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ABSTRACT 

Development of novel antibacterial material has become one of the prominent research topics as because 

bacteria becoming more and more resistant with time and it becomes difficult to combat against bacteria 

with existing drug materials. Chitosan, a naturally occurring biopolymer offers a feasible framework for the 

manufacture of metal nanoparticles, which has naturally enhanced antibacterial properties. In this research, 

copper (Cu2⁺) and cadmium (Cd) nanoparticles (NPs) were synthesized utilizing chitosan as a reducing and 

stabilizing agent. Chitosan based metal nanoparticles were produced via the solution casting process. The 

parameters and procedures are different from those used in previous studies. The synthesized nanoparticles 

were characterized using FTIR, TGA, and SEM analysis. The antibacterial capabilities of these 

nanoparticles were investigated against different strains of bacteria, which showed, enhanced antibacterial 

activity. Chi-Cu(II) and Chi-Cd NPs have zones of inhibition 30, 35, 36, 33 mm and 35, 31, 31, 38 mm 

against Pseudomonas aeruginosa, Salmonella bovismorbificans, Salmonella typhi, and Escherichia coli 

bacteria respectively. Whereas the standard antibiotic kanamycin has zones of inhibition 22, 22, 20, and 20 

mm against those bacteria respectively. 

Keywords: Chitosan, nanoparticles, FTIR, TGA, SEM, antibacterial activities 

 

INTRODUCTION 

Chitosan is a biomaterial that is renewable and is derived from chitin, the second most prevalent biopolymer 

and semi-synthetic biopolymer [1, 2]. It is also known as β-[1→4]-2-amino2-deoxy-D-glucopyranose, a 

basic and functional linear polysaccharide [3]. N-deacetylation of chitin yields a copolymer of 2-amino-2-

deoxy- D-glucopyranose and β-[1→4]-linked 2-acetamido-2-deoxy-D-glucopyranose, which is then used to 

make chitosan [4-6]. Chitosan’s aggregation activity [7], emulsification capacity [8], physicochemical [9, 10] 

and rheological [11, 12] properties are all primarily influenced by its degree of deacetylation (DD) and 

molecular weight. Chitosan is widely used in different fields, including biomedicine [13-16],  
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pharmaceuticals [17-19], metal chelation [3, 20], food additives [21, 22] and other industrial applications 

[23-25]. This is due to its unique set of properties including biocompatibility [26], low or no toxicity [27], 

biodegradability [28], low immunogenicity [29], and antibacterial properties [30]. Present industrial 

revolution in nanotechnology have a profound impact on the society, the economy, and the wider globe [31, 

32]. So, there is a chance for a safe application of an ecologically friendly method of producing 

nanoparticles in the medical domain [33, 34]. Numerous biological applications have drawn a lot of 

attention to nanotechnology [35, 36]. In the domains of medicine, pharmacology and agriculture, 

nanoparticles have proven efficiency in lowering bacterial and fungal infections [37, 38]. Chitosan based 

nanomaterials have shown excellent potential in the field of biomedical applications as antimicrobial agents, 

membrane separators, drug delivery, biomolecule sensing materials, and tissue engineering [39-41] etc. 

Furthermore, chitosan derivatives and Chi-NPs demonstrated outstanding efficacy in the fields of dentistry, 

ophthalmology, bioimaging, biosensing, and diagnostics [42, 43]. Nanomaterials such as gold, silver, 

copper, selenium, titanium, zinc oxide, and magnesium oxide have antibacterial activities against human 

pathogenic bacteria and fungus [44-46]. Multidrug-resistant (MDR) bacteria are becoming more 

widespread, and this poses an alarming danger to public health [47, 48]. Among those bacteria 

Klebsiella pneumoni, Escherichia coli, Streptococcus pneumonia, Enterococcus faecalis, and 

Staphylococcus aureus are widely known. Gram-negative bacteria deploy a variety of defense strategies 

against the harmful effects of antibiotics, including the generation of degrading enzymes, efflux pumps, and 

a low permeability outer membrane [49]. By 2050, 300 million premature deaths and up to USD 100 trillion 

(GBP 64 trillion) in economic losses will be the true cost of antibiotic resistance [50]. A deadly fungus that 

affects over 1.2 billion people globally causes at least 1.7 million deaths a year [51]. Fungal strains that are 

resistant to the majority of commercial antifungal medications are a result of the extensive usage of 

antifungal medicines [52]. Consequently, it is necessary to find and formulate novel antimicrobial agents. 

The earliest description of chitosan nanoparticles dates back to 1994, when Ohya and associates [53] 

suggested the use of emulsified and cross-linked chitosan nanoparticles to deliver the anticancer medication, 

5-fluorouracil intravenously. Since then, lots of research have been conducted on these drug-transporting 

systems, and the original formulation has been used for various purposes, such as, adding active chemicals 

to toothpastes [54], or modified afterwards, by applying different manufacturing procedures. Furthermore, 

many researchers have synthesized novel chitosan nanoparticle formulations with secondary matrix-forming 

components [55, 56]. Several techniques have been developed for synthesis of chitosan nanoparticles 

including ionic gelation, polyelectrolyte complexation [55, 56], emulsion-droplet coalescence [57], 

emulsion solvent diffusion [58], reverse micellar approach [59] etc. 

Apart from their catalytic, optical, and electrical conducting characteristics, Cu (II) NPs are appealing due to 

having noteworthy antibacterial and antifungal capabilities [60-62]. Cioffi et al. reported in 2005 [63] the 

antifungal and antifouling properties of a Cu NP-polymer composite. M. Taner et al. [64] reported that, the 

synthesis of Ag-Cu nanoalloy and its bactericidal action against Escherichia coli (E. coli). Ag, however, was 

confirmed to accumulate in the human body over time and found to be poisonous, resulting in a disorder, 

called, argyria [65]. A number of techniques, including thermal reduction [66], metal vapor synthesis [67], 

chemical reduction [68], vacuum vapor deposition [69], micro-emulsion technique [70], and laser ablation 

[71] have been developed recently for the synthesis of Cu NPs. The synthesis of Cd NPs is of tremendous 

interest because of its significant applications in the fields of photocatalysis, microelectronics, and catalysis 

etc. [72, 73]. 

In this research, chitosan based copper (Cu2⁺) and cadmium (Cd) nanoparticles (NPs) were synthesized. 

Chitosan based metal nanoparticles were produced via the solution casting process. The generated 

nanoparticles were characterized using FTIR, TGA, and SEM analysis. The antibacterial capabilities of 

synthesized nanoparticles were investigated against five different strains of gram-negative bacteria for 

instance, Pseudomonas aeruginosa, Salmonella bovismorbificans, Salmonella typhi, and Escherichia coli. 
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EXPERIMENTAL 

Materials and Methods 

Instruments: 

Thermal gravimetric analysis (TGA-50, Shimadzu), Scanning electron microscopy (SEM) (JEOL JSM- 

6490LA), Electric oven (YCO-010 Series), IR (IR Prestige-21, Shimadzu), Electric balance (AND-HR-200, 

Sonicator (POWERSONIC 603), Furnace (Thermo Scientific Thermolyne, FB1415M), and Electric 

magnetic stirrer. 

Raw Materials, Chemicals and Reagents: 

All the reagents were purchased from Sigma-Aldrich Australia Ltd. and used as received unless otherwise 

indicated. Acetic acid, Copper (ll) sulphate pentahydrate, Cadmium sulphate, Hydrazine hydrate solution, 

Sodium hydroxide, (E-Merck, Germany). Shrimp shell was collected from the local market. 

Preparation of Chitosan: 

The waste from dehydrated shrimp shell was obtained from a local commercial shrimp shell processor. 

Shells were initially washed with water for several times and then sun-dried until they became totally dried. 

The dry shell was crushed into coarse particles using a centrifugal crushing mill to produce a product with 

consistent size. Prior to use, dried ground shell were kept at room temperature in opaque plastic bottles. The 

modified method was utilized to produce chitosan from shrimp shell waste. 

Steps of methods: 

The following steps were mostly engaged in this process. 

Demineralization of shells: Demineralization is the process of removing minerals, especially calcium 

carbonate. It could be conducted under the effect of inorganic or organic acids [74, 75]. Demineralization is 

one of the most important steps in producing chitin and chitosan. It is usually obtained by the inorganic 

acidic treatment. Shrimp shells have large amounts of minerals which is combined with proteins, and chitin, 

and the rest of the shell is exoskeleton. Calcium carbonate and calcium phosphate are the main minerals in 

the shells, which must be discarded to demineralize the shrimp shells [76]. Demineralization is the method 

of replacing hydroxide (OH–) ions for all anions and hydrogen ions (H+) for all cations. In this phase, the 

shells were kept in a 1:12 (V/W) ratio of 7% HCl at ambient temperature. After 45 hours the shells were 

gently squashed and were washed with water to get rid of the calcium chloride and acid. 

Deproteinization of shells: The process of deproteinization involves either hydrolyzing or precipitating 

proteins out of a solution in order to remove them from a biological sample. In order to extract protein, the 

demineralized shells were treated with 7% NaOH at 80 °C for 26 hours, with solid to solvent ratio of 1:12 

(V/W). The residue was then collected and washed under the running tap water until it turned neutral. After 

washed thoroughly, the product was sun-dried and the final product was chitin. 

Production of Chitosan from chitin by deacetylation method: The acetyl groups in the chitin were 

removed by utilizing a 70% NaOH solution with a solid to solvent ratio of 1:12 (V/W) at room temperature 

for 74 hours. To ensure a consistent reaction, the mixture was continuously agitated by electrical magnetic 

stirrer. After that, it was rinsed with distilled water and was cleaned under running tap water. Then it was 

filtered and oven-dried. Finally, white to off-white flakes of chitosan were generated from shrimp shells. 
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Flow diagram of the preparation of Chitosan: 

 

Preparation of Chitosan-Cu (II) NPs: 

 
1 g of chitosan was dissolved in 100 mL of 1% acetic acid solution, and 0.8 g of copper(ll) sulfate (CuSO4 

.5H2O) was added to 100 mL of 1% acetic acid. 20 mL of each solution were mixed and underwent five 

minutes of sonication. After that, the mixture was magnetically agitated while being heated for roughly 20 
minutes to a temperature of between 50 and 80 °C. In this situation, 1.0 M NaOH was gradually and 

carefully added and mixed into the solution until the blue NPs formation was fully accomplished. It was 

then filtered, washed many times with distilled water, and dried while being agitated continuously. 

Preparation of Chitosan-Cd NPs: 

3.8 g of cadmium sulfate was added to 100 mL of 1% acetic acid solution and was sonicated until dissolved. 

Separately 1 g of chitosan was dissolved in 100 mL of 1% acetic acid solution. 20 mL of each solution were 

mixed and sonicated for a few minutes. Next, the solution was heated for about 20 minutes at a temperature 

between 50 and 80 °C while being stirred magnetically. After that, drop by drop of 1 M NaOH solution was 

added to the mixture until the off-white NPs were formed. Subsequently, it was filtered, and then repeatedly 

cleaned with distilled water, and then allowed to dry. This is an entirely novel technique for making Cd-NPs 

based on chitosan. 

Moisture Content: 

Employing the gravimetric approach, the produced chitosan’s moisture content was ascertained [77]. 2.0 g 

of the chitosan was weighed out carefully and then heated for 40 minutes at 102 °C. Then it was allowed to 

cool to room temperature for 10 minutes in a desiccator. It was immediately weighted, and the following 

formula was used to determine the percentage of the moisture content. 

% 𝑜𝑓 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =
(𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡, 𝑔 –  𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑓𝑡𝑒𝑟 𝑑𝑟𝑦, 𝑔) 𝑥 100

𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡, 𝑔
 

Ash Content: 

2.0 g of chitosan sample was added to a crucible that had previously been ignited, cooled, and tared in order 

to calculate the ash value of the material [78]. The sample was heated for four hours at 650 °C in a muffle 

furnace. After being allowed to cool to a temperature of less than 200 °C in the furnace, the crucibles were 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


Page 547 

INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XI Issue VI June 2024 

www.rsisinternational.org 

 

 

 
 

put into desiccators that had a vented top. 

% 𝑜𝑓 𝐴𝑠ℎ 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =
(𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑒, 𝑔) 𝑋 100

𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡, 𝑔
 

Solubility Test: 

The solubility of chitosan was checked in a variety of mineral acids, organic acids, and other chemical 

solvents. It has been found that chitosan was soluble in 1% CH3COOH solution. 

FTIR Test: 

Infrared spectra were obtained in range of the 4500 – 400 cm-1 by using an FTIR spectrophotometer (IR 

Prestige – 21, Shimadzu). The samples were placed in an agate mortar, ground to a fine powder using 

potassium bromide, and then placed in a mini-disc holder, where an automatic hydraulic press created a 

disc. The machine’s sample cavity held the KBr disk in place. The polystyrene film’s 1601.8 cm-1 peak 

served as the calibration point for the spectra. Based on a few standard books, provisional band assignments 

for the significant infrared bands of the different complexes and the relevant ligands have been determined 

empirically [79, 80]. 

Scanning electron microscope (SEM) of the Nanoparticles: 

The synthesized Chi-NPs were subjected to surface analyses with a Carl Zeiss Scanning Electron 

Microscope (Germany). After applying 10 µL of the diluted suspension to an aluminum stub, the NPs 

suspension was dried in a desiccator for a minimum of 24 hours to obtain a fine film. The created NP film 

was sputter-coated with a gold layer under ultra-high vacuum. SEM photos were obtained with EVO 18 

microscopes using smart SEM software. 

Thermal gravimetric analysis (TGA): 

The thermal analyses were obtained by TA Instruments – 2100 thermal analysis system [79]. Each sample 

was precisely weighed between 16 and 30 mg, and then placed into a 100 µL metal crucible. It was then 

placed inside the furnace. A pinhole was pierced into the crucible cover, and the crucible was hermetically 

sealed. 

Antibacterial Activity: 

Gram-negative Pseudomonas aeruginosa, gram-negative Salmonella bovismorbificans, gram-negative 

Salmonella typhi, and gram-negative Escherichia coli were the pathogens against which the complexes’ 

antibacterial activity were evaluated. The activities were conducted using the disc diffusion technique [81, 

82]. Every disk was placed on bacteria-infected plates containing 30 mg of tested substance. The growth of 

inhibition results were compared with the standard antibiotic kanamycin. 

 

RESULTS AND DISCUSSION 

Characterization of Chitosan: 

Moisture content: 

Table 1 displays the physio-chemical and functional properties of the produced chitosan. The exceptionally 

pure chitosan was contrasted with the commercially manufactured chitosan made from chitin and shrimp 

shell. Typically, the moisture content of commercial chitosan ranges from 1.00 to 1.30%, depending upon 
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the time of the year, relative humidity, and solar radiation intensity, etc. The moisture content of prepared 

chitosan was found to be 1.25%, with a good agreement with the commercial extra pure chitosan, which has 

moisture content apprximately 1.24% (Figure 1). 

Table 1: Solubility, Moisture and Ash content of chitosan. 
 

Obs. No. Test Parameters Synthesized % Standard (SRL) % Commercial % 

1 Moisture 1.25 1.24 1.00 – 1.30 

2 Ash 1.22 1.19 ~1.27 

 

3 

 

Solubility 

Soluble in 

1% CH3COOH 

Soluble in 

1% CH3COOH 

Soluble in 

1% CH3COOH 

 

Ash content: 

The amount of ash indicates how well the demineralization process removed minerals. Table 1 shows that 

the ash content of the pure and synthesized chitosan were 1.19% and 1.22%, respectively, whereas the 

reported ash level of the commercially available chitosan was ⁓ 1.27% as can be seen from Figure 2. By 

comparing the parameters such as, the moisture content, ash content, and solubility, it can be concluded that 

pure chitosan was successfully recovered from waste shrimp shells. 

Figure 1: Moisture content of the chitosan 
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FTIR Spectroscopy: 

Figure 3 shows the synthesized and reference FTIR spectra of chitosan. The upper spectrum in the figure 
represents standard chitosan, whereas the bottom spectrum represents the synthesized chitosan. The large 

absorption band at 3450 – 3400 cm-1 may be the result of -OH and amine N–H symmetrical stretching 
vibrations, as the Figure 3 shows. The pyranose ring was shown to be responsible for a symmetric -CH2– 

stretching vibration that peaked at 2950 – 2800 cm-1 [79]. A peak of 1156 cm-1 is assigned to the saccharide 

structure. -CH3 was identified as the source of the high peak at 1350 cm-1 in the amide group [83]. The 

large peaks at 1021 and 1098 cm-1 revealed the presence of a C-O stretching vibration in the chitosan, 

whereas the peaks at 1675 and 1600 cm-1 were indicative of -C=O and -NH2 stretching in the amide I and 

II. The absorption bands at 1200 cm-1 were identified as the C-O-C bridges anti-symmetric stretching, while 

the bands at 1100 – 1020 cm-1 were identified as the skeletal vibrations associated with the C-O stretching. 
The results are also tabulated in Table 2. Consequently, it can be demonstrated that the spectra of 
synthesized and extra pure chitosan are almost the similar. This result clearly demonstrates that the chitosan 
was successfully separated from the remaining shrimp shell. 

Table 2: FTIR studies of pure chitosan 
 

Wave length, (cm-1) mode & resolution Tentative band 

3450-3400 symmetric stretching, very broad -OH and amine N-H 

2950-2800 symmetric stretching, broad -CH2 (pyranose ring) 

1675 symmetric stretching, medium -C=O (amide I) 

1600 symmetric stretching, medium -NH (amide II) 

1350 bending, sharp -CH2 in amide group 

1200 anti-symmetric stretching C-O-C bridge 

Figure 2: Ash content of the chitosan 
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1100-1020 vibrations, broad -C-O 

 

Chitosan Based Metal Nanoparticle: 

The solution cast process was adapted for producing metal nanoparticles based on chitosan. Chi-Cu(II) and 

Chi-Cd NPs, two distinct NPs with varying sizes and forms, were synthesized. Every one of the NPs has a 

distinct color based on the individual raw ingredients that were employed in the synthesis. This suggests that 

NPs were generated using a chemical approach. Chi-Cu(II) NPs and Chi-Cd NPs were produced using 

identical experimental procedures. FTIR, TGA and SEM measurements were used to analyze the produced 

NPs. Table 3, 4 and Figure 4, 5 display the FTIR spectra and data. The FTIR shows that, all of the NPs 

spectra are extremely similar to those of the chitosan that were produced. This suggests that the NPs 

matrices contain chitosan polymer. 

 

Figure 3: FTIR Spectrum of Prepared and Standard Chitosan 

Figure 4: FTIR Spectrum of Prepared Chitosan and Chi-Cu (II) NPs 
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Table 3: FTIR studies of Chi-Cu (II) NPs. 
 

Wave length, (cm-1) mode & resolution Tentative band 

3450-3400 symmetric stretching, broad -OH and amine N-H 

2950-2800 symmetric stretching, broad -CH2 (pyranose ring) 

1675 symmetric stretching, medium -C=O (amide I) 

1600 symmetric stretching, medium -NH (amide II) 

1350 bending, sharp -CH2 in amide group 

1200 anti-symmetric stretching C-O-C bridge 

1100-1020 vibrations, broad -C-O 

Table 4: FTIR studies of Chi-Cd NPs. 
 

Wave length, (cm-1) mode & resolution Tentative band 

3450-3400 symmetric stretching, very broad -OH and amine N-H 

2950-2800 symmetric stretching, broad -CH2 (pyranose ring) 

1675 symmetric stretching, medium -C=O (amide I) 

1600 symmetric stretching, medium -NH2 (amide II) 

1350 bending, sharp -CH2 in amide group 

1200 anti-symmetric stretching C-O-C bridge 

1100-1020 vibrations, broad -C-O 

 

TGA of Chi-Cu(II) NPs: 

Chi-Cu(II) NPs thermal details are displayed in Table 5 and Figure 6. Figure 6 shows that the Chi-Cu(II) 

composite Nano-material showed three successive phases of weight decrease for TG analysis. The first 

Figure 5: FTIR Spectrum of Prepared Chitosan and Chi-Cd NPs 
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weight loss at 45 – 200 ºC was approximately 20.04 weight percent, which may have contributed to the 

crystalline water and adhering water molecules’ moisture content loss. The splitting of the ether bond in the 

chitosan backbone caused the second weight loss, which was approximately 39.00 wt.% in the 200 – 420 ºC 

range. In the third stage, the weight loss was around 21.81 weight percent in the 400 – 500 ºC range. This 

could be related to the glucosamine residues’ heat degradation, which results in the loss of the organic 

portion of the NPs [79, 84]. 

Table 5: TGA studies of Chi-Cu (II) NPs. 
 

Percentage of Decomposition (%) Decomposition Temperature (ºC) 

10 90 

20 210 

30 250 

40 280 

50 320 

60 420 

70 460 

80 495 

 

 

TGA of Chi-Cd NPs: 

Chi-Cd NP TGA details are displayed in Table 6 and Figure 7. Three separate weight reduction phases were 

noted in the composite material, as shown in Figure 7. The initial weight loss at 45 – 180 ºC was almost 

15% of the total weight, which may have contributed to the moisture content of crystalline water and 

adhering water molecules which lost on continuous decomposition. The second weight loss, which occurred 

between 220 and 320 ºC and was caused by the chitosan backbone’s ether linkage scission, was roughly 

13.38 weight percent. The weight loss in the third stage was approximately 10.62 weight percent in the 320 

– 500 ºC range, which could be related to the glucosamine residues’ heat degradation, which implies the 

NPs’ organic components were being lost [79, 84]. However, the problems associated with the weight loss 

machine, further experiments could not be continued onwards. 

Figure 6: TGA thermogram of Chitosan-Cu (II) 

NPs. 

http://www.rsisinternational.org/


Page 553 

INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XI Issue VI June 2024 

www.rsisinternational.org 

 

 

 

Table 6: TGA studies of Chi-Cd NPs. 
 

Percentage of Decomposition (%) Decomposition Temperature (ºC) 

10 110 

20 280 

30 340 

40 500 

 

 

SEM analysis of Chi-Cu (II) NPs: 

Chi-Cu (II) NPs SEM image was obtained at X5,000 and X25,000 magnifications. The specific NPs could 

not be distinguished in this case. However, based on Figure 8, it can be inferred that Chi-Cu (II) NPs 

possessed morphologies that were similar to flakes in shape and had particle sizes that were within 100 nm. 

 

Figure 7: TGA thermogram of Chitosan-Cd NPs. 

Figure 8: SEM of Chitosan-Cu (II) NPs 
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SEM analysis of Chi-Cd NPs: 

Chi-Cd NPs were imaged using a SEM at magnifications of X10,000 and X25,000. The nanoparticle 

images, which are displayed in Figure 9, demonstrated that the majority of Chi-Cd NP morphologies 

possessed spherical shapes and particle size ranging from 1 to 5 nm. 

 

Antibacterial Analysis: 

The antibacterial efficacy of the targeted chitosan-metal NPs against gram-negative bacteria, which included 

Pseudomonas aeruginosa, Salmonella bovismorbificans, Salmonella typhi, and Escherichia coli, were 

investigated biologically. The target compounds’ antibacterial activity in terms of zone of inhibition on agar 

disk diffusion plates are shown in Figures 11 and 12. Table 7 provides the findings of diameters of zone of 

inhibition in mm (millimeters) of studied NPs and standard antibiotic, kanamycin. The zone of inhibition for 

the kanamycin and for the gram-negative bacteria Pseudomonas aeruginosa, Salmonella bovismorbificans, 

Salmonella typhi, and Escherichia coli were found to be 22, 22, 20, and 20 mm, respectively. Figure 10 

illustrates a graphical comparison of the zone of inhibition for the standard and chitosan-metal nanoparticles 

against the bacteria. Therefore, this antimicrobial activity analysis shows that all of the produced NPs were 

found to incredibly active against bacteria. The potency of each NP is significantly higher than that of the 

standard antibiotic, kanamycin. 

Table 7: Results of the antibacterial activity of the different NPs. 
 

 

Bacteria code 

 

Name of the bacteria 

Diameter of zone of inhibition of bacteria in different NPs* 

(mm) 

Chi-Cu(II) NPs 

30 µg/disk 

Chi-Cd NPs 30 

µg/disk 

Kanamycin 30 

µg/disk 

A 
Psudomonas aeruginosa (- 

ve) 
30 35 22 

B 
Salmonella bovis 

morbificans(-ve) 
35 31 22 

C Salmonella typhi (-ve) 36 31 20 

D Escherichia coli (-ve) 33 38 20 

Figure 9: SEM of Chitosan-Cd NPs 
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CONCLUSION 

We have successfully prepared chitosan from shrimp shell and synthesized chitosan-metal NPs. The 

prepared chitosan’s properties nicely aligned with that of standard chitosan and found to be attained better 

features among the studied parameters than available commercial chitosan. The procedures developed for 

the preparation of chitosan nanoparticles are very simple and easy to perform. In particular, Chi-Cd NPs 

preparation method was utilized for the first time in this research. Both Chi-Cu(II) NPs and Chi-Cd NPs 

showed greater antibacterial activity than the standard kanamycin. The procedure of synthesis of Cd and Cu 

(II) nanoparticles explored in this work would be environmentally friendly, safe, and fast, which could be 

commercially viable in a long run. Moreover, this method can also be implemented on industrial scale in 

order to synthesize NPs and furthermore, prepared NPs can also be used as an effective antibacterial agent. 

Figure 10: Graphical comparison of zone of inhibition of the NPs with standard (Kanamycin) 

Figure 11: Photographic representation 

of zone of inhibition of NPs 3 and 4 

respectively against the bacteria 

Psudomonas aeruginosa. 

Figure 12: Photographic representation of 

zone of inhibition of NPs Chi-Cu(II) and 

Chi-Cd respectively against the bacteria 

Escherichia coli. 
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