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The valorization of sugarcane bagasse into high-value biomedical materials is essential for
sustainable development. Although nanocellulose has attracted significant interest in medical
applications, the utilization of sugarcane bagasse as a cost-effective source for developing
nanocellulose-based composite membranes remains insufficiently explored. This study aimed
to extract nanocellulose from sugarcane bagasse via acid hydrolysis method and fabricate
chitosan incorporated nanocellulose composite membrane on plain woven cotton fabric for
antimicrobial activity. The prepared nanocellulose and composite membrane were character-
ized using scanning electron microscopy (SEM) and Fourier transform infrared spectroscopy
(FTIR) to evaluate morphological and chemical properties. FESEM analysis confirmed the
successful extraction of nanocellulose and FTIR results revealed its uniform integration with
chitosan within the composite structure. Antimicrobial performance of produced composite
membrane was assessed against gram-negative bacteria (Pseudomonas aeruginosa) and

reajul @ye .butex.edu.bd observed 18mm inhibition zone.

1. Introduction

Agro-industrial residues, particularly sugarcane bagasse, have
gained increasing attention as sustainable feedstocks for
value-added material development due to their abundant
availability and lignocellulosic richness, enabling diverse appli-
cations ranging from construction materials to environmental
remediation (1,2). The intrinsic physicochemical characteristics
of bagasse, including its fibrous morphology and high cellulose
content, make it a promising precursor for advanced material
synthesis (3) while its utilization as a renewable cellulosic
resource has been widely recognized for multifunctional applica-
tions (4). Cellulose, as the primary structural component of such
biomass, exhibits a highly ordered crystalline architecture and
hierarchical organization, which significantly influence its physi-
cochemical and mechanical behavior (5). The versatility of
cellulose and its derivatives has driven extensive research toward
biomedical applications due to their biocompatibility, biodegrad-

ability, and tunable surface chemistry (6). Furthermore, nanocel-
lulose, derived from cellulose through controlled processing,
demonstrates superior properties such as high surface area,
enhanced mechanical strength, and excellent biological perfor-
mance, including promising in vivo compatibility (7.,8).

Among various extraction techniques, acid hydrolysis remains
one of the most widely adopted approaches for producing
nanocellulose with controlled dimensions and crystallinity, where
process parameters such as hydrolysis time, pH, and reagent
concentration critically govern particle stability and morphology
(9,10). Alternative strategies, including oxidative and mixed-acid
treatments, have also been explored to optimize yield and disper-
sion quality (11) while advances in nanocellulose technology
continue to refine production efficiency and structural control
(12). In particular, sugarcane bagasse has emerged as an effective
and sustainable source for nanocellulose production, with several
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studies demonstrating successful extraction and characterization
of nanocellulosic materials exhibiting desirable physicochemical
properties for advanced applications (13,14). Optimization of
pretreatment and processing conditions further enhances the
quality and yield of nanocellulose derived from bagasse,
reinforcing its industrial feasibility (15) while greener production
routes are being actively investigated to improve environmental
compatibility (16). Chitosan, a naturally derived polysaccharide,
has been extensively studied for its remarkable physicochemical
and biological properties, including biodegradability, film-form-
ing ability, and inherent antimicrobial activity (17,18). Its
effectiveness in biomedical applications is largely attributed to
the presence of cationic amino groups, which facilitate strong
interactions with negatively charged microbial cell membranes
(19) while ongoing advancements have further improved its
mechanical and functional performance (20,21).
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Figure 1 : Schematic representation of chitosan’s antimicro-
bial mechanism involving membrane disruption, metal chela-
tion, and DNA damage (22).

Polyphenol-rich sugarcane extract exhibits significant bioac-
tivity, including modulation of carbohydrate metabolism and
antibacterial effects (23). The integration of nanocellulose
with chitosan has led to the development of advanced
biocomposites with enhanced mechanical, barrier, and
antimicrobial properties, owing to synergistic interactions
such as hydrogen bonding and -electrostatic attraction
between the two biopolymers (24,25). These composites have
demonstrated significant potential
systems and environmental applications, including pollutant
removal and adsorption processes (26,27). More importantly,
nanocellulose—chitosan composite materials have shown
remarkable promise in biomedical applications, particularly
in wound dressing systems, where their combined properties
contribute to improved antibacterial performance, moisture
retention, and structural integrity (28,29). Advanced nanocel-
lulose-based dressings have also been developed with multi-
functional capabilities such as real-time monitoring and
enhanced healing efficiency (30) while bioactive nanocellu-
lose membranes further contribute to infection prevention and
tissue regeneration (31). The growing body of research
highlights nanocellulose as a key biomaterial for next-genera-

in membrane-based
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tion wound care applications due to its adaptability and
functional tunability (32).

Previous studies have demonstrated the effective valorization
of sugarcane bagasse into nanocellulose and its successful
integration with chitosan to develop functional composite
materials (33). Bagasse-derived cellulose has also been
utilized to fabricate eco-friendly membranes with notable
performance in wastewater treatment applications, highlight-
ing its versatility (34). Furthermore, the incorporation of
nanocellulose into chitosan matrices has been reported to
enhance mechanical properties and impart significant
antibacterial activity (35). Moreover, the development of
antimicrobial materials from bagasse using chitosan-based
modifications further underscores the potential of such
biopolymer systems for sustainable and high-performance
applications (36).

Despite research on nanocellulose and
chitosan-based biomaterials, most studies focus either on
nanocellulose extraction or chitosan functionality separately,
with limited emphasis on their synergistic combination in a
structurally reinforced format. Additionally, although sugar-
cane bagasse is a promising and sustainable cellulose source,
its conversion into uniform, biomedical-grade nanocellulose
is not sufficiently optimized. Furthermore, existing nanocel-
lulose—chitosan composites are primarily developed as stand-
alone films, lacking the mechanical strength, flexibility, and
practicality required for real-world applications, particularly
in textile-supported systems. The correlation between
nanoscale structural features and functional outcomes such as
antimicrobial and hemostatic performance also remains
inadequately explored. In this study, develop a sustainable,
well-integrated nanocellulose—chitosan composite reinforced
with a textile substrate, with systematic evaluation of its
structural and biomedical properties for antimicrobial appli-
cations.

extensive

2. Materials and Method

Sugarcane bagasse was collected from renowned sugar facto-
ry of Bangladesh named as “Carew & Co Bangladesh Ltd”
located at darshana, chuadanga. All the chemicals used in this
study are listed in Table 1 A plain-woven bleached fabric with
a construction of (20x16)/(110x75) was selected as the
reinforcing substrate for membrane fabrication, considering
its structural uniformity and mechanical compatibility with
the nano-cellulosic matrix. Pseudomonas aeruginosa (ATCC
9027) strain was used for the antibacterial study. A commer-
cially available antibiotic disc of Cefepime (CEP 30) was
used as a standard reference to compare the antibacterial
activity of the developed composite membrane.
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Table 1: List of chemicals with their origin.

Name Brand Origin
Ethanol Winnex Thailand
Toluene Merck Germany

Sodium Hydroxide Merck Germany
Sodium Carbonate Merck Germany
Detergent Procter & Gamble USA
Sodium Chlorite Merck Germany
Distilled Water G Lab Bangladesh
Sulfuric Acid Merck Germany
Chitosan SRL India
Acetic Acid Merck Germany

Firstly, collected sugarcane bagasse were washed repeatedly
with water to remove soil and dirt. Then it was dried under
sun for 1 week. Dried sugarcane bagasse was chopped into 10
mm cut length and washed repeatedly with distilled water and
finally dried in an oven dryer at 70 degree celsius for 10
hours. The dried sugarcane bagasse was mechanically
reduced to fine powder using a blender to enhance surface
area and facilitate subsequent chemical treatments.

Soxhlet extraction was performed to eliminate waxes and
other impurities from the biomass of sugarcane bagasse,
ensuring improved accessibility of cellulose fibers. In this
study, 60 gm sugarcane bagasse powder were refluxed with
400 ml mixture containing 1:2 ratio of C,H;OH (ethanol) and
C,Hg (toluene) using soxhlet process at 70 degree celsius for
240 minutes. The extracted solid after filtration were aerated
in air for 36 hours to evaporate solvent. It was further washed
with distilled water to remove remaining organic solvent until
pH becomes neutral and then dried in an oven drier at 70
degree celsius for 8 hours. After dewaxing, 50 gm powder
was obtained from initially taken 60 gm sugarcane bagasse.

In the scouring process, 50 grams of dewaxed sugarcane
bagasse powder were treated with 60 grams of Na,CO, and
10 grams of detergent at 90 degree celsius for 3 hours for
1000 ml mixture. The scoured bagasse powder is washed with
distilled water until pH becomes neutral and then dried in an
oven drier at 70 degree celsius for 8 hours. 40 gm powder was
obtained after scouring.

At the bleaching stage, 40 grams of scoured sugarcane
bagasse powder were bleached with 2 grams of sodium
carbonate at 90 degree celsius for 2 hours for 1000 ml
mixture. pH level was maintained at 4 by adding acetic acid
drop by drop. Finally, the bleached bagasse powder is washed
with distilled water until pH becomes neutral and then dried
in an oven drier at 70 degree celsius for 8 hours. Alpha cellu-
lose is produced after. 30 gm powder was obtained after
bleaching.

Rest of the hemicellulose were eliminated by alkali treatment.
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In this stage, 30 grams of bleached sugarcane bagasse powder
were treated with 50 grams of sodium hydroxide at 40 degree
celsius for 2 hours for 1000 ml mixture. The bleached bagasse
powder is washed with distilled water until pH becomes
neutral and then dried in an oven drier at 70 degree celsius for
12 hours. 22 gm powder was obtained after alkali treatment.

To synthesize nanocellulose, lgram alpha cellulose was
subjected to acid hydrolysis with 60 wt. % H,SO, at 40°C for
10 ml solution with continuous stirring provided by a magnet-
ic stirrer on an electric hot plate. The ratio of fiber to liquor
was maintained 1:10. After a duration of 30 minutes, the
hydrolysis was terminated by introducing ice-cold water into
the reaction mixture. The resulting mixture was then allowed
to cool down to room temperature and was subjected to
centrifugation. The solid fraction was thoroughly washed
with distilled water until a neutral pH was achieved. Finally,
a Nano-cellulose suspension was created which was filtered
and dried to obtain nanocellulose powder which was
confirmed by SEM analysis. One complete cycle gives only
0.5 gm of nanocellulose. The whole process of making nano-
cellulose is shown in figure 2.
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Figure 2 : Synthesis of nanocellulose powder.

For the final preparation of membrane, 0.5 gram of chitosan
was dissolved in 30 ml of 2% (v/v) acetic acid while continu-
ously stirring for a duration of seven hours. After that, 1.0
gram of nanocellulose was incorporated into the mixture, and
stirring continued to achieve a homogeneous solution.
Solution casting method was employed to prepare the nano-
composite membrane. A round shaped (40 mm diameter)
plain woven bleached fabric is placed on petri dish (45 mm
diameter). This resulting homogeneous solution was then
poured into that petri dish and placed in a hot air oven at 60°C
for 24 hours. The dried membrane was immersed in 1 N
NaOH solution for 24 h to faciliate crosslinking. Following
this, the resulting membrane was immersed in distilled water
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for 24 hours to eliminate any residual chemicals, after which
it was thoroughly washed. The whole process of making
composite membrane is shown in Figure 3.

Nanocellulose is obtained

Addition of nanocellulose to a
mixture of chitosan and acetic acid.

Composite membrane formation

¥

NaOH Treatment of Composite
Membrane

Composite Membrane

Drying

Figure 3 : Composite membrane preparation.

3. Characterization Techniques

3.1 Field Emission Scanning Electron Microscopy (FESEM)

The surface morphology and structural features of the devel-
oped composite membrane were analyzed using a field-emis-
sion scanning electron microscope (FESEM) (ZEISS Sigma
300). The analysis was conducted at an accelerating voltage
of 5 kV. Prior to imaging, the samples were sputter-coated
with a thin layer of gold to minimize charging effects and to
obtain high-resolution micrographs. The obtained images
were further used to evaluate the dispersion and size distribu-
tion of nanocellulose within the composite matrix.

3.2 Fourier Transform Infrared Spectroscopy (FTIR)

Fourier transform infrared (FTIR) spectroscopy was
employed to investigate the chemical structure and functional
group interactions within the composite membrane. The
spectra were recorded using a Nicolet iS20 FTIR spectrome-
ter over a wavenumber range of 500—4000 cm™!. The analysis
was carried out to confirm the presence of constituent materi-
als and to identify possible intermolecular interactions
between cellulose, chitosan, and nanocellulose.

3.3 Antibacterial Activity Test

The antibacterial activity of the composite membrane was
evaluated against Pseudomonas aeruginosa (ATCC 9027)
using the standard disc diffusion method. The samples were
placed on agar plates inoculated with the test organism and
incubated under appropriate conditions. The antibacterial
performance was assessed by measuring the diameter of the
zone of inhibition around the samples. A commercially avail-
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able antibiotic disc, Cefepime (CEP 30), was used as a
positive control for comparison.

4. Results And Discussion

4.1 FESEM Analysis of Composite Membrane

The morphological characteristics of the developed compos-
ite membrane were investigated using FESEM. The micro-
graphs given in figure 4 reveal the inherent structure of the
plain woven cotton substrate, where well-defined inter-fiber
pores are clearly visible. The organized alignment of cellulos-
ic fibers along both warp and weft directions confirms that the
fundamental textile architecture remains intact after compos-
ite formation.

Moreover, the FESEM images indicate the successful incor-
poration of nanocellulose particles onto the surface of the
cotton fibers. The nanoparticles are observed to be uniformly
distributed throughout the matrix, suggesting effective
interfacial adhesion between the nanocellulose and the
substrate. The particle size was found to range between 58
and 77 nm, confirming the nanoscale nature of the reinforce-
ment. Such uniform dispersion and nanoscale dimensions are
expected to enhance the surface functionality and overall
performance of the composite membrane.
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Figure 4 : Microstructural analysis of nanocellulose-based
cotton composite membrane by FESEM. (A) inter-fibre pore
structure, (B) distribution of nanoparticle and their size.

4.2 FTIR Spectroscopy Analysis

The FTIR spectrum of the nanocellulose suspension given in
figure 5 displays a broad and intense band centered at ~3296
cm™!, corresponding to O—H stretching vibrations, indicative
of extensive intra- and intermolecular hydrogen bonding
within the cellulose network. The absorption at ~1642 cm™! is
attributed to the bending vibration of adsorbed water mole-
cules. The band at ~1408 cm™ arises from C—H bending
vibrations of the polysaccharide structure. Prominent peaks at
~1150 and ~1020 cm™! are assigned to asymmetric C—O-C
glycosidic linkages and C-O stretching of the pyranose ring,
respectively, confirming the integrity of the cellulose back-
bone. Minor absorptions in the 845-647 cm™! region are
associated with skeletal vibrations of the glucopyranose units.
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Collectively, the spectral features corroborate the characteris-
tic chemical structure and purity of nanocellulose.

The FTIR spectrum of the composite membrane given in
figure 6 confirms the presence of both cellulose and chitosan
components and provides evidence of their interaction within
the matrix. A broad absorption band around 3281 cm™ is
attributed to O-H stretching vibrations, indicating the
presence of extensive hydrogen bonding. The characteristic
peaks observed at 1643 cm™' (amide I) and 1549 cm™! (amide
II) correspond to the functional groups of chitosan, confirm-
ing its successful incorporation into the composite structure.
In addition, the absorption bands at 1149 cm™, 1019 cm™!,
and 845 cm™! are associated with C—O—C and C-O stretching
vibrations, which are typical of polysaccharide backbones
present in both cellulose and chitosan.

These spectral features collectively indicate the formation of
a compatible composite system, with possible intermolecular
interactions such as hydrogen bonding contributing to struc-
tural stability.
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Figure 5 : FTIR spectrum of the nanocellulose suspension
showing key functional groups and interactions.
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Figure 6 : FTIR of composite membrane showing key
functional groups and interactions.
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4.3 Antimicrobial Analysis :

Figure 7 : Comparative antimicrobial activity agaimst Pseu-
domonas aeruginosa. (A) antimicrobial activity of cefepime
(CEP 30), (B) antimicrobial activity of composite mem-
brane.

Figure 7 shows the antibacterial activity of the
chitosan—nanocellulose composite membrane was evaluated
against Pseudomonas aeruginosa (ATCC 9027) using the disc
diffusion method. The composite membrane exhibited a clear
zone of inhibition of approximately 18 mm, indicating
notable antibacterial efficacy. In comparison, the standard
antibiotic cefepime (CEP 30) produced a larger inhibition
zone of 26 mm under identical conditions, reflecting its
superior bactericidal performance. Nevertheless, the compos-
ite membrane demonstrated significant antimicrobial activity,
which can be attributed due to the presence of lignin-derived
phenolic moieties in sugarcane bagasse may impart antimi-
crobial activity through partial disruption of microbial cell
membranes. Additionally, the fibrous morphology of bagasse
can hinder microbial adhesion via surface-level physical
interactions. These findings highlight the potential of the
developed composite membrane as an effective antimicrobial
material for biomedical and environmental applications.

5. Conclusion

This study demonstrates the successful valorization of sugar-
cane bagasse, an abundant agro-industrial residue, into a
high-value nanocellulose-based composite membrane for
potential antibacterial application. Through systematic chem-
ical pretreatment and controlled sulfuric acid hydrolysis,
nanocellulose with particle sizes ranging from 58—77 nm was
effectively extracted. Structural characterization using
FESEM confirmed the presence and uniform distribution of
nanocellulose within the composite matrix, while FTIR
analysis verified the coexistence of characteristic functional
groups of cellulose and chitosan, indicating successful
composite formation. The developed composite exhibited
notable antimicrobial activity against Pseudomonas aerugino-
sa, demonstrating an 18 mm zone of inhibition, which
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confirms its potential as an antibacterial biomaterial.
Although its activity was comparatively lower than the
standard antibiotic cefepime, the membrane offers a sustain-
able, biodegradable, and non-antibiotic alternative for infec-
tion control in medical textiles. Furthermore, the integration
of the composite membrane onto plain woven cotton fabric
provides structural stability and flexibility, which are essen-
tial properties for wound dressing applications. The biopoly-
meric nature of both nanocellulose and chitosan suggests
additional advantages such as biocompatibility, moisture
management, and potential hemostatic activity. Future studies
should focus on in vivo biocompatibility studies, cytotoxicity
evaluation, mechanical performance optimization, large-scale
production feasibility, in-depth hemostatic evaluation and
clinical validation to establish the suitability of this biode-
gradable nanocellulose—chitosan membrane for wound care
and related medical textile applications.
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