean 

value along with the corresponding standard deviation 

(SD). Surface wettability was classified based on contact 

angle values, where contact angles below 90° indicate 

hydrophilic surfaces and contact angles above 90° indicate 

hydrophobic surfaces. 

 

2.3.1. Scanning electron microscopy (SEM) 

The investigation of surface morphology and fiber 

architecture including diameter distribution was conducted 

using a HITACHI FLEXSEM 100 scanning electron 
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microscope which featured a secondary electron (SE) 

detector. To enhance surface conductivity for clearer 

imaging the nanofiber specimens were secured onto 

aluminum stubs and underwent a sputter-coating process 

before analysis. Observations were performed at multiple 

magnifications between 500× and 10,000× to assess the 

overall fiber uniformity while identifying potential 

imperfections such as bead formation or fiber fusion. 

Furthermore ImageJ software (v1.52) was employed to 

process the SEM micrographs. The average fiber diameter 

was determined by measuring 20 random fibers (n=20) 

from the micrographs for each experimental group. The 

diameter distribution and uniformity were analyzed and 

expressed as mean ± standard deviation (SD). 

 

2.3.2. Fourier Transform Infrared (FTIR) Analysis  

To examine molecular interactions and identify functional 

groups within the PLA/chitosan/cellulose biocomposites 

Fourier Transform Infrared (FTIR) spectroscopy was 

performed using a Shimadzu FTIR-8400S instrument. This 

analytical technique relies on the infrared radiation 

absorption by molecular bonds which generates specific 

peaks representing the functional groups present in the 

material. The resulting spectra were scrutinized to verify 

the characteristic chemical groups of PLA, chitosan, and 

cellulose while investigating potential intermolecular 

phenomena such as hydrogen bonding between the 

integrated polymer phases.  

 

2.3.3. Mechanical Properties Analysis 

The mechanical robustness of the fabricated dressings was 

assessed through tensile evaluation utilizing a universal 

testing machine (UTM) following standardized protocols 

for material testing. Parameters such as tensile strength, 

Young’s modulus, and elongation at break were recorded 

to represent the strength, stiffness, and ductility of the 

composites respectively. High-quality mechanical 

performance is a prerequisite for wound care materials as 

it dictates the durability and flexibility required to 

withstand deformation during clinical use. Additionally the 

study analyzed how polymer ratios and the inclusion of 

reinforcing agents impacted the tensile behavior since 

modifications in fiber-reinforced systems are known to 

alter mechanical properties significantly. 

2.4.  Data Analysis and Statistical Treatment 

The quantitative results from the WCA and SEM 

measurements were analyzed statistically to ensure data 

reliability. The arithmetic mean (x̄) and standard deviation 

(σ) were calculated using the following equations: 

 

𝑥̄ =
∑ 𝑥𝑖
𝑛
𝑖=1

𝑛

                             (1) 

 

 

σ = √∑ (𝑥𝑖−𝑥̄)
2𝑛

𝑖=1

𝑛−1

  (2) 

Where : 

• x̄ : mean 

• xi : individual value  

• 𝑛 : total number of repetition (5 for WCA ; n 20 for 

fiber diameter (SEM)) 

• σ : standard deviation (SD) 

 

Unit and Analysis : 

• Fiber diameter : measured in nanometers (nm)  

• Contact angel  : measured in degrees (°) 

• Mechanical Properties : tensile strength (MPa) 

elongation at break (%) 

3.     Results and Discussion 

3.1.  Contact Angle of Nanofiber Wound Dressings 

The variation in material composition plays a significant 

role in determining the hydrophobicity of nanofiber mats. 

This property is measured by the contact angle (°), which 

is a key parameter for wound dressing applications, as a 

more hydrophobic surface can prevent water penetration 

while maintaining a moist wound environment (Madani et 

al. 2024). Based on five-fold measurements (n=5),  sample 

code A exhibited the highest contact angle of 103.778° ± 

10.15°, reflecting the intrinsic highly hydrophobic nature 

of PLA. This behavior is attributed to the dominance of 

nonpolar ester groups in the PLA structure, which reduces 

interactions with water molecules (Rahmayetty et al. 

2021).  

 

Figure 2. Effect of material composition on contact angle 

values of nanofiber wound dressings 

 

When PLA is combined with chitosan and cellulose (codes 

B–E), the contact angle decreases, indicating an increase in 

the surface hydrophilicity of the nanofibers. Samples E 

(PLA + chitosan) and B maintained relatively high values 

(101.459° ± 3,42° and 99.638° ± 3,02°) due to the 

dominance of chitosan, whereas codes C and D showed a 

more pronounced decrease (98.642° ± 2,29°  and 93.426° 

± 2,84°) due to a higher proportion of cellulose The 

reduction in contact angle is driven by the abundant polar 

functional groups, specifically the hydroxyl (–OH) groups 

in cellulose and amine (–NH₂) groups in chitosan. These 

groups act as hydrophilic sites that facilitate the formation 
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of hydrogen bonds with water droplets, thereby increasing 

the surface free energy of the nanofibers. Furthermore, the 

synergistic effect of cellulose in sample D suggests a 

higher density of these oxygen-containing functional 

groups on the fiber surface, which effectively attracts water 

molecules and reduces the interfacial tension between the 

liquid and the solid surface (Asadzadeh 2024; Njuguna, 

Muriuki, and Karenga 2022). 

3.2.  Morphological Characteristics and Fiber Diameter 

Analysis (SEM) 

The morphology of nanofibers in samples A and C was 

analyzed at 20 kV using SEM to evaluate the effect of 

material composition on fiber diameter, uniformity, and 

surface structure. 

 

 

 

Figure 3. SEM image of Nanofiber (a) code A;  

(b) code C 

 

SEM images at 5000× magnification revealed 

differences in morphology and the presence of defects such 

as beads. Based on the measurement of 20 random fibers 

(n=20) for each group, Sample A (PLA) exhibited an 

average fiber diameter of 517.12 ± 57,33 nm, with thick, 

uniform fibers free of beads, due to high solution viscosity 

and hydrophobicity that maintained jet stability. Sample C 

(PLA/ chitosan /cellulose) had a smaller average diameter 

of 329.68 ± 31,00 nm. The inclusion of standard deviation 

reflects the narrow diameter distribution, indicating high 

fiber uniformity. The hydroxyl groups in cellulose and 

amine groups in chitosan increased the solution polarity 

and electrical conductivity. This increase in conductivity 

enhances the net charge density carried by the 

electrospinning jet, resulting in stronger electrostatic 

stretching forces during the whipping process. 

Consequently, the polymer jet undergoes more extensive 

thinning before reaching the collector, which leads to the 

formation of finer nanofibers. The balanced proportion of 

the two biopolymers maintained fiber quality, producing 

smooth nanofibers with a consistent diameter distribution 

and no defects as the added biopolymers also influenced 

the solution viscosity to stay within the optimal range for 

stable jet formation (Pais et al. 2022) 

3.3.  Functional Group Analysis of Nanofibers (FTIR) 

FTIR analysis was performed to identify functional groups 

in nanofibers of samples A and C and to observe chemical 

changes resulting from the incorporation of cellulose and 

chitosan into the PLA matrix. Sample A (pure PLA) served 

as a control to show the characteristic PLA peaks, while 

sample C was selected due to the balanced proportion of 

cellulose and chitosan, allowing for clear observation of 

the uniform distribution of polar functional groups. 

 

Figure 4. FTIR Spectrum of Nanofibers 

The FTIR spectrum of sample C showed significant 

changes compared to pure PLA. The 3310–3583 cm⁻¹ 

region, representing –OH and –NH₂ groups, appeared 

stable and consistent, indicating a homogeneous 

distribution of hydrophilic groups from cellulose and 

chitosan (Nandiyanto, Ragadhita, and Fiandini 2023). The 

broadening of this peak in Sample C suggests the formation 

of intermolecular hydrogen bonds between the hydroxyl 

groups of cellulose and the amino groups of chitosan with 

the carbonyl groups of PLA. The intensity of the 2959 cm⁻¹ 

[b]     

[a]     

Code C    

Code A    
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band, associated with aliphatic –CH groups, decreased in 

sample C due to the contribution of polar groups from the 

biopolymers. Increased intensities at 1753 cm⁻¹ and 1181 

cm⁻¹ indicate additional C=O and C–O–C groups from 

cellulose and chitosan, while the 1088 cm⁻¹ band confirms 

overlapping absorptions from all three components. The 

slight shift in the C=O stretching vibration at 1753 cm⁻¹ 

further confirms the chemical compatibility and molecular 

interaction within the ternary blend. The weak band at 724 

cm⁻¹ reflects the reduced dominance of aliphatic –CH 

groups in PLA due to biopolymer addition. Overall, these 

spectral changes confirm the successful incorporation of 

cellulose and chitosan and chemical interactions between 

polymer chains, which can influence the mechanical 

properties, biodegradability, and bioactivity of the 

nanofibers, demonstrating that the intermolecular cross-

linking through physical interactions produces a more 

functional and stable polymer matrix (Asadzadeh 2024). 

3.4. Mechanical Properties of Nanofiber Wound 

Dressings 

The mechanical properties of the nanofiber wound 

dressings with various material compositions are presented 

in Figure 5. The yield strength represents the stress level at 

which the material begins to deform plastically. 

 

 

Figure 5. Yield strength of nanofiber with different 

material compositions 

 

As shown in Figure 5, Sample A (pure PLA) and 

Sample E (PLA/chitosan) both exhibited a yield strength of 

0.04 MPa, while Sample C (PLA/chitosan/ cellulose) 

showed a higher value of 0.06 MPa. The superior yield 

strength of Sample C can be attributed to the reinforcing 

effect of cellulose within the composite matrix. As a high-

strength natural polymer, cellulose nanofibers act as 

structural 'pillars' that restrict the molecular mobility of the 

PLA chains, thereby increasing the resistance of the 

material against deformation (Mokhena et al. 2021). This 

reinforcement is made possible by the chemical 

compatibility observed in the FTIR spectra. The 

intermolecular hydrogen bonding—indicated by the OH 

and NH₂ peaks in the 3310–3583 cm⁻¹ region—functions 

as a molecular bridge that facilitates efficient stress transfer 

from the PLA matrix to the cellulose reinforcements. 

Furthermore, the significant reduction in fiber diameter 

observed in the SEM analysis for Sample C (329.68 ± 

31.00 nm) compared to Sample A (517.12 ± 57.33 nm) 

plays a crucial role. Finer nanofibers typically possess a 

higher degree of molecular orientation and crystallinity 

along the fiber axis, which enhances their mechanical 

integrity. In contrast, Sample E did not show an increase in 

yield strength over Sample A, suggesting that the addition 

of chitosan alone, without the structural support of 

cellulose, is insufficient to significantly bolster the 

mechanical resistance of the PLA matrix. Therefore, the 

ternary combination in Sample C creates a more integrated 

and robust biocomposite structure through the synergistic 

effect of physical cross-linking and improved fiber 

morphology. 

 

3.5. Effect of Material Composition on the Tensile 

Strength of Nanofiber 

The tensile strength results for the various nanofiber 

compositions are illustrated in Figure 6. Variations in 

material composition significantly dictate the tensile 

strength of the nanofibers, where Sample A (pure PLA) 

exhibits the highest value of 0.43 MPa, while Samples C 

and E show lower values of 0.21 MPa and 0.23 MPa, 

respectively. 

 

Figure 6. Tensile strength of nanofiber with different 

material compositions 

 

The superior strength of Sample A is associated with the 

inherent semi-crystalline structure of pure PLA, which 

allows for effective resistance against tensile loads. 

However, the reduction in tensile strength for Sample C 

and E suggests that the incorporation of biopolymers 

induces a structural transition within the fiber matrix. 

Chemically, this is supported by the FTIR spectra, where 

the emergence of polar –OH and –NH₂ bands indicates the 

presence of cellulose and chitosan. While these groups 

facilitate some intermolecular hydrogen bonding, their 

presence simultaneously disrupts the original crystalline 
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order and molecular chain alignment of the PLA backbone 

(Mokhena et al. 2021). The decrease in strength in Sample 

C (0.21 MPa) compared to Sample A is primarily due to 

interfacial heterogeneity between the hydrophobic PLA 

and the hydrophilic biopolymers. This incompatibility can 

lead to 'stress concentration sites' at the interfaces of the 

polymer blends, where the mechanical load is not 

distributed uniformly, leading to earlier failure under 

tension. Furthermore, the disruption of the aliphatic –CH 

groups (2959 cm⁻¹) observed in FTIR confirms that the 

biopolymers interfere with the dense packing of PLA 

chains. Although Sample E (0.23 MPa) shows a slightly 

higher strength than Sample C, both are lower than pure 

PLA, indicating that while the functional groups add 

bioactivity, they act as structural discontinuities that reduce 

the peak tensile resistance of the composite nanofibers 

(Asadzadeh, 2024). 

 

3.6. Effect of Material Composition on the Young’s 

Modulus of Nanofiber 

The impact of PLA, chitosan, and cellulose compositions 

on the Young’s Modulus of the nanofibers is illustrated in 

Figure 7. This parameter indicates the stiffness of the 

material and its resistance to elastic deformation. 

 

 

Figure 7. Young Modulus of nanofiber with different 

material compositions 

 

As shown in Figure 7, Sample E exhibits the highest 

stiffness at 1.78 MPa, followed by Sample A at 1.33 MPa, 

and Sample C at the lowest value of 0.37 MPa. The 

superior rigidity of Sample E is chemically supported by 

the FTIR spectrum, where the interaction between the 

amino groups of chitosan and the PLA matrix promotes a 

more rigid molecular framework. Mechanically, this is 

attributed to the strong interfacial adhesion between the 

amine groups of chitosan and the PLA matrix, which 

restricts the elastic deformation of the polymer chains 

under low strain. Chemically, this interaction is supported 

by the specific hydrogen bonding observed in the FTIR 

spectra, which acts as a physical cross-link that enhances 

the overall modulus of the composite. In contrast, Sample 

C (PLA/chitosan/cellulose) showed a substantial decrease 

in stiffness to 0.37 MPa. The presence of cellulose in this 

ternary blend appears to disrupt the crystalline continuity 

of the PLA matrix, leading to a more compliant and 

flexible structure. This reduction in modulus occurs 

because the high density of biopolymer integration—as 

indicated by the broad –OH and –NH₂ bands (3310–3583 

cm⁻¹)—facilitates interphase heterogeneity (Asadzadeh 

2024). Instead of providing rigid reinforcement, the 

cellulose fibers in this specific composition may act as 

'spacers' that increase the free volume between PLA chains, 

thereby reducing the force required for elastic stretching. 

These results align with Madani (2024), who reported that 

while chitosan can enhance rigidity through specific 

molecular interactions, the incorporation of cellulose can 

sometimes reduce stiffness by forming a less homogeneous 

and more flexible network within the hydrophobic polymer 

matrix. 

 

3.7. Effect of Material Composition on the Maximum 

Force Resistance of Nanofiber 

The maximum force values for the nanofiber wound 

dressings across various material compositions are 

summarized in Figure 8. This parameter indicates the peak 

load the material can withstand before structural failure 

occurs. 

 

 

Figure 8. Max Force of nanofiber with different material 

compositions 

 

Variations in material composition significantly 

affect the maximum force obtained during mechanical 

testing, with Sample A (pure PLA) showing the highest 

value of 2 N, followed by Sample E with 0.8 N, and Sample 

C exhibiting the lowest value of 0.4 N. The superior 

maximum force of Sample A is attributed to the well-

ordered and continuous polymer chain structure of pure 

PLA, which facilitates efficient and uniform load 
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distribution across the fiber. However, the incorporation of 

biopolymers leads to a significant reduction in the load-

bearing capacity. In Sample C (0.4 N), the presence of both 

cellulose and chitosan disrupts the original viscoelasticity 

and molecular continuity of the PLA matrix. Mechanically, 

this suggests that the biopolymers may act as structural 

discontinuities or 'impurities' within the PLA backbone, 

potentially introducing microvoids or interfacial weak 

points that promote premature failure under stress. This 

structural disruption is chemically supported by the FTIR 

spectra, where the emergence of broad –OH and –NH₂ 

peaks (3310–3583 cm⁻¹) indicates the successful 

integration of hydrophilic components. However, the 

decreased intensity of the aliphatic –CH band at 2959 cm⁻¹ 

confirms that these biopolymers interfere with the dense 

packing of the PLA chains. As a result, the mechanical load 

is not effectively distributed, leading to a lower force 

threshold before the fiber structure reaches its breaking 

point. These results are consistent with Asadzadeh (2024), 

who reported that while biopolymer addition increases the 

functional properties of the nanofibers, it often reduces the 

overall load-bearing capacity due to structural 

heterogeneity and poor filler dispersion compared to the 

homogeneous pure PLA control. 

 

3.8. Effect of Material Composition on the Elongation 

Behavior of Nanofiber 

The elongation properties of the nanofiber wound 

dressings across various material compositions are 

displayed in Figure 9. This parameter determines the 

material's ability to stretch and deform before breaking, 

which is a critical factor for wound dressing flexibility. 

 

 

Figure 9. Elongation of nanofiber with different material 

compositions 

 

Variations in material composition significantly 

affect the elongation of the nanofibers, which determines 

the material's ability to stretch before breaking. Based on 

the experimental results, Sample A exhibited an elongation 

of 73.83%, Sample E showed a decrease to 65.96%, and 

Sample C reached a peak value of 80.36%. The superior 

elongation observed in Sample C is attributed to the 

synergistic effect of combining cellulose and chitosan 

within the PLA matrix. Mechanically, the integration of 

these biopolymers acts as a 'molecular lubricant' or 

plasticizing agent that enhances the mobility of the PLA 

chains. This allows the polymer network to undergo greater 

plastic deformation and stretching before structural failure 

occurs (Latifa et al. 2024). This behavior is chemically 

supported by the FTIR spectrum of Sample C, where the 

broad intensity in the 3310–3583 cm⁻¹ region indicates an 

extensive intermolecular hydrogen-bonding network. 

These hydrogen bonds function as flexible 'chemical 

bridges' that facilitate better chain sliding and 

deformability compared to the more rigid and brittle 

structure of pure PLA. Conversely, the decrease in 

elongation for Sample E (65.96%) suggests that the 

addition of chitosan alone restricts polymer chain mobility. 

Without the structural support and spacing provided by 

cellulose, the chitosan particles may act as rigid obstacles 

within the PLA matrix, increasing the brittleness and 

leading to earlier fracture. These results align with 

Asadzadeh (2024), confirming that the ternary 

combination in Sample C creates a more integrated and 

flexible biocomposite structure. This enhanced elongation 

is particularly beneficial for wound dressing applications, 

as it provides the necessary flexibility to conform to body 

contours and movements while maintaining structural 

integrity. 

4. Conclusions 

This study successfully developed biodegradable 

PLA/chitosan/cellulose biocomposite nanofibers through 

electrospinning, optimized for wound dressing 

applications. The research establishes that the synergistic 

integration of 5 wt% chitosan and 5 wt% cellulose (Sample 

C) significantly enhances the functional performance of the 

PLA matrix. The primary contribution of this work is the 

identification of an optimal ternary blend that balances 

surface wettability and mechanical flexibility, addressing 

the inherent brittleness of pure PLA. Key findings 

demonstrate that Sample C achieved a contact angle of 

98.64°, providing a moderately hydrophobic surface ideal 

for maintaining a moist wound environment. 

Morphological analysis revealed a significant reduction in 

average fiber diameter from 517.12 nm (pure PLA) to 

329.68 nm (Sample C), resulting in a more uniform and 

bead-free structure. Most importantly, the mechanical 

evaluation confirmed that the developed biocomposite 

outperformed pure PLA in ductility, exhibiting a peak 

elongation of 80.36% and a yield strength of 0.06 MPa. 

While pure PLA showed higher tensile strength, the 

improved elasticity and structural integrity of Sample C 

make it more suitable for dynamic wound coverage. This 

research provides a clear structure-property framework for 

developing high-performance biopolymer nanofibers. The 

optimized PLA/chitosan/cellulose system offers a superior 

combination of wettability control, molecular 

compatibility, and mechanical reliability, making it a 
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promising candidate for advanced biodegradable wound 

dressings.    
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