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Chitosan possesses innumerable implementations in the field of biomedical, pharmaceutical and industry. Chitin is an amino polysaccharide 

polymer occurring in the protective exoskeleton of fish, crustaceans, insects along with fungi, from which chitosan can be derived by 

deacetylation. This research aimed to extract chitosan from Gibelion catla scales and characterise it using Fourier transform infrared 

spectroscopy (FTIR), X-ray diffraction (XRD), scanning electron microscopy coupled with energy dispersive X-ray spectroscopy (SEM/EDX) 

and elemental analysis along with an investigation of antimicrobial activity, cytotoxicity and wound healing activity. The FTIR identified 

various functional groups associated with organic compounds such as O-H stretching at (3461 cm–1), C=O stretching (1640 cm–1), C-H 

bending (1471 cm–1) and C-N stretching (1417 cm–1), confirmed the presence of hydroxyl, carbonyl and amine functionalities typical of 

partially deacetylated chitosan. The degree of deacetylation was determined to be 60.4%, suggesting a moderate level of conversion from 

chitin to chitosan. X-ray diffraction (XRD) analysis revealed a semi-crystalline structure, with a prominent peak observed at 32.04º, which 

is indicative of the polymer’s ordered crystalline nature. Scanning electron microscopy (SEM) further supported this, showing a rough, 

fibrillary surface morphology with visible porosity, which is consistent with the structural features observed in chitosan-based materials. 

Elemental profiling demonstrated that chitosan is rich in oxygen and calcium, phosphorus and carbon, which is attributed to residual 

inorganic content or interactions with mineral components, while the high oxygen and carbon content aligns with the organic polymeric 

nature of chitosan. Chitosan induced the formation of a measurable inhibition zone against all the bacterial species (Escherichia coli, 

Bacillus subtilis and Staphylococcus aureus) at all the tested concentrations. MTT analysis revealed that chitosan is strongly toxic to 

MDA MB-231 (triple negative breast cancer) cells and non-toxic to PSVK1 (normal skin keratinocytes). The scratch wound healing assay 

showed significant wound closure, indicating enhanced cell migration and regenerative activity. All these findings suggest that waste 

scales of Gibelion catla are prominent and rich sources of chitosan and the obtained product is biodegradable, antibacterial, naturally 

derived polysaccharide and can be employed as anticancer agent and wound dressing material. 
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INTRODUCTION 

 Chitosan is a native polycationic linear polysaccharide 

derived from chitin. Chitin is a straight chain biopolymer com-

posed of 2-acetamide-2-deoxy-D-glucopyranose units joined 

by the β (1,4) glycosidic bond. Chitin, the naturally occurring 

polysaccharide, is the primary component of the cell wall in 

fungi, the exoskeletons of arthropods, for instance crustaceans 

and insects, the radulae of molluscs and is the second most 

popular biopolymer in nature after cellulose [1]. As highlighted 

by Varma & Vasudevan [2] unlike cellulose chitin has aceta-
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mide moieties attached at C–Z positions. On the ground of 

the source, chitin can establish two allomorphic forms ( and ), 

with -chitin being abundantly present in the exoskeleton of 

shellfish, chiefly from shrimps and crabs [2]. Due to their uni-

que physico-chemical and biological properties, chitin and its 

derivatives can serve as immunostimulants, anticoagulants, 

enzyme inhibitors, antimicrobials, anticancer agents, antichol-

esterolemic agents and wound repairing agents. They are also 

employed as biosorbents for the removal of metal ions from 

contaminated water. Chitosan, consisting of 2-amino-2-deoxy-

D-glucopyranose units joined by β (1→4) glycosidic bonds, 
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can be extracted from chitin by deacetylation reaction through 

alkaline hydrolysis and subsequent treatment with acid solu-

tions [3]. Owing to the existence of charged units, the chitosan 

molecule might be classified as predominantly an ampholyte 

or a polyelectrolyte [4]. 

 Fish scales, rich in chitin, offer a cost-effective and eco-

friendly source for chitosan extraction. Their reuse supports 

circular economy and waste valorization in aquaculture. Con-

verting this waste into antimicrobial biopolymers holds promise 

for biomedical applications such as wound healing, drug deli-

very and tissue engineering, where biocompatible and non-

toxic alternatives are increasingly in demand. Among various 

fish species, Gibelion catla (commonly known as Catla), a 

widely cultivated freshwater fish in South Asia, generates a 

substantial quantity of scale waste during processing, which 

remains largely unexploited. 

 Chitosan, a natural biopolymer, is used due to its bio-

degradability, biocompatibility, non-toxicity, renewability and 

natural abundance [5]. Unlike the synthetic polymers, it offers 

additional benefits such as antimicrobial activity, hydration, 

non-antigenicity and haemostatic effects [6]. Its chemical stru-

cture containing reactive hydroxyl (–OH) and amino (–NH2) 

groups and a positive charge enables broad biological applic-

ations [7]. Chitosan extraction typically involves deproteini-

zation, demineralization and deacetylation, with the source 

material significantly influencing the properties of the final 

product [8]. Therefore, this study aimed to extract and charac-

terize chitosan from Gibelion catla fish scales and evaluate its 

antimicrobial, cytotoxic and wound healing properties. The 

goal was to assess its potential as a biodegradable, bioactive 

material for biomedical applications.  

EXPERIMENTAL 

 Collection and preparation of sample: Scales of catla 

fish, Bhokua in Assamese (Gibelion catla), were collected 

from the local fishermen of Uzan Bazar, Guwahati, Assam 

(India) and brought to the laboratory for the extraction of 

chitosan. The fish scales were washed with fresh water 

several times to remove sand, dirt and all other wastes. The 

washed scales were then sun-dried for several days. 

 Extraction of chitosan: Chitosan was extracted from 

fish scale by using the standard protocol [8]. The fish scales 

were demineralized with 1% HCl. Dried fish scales (50 g) 

were immersed in HCl for 36 h to eliminate the minerals 

(CaCO3 and Ca3(PO4)2). Then, the scales underwent multiple 

washing with distilled water. Then deproteinization was done 

by immersing the demineralized scales in 0.5 N NaOH at 

ambient temperature for 18 h in order to separate proteins 

from the scales in order to obtain chitin. The extracted chitin 

was further deacetylated to obtain the chitosan. The process 

of deacetylation involved treatment with 50% NaOH and then 

heating for 2 h at 80 ºC in water bath. Afterward, the samples 

were repeatedly rinsed with water and filtered to isolate the 

solid residue, namely chitosan. To remove the residual mois-

ture, the samples oven-dried. Following deacetylation, chitosan 

was recovered as a powder. The yield of chitosan was deter-

mined gravimetrically based on the dry weight difference 

between the raw fish scales and the final chitosan obtained. 

This was achieved by drying the fish scales and chitosan to a 

constant weight, thereby eliminating the influence of residual 

moisture on the weight difference [9].  

 Characterization: The FTIR analysis was analyzed with 

a Perkin-Elmer spectrometer (Model Spectrum RX I) using 

the Nujol method. To evaluate the crystalline structure and 

estimate the average crystallite size, X-ray Diffraction (XRD) 

analysis was carried out using CuK radiation at a standard 

scan rate of 1º min−1. The surface morphology and structural 

features were examined using Scanning Electron Microscopy 

(SEM) on a TESCAN VEGA3 operated at 30 kV. Elemental 

composition was determined using Energy Dispersive X-ray 

Spectroscopy (EDX), with a carbon-coated copper grid empl-

oyed to prevent interference from elemental peaks.  

Biological activity 

 Antibacterial activity: Antimicrobial assay was done by 

agar well diffusion method against bacteria viz., Escherichia 

coli (Gram-negative), Staphylococcus aureus and Bacillus 

subtilis (Gram-positive). The bacterial strains were collected 

from the microbiology laboratory of the down town Hospital, 

Guwahati and were sub-cultured. Bacterial inoculum was pre-

pared by inoculating a loop full of bacteria in 5 mL of nutrient 

broth and incubated at 37 ºC for 12 h till a moderate turbidity 

was developed. Chitosan was dissolved in 5% acetic acid. 

Polymer concentrations of 1, 1.5 and 2 were prepared for the 

assay. Bacterial strains viz. Staphylococcus aureus, Escherichia 

coli and Bacillus subtilis were individually swabbed on the 

Muller-Hilton agar plates and the Nutrient agar plates, respe-

ctively. Aseptically, holes were made on the surface of solidi-

fied media with the help of a sterile 1 mm tip and into it 100 

L of test sample, viz. 1 mg/mL, 1.5 mg/mL and 2 mg/mL, was 

inoculated. Plates were kept at room temperature for diffusion 

of the sample for 30 min. The bacterial plates were then incu-

bated at 37 ºC for 24 h. Following incubation, antimicrobial 

activities were assessed by measuring the diameter of the zone 

of inhibition [10,11]. 

Cytotoxicity 

 Cell culture: Different cell lines such as PSVK1 (normal 

skin keratinocytes) and MDA MB-231 (triple negative breast 

cancer) were maintained in complete DMEM (Dulbecco’s 

modified eagle medium) containing 0.1 mM non-essential 

amino acids, 1.5 g/L sodium bicarbonate, 2 mM l-glutamine 

and 1.0 mM sodium pyruvate supplemented with 10% fetal 

bovine serum (FBS; heat inactivated) and 1% antibiotic–

antimycotic solution (1000 U/mL penicillin G, 10 mg/mL 

streptomycin sulphate, 5 mg/mL gentamycin and 25 g/mL 

amphotericin B) in 25 and 75 cm2 mammalian cell culture flasks. 

The cells were cultured by keeping the flasks in a CO2 incub-

ator (Heal Force, HF 160 W, Shanghai, China) at 37 ºC, 90% 

relative humidity, 5% CO2 and 95% air. When the cells appro-

ached 70-80% confluency, they were sub-cultured (passaged) 

with trypsin–EDTA and fresh medium into 25 cm2 culture 

flasks. 

 Cell proliferation assay: MTT assay was employed to 

investigate the cytotoxic effect of chitosan at different concen-

trations on PSVK1 normal skin keratinocytes and MDA-MB-

231 triple negative breast cancer cells. Chitosan was disso-
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lved in 5% acetic acid in different concentrations such as 10, 

25, 50, 100, 150 and 200 g/mL. 2 × 103 cells were seeded 

per well in 96-well plates and then incubated for 24 h in a 

CO2 incubator under conventional culture conditions (37 ºC, 

5% CO2 and 90% relative humidity). After incubation, cells 

were treated with different concentrations of chitosan as 

indicated and incubated for 72 h. 10 L of 5 mg/mL MTT 

(Sigma-Aldrich, USA) was added to each well and incubated 

for 2 h. In case of control, 100 L of plain medium without 

the drug was added. The culture medium was discarded and 

100 L of DMSO (Merck, Germany) was added to the wells. 

The absorbance was then measured at 570 nm in a multimode 

microplate reader (Spectra Max iD3, Molecular Devices). 

Percentage proliferation (%P) was calculated using the 

following formula: 

  
Absorbance of  treated cells

Absorbance of  control cell
P

s
 (%) 100=   

 Scratch wound healing assay: A wound-healing (scratch) 

assay was conducted to assess the impact of chitosan on the 

migratory capacity of MDA-MB-231 cells. Briefly, MDA-

MB-231 cells were seeded at a density of 4 × 105 cells per 

well in a 12-well plate and cultured until a monolayer was 

established. To minimize proliferation, the medium was sub-

stituted with serum-free 0.1% FBS, followed by incubation 

for 6 h. Subsequently, a linear scratch was created across the 

monolayer using a sterile 10 L pipette tip. The wells were 

gently washed with 1 x PBS to remove detached cells and 

treatments were applied with chitosan (5 and 10 g/mL). Cell 

migration was monitored at 12 h intervals until complete closure 

was observed in the control group. Images were captured at 

0, 12, 24 and 36 h using a Nikon D5100 digital camera (Nikon, 

Japan). The wound closure was quantitatively analyzed using 

ImageJ software (NIH, USA) and the percentage of remain-

ing wound area was calculated and plotted using GraphPad 

Prism version 9.0.  

RESULTS AND DISCUSSION 

 Total yield: The weight of Gibelion catla fish scales 

before and after treatment, with 50 g of raw scales yielding 

4.3 g of chitosan. The chitosan yield was calculated using the 

standard percentage yield formula: 

 
Amount of  chitosan obtained

Yield (%)
Amount of  fresh fish scale use

0
d

1 0=   

 Thus, the chitosan yield from 50 g of G. catla fish scales 

was found to be 8.6%, indicating an efficient extraction pro-

cess and highlighting the potential of fish scale waste as a 

viable source of chitosan. 

 FTIR analysis: The FTIR spectrum is shown in Fig. 1. 

The absorption band observed at 3461 cm–1 was attributed to 

stretching vibrations of OH groups. The band in the region of 

1640 cm–1 corresponds to stretching vibrations of the C=O 

bond of carbonyl groups. Absorption band observed at 1471 

cm–1 can be attributed to the bending vibration of C-H in –CH2. 

The absorption band observed at 1417 cm–1 was attributed to 

the C–N stretch of secondary amines. The bands at 1020 and 

872 cm–1 were attributed to stretching vibrations of -CO and 

vibrations of –C-H in the alkene group. The peak at 562 cm–1  

 
Fig. 1. FT-IR spectrum of fish chitosan 

 

was assigned to NH out-of-plane bending in amide groups 

[12].  

 Degree of deacetylation (DDA): The degree of deacety-

lation of chitosan was also enumerated from the FTIR spectra 

by the formula DD% = 100 – [(A1655/A3450) × 115] and 

calculated to be 60.4% [13]. This IR characterization formula 

of DDA for chitosan relies on the correlation between the 

absorbance (A) value of the primary amide at 1655 cm–1 and 

that of the hydroxyl at 3450 cm–1.  

 XRD analysis: The XRD pattern (Fig. 2) around 5-60º 

shows several peaks with high intensity which indicates the 

crystalline nature of the chitosan synthesized. The strongest 

sharp reflection was observed at 2θ around 32.12º. Various 

characteristic peaks were observed at 2 values of 25.84º, 

46.92º, 49.4º and 53.34º. No specific broad peaks are observed. 

These results justify that the extracted biomaterial is crysta-

lline in nature. Rasti et al. [14] also observed the strong sharp 

reflection at 2θ around 30-35º for chitosan isolated from the 

mollusc chiton.  

 

 
Fig. 2. XRD spectrum of fish chitosan 
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 SEM-EDX: The surface morphology of the prepared chit-

osan, as observed under SEM, exhibited a coarse texture with 

visible fibrillar arrangements and intermittent porous zones. 

These fibrous features were particularly evident in certain 

regions of the sample, resembling the structural characteristics 

as reported by Suneeta et al. [15]. Comparable morphological 

patterns such as fragmented flakes and fine fibrils were also 

noted in crab shell-derived chitosan studied by Yen et al. [16], 

especially under higher magnifications. The SEM image capt-

ured at a scale of 10 m (Fig. 3) highlights these distinct text-

ural elements. The observed porosity suggests that the material 

may facilitate cellular attachment and growth, indicating its 

potential utility in wound healing applications [17]. 

 

 
Fig. 3. Scanning electron micrograph of fish chitosan 

 

 In addition, Energy Dispersive X-ray (EDX) spectroscopy 

was employed to assess the elemental profile of the chitosan 

(Fig. 4). The resulting spectrum identified the presence of elem-

ents such as carbon, oxygen, sodium, phosphorus and calcium.  

 

 
Fig. 4. EDX spectrum of fish chitosan 

 

 Antimicrobial assay: Chitosan exhibited antimicrobial 

activity against all tested bacterial strains viz. Escherichia 

coli, Bacillus subtilis and Staphylococcus aureus by exhibiting 

clear zones of inhibition at all concentrations tested. It was 

found that the size of the inhibition zones increased with higher 

chitosan concentrations, indicating a concentration-dependent 

enhancement in antimicrobial efficacy. Table-1 shows the 

observed zone of inhibition of isolated chitosan from fish scale 

at different concentrations. The mechanism of antimicrobial 

efficacy of chitosan is believed to be due to the interaction of 

positive charge present in chitosan molecule and negatively 

charged microbial cell walls. Positively charged amine (-NH2) 

functional group of chitosan binds with glutamate of the cell 

membrane protein. It also binds with membrane phospho-

lipids, especially choline, thereby increasing the inner perme-

ability of the membrane, leading to the release of cell fluids 

in the cytoplasm (lysis) and inhibiting cell division (regener-

ation) [18]. This mechanism can also explain the increase in 

antimicrobial efficacy of chitosan with the increase in concen-

tration. When the concentration increases, the number of 

positively charged amine groups (-NH2) also increases, which 

can bind to the bacterial cell surface, making it more power-

ful in obstructing and killing bacteria. 

 
TABLE-1 

INHIBITION ZONE OF CHITOSAN AT  

DIFFERENT CONCENTRATIONS AGAINST Escherichia  

coli, Staphylococcus aureus AND Bacillus subtilis 

Concentration 

(mg/mL) 

Escherichia 

coli (mm) 

Staphylococcus 

aureus (mm) 

Bacillus 

subtilis (mm) 

1.0 25 35 24 

1.5 25 40 25 

2.0 26 39 25 

 
 Cytotoxicity of chitosan: MTT assay was performed to 

evaluate the cytotoxicity of synthesized chitosan on PSVK1 

normal skin keratinocytes and MDA-MB-231 triple-negative 

breast cancer cells using different concentrations (10 to 200 

g/mL). The MTT assay unveiled no toxic effect for normal 

skin keratinocytes, while strong cytotoxicity against breast 

cancer cell lines (Fig. 5). Chitosan suppressed the growth of 

triple-negative breast cancer cells at a concentration of 200 

g/mL. Gul-e-Saba et al. [19] also evaluated the cytotoxic 

effects of natural chitosan extracted from tilapia fish scales 

using the MTT assay on various cell lines, including MCF-7 

(breast cancer), HepG2 (liver cancer), HeLa (cervical cancer), 

and 3T3 (fibroblasts). The study reported pronounced cyto-

toxicity against MCF-7 and HeLa cells, while exhibiting com-

paratively lower toxicity towards HepG2 and 3T3 cell lines. 

 

 

Fig. 5. % Proliferation of chitosan with different concentrations on (a) PSVK 1 cell and (b) MDA MB 231 cell 
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 Wound healing assay: To evaluate the effectiveness of 

chitosan extracted from the G. catla waste as a wound healing 

material the migratory capacity of MDA-MB-231 upon treat-

ment with chitosan was estimated. At 0 h, a consistent scratch 

was introduced into the confluent monolayer of MDA-MB-

231 cells and wound closure was monitored at regular intervals. 

Treatment with chitosan resulted in progressive cell migration 

toward the wound area, with complete closure observed at 36 h 

post-treatment (Fig. 6). These results suggest that chitosan 

possesses migratory or wound-healing properties.  

 

 
Fig. 6. (a) Migration of chitosan on MDA-MB-231, (b) Graph showing % 

of wound remaining area at different time interval 

 

Conclusion 

 This research attempted to isolate chitosan from a natural 

source (Gibelion catla scales), which is basically considered 

waste. Fish scale is treated chemically and natural chitosan is 

extracted after demineralization, deproteinization and deacet-

ylation with a yield of 8.6% and achieved a degree of deacet-

ylation of 60.4%, as confirmed by FTIR analysis. The charac-

teristic peaks corresponding to secondary amine and amide 

groups validated the presence of chitosan. XRD analysis indi-

cated a predominantly crystalline structure, supported by the 

appearance of sharp, high-intensity peaks and the absence of 

a broad amorphous band. Morphological analysis through 

SEM revealed a surface architecture featuring both fibrillary 

and porous characteristics, while EDX confirmed the elem-

ental composition, including carbon, oxygen, sodium, phosp-

horus and calcium. Biological evaluation of the extracted 

chitosan demonstrated significant antimicrobial activity against 

Escherichia coli, Staphylococcus aureus and Bacillus subtilis 

with effectiveness increasing proportionally to concentration. 

The chitosan also exhibited promising anticancer activity, 

selectively inhibiting the proliferation of MDA-MB-231 

(triple-negative breast cancer) cells without inducing toxicity 

in normal human skin keratinocytes (PSVK-1). Further, chit-

osan facilitated cell migration in MDA-MB-231 cells, under-

scoring its potential in promoting wound healing and tissue 

regeneration. Collectively, these findings highlight the poten-

tial of Catla fish scale waste as a sustainable source for bio-

active chitosan with multifunctional applications. 
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