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Abstract
Crustacean exoskeletons, a major byproduct of the seafood processing industry, are predominantly composed of chitin; a naturally occurring polysaccharide. Chitin is characterized by its rigidity and biocompatibility, which makes it an ideal precursor for the synthesis of chitosan. Through a process of deacetylation, chitin is converted into chitosan, a biopolymer with remarkable physicochemical properties, including solubility in acidic solutions, film-forming ability, and antimicrobial activity. In food processing, chitosan acts as a natural preservative due to its antibacterial and antifungal properties. Antioxidant and antimicrobial evaluations were conducted to assess potential biomedical applications. Antimicrobial activity was assessed by testing chitosan against bacterial strains, including Escherichia coli, Pseudomonas aeruginosa, and Klebsiella species, through inhibition zone measurements. Its antifungal activity was examined against Aspergillus niger and Candida albicans by evaluating the extent of fungal growth inhibition.
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Introduction:
Crustacean exoskeletons, a major byproduct of the seafood processing industry, are predominantly composed of chitin; a naturally occurring polysaccharide (Chen et al., 2023). Chitin is characterized by its rigidity and biocompatibility, which makes it an ideal precursor for the synthesis of chitosan. Through a process of deacetylation, chitin is converted into chitosan, a biopolymer with remarkable physicochemical properties, including solubility in acidic solutions, film-forming ability, and antimicrobial activity (Nguyen et al., 2023). In food processing, chitosan acts as a natural preservative due to its antibacterial and antifungal properties (Gonzalez et al., 2023).
	Antioxidant and antimicrobial evaluations were conducted to assess potential biomedical applications. Antimicrobial activity was assessed by testing chitosan against bacterial strains, including Escherichia coli, Pseudomonas aeruginosa, and Klebsiella species, through inhibition zone measurements. Its antifungal activity was examined against Aspergillus niger and Candida albicans by evaluating the extent of fungal growth inhibition.
The antimicrobial properties of chitosan depend on its molecular weight and type of bacterium. Antioxidants are emerging as prophylactic and therapeutic agents which scavenge free radicals and prevent the damage caused to them. Chitosan, a biopolymer derived from chitin, has garnered significant attention due to its broad-spectrum biological activities, including antimicrobial and antioxidant properties. The isolation of chitosan from crustacean exoskeleton presents a sustainable and cost-effective approach to utilizing seafood processing byproducts while simultaneously addressing environmental concerns (Iñiguez-Moreno et al., 2024). The intrinsic properties of chitosan, such as its poly cationic nature, biocompatibility, and biodegradability, contribute to its versatility in biomedical and industrial applications (Martău et al., 2019).
This explores the antimicrobial and cyto-compatibility evaluation of chitosan, emphasizing its potential as a valuable bioactive material. The antimicrobial properties of chitosan stem primarily from its ability to disrupt microbial cell membranes, leading to increased permeability and eventual cell lysis (Egorov et al., 2023). The antibacterial activity of chitosan was assessed against clinically relevant bacterial strains, including Escherichia coli, Pseudomonas aeruginosa, and Klebsiella species, using the disk diffusion method. The formation of inhibition zones around chitosan-impregnated disks indicated its effectiveness in preventing bacterial growth, demonstrating a dose-dependent response. Similarly, its antifungal potential was evaluated against Aspergillus niger and Candida albicans through both disk diffusionand agar incorporation methods. The results highlighted the strong antifungal activity of chitosan, making it a promising candidate for managing fungal infections in clinical and industrial settings, such as food preservation and biomedical coatings.
Beyond its antimicrobial properties, chitosan has also shown potential antioxidant effects. Antioxidant properties of chitosan derivatives have been studied (Lin and Chou 2004; Xing et al., 2005). Yan et al., (2007 and 2008) noted that crab chitosans are with good antioxidant properties especially scavenging ability on hydroxyl radicals and Chelating ability on ferrous ion. Park et al., (2003) reported higher radical scavenging effect of low molecular weight of chitosan. The antioxidant activity of chito- oligomers is related to the amount of hydroxyl group at C6 and amino group at C2 of chitosan molecule. The ability of chitosan to balance antimicrobial efficacy with antioxidant properties enhances its applicability in various biomedical fields. 
Materials and Methods:
The biological properties of chitosan, extracted from crustacean exoskeleton were evaluated to explore its potential applications in antimicrobial and antioxidant properties.

Antimicrobial activity assessment:

The antimicrobial activity of chitosan was assessed against both bacterial and fungal species, which are commonly associated with various infections. This evaluation was critical in determining its potential use as a biomedical agent for combating microbial infections.
a.Antibacterial activity:

To assess the antibacterial properties of chitosan against selected pathogenic bacterial strains, including Escherichia coli, Pseudomonas aeruginosa, and Klebsiella species. Overnight cultures of E. coli, P. aeruginosa, and Klebsiella species were grown in nutrient broth at37°C. The bacterial suspensions were adjusted to an optical density of 0.1at 600 nm, corresponding to a bacterial concentration of approximately 10⁸ CFU/mL.
The antibacterial activity of chitosan was evaluated using the disk diffusion method. Sterile Mueller-Hinton agar plates were inoculated with the prepared bacterial suspensions using a sterile swab to ensure even distribution across the surface. Chitosan solutions of varying concentrations (50 µL each) were impregnated onto sterile 6 mm filter paper disks. The impregnated disks were carefully placed on the surface of the inoculated agar plates, which were then incubated at 37°C for24 hours. After incubation, the antibacterial activity was determined by measuring the diameter of the clear zones of inhibition around the disks. The larger the inhibition zone, the stronger the antibacterial efficacy of the chitosan.
b.Antifungal activity:

To evaluate the antifungal properties of chitosan against Aspergillus niger and Candida albicans, two common fungal pathogens responsible for human infections, fungal cultures were prepared in Sabouraud Dextrose Broth at 28°C and standardized toa spore concentration of approximately 10⁶ spores/mL. The antifungal activity was assessed using both the disk diffusion and agar incorporation methods. In the disk diffusion method, chitosan solutions were applied to sterile filter paper disks, which were placed on inoculated Sabouraud Dextrose Agar plates. In the agar incorporation method, chitosan solutions were directly mixed into the agar before inoculating with the fungal suspension. The plates were incubated at 28°C for 48–72 hours to allow fungal growth. Antifungal activity was evaluated by measuring inhibition zones around the disks and visually assessing the degree of growth inhibition in the agar. Higher concentrations of chitosan exhibited significant growth inhibition, indicating its dose-dependent antifungal properties, suggesting its potential as an effective agent for fungal infection management with applications in food preservation, biomedical coatings, and various biotechnological innovations.
c.AntioxidantActivity:
DPPH Free Radical Scavenging:
The ability of the chitosan to scavenge DPPH radical was determined by the method described by Naznin (2009). Aliquot 3.7 ml of absolute methanol in all test tubes along with blank. Then add 100µl of absolute methanol to blank. Add 100µl of BHT to tube marked as standard and 100µl of respective samples to all other tubes marked as tests. Then, finally add 200µl of DPPH reagent to all the test tubes at room temperature add condition for minimum of 30minutes then, check absorbance of all samples 517nm. DPPHand BHT reagents areto be stored at 40C for 2 months. Sample concentration above 5mg/ml will not give valid results. Only DMSO or methanol can be used as diluting solvents. All values obtainedare acquired from UV spectrophotometer/ colorimeter for assays.
                                                    (absorbance at blank)–(absorbance at test)
% Antioxidant activity  =                                                                                         X  100                                       
                                                                (absorbance at blank)

Results and Discussion:
The antimicrobial and antioxidant properties of chitosan derived from crustacean exoskeleton demonstrated its significant potential as a bioactive material. The study investigated its antibacterial, antifungal, and antioxidant properties, providing insights into its biomedical applications. The antibacterial activity of chitosan was assessed using the disk diffusion method against clinically relevant bacterial strains, including Escherichiacoli, Pseudomonas aeruginosa, and Klebsiellaspp. 
The results, summarized in Table.1, indicated that chitosan exhibited a dose-dependent antibacterial effect, with inhibition zones increasing as the concentration of chitosan increased.At 50 µg/mL, the inhibition zones ranged from 8.6 mm (Klebsiellaspp.) to 10.5 mm (E. coli), while at 200 µg/mL, they increased significantly, reaching 19.8 mm for E. coli. The positive control (standard antibiotic) consistently produced larger inhibition zones, emphasizing the comparative effectiveness of chitosan. The antibacterial effect can be attributed to chitosan's polycationic nature, which interacts with bacterial cell membranes, leading to increased permeability, leakage of intracellular contents, and ultimately cell lysis. The variations in bacterial susceptibility highlight differences in membrane composition among Gram-negative bacteria, influencing chitosan’s efficacy.
The antifungal activity of chitosan was evaluated against Aspergillus niger and Candida albicans, as presented in Table 2. Similar to its antibacterial properties, chitosan exhibited a concentration-dependent inhibitory effect. The highest inhibition zones were recorded at 200 µg/mL, with 21.0 mm for A. niger and 19.4 mm for C. albicans. The antifungal activity of chitosan is primarily attributed to its ability tointeract with fungal cell walls, disrupting normal cell functions and impeding growth. The observed activity suggests that chitosan can serve as an effective natural antifungal agent, with potential applications in food preservation, agricultural disease management, and biomedical coatings.
Beyond its antimicrobial activity, antioxidant effect of chitosan extracted from crustacean exoskeleton at various concentration of chitosan the optical density measured were 0.33at 1mg of chitosan 0.29 at 2mg of chitosan, 0.26 at 3mg of chitosan, 0.21 at 4mg of chitosan and 0.19 at 5mg of chitosan concentrations respectively. The percentage of DPPH activity showed high upsurge from 65.6% at 1mg concentration, to 69.7% at 2mg concentration, 72.9% at 3mg concentration, 78.1% at 4mg concentration and 80.2% at 5mg concentrations. ThestandardBHT showed the optical density of 0.002 with 99.7% DPPH activity. Chitosan showed effective antioxidant activityat the highest concentration.(80.2% at5mgof chitosan).
	The antioxidant activity of compound was evaluated by measuring its scavenging activity for the DPPH free radical (Islam et al., 2012). There-fore DPPH assay was used as relevant indicator of antioxidant activity when the concentration of chitosan was increased the radical scavenging activity was also improved. The current study revealed that chitosan showed potent antioxidant activity. Many studies have shown that chitosan inhibit the reactive oxygen species (ROS) and prevent lipid peroxidation in biosystems (Kim and Thomas, 2007; Lin et al., 2009; Xie et al., 2001).
	The study investigated the antimicrobial and antioxidant properties of chitosan isolated from crustacean exoskeleton, highlighting its potential as a bioactive material for biomedical and industrial applications. The antimicrobial efficacy of chitosan was assessed against bacterial, fungal pathogens and antioxidants. The findings demonstrated that chitosan exhibited significant antibacterial activity against Escherichia coli, Pseudomonas aeruginosa, and Klebsiella spp., with a dose-dependent increase in the zone of inhibition. Similarly, chitosan displayed strong antifungal effects against Aspergillus niger and Candida albicans, indicating its potential use in antifungal applications such as food preservation and medical coatings. In addition to its antimicrobial effects, chitosan demonstrated antioxidant properties.
	Overall, the results highlight chitosan’s multifunctional properties, making it a promising candidate for applications in antimicrobial therapies and antioxidant properties. The sustainable extraction of chitosan from crustacean exoskeleton not only offers an eco-friendly solution to seafood byproduct management but also provides a valuable biopolymer for various medical and industrial uses. Future research should focus on optimizing chitosan formulations, exploring its mechanism of action, and evaluating its in vivo efficacy to further establish its clinical and commercial potential.

Table 1: Antibacterial Activity of Chitosan against selected Bacterial Strains:
 (Zone of Inhibition (mm) Measured after 24 Hours of Incubation):
	
Bacterial Strain
	Chitosan 
(50
µg/mL)
	Chitosan 
(100
µg/mL)
	Chitosan
 (200
µg/mL)
	Positive
Control (Antibiotic)
	Negative
Control (PBS)

	Escherichia coli
	10.5 ± 0.4
	15.2 ± 0.6
	19.8 ± 0.7
	24.3 ± 0.5
	0.0 ± 0.0

	Pseudomonas aeruginosa
	9.8 ± 0.5
	13.9 ± 0.7
	18.5 ± 0.8
	22.7 ± 0.4
	0.0 ± 0.0

	Klebsiellaspp.
	8.6 ± 0.4
	12.5 ± 0.5
	17.2 ± 0.6
	21.8 ± 0.5
	0.0 ± 0.0



	The values presented in this study represent the means obtained from three independent experimental replicates, ensuring reliability and reproducibility of the data. The accompanying ± symbol denotes the standard error (SE), which quantifies the variability of the mean and provides an estimate of the precision of the measurements.

Table 2: Antifungal Activity of Chitosan against selected Fungal Strains: 
(Zone of Inhibition (mm) Measured after 72 Hours of Incubation)
	Fungal Strain
	Chitosan
 (50µg/mL)
	Chitosan 
(100
µg/mL)
	Chitosan
 (200
µg/mL)
	Positive
Control (Antifungal)
	Negative
Control (PBS)

	Aspergillus niger
	11.2± 0.5
	16.3 ± 0.6
	21.0 ± 0.7
	26.5 ± 0.4
	0.0 ± 0.0

	Candida albicans
	9.7 ± 0.4
	14.8 ± 0.5
	19.4 ± 0.6
	24.1 ± 0.5
	0.0 ± 0.0



	The values presented in this study represent the means obtained from three independent experimental replicates, ensuring reliability and reproducibility of the data. The accompanying ± symbol denotes the standard error (SE), which quantifies the variability of the mean and provides an estimate of the precision of the measurements.
Table 3: Antioxidant activity of Chitosan Extracted from Crustacean Exoskeleton (Colorimeter Optical Density at 517 nm)
	Chitosan
Concentration (mg)
	Optical Density 
(nm)
	DPPH
Concentration
 (mg)
	DPPH Activity
Percentage (%)
	BHT
Optical Density (nm)

	1
	0.33
	1
	65.6
	0.002

	2
	0.29
	2
	69.7
	

	3
	0.26
	3
	72.9
	

	4
	0.21
	4
	78.1
	

	5
	0.19
	5
	80.2
	



[image: ]Fig. .1: Antibacterial activity of chitosan against selected bacterial strains, expressed as the zone of inhibition (mm) measured after 24 hours of incubation.

[image: ]Fig. .2: Antifungal activity of chitosan against selected fungal strains, expressed as the zone of inhibition (mm) measured after 24 hours of incubation.
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