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ABSTRACT 

A double green approach to the synthesis of silver nanoparticles using chitosan as a reducing agent and microwave radiation has been 

carried out in this study. Chitosan was extracted from marine crab carapace and the morphology of the produced chitosan was characterized 

using Scanning Electron Microscope (SEM). The production of silver nanoparticles (AgNPs) was monitored by the formation of surface 

plasmon resonance (SPR) at the λmax= 420 nm, indicates the reduction of the oxidation state of Ag+ to Ag0. The XRD data confirms the 

crystallinity nature of obtained AgNps, while the SEM and TEM revealed the formation of near-spherical shapes, polydisperse, 

heterogeneous distribution of AgNps with the size range between 7 to 25 nm. The antimicrobial activities of the AgNPs were investigated 

using The prepared AgNPs demonstrated dual mechanism action with chitosan, which acted as a stabilizer on the surface of AgNPs, and 

enhance the inhibition zone against E. tarda and E. coli. Therefore, the synthesized AgNPs in this study may have excellent potential for 

clinical application as it is green, low-cost and eco-friendly. 
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1. INTRODUCTION 

 The development of metallic nanoparticles has gained 

tremendous interest due to their novel chemical and physical 

properties that differ from their bulk counterparts. Metal 

nanoparticles have a large surface area per volume unit that can 

practically apply in many areas such as cosmetics, medicine, food 

processing and energy [1-2]. Specifically, the development of silver 

nanoparticles (AgNPs) has raised exponentially due to the ability of 

the nanoparticles to penetrate the wall of microbial cells and 

enhances their application as antimicrobial agents [3-6]. Therefore, 

dealing with nanoparticles that have high therapeutic properties, 

there is a growing need to produce the AgNPs in a ‘greener’ way to 

circumvent the adverse by-product from the synthesis.  

 The green method receives considerable attention in the 

preparation of AgNPs as it is promoting a clean, rapid, simple and 

non-toxic approach. The replacement of hazardous and toxic 

reducing agents with eco-friendly materials has been explored 

extensively. For instance, the biological system including plant 

extracts, animal cell cultures, and microorganisms is an alternative 

procedure for the preparation of the AgNPs. In the most recent 

studies, utilization of Coriandrum Sativum leaf extract [7], 

Thermophilic Bacillus Sp. AZ1 [8], plant extract of Lampranthus 

coccineus and Malephora lutea [9], marine algae Caulerpa 

racemose [10], and yeast extract [11] as reducing and capping agent 

in the biosynthesis of AgNPs were investigated extensively. It was 

also reported that the produced AgNps is an effective biocidal agent 

against a wide range of Gram-negative and Gram-positive bacteria, 

as well as multidrug-resistant bacteria and fungal pathogens. 

 In the present work, we aimed to prepared AgNPs using 

chitosan. Chitosan is a polysaccharide produced from chitin 

derivation and widely distributes in the exoskeleton of marine 

invertebrates, insects, arthropods or mollusks [12-13].  Chitosan is 

also known as a polycationic biopolymer that consists of large free 

amino and hydroxyl groups, which is responsible to reduce metal 

salt into metal nanoparticles. Additionally, chitosan is a renewable, 

biodegradable and non-toxic product that may lead to the 

sustainable development of the AgNPs  

 Herein, we reported a simple, rapid and clean synthesis of 

novel AgNPs using chitosan extracted from the carapace of marine 

crabs as reducing agents via microwave-aided radiation heat 

techniques and their influence against Edwardsiella tarda and 

Escherichia coli. 

2. MATERIALS AND METHODS 

2.1. Chitosan extraction.  

 The extraction of chitosan from the carapace of marine crabs 

(Portunus pelagicus) was published by Norhidayah et al. (2017) 

[14]. The chitosan extraction involves four steps, which are 

demineralization, deproteinization, decolorization, and 

deacetylation. the functional groups of the obtained chitosan 

powder were confirmed using FTIR (Perkin Elmer Spectrum 100 

FT-IR Spectrometer) in the transmission mode using KBr support. 

Thermogravimetric analysis (Perkin Elmer TGA analyzer) were 

carried out using approximately 10 mg of the sample with a 

temperature range of 30 – 600 oC, while the crystallinity nature of 

the chitosan was examined using XRD analysis (Rigaku MiniFlex 

II) equipped with Ni – filtered Cu Kα radiation (λ = 1.5406 Å) as 

the X-ray source. The dry weight of chitosan content was calculated 

to be at 13.56%. 

 Chitosan suspension was prepared by dissolving 0.5 g 

chitosan in 100 mL of acetic acid (2 % v/v) solution. The mixture 

was stirred until a homogenous solution was obtained. The mixture 
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of chitosan and AgNO3 suspension at different concentrations (0.1 

M, 0.2 M, and 0.3 M) was heated in a microwave oven (Panasonic 

NN-GD371M Microwave Oven) for 4 minutes with output power 

fixed at 950 W. The formation of Ag nanoparticles was indicated 

by the change of the color from light yellow to dark brown. The 

produced AgNPs were collected by centrifugation at 15,000 rpm for 

15 minutes. 

2.3. Characterization of AgNPs. 

 The formation of the AgNps synthesized using chitosan was 

monitored using UV-Visible absorption (UV-1800 

Spectrophotometer Shimadzu) from 300 to 600 nm. The AgNPs 

characteristic plasmon absorption band was observed at a range of 

380 to 450 nm. The crystallinity of the AgNps produced was 

observed using an X-ray diffractometer (Rigaku MiniFlex II). The 

peak intensity for the Ag Nps was collected in the 2θ range 20° to 

80° and the scanning speed at 0.5 min per degree. The morphology 

of the synthesized AgNPs was performed using Energy Filtered 

Transmission Electron Microscopy (EFTEM, LIBRA 120), at an 

accelerating voltage of 120 kV.  

2.4. Antibacterial activity. 

 The antimicrobial activity of AgNPs was measured from the 

zone of inhibition using agar well diffusion method against 

Edwardsiella tarda (E. tarda) and Escherichia coli (E. coli). Muller 

Hinton Agar plates were swabbed with fresh bacteria cultures (108 

CFU/mL) using a sterile cotton swab. Holes were made using sterile 

cork borer and filled with AgNPs. Chitosan solution extracted from 

the carapace of marine crabs were served as negative control and 

oxytetracycline (the antibiotic) were served as a positive control. 

The diameter of inhibition zones was measured recorded and 

assessed qualitatively after 24 hours of incubation.  

3. RESULTS  

3.1. Chitosan extraction. 

 The yield of chitin and chitosan was obtained by comparing 

the weight of the material to the weight of chitin or chitosan. The 

percentage of weight loss obtained during demineralization, 

deproteinization, decolorization and deacetylation processes from 

the marine crab shell was tabulated in Table 1.  The 

demineralization process shows the highest weight loss of the 

sample (78.8%), which contributes to the inorganic material 

removal. The addition of the acidic solution to the calcium 

carbonate (CaCO3) resulted in the formation of solid calcium 

chloride, and the emission of CO2 gas [15]. The removal of protein 

and color pigments was conducted in the second and third stages 

with the percentage weight loss of 16.03 and 6.74%, respectively. 

 

Table 1. Percentage of weight loss of the marine crab shell at each 

extraction process. 

Process 
Initial Weight 

(g) 

Weight after 

treatment (g) 

Weight loss 

(%) 

Demineralization 10.0 2.12 78.80 

Deproteinization 2.12 1.78 16.03 

Decolourization 1.78 1.66 6.74 

Deacetylation 1.66 1.55 6.63 

 

 The color of the raw powder was changed from light brown 

to white as depicted in figure 1, which indicates the potential of 

chitosan formation. SEM micrographs of chitin and chitosan 

samples synthesis from marine crab shells are shown in figure 2. 

The SEM image of the chitin sample indicates the presence of 

diverse shapes (figure 2a), with appreciable voids on their surface. 

The formation of voids shows the successful removal of CaCO3 by 

acid treatment in the demineralization process, leaving holes with 

irregular shapes. The formation of the fibrous structure was 

revealed in higher magnification of the SEM image of the 

deacetylated sample (figure  2b). This result supports the 

amorphous nature of chitosan powder, which obtained by XRD 

analysis [14]. All samples of the chitosan powder produced in this 

study exhibited similar morphological behavior. The detailed 

physicochemical characteristic of the chitosan extracted from 

marine crab carapace is published by Norhidayah et al. (2017) [14]. 

 
Figure 1. The photograph of prepared samples of the marine crab shell a) 

raw powder, b) chitin, c) chitosan. 

 
Figure 2. SEM micrograph of a) chitin and b) chitosan extracted from 

marine crab shells. 

 

3.2. Formation of AgNPs. 

 The formation of AgNPs was preliminarily confirmed by the 

of the solutions from colorless to brown (inset figure 3). Figure 3 

shows the UV-Vis spectra of AgNPs produced by microwave 

radiation after 4 minutes of reaction. The symmetrical band with a 

maximum curve peak at 410 nm for freshly prepared AgNps 

indicates the excitation of surface plasmon resonance (SPR) 

electrons [10, 16]. The SPR becomes the indicator to determine the 

reduction of silver ions (Ag+) by chitosan in the solution into the 

AgNPs (Ag0). The absorption intensity SPR band also shows an 

increasing trend as the concentration of AgNO3 solution increased, 

consistent with the color change of the solution, from yellow to dark 

brown (inset figure 3). For the determination of AgNPs stability, the 

samples have been stored for 6 months, and UV-Vis absorption 

spectra were recorded again. There is no major difference shown in 

the UV-Vis spectra in figure 4, indicates that the AgNPs are stable 

without agglomeration. Thus, chitosan was successfully acted as a 

reducing agent and stabilizer on the surface of AgNPs that prevent 

aggregation process.  

 The 0.2 M concentration of AgNO3 was chosen as an 

optimum condition for further analysis. 

  

b) 

 

a) 
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Figure 3. UV-Vis spectra of the synthesized AgNPs using chitosan from 

marine crab shells. 

 
Figure 4. UV-Vis spectra of the synthesized AgNPs after 6 months of 

storage. 

The diffraction data for the obtained AgNPs was recorded 

and the XRD pattern in figure 5 designate the crystalline nature of 

the AgNPs. Four different peaks were assigned to (111), (200), 

(220), and (311) planes of face cubic centered at 2𝜃 values. This 

diffraction pattern is consistent with the previous research reported 

(Joseph and Mathew, 2015).  

 
Figure 5. X-ray diffraction patterns of the synthesized AgNPs. 

 

The intensity of the peak due to the reflection from (111) 

Bragg’s plane is higher than that of other planes due to the 

preferential adsorption of Ag atoms on (111) plane during crystal 

growth. The average crystalline size of the obtained AgNps was 

estimated using Debye-Scherrer’s equation: 

 

D =
0.9 λ

β cos θ
                

  The width of (111) Bragg’s reflection was determined, and 

the estimated average size of the AgNps was calculated to be 17 

nm. The unassigned peaks can be attributed to AgNO3 residual, 

consistent with the finding reported by Oryan et al. (2018) [17].  

The SEM and transmission electron micrographs of the 

synthesized AgNPs are shown in figure 6. The SEM image (figure 

6a) reveals the formation of polydisperse and heterogeneous 

distribution of AgNPs. The result was confirmed by the TEM image 

(figure 6b), which shows near-spherical shapes of AgNPs with the 

size range between 7-25 nm. The graph of the particle size 

distribution (figure 6c) also supports a narrow size distribution, and 

the synthesized AgNPs were stable without any aggregation after 6 

months of storage as shown in figure 6d. 

 
Figure 6. a) SEM image of synthesized AgNPs, b) TEM image of freshly 

prepared AgNPs, c) particle size distribution and d) TEM image of the 

AgNPs after 6 months of storage. 

 

3.3 Antibacterial activity 

 Figure 7a and 7b show the effective inhibition zone of 

chitosan-capped AgNPs with the highest inhibition zone (diameter 

= 1.83 cm and 1.38 cm) towards E. tarda and E.coli, respectively.  

 
Figure 7. Antimicrobial activities of the AgNPs against a) E.tarda and b) 

E.coli. 

 The chitosan solution prepared from the marine crab shows 

a maximum zone of inhibition noted was 1.47 cm for E.tarda, while 

a diameter of 1.25 cm was observed in the case of E.coli.  The 

antibiotic did not show any inhibition zone against E. tarda as it is 
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resistant towards oxytetracycline. In contrast, it can inhibit the 

growth of E. coli with a diameter of 1.70 cm of inhibition zone.  

 Table 2 summarized the data on the inhibition zone for the 

respective study. 

 

Table 2. Tabulation of the maximum zone of inhibition. 

Bacterial strain Inhibition zone (cm) 

E. tarda E. coli 

Oxytetracycline 0 1.70 

Chitosan from marine crab 1.47 1.25 

Ag nanoparticles using chitosan  1.77 1.38 

 Chitosan shows antimicrobial activity due to the cationic 

properties that contribute to the presence of amino functional 

groups in their backbone structure [18, 19]. The electrostatic 

interaction between negatively charged microbial cell membranes 

and protonated NH3
+ groups of chitosan molecules causes a 

membrane disrupting effect and finally leading to cell death. The 

mechanism of inhibitory action of silver ions on microorganisms is 

well documented [3, 5, 20, 21]. It is believed that the mechanism of 

bactericidal actions of AgNPs is similar to the silver ions, where 

AgNPs and constituents of the bacterial membrane caused 

structural changes, inhibit respiratory enzymes, facilitating the 

generation of reactive oxygen species and consequently damaging 

the cell. Thus, the combination of chitosan and AgNPs is resulting 

in the highest microbial effect due to the dual mechanism of action 

between chitosan and AgNPs [22]. 

 

4. CONCLUSIONS 

 The AgNPs reduced by chitosan extracted from the marine 

crab carapace (Portunus pelagicus) were successfully produced in 

an ecofriendly, inexpensive and efficient manner. The 

physicochemical properties of extracted chitosan were analyzed 

using spectroscopic and microscopic techniques and the obtained 

AgNPs were stable for up to 6 months of storage under ambient 

condition. Spherical shapes of the chitosan-based AgNPs were 

produced, with narrow size distribution, in the range of 7 to 25 nm. 

There is no evidence of agglomeration of colloidal nanoparticles 

was observed during the 6 months of storage indicates high stability 

of AgNPs capped with chitosan. The produced AgNPs also have a 

clearer and higher inhibition zone towards E.tarda and E.coli. This 

finding demonstrated that the synthesized AgNPs using chitosan as 

reducing and stabilizing agents exhibits a dual mechanism of action 

to inhibit the growth of microorganisms, and thus presenting 

favorable characteristic for potential clinical application. 
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