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Abstract:  The need for the discovery of novel bioactive compounds with antibacterial and 
antifungal properties gains importance because of increase in multidrug resistance among 
microbes, hence an attempt has been made to extract chitosan from waste shells of prawn and its 
antibacterial and antifungal properties have been elucidated with common strains. Antimicrobial 
assay was done using disc diffusion method. It was shown that the anti bacterial and antifungal 
activity was dose dependent and occurred in the following order:   

Pseudomonas aeruginosa ≥ Bacillus subtilis > Salmonella typhi > Staphylocoocus aureus > 
Escherichia coli and Penicillium chrysogenum > Trichophyton rubrum ≥ Aspergillus niger 
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Introduction 
There has been a steady increase in drug resistance in microorganisms. This had led to the need to 
discover novel bioactive compounds with anti-bacterial and anti-fungal properties against 
common clinical pathogens.  

Chitosan, a deacetylated derivative of chitin and reducing the fraction of acetylated amine groups, 
has been regarded as a potential anti-microbial agent. Chitin is a polysaccharide with a fibrous 
structure. It is commonly found in the outer skeleton of insects and crustaceans such as shrimps, 
crabs and lobsters [1]. 

In recent years the use of chitosan film as a bio functional material is regarded beneficial as 
chitosan is biocompatible and is well tolerated by living tissues. It is also being used as edible 
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coating on flesh to enhance quality and shelf-life [2]. In the field of medicine Chitosan films can 
be used as scaffolds for tissue and bone engineering and also as curative wound dressing [3]. One 
major advantage of chitosan is that, its reactive functional groups including the amino group and 
the hydroxyl groups can be modified and subjected to chemical derivation. This can be applied to 
enhance its biocompatibility by manipulating mechanical and solubility properties [4]. 

The antibacterial and antifungal properties of chitosan, against a wide range of target organisms 
are being carried out. This study focuses on the antibacterial activity of chitosan derived from 
prawn shell against Salmonella typhi, Bacillus subtilis, Escherichia coli, Vibrio parahaemolyticus, 
Pseudomonas aeruginosa, Staphylococcus aureus and Shigella boydii. The antifungal activity 
assay of chitosan derived from prawn shell was carried against the fungal strains such as 
Trichophyton rubrum, Penicillium chrysogenum and Aspergillus niger. 

Materials and Methods: 

Preparation of Chitosan from prawn shells: 
The prawn shells (approximately 2 kg) were collected from the local market in Chennai. The 
shells were washed thoroughly with water. Then the shells were dried and crushed mechanically. 
The sample was suspended in 1.5N HCl at room temperature for 1 hour. This causes the 
demineralization of shells after which they were washed with water to remove acid and calcium 
chloride.  
Deproteinization of shells was done by treating the demineralised shells with 0.5 % NaOH at 
100˚C for 30 minutes with a solvent to solid ratio of 1:12 (w/v). After incubation time, the shells 
were washed to neutrality in running tap water and sun dried. The product obtained was chitin. 
Chitosan preparation involves the deacetlyation of the obtained chitin.  
Deacetylation of chitin involves the removal of acetyl groups from chitin and that was done by 
employing 42 % NaOH solution and incubated at 95οC for 1.5 hours. Stirring is mandatory to 
obtain a homogenous reaction.  
The residue obtained was washed with running tap water to neutrality and rinsed with deionised 
water. It was then filtered, sun dried and finely grinded. The resultant whitish flakes obtained are 
grinded and thus Chitosan was produced. [5] 

Anti-microbial Assay: 
Bacteria viz. Salmonella typhi, Bacillus subtillis, Escherichia coli, Vibrio parahaemolyticus, 
Pseudomonas aeruginosa, Staphylococcus aureus, Shigella boydii and fungi viz. Trichophyton 
rubrum, Penicillium chrysogenum and Aspergillus niger were included for the assay. Anti-
microbial activity was tested using the above microorganisms with Ampicillin and Amphotericin 
(1000 µg/ml) as standard for bacteria and fungi respectively.  

Disc diffusion method: 
Antimicrobial assay of Chitosan were performed by Disc diffusion method. Nutrient broth and 
Potato dextrose broth was taken for bacteria and fungi respectively. Suspensions of the different 
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strains of the bacteria were added to the respective broths. Bacterial and fungal strains were 
swabbed separately on the Muller Hilton Agar and Potato dextrose agar plate respectively 
aseptically. The sterile disc is saturated with 20µl of different concentrations of the sample viz., 
1000 µg/ml, 500 µg/ml and 750 µg/ml separately. The sterile saturated discs were placed on the 
agar surface with flamed forceps and gently pressed down to ensure complete contact of the disc 
with the agar surface. The bacterial plates were incubated at 37οC for 24 hours and fungal plates 
were incubated at 28οC for 24-48 hours. After incubation, antimicrobial activities were 
determined by measuring the diameter of the zone of inhibition [6]. 

Results: 
Antimicrobial activity  

Anti bacterial Activity of Chitosan from Prawn shell: 

Table 1: Antibacterial activity of chitosan against selected bacterial pathogens. 

 

Isolated chitosan from prawn sample showed inhibitory effect on the pathogens and the results are 
as given in Table1. Anti bacterial activity of chitosan from prawn shell against bacterial strains 
were substantiated with Figure 1.  

Figure 1: Antibacterial effects of chitosan 

Salmonella typhi                         Bacillus subtilis 

         

 

S. 
No. 

 
Organisms 

Zone of Inhibition (mm) 
Concentration of Sample (µg/ml) Positive control 

Ampicillin (1mg/ml) 1000 750 500 
1. Salmonella typhi 12 10 8 23 

2. Bacillus subtilis 24 16 8 28 

3. Escherichia coli 8 7 6 23 

4. Vibrio parahaemolyticus - - - 26 

5. Pseudomonas aeruginosa 18 16 16 24 

6. Staphylococcus aureus 10 8 6 42 

7. Shigella boydii - - - 20 
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   Escherichia coli                          Vibrio parahaemolyticus            

             

 

Pseudomonas aeruginosa     Staphylococcus aureus          Shigella boydii 

 

Antifungal Activity of Chitosan from Prawn shell: 
Isolated chitosan from prawn sample showed inhibitory effect on the tested fungi and the results 
were given below. 

Table 2: Antifungal activity of chitosan from prawn shell against fungal strains 

 

S.No. 

 

 

Organisms 

Zone Of Inhibition (mm) 

Sample 
(Chitosan) 

Positive control 
(Amphotericin-B) 

(1mg/ml) 

Negative 
Control 
(DMSO) 

1. Trichophyton rubrum 7 9 _ 

2. Penicillium chrysogenum 8 12 _ 

3. Aspergillus niger 7 11 _ 
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Figure 2: Antifungal effects of chitosan    

                                                 Trichophyton rubrum               Penicillium chrysogenum 

 

 

    

 

         

            

Aspergillus niger 

 

 

 

                                                        

Discussion: 
Chitosan extracted from prawn shell showed antibacterial activity against Salmonella typhi, 
Bacillus subtillis, Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus in the 
following order.  Vibrio parahaemolyticus and Shigella boydii exhibited no activity for Chitosan.   

Pseudomonas aeruginosa ≥ Bacillus subtilis > Salmonella typhi > Staphylocoocus 

aureus > Escherichia coli 
In antifungal assay, Chitosan exhibited antifungal activity against all three fungi in the following 
order. 

Penicillium chrysogenum > Trichophyton rubrum ≥ Aspergillus niger 
This study holds great importance in the usage of Chitosan as an antimicrobial agent. It reveals 
the potential of natural producers from the marine environment for the purpose of 
pharmacological utilization. Marine plants and animals have adapted to all sorts of habitants in 
the marine environment and these are constantly under tremendous selection pressure including 
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competition for space, predation, surface fouling and reproduction. Many marine organisms are 
yet to be screened for discovering useful antibiotics. 

Chitosan is a versatile material with effective antimicrobial activity. The mechanism of 
antibacterial activity of Chitosan is attributed to three ways: 

1. The ionic surface interaction resulting in wall cell leakage. 

2. The inhibition of the mRNA and protein synthesis via the penetration of Chitosan into 
the nuclei of the microorganisms and  

3. The formation of an external barrier, chelating metals and provoking the suppression of 
essential nutrients to microbial growth. 

Goy et al [7] have noted that all the events are likely to occur simultaneously but at different 
intensities.  The present results fall in line with the findings of Shanmugam et al., [8] were 
chitosan was exhibited concentration dependent antibacterial activity. The zone of inhibition 
varied with the concentration. However, P. vulgaris, P. aeruginosa were found to be the two most 
inhibited bacteria by Chitosan. Similar studies of antifungal activity Chitosan against fungal 
species was shown by Goy. et al., [7] in Aspergillus fumigatus, Aspergillus parasiticus, Fusarium 
oxysporum, Candida albicans where the degree of acetylation of Chitosan was found to play a 
role in inhibition. 

In the current investigation, the effect of anti bacterial activity of Chitosan, at a concentration of 
1000µg/ml, it showed the maximum zone of inhibition against Bacillus subtilis (24mm). The least 
zone of inhibition of 8mm was observed for Escherichia coli. Zone of inhibition of Salmonella 
typhi, Staphylococcus aureus and Pseudomonas aeruginosa were 12mm, 10mm and 18mm 
respectively. Chitosan showed no antibacterial activity against Vibrio parahaemolyticus and 
Shigella boydii. At 750µg/ml concentration, 16mm zone of inhibition was found against Bacillus 
subtilis and Pseudomonas aeruginosa, 10mm zone of inhibition was observed in S. typhi while 
8mm and 7mm were observed against S. aureus,   E. coli respectively. 

At 500 µg/ml concentration, the maximum zone of inhibition was seen against P. aeruginosa at 
16mm, S, typhi and B. subtilis showed 8mm while E. coli and S. aureus showed 6mm. The effect 
of antifungal activity of Chitosan against fungal strains, Trichophyton rubrum, Peunicillium 
chysogenum and Aspergillus niger were studied. Chitosan showed 7mm zone of inhibition against 
T. rubrum and A. niger, while 8mm was observed against P. chrysogenum. 

From the study, it can be seen that the results obtained here are in accordance with the 
previousworks of Rabea, et al., 2003 [1], Assis and Pessoa, 2004 [2] and Shanmugam et al., 2016 
[8]. Thus Chitosan can be used as an effective antimicrobial agent. The applicability of Chitosan 
can thus be enhanced to a greater range of microorganisms, opening up a broad range of 
possibilities. 
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