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Abstract 

The present study evidences the immunological properties of chitosan extracted from the shells of Emerita emeritus 
which includes antimicrobial, antioxidant, and anticoagulant activity. The extraction proceeded by subjecting the shells 
to demineralization, deproteinization, and deacetylation reactions. The presence of chitosan was analyzed using Fourier 
transform infrared (FTIR) spectroscopy. Antibacterial activity of chitosan displayed maximum inhibition for Bacillus subtilis 
and Pseudomonas aeruginosa when compared to Escherichia coli and Staphylococcus aureus. Similarly, the extracted chitosan 
highly inhibited Candida albicans than Aspergillus fumigatus. The minimum inhibitory concentration (MIC) of chitosan for 
different bacterial and fungal strains was also documented. The free radical scavenging activity of chitosan using 1,1-diphenyl-
2-picrylhydrazyl (DPPH), increased by 60.40%. The anticoagulant activity of chitosan was discovered when mixed with 
chicken blood. Overall, the study emphasizes the conversion of aquaculture waste products like crustacean exoskeleton into a 
beneficial chitosan and signifies the effectiveness of chitosan against invading microbes in aquaculture.   
  
Keywords: Emerita Emeritus; Chitosan, Antimicrobial; Antioxidant; Anticoagulation; Immune System

Abbreviations: FTIR: Fourier Transform Infrared; MIC: 
Minimum Inhibitory Concentration; MHA: Muller Hinton 
Agar.

Introduction

The Indian economy’s fisheries and marine sectors have 
enormous potential for development as a source of addressing 
community nutritional needs. A group of crustacean 
species such as the marine mole crab, which belongs to the 
Hippidae family, are medium-sized crustacean that occurs 
in the intertidal zone and upper subtidal sandy marine 
environment is one fisheries item with high nutritional value 
[1]. Crustaceans are a globally distributed faunal group from 

the equator to the poles and they are found across all habitats 
[2]. Decapods are the most recognizable of all crustaceans 
and comprise a dominant group of benthic invertebrates, 
including many species of economic importance [3]. Decapod 
crustaceans such as penaeid shrimp, lobsters, mud crabs, and 
blue swimming crabs are considered as high-value resources 
and become protein sources for human [4]. In India shrimp 
(Penaeus vannamei) farming and prawn (Macrobrachium 
rosenbergii) culture brought a considerable socio-economic 
benefit [5,6].

Likewise, crab fishery is also considered one of the 
important economic beneficiaries of India especially mud 
crabs [7]. However, apart from the economic importance the 
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anomuran and brachyuran crabs are proved to be ecologically 
important as they play an important role in the estuary and 
marine ecosystems and any changes in the species will lead 
to biodiversity loss [8].

In crustaceans, the exoskeleton or cuticle is a salient 
feature with numerous functions among which is to provide 
protection against pathogens. Despite being a simple 
physical barrier, the immune protection of the cuticle is 
slightly more complex [9]. In response to a mechanical 
scratch or microbial invasion, melanization occurs in the 
cuticle. This defense response results from the presence of 
phenoloxidase zymogens, which are produced by hemocytes 
and transported to the cuticle across the epidermis [10].

This process is often used for wound healing and 
results in the formation of dark melanized plugs around the 
damage zone of the cuticle [11]. The exoskeleton or shells 
of crustaceans such as crabs, shrimps, and crayfish consist 
of 30-40% protein [12], 30-50% calcium carbonate, and 
calcium phosphate and 20-30% chitin [13]. 

Chitin is the second most common polysaccharide found 
in nature and present in exoskeleton of crustaceans and 
insects, parasitic nematode eggs, gut linings, and in the cell 
wall of fungi [14]. It is a linear, neutrally charged polymer of 
β-(1,4)-linked N-acetyl glucosamine (GlcNAc) [15,16].

Chitosan, a cationic polymer of glucosamine 
(GlcN), is primarily produced from chitin by exhaustive 
alkaline deacetylation; this process involves boiling 
chitin in concentrated alkali for several hours. Since this 
N-deacetylation is never complete, chitosan is considered 
a partially N-deacetylated derivative of chitin [16,17]. The 
first investigation of chitosan using X-ray diffractometry 
was carried out on fibers prepared from lobster tendon 
chitin by a solid-state N-deacetylation [18]. A subsequent 
X-ray pattern was obtained and fully analyzed with tendon 
chitosan prepared from a crab tendon chitin by a similar 
deacetylation method [19]. 

Chitosan was quoted as a bio-molecule that is 
biodegradable and biocompatible in nature [20]. The 
biological properties of chitosan are non-toxicity, 
cytocompatibility, anticholesterolemic, antioxidant, anti-
inflammatory activity, analgestic action, hemostatic 
action, angiogenesis stimulation, macrophage activation, 
granulation and scar formation, adsorption enhancer [21], 
mucoadhesive [22], antimicrobial and wound healing [23]. 
It has been recognized as a valuable material for potential 
applications in drug and gene delivery systems [24].

The increasing economic and social concern to decrease 
the use of antibiotics and other therapeutic chemicals has 

encouraged controlling diseases [25]. Numerous bacteria 
and fungi are highly pathogenic causing various infectious 
diseases [26]. Interestingly, chitin and chitosan have been 
investigated as antimicrobial agents against a wide range 
of target organisms like algae, bacteria, yeasts, and fungi in 
experiments involving in vivo and in vitro [27].

Chitosan and its derivatives possess antibacterial 
properties against various spoilage and pathogenic 
microorganisms. Its derivatives generally exhibit 
bacteriostatic rather than bactericidal activities [27]. It 
also exhibited antifungal activity against molds and yeasts, 
such as Fusarium oxysporum, Botrytis cinerea, Rhizoctonia 
solani, Candida lambica and Phomopsis asparagi [28]. 
These properties could be owned to be fungistatic to 
a greater extent than fungicidal [29]. Chitosan is also 
expected to function more rapidly on fungi than bacteria 
[27]. Some chitosan derivatives have been reported to 
have potent antifungal activities than that of original 
chitosan [30]. 

Furthermore, antioxidant properties of fungal chitosan 
from shiitake stipes have also been reported Yen MT, et al. 
[31]. But, the antioxidant properties of chitosan derived 
from crab shells are less available. Accordingly, the objective 
of this study was to assess the antioxidant properties of 
chitosan prepared from crab chitin by N-deacetylation using 
a concentrated sodium hydroxide solution [31]. Excluding 
hemostatic effect sulfonated derivatives of chitosan found to 
possess blood anticoagulant activity [32].
 

In the present work, an attempt was made to extract 
chitosan from the shells of mole crab E. emeritus and to 
analyze its antimicrobial, antioxidant and anticoagulant 
properties as an effective immune molecule of crustacean 
exoskeleton.

Materials and Methods

Collection and Maintenance of Experimental 
Mole Crabs

The animals with approximate body weight (7 - 9 ± 
2.32 g) were collected from the intertidal zone along the 
coast of Elliots Beach, Besant Nagar, Chennai, Tamil Nadu, 
India. The specimen was transported to the laboratory 
in plastic troughs containing seawater. The animals were 
maintained in glass tanks containing sand and sea water 
with conventional aeration. The animal being a filter feeder 
does not require any supplementary feed. The seawater was 
changed twice on a daily basis. These animals were kept for 
acclimatization to the laboratory condition for a few days 
prior to the experiment.
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Chitosan Extraction

 Pretreatment of Mole Crab Shells 

The E. emeritus shell waste was collected and washed 
three times thoroughly using tap water to remove the salt 
on its surface followed by washing with distilled water and 
then spreading on blotting paper to remove excess water. 
They were dried in a hot air oven at 70 °C overnight. All dried 
shells were milled using a mixer in order to obtain a particle 
size less than 0.5 mm following Shimahara, et al. [33]. In 
order to obtain purified chitin, it must be separated from the 
proteins, minerals, and other components. This separation 
was achieved by the following three steps.

Demineralization With Hydrochloric Acid

The dried mole crab shell chips (5 g) were immersed in 
250 ml of 2N hydrochloric acid (HCl). The mixture is kept for 
2 days at room temperature with occasional stirring using a 
glass rod. In the initial stage of the reaction, frequent stirring 
is required to prevent the floating of the shell chips caused 
by the generation of carbon dioxide gas. In the middle of the 
treatment, the exhausted hydrochloric acid is exchanged. 
After 2 days of immersing, de-mineralized shell chips are 
collected and washed with deionized water until neutral 
[33].

Deproteinization with Aqueous Sodium 
Hydroxide

The demineralized shell chips (5 g) were added to 250 
ml of 1 N aqueous sodium hydroxide (NaOH). The mixture 
was boiled until the vaporization proceeded. The exhausted 
alkaline solution was exchanged for a fresh one every 6 
hrs after the beginning of the reaction. After 21 hrs, the 
demineralized shell chips or crude chitin chips were collected 
and washed with deionized water until neutral followed by 
Foster and Hackman [34].

Deacetylation of Chitin with Aqueous 
Sodium Hydroxide

The deproteinized shells were subjected to deacetylation 
under 50% 1N NaOH for 36 hrs at 45 ºC. After this process, 
the NaOH solution was decanted and the chitosan powder 
was obtained. It was washed with distilled water until 
neutral and left to dry overnight at 60-65 ºC [33].

Confirmation of the Chitosan 

The quality of the chitosan produced was checked by 
a solubility test with 1% acetic acid. Chitosan dissolves 

completely in 1% acetic acid. For the estimation of chitosan 
produced we took the sample out of the storage and weighed 
a few flakes of the shells. Then the sample was placed inside 
a clean beaker and 10 to 20 ml of 1% acetic acid was added 
to it. The solution was kept in BOD shaker for 30 to 40 min. 
Then the sample was taken out and weighed, carefully.

Fourier Transforms Infrared (FTIR) 
Spectroscopy Analysis of Chitosan

The chitosan extracted sample was dried and ground to 
a fine powder. About 0.5 g of the sample was then given for 
FTIR spectroscopy analysis [35].

Culturing of Microbes

All the microbial strains used in this assay were obtained 
from the Unit of Biocontrol and Metabolites laboratory, 
Centre for Advance Studies in Botany, University of Madras, 
Guindy Campus, and Chennai-600 025, India. The bacterial 
species E. coli, P. aeruginosa (gram-negative), and S. aureus, 
B. subtilis (gram-positive) were grown overnight in nutrient 
broth and kept in rotary shaker for 12 hrs and used for 
antibacterial activity.

Fungal strains such as C. albicans and A. fumigatus 
(Pathological strains) were sub-cultured on potato dextrose 
agar and allowed to grow well for 5 days under sterile 
conditions and subsequently stored at 10 ºC until used.

Antibacterial Activity of Chitosan

The antibacterial activity of chitosan was done by 
following agar well diffusion method using Muller Hinton agar 
(MHA) [36]. Briefly, the MHA medium was and poured onto 
the sterilized Petri plates placed in the biohazard chamber. 
After solidification, four bacterial strains such us E. coli, P. 
aeruginosa, B. subtilis and S. aureus (1-2 million cells per CFU, 
calibrated with McFarland reagent and absorbance measured) 
were spread on the agar with sterile swabs. Amphotericin was 
used as a positive control. Then, the chitosan (10 mg.ml-1) 
samples of different concentrations (50, 75, 100 µl/well) 
were added to each well. The plates were incubated at 37 ºC 
for 24 hrs and the antibacterial activity was determined by 
measuring the zone of inhibition. Triplicates were used for 
each test and their mean values were calculated.

Antifungal Activity of Chitosan 

Two fungal strains such C. albicans and A. fumigatus 
were used and ketoconazole was used as a positive control. 
The antifungal activity was done by following Magaldi S, et al. 
[36] as same as described for antibacterial activity.

https://medwinpublishers.com/IJOAC/


International Journal of Oceanography & Aquaculture4

Shanthi R, et al. Antimicrobial, Antioxidant and Anticoagulant Properties of Chitosan Extracted From 
Mole Crab, Emerita emeritus (Linnaeus, 1767). Int J Oceanogr Aquac 2024, 8(2): 000316.

Copyright©   Shanthi R, et al..

Minimum Inhibitory Concentration

To evaluate the minimum inhibitory concentration 
(MIC), the serial dilution technique was used following Qi 
LF, et al. [37]. Initially, chitosan solution was prepared for 10 
mg.ml-1 in 1% acetic acid at pH 6.0. Then serial dilutions were 
performed from 1: 1 to 1: 512 and decreasing concentrations 
ranging from 1 - 0.001%. 10 µl of 1.5 × 108 CFU/ml bacterial 
suspensions were transferred to each one in the series of 
tubes and incubated at 37 ºC for 24 hrs and OD measured at 
450 nm.

For fungal strains, 10 µl of 1.5 × 108 CFU/ml of fungal 
suspension was added to each well having different dilutions 
and kept for 48 hrs at 37ºC and OD measured at 450 nm. The 
microbial growth inhibition by serum was calculated using 
the formula.

 ODof Control ODof SampleInhibition % 100
ODof Control

−
= ×

Scavenging Ability on 1, 1-Diphenyl-2-
Picrylhydrazyl Radicals

Each chitosan sample (0.10 - 10 mg.ml-1) in 1% acetic 
acid solution was mixed with 100 µl of methanolic solution 
containing DPPH radicals, resulting in a final concentration 
of 0.1 mM DPPH. The mixture was shaken vigorously and left 
to stand for 30 min in the dark, and the absorbance was then 
measured at 517 nm against a blank [38]. IC50 value (mg.ml-

1) is the effective concentration at which DPPH radicals were 
scavenged by 50% and ascorbic acid was used as a standard. 
The free radical scavenging activity (RSA) was calculated by 

the following formula.

( )
Absorbanceof DPPH Absorbanceof SampleRSA 100

Absorbanceof DPPH NC
−

= ×

Anticoagulant Activity

For anticoagulant activity, different volumes (3, 5 and 7 
ml) of 10 mg.ml-1 of chitosan were taken in sterile test tubes 
with cotton plugs. The control did not contain chitosan. Then 
fresh chicken blood was added to each test tube and made to 
a final volume of 10 ml. The test tubes were plugged properly 
and kept at room temperature for observation.

Results

Fourier Transform Infrared (FTIR) Spectrum of 
Chitosan

The chitosan extracted was analyzed using FTIR and 
the following graph was obtained (Figure 1). Characteristic 
peaks obtained were correlated with the chitosan standard 
graph cited in the literature. A strong band in the region 
3400–400 cm-1 corresponds to N-H and O-H stretching, as 
well as the intramolecular hydrogen bonds. The absorption 
bands at around 3291 cm-1 can be attributed to C-H 
symmetric stretching. The presence of residual N-acetyl 
groups was confirmed by the bands at around 1645 cm-1 C=O 
stretching of amide I) and 1350 cm-1 (C-N stretching of amide 
III), respectively. The CH2 bending and CH3 symmetrical 
deformations were confirmed by the presence of bands at 
around 1423 and 1375 cm-1, respectively. The absorption 
band at 1153 cm-1 can be attributed to the asymmetric 
stretching of the C-O-C Bridge. The bands at 1066 correspond 
to C-O stretching. 

Figure 1: Fourier transform infrared (FTIR) spectrum of the chitosan with the characteristic signs as evidence from the mole 
crab Emerita emeritus.
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Antibacterial Activity of Chitosan

The results depicted that 50 µl of 10 mg ml-1of chitosan 
highly inhibited P. aeruginosa (9 ± 0.06) followed by E. coli 
(7 ± 0.01), B. subtilis and S. aureus. At 75 µl concentration 
highest inhibition was displayed by B. subtilis (13 ± 0.03) 

followed by P. aeruginosa (12 ± 0.03), E. coli (9 ± 0.02), and 
S. aureus (8 ± 0.01). Similarly, at 100 µl concentration, the 
inhibition was highest against B. subtilis (17 ± 0.01) followed 
by P. aeruginosa (15 ± 0.01), E. coli (11 ± 0.02) and S. aureus 
(10 ± 0.05) respectively (Figure 2A-D).

Figure 2: Antibacterial activity of chitosan at different concentrations on zone of inhibition in various bacterial species tested.
Data represents mean of triplicate repeats of three determinations (mean ± SD).

Antifungal Activity of Chitosan

The maximum inhibition at 50 µl of chitosan was higher 
for C. albicans (7 ± 0.03) than A. fumigatus (5 ± 0.02). This 

expression was followed at higher concentrations like 75 µl 
and 100 µl respectively. In brief, C. albicans showed more 
inhibitory potential than A. fumigatus (Figures 3A & 3B).
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Figure 3: Antifungal activity of chitosan at different concentrations on zone of inhibition in various fungal species tested.
Data represents mean of triplicate repeats of three determinations (mean ± SD).

Minimum Inhibitory Concentration (MIC) of 
Chitosan

Antibacterial activity

Minimum inhibitory concentration (MIC) of chitosan 
for different bacterial strains was determined (Figure 4) by 
assessing their turbid growth after 24 hrs respectively. It 
was observed that decreasing concentration of the chitosan 
increased the growth of the microbes. The MIC of chitosan for 
different bacterial strains were B. subtilis (84.50%) followed 
by P. aeruginosa (83.90%), S. aureus (81.90%) and for E. coli 
(78.60%).

Figure 4: Minimum inhibitory concentration of chitosan 
antibacterial activity in the mole crab Emerita emeritus.
Data represents mean of triplicate repeats of three 
determinations (mean ± SD).

Antifungal Activity of Chitosan

Similarly, MIC of chitosan for two fungal strains was 
determined (Figure 5) by assessing their turbid growth after 
48 hrs respectively. The MIC of chitosan for C. albicans is 
83.80% and for A. fumigatus 83%.

Figure 5: Minimum inhibitory concentration of chitosan 
antifungal activity in the mole crab Emerita emeritus.
Data represents mean of triplicate repeats of three 
determinations (mean ± SD).

Antioxidant Activity of Chitosan

It is proved that antioxidant activity of chitosan 
was concentration-dependent. The change in colour of 
the solution (sample + DPPH reagent) was immediately 
observed which indicates the chitosan has potent quenching 
effect towards free radicals in the range of 36 to 60.40%. The 
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maximum radical scavenging of chitosan occurred at 400 µg/
ml while the 50% scavenging occurred at 200 µg/ml (Figure 
6).

Figure 6: Different concentrations of chitosan and ascorbic 
acid antioxidant activity in scavenging from mole crab 
Emerita emeritus.
Data represents mean of triplicate repeats of three 
determinations.

Anticoagulant Activity of Chitosan

A preliminary study to test the anticoagulant properties 
of chitosan was established. It was found that increasing 
concentration of chitosan increased the ability to prevent the 
coagulation of chick blood (Table 1).

S. No Chitosan 10 min 30 min 60 min
1 3 ml No clot Minor clot Semi clot
2 5 ml No clot No clot Minor clot
3 7 ml No clot No clot No clot

Data represents triplicate repeats of five determinations.
Table 1: Different time intervals of chick blood anticoagulant 
properties in chitosan from mole crab Emerita emeritus.

Discussion

The present study expresses the extraction of chitosan 
from mole crab E. emeritus shell waste and the subjecting 
the extracted chitosan to potential biochemical assays such 
as antibacterial, antifungal, antioxidant, and anticoagulant 
activities. The extracted chitosan showed a strong band in 
the region 3400-4000 cm-1 corresponding to N-H and O-H 
stretching, as well as the intramolecular hydrogen bonds.

The absorption bands at around 2921 can be attributed 
to C-H symmetric stretching. This band is a characteristic 
typical polysaccharide and is found in other polysaccharide 
spectra, such as xylan, glucans and carrageenans [39]. The 

presence of residual N-acetyl groups was confirmed by the 
bands at around 1645 cm-1 (C=O stretching of amide I) and 
1350 cm-1 (C-N stretching of amide III), respectively. We did 
not find the small band at 1550 cm-1 that corresponding to 
N-H bending of amide II. This is the third band characteristic 
of typical N-acetyl groups, and it was probably overlapped 
by other bands. The CH2 bending and CH3 symmetrical 
deformations were confirmed by the presence of bands at 
around 1423 and 1375 cm-1, respectively. The absorption 
band at 1153 cm-1 can be attributed to the asymmetric 
stretching of the C-O-C Bridge. The bands at 1066 correspond 
to C-O stretching. All bands found in the spectra of E. emeritus 
chitosan were similar to reported by others [40,41].

Assessing the antibacterial activity of extracted chitosan 
gave significant results against P. aeruginosa followed by E. 
coli, B. subtilis and S. aureus. As expected, the antimicrobial 
activity of chitosan was increased by increasing concentration 
[42]. The antibacterial activity of E. emeritus chitosan against 
B. subtilis showed highest inhibition while no activity or 
mild activity of chitosan from prawn shell waste against B. 
subtilis was reported by Tarafdar A, et al. [43]. However, 
Gram-positive bacteria (S. aureus and S. pneumonia), and 
gram-negative bacteria (E. coli) were inhibited markedly by 
Schiff base modified chitosan (acrylonitrile) as compared 
to unmodified chitosan [30]. The present study displayed 
the minimum inhibitory percentage of chitosan against B. 
subtilis, P. aeruginosa, S. aureus and E. coli were 84.50%, 
83.90%, 81.90% and 78.60% similar to Parapenaeus 
longirostris chitin which exhibited lowest MIC against E. 
coli. In this study, both gram-positive and gram-negative 
strains showed moreover similar inhibitory percentage. But 
chitosan has profound antagonistic activity against gram-
negative bacteria as compared to gram-positive [44].

The most prevalent proposed antibacterial activity of 
chitosan is by binding to the negatively charged bacterial 
cell wall causing disruption of the cell, thus altering the 
membrane permeability, followed by attachment to DNA 
causing inhibition of DNA replication and subsequently cell 
death [45]. Another possible mechanism is that chitosan 
acts as a chelating agent that selectively binds to trace metal 
elements causing toxin production and inhibiting microbial 
growth [46].

Interestingly, chitosan of E. emeritus depicted a dose-
dependent inhibition against both the fungal strains C. albicans 
and A. fumigatus. But comparing the inhibition against two 
strains, C. albicans was higher than that of A. fumigatus. 
Previous studies have denoted chitosan as fungistatic rather 
than fungicidal [47-49] and proved to inhibit the growth 
of several fungi [50]. The antifungal activity of chitosan is 
known to be dependent on pH, molecular weight, degree of 
acetylation, temperature, ionic strength, and the presence 
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of metal salts [49,51]. Although various theories have been 
proposed to explain the mechanism of the antifungal activity 
of chitosan, the intracellular leakage hypothesis is widely 
accepted [52,53]. The positive charge of chitosan binds to 
the negative charge on the surface of the fungal cell causing 
altered membrane permeability which leads to leakage of 
intracellular constituents causing cell death. Therefore, the 
antifungal activity of chitosan is suggested to be limited to 
the acidic condition as the positive charge of the chitosan 
amino group is lost at neutral pH [37,54].

Antioxidant activity is a fundamental property and much 
important for life. Many biological functions such as anti-
aging properties, anti-mutagenicity, and anti-carcinogenicity 
originate from antioxidant activity [55]. The DPPH is a stable 
nitrogen-centered free radical which can be effectively 
scavenged by antioxidants [56]. The ability of the protein 
to scavenge DPPH radical was determined by the decrease 
in it is absorbance in a spectrophotometer. In this study, 
the scavenging ability of chitosan increased from 20-400 
µg/ml concentrations in comparison with the standard 
ascorbic acid. It has been shown that coupling chitosan 
with carbohydrate or oligosaccharide groups increases 
the antioxidant capabilities tremendously. The free radical 
quenching activity of chitosan extracted from shrimp wastes 
proved a dose dependent action [57]. A correlation between 
the antioxidant activity of chitosan and the degree of 
acetylation was reported by Hajji S, et al. [58]. Chitosan with 
a higher deacetylation degree because of more amino groups 
[31] and with low molecular weight exhibits improved 
antioxidant activity [59]. The scavenging activity of chitosan 
may be due to the reaction between the free radicals and 
the residual free amino group to form stable macromolecule 
radicals or the amino groups can form ammonium groups by 
absorbing hydrogen ions from the solution and then reacting 
with radicals through an additional reaction [60].

Heparin, one of the most widely used blood 
anticoagulants, is an expensive product. Attempts have been 
made to prepare a number of synthetic coagulants, but none 
are as non-toxic as heparin [61]. But our results about the 
dose-dependent increase in the anticoagulation ability of 
chitosan with fresh chicken blood may have use in the future 
as natural and less expensive anticoagulant. Several studies 
confirmed the anticoagulant property of chitosan extracted 
from crab shells [62,63] and lobster shells [64]. Literature 
signifies that sulfonated derivatives of chitosan possess 
blood anticoagulant activity [65] and can be used as an 
effective anticoagulant with less toxicity.

Conclusion

In the present study, we conclude that chitosan extracted 
from shells of E. emeritus has antimicrobial, antioxidant, 

and anticoagulant properties. Because of its non-toxic and 
edible nature, it serves as a novel byproduct to enhance the 
quality of seafood and can be added in seafood products 
of aquaculture. Further, the antimicrobial and antioxidant 
properties depict the role of chitosan in fighting against 
microbes in the marine environment rather than just acting 
as a protective exoskeleton.
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