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Abstract 
The present work investigates the synthesis of silver nanoparticles (AgNPs) by biological method using 

marine bacteria. The minimum inhibitory concentration (MIC) test was performed to find the inhibitory 

concentration of AgNO3 against marine bacterial isolate. After MIC study, the biogenic AgNPs was prepared 

through marine bacterial isolate and characterized by using UV-visible spectroscopy; Scanning Electron 

Microscopy (SEM), X Ray Diffraction (XRD), and Fourier transform infrared spectroscopy (FTIR). From the 

UV-visible spectroscopy, the absorption peak was found at 420 nm. In SEM image, it is confirmed that the 

sample contains spherical shaped silver nanoparticles and most of the particles were below 100 nm in size. In 

XRD analysis, it was confirmed that the silver nanoparticles are crystalline in nature, which was confirmed by 

the FTIR peak at 518 cm
-1

 corresponding to the Ag vibration present in crystalline structure. The antimicrobial 

activity of silver nanoparticles was determined by disk diffusion method, and found that silver nanoparticles 

have significant antibacterial activity against most of the pathogens.  
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1. Introduction 

Nanoparticles (NPs) serve as the fundamental 

building blocks for various nanotechnology 

applications. Nanotechnology, and alongside 

nanostructured materials, play an ever increasing role 

in science, research and development as well as also in 

every day’s life, as more and more products based on 

nanostructured materials are introduced to the market. 

Silver nanoparticles (AgNPs) are one of the promising 

products in the nanotechnology industry. Silver 

nanoparticles can be synthesized by several physical, 

chemical and biological methods, in which, one of 

such promising process is green synthesis. However, 

for the past few years, various rapid chemical methods 

have been replaced by green synthesis because of 

avoiding toxicity of the process and increased quality. 

An increasingly application is the use of silver 

nanoparticles for antimicrobial coatings, and many 

textiles, wound dressing, and biomedical devices 

contain silver nanoparticles that continuously release a 

low level of silver ions to provide protection against 

bacteria [1].  

Bacteria are well known to produce inorganic 

materials either intracellularly or extracellularly. 

Marine bacteria are concluded as a potential biofactory 

for the synthesis of nanoparticles like gold, silver and 

cadmium sulphide. Some known examples of bacteria 

synthesizing inorganic materials include magnetotactic 

bacteria (synthesizing magnetic nanoparticles) and S 

layer bacteria which produce gypsum and calcium 

carbonate layers [2]. Silver nanoparticles shows very 

strong bactericidal activity against gram positive as 

well as gram negative bacteria including multi-

resistant strains [3]. Some Athletic clothing companies 

have incorporated silver nanoparticles into their 

products mainly for reduce the bad smell. Many textile 

industries insert silver nanoparticles into its products 

to allow the particles to attach to the filaments. Once 

the silver nanoparticles encounter sweat from the 

human body, they naturally release a low 

concentration of silver ions into the moist environment 

[4]. 

 This study aims to synthesis of silver 

nanoparticles through biological method by using of 

marine bacterial isolate and it was characterized by 

several methods. Further, the pharmacological 

applications such as antibacterial activity of AgNPs 

were studied against certain bacterial pathogens.    
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2. Materials and methods 

2.1 Biofabrication of nanoparticles  

The bacterial strain was isolated from sea 

water of Nagore during April 2016. The minimum 

inhibitory concentration (MIC) test was performed 

to find the inhibitory concentration of AgNO3 

against marine bacterial isolate. After MIC study, 

the biogenic AgNPs was prepared through marine 

bacterial isolate. For synthesis of silver 

nanoparticles, the isolated marine bacteria were 

inoculated in nutrient broth media along with 25 

mM AgNO3. The culture flask was kept on a shaker 

with speed of 150 rpm at room temperature for 

overnight incubation. After overnight Incubation 

the color was changed and turbid was occurred, that 

indicated the presence of silver nanoparticles in the 

culture. 

2.2 Characterization of nanoparticles 

2.2.1 UV-VIS spectroscopy 

The Au nanoparticles were characterized in a 

Perkin-Elmer UV-VIS spectrophotometer, Lambda-19 

to know the kinetic behaviour of Au nanoparticles. The 

scanning range of the samples was 200-800 nm at a 

scan speed of 480 mm/min. Baseline correction of the 

spectrophotometer was carried out by using a blank 

reference. 

2.2.2 Fourier transform-infra red (FT-IR) 

spectroscopy  

The analysis of bio-reducing agent present in 

each of the extracts was measured by FT-IR. After the 

reaction, a small aliquot of the concentrated reaction 

mixture was measured in the transmittance mode at 

400 to 4000 cm
-1

.  The spectra of the extracts taken 

after the biosynthesis of nanoparticles were analyzed. 

2.2.3 Scanning electron microscope (SEM) and 

energy dispersive spectroscopy (EDS) 

In this research work, Joel JSM-6480 LV 

SEM machine was used to characterize the mean 

particle size and morphology of nanoparticles. 

Compositional analysis on the sample was carried out 

by the energy dispersive X-ray spectroscopy (EDS) 

attached with the SEM. The EDS analysis of Ag 

sample was done by the SEM (JEOLJSM 5800) 

machine. The EDS normally reveals the presence of 

phases. 

2.2.4 X-ray diffraction method 

The phase evolution of calcined powder as 

well as that of sintered samples was studied by X-ray 

diffraction technique (Philips PAN analytical, 

Netherland) using Cu radiation. The generator voltage 

and current was set at 40 KV and 30 mA respectively. 

The Au sample was scanned in the range 10.0000 - 

90.0000
o
 in continuous scan mode. The scan rate was 

0.60/sec. 

 

2.3 Testing of antimicrobial activity 

The test strains were: Aeromonas liquefaciens 

MTCC 2645 (B1), Enterococcus faecalis MTCC 439 

(B2), Klebsiella pneumonia NCIM 2883 (B3), 

Micrococcus luteus NCIM 2871 (B4), Salmonella 

typhimurium NCIM 2501 (B5), Vibrio cholerae 

MTCC 3906 (B6), Candida albicans MTCC 1637 

(F1), Cryptococcus sp. MTCC 7076 (F2), 

Microsporum canis MTCC 3270 (F3), Trichophyton 

rubrum MTCC 3272 (F4). The cultures were obtained 

from MTCC, Chandigarh and NCIM, Pune, India. 

Microbial strains were tested for antimicrobial 

sensitivity using the plate diffusion method [5]-[9]. 

The antibacterial and antifungal activities of test 

samples were analyzed against certain microorganisms 

on muller hinton agar (MHA) and potato dextrose agar 

(PDA), respectively [10][11]. A sterile cotton swab 

was used to inoculate the bacterial suspension on 

surface of agar plate. The 15 and 30 μL of test 

solutions were poured in each disc, separately. One 

separate disc was used for control study by taking 

sterile triple distilled water (without test sample). The 

plates were incubated at 37±1°C for 24–48 h (for 

bacteria) and 25 ±1°C for 48-72 h (for fungi). After 

incubation, the zone of inhibition was measured with 

ruler/ antibiotic zone scale-C [12][13]. The assays 

were performed in triplicate and the average values are 

presented. Methicillin – 10mcg (for bacteria) and 

Itraconazole – 10mcg (for fungus) was used as 

positive control. All the media, standard discs and 

sterile disc were purchased from Hi-Media (Mumbai, 

India).  

 

3. Result and discussion 

3.1 Biofabrication of AgNPs 

Marine bacteria are one of the important 

sources for the drug production and some of the 

marine bacteria are involved in the drug synthesis 

[14]. Now a day, many biological living things are 

involved in the nanoparticles synthesis. Bactericidal 

behavior of nanoparticles is attributed to the presence 

of electronic effects that are brought about as a result 

of change in local electronic structure of the surface 

due to smaller sizes. The effects are considered to be 

contributing towards enhancement of reactivity of 

silver nanoparticles surface. 

3.2 UV-Vis spectroscopy analysis 

The UV-VIS spectroscopic studies revealed 

the presence of beard peaks at 420 nm Figure 1. The 

plasmon resonance of the silver nanoparticles was 

recorded. When the precursor silver nitrate solution 

has mixed with the marine bacteria extracts they were 

reduced into silver (Ag) nanoparticles. When the 

marine bacteria extract was mixed with silver nitrate 

(AgNO3) aqueous solutions, the solutions changed 



J. Nasrin Begam / Biosynthesis and characterization of silver nanoparticles (AgNPs) using marine bacteria                     154 

IJASR|VOL 02|ISSUE 07|2016                            www.ssjournals.com 

their color from white to brown for silver 

nanoparticles. The absorption spectra of Ag 

nanoparticles formed in the reaction media has 

absorbance maxima at 421 nm. A remarkable 

broadening of peak at around 350 nm to 480 nm 

indicates that the particles are polydispersed. Similar 

study was carried by Huang et al[15] in 2007, reported 

that the formation of silver nanoparticles when 

constant aqueous AgNo3 at 50 ml, 1 mM with 0.1 g 

bio-mass produced silver nanoparticles as indicated by 

sharp absorbance at around 440 nm in Cinnamomum 

camphora.  

3.3 FTIR and SEM analysis 

The Figure 2 shows the FTIR image of silver 

nanoparticles synthesized from Marine bacteria. FT-IR 

analysis revealed the strong bands at 3383, 2352, 

1601, and 1404, 1113, 675, 518 cm
−1

. The band at 

2352 for O-H stretching corresponds to carboxylic 

acid, 1601 cm
−1

 for stretching C=C corresponds to 

aromatic amino groups. The band at 675 cm
−1

 

corresponds to C-H stretching of phenyl ring of 

substitution band, whereas the stretch for Ag-NPs was 

found around 518 cm
-1

. The morphological features of 

synthesized silver nanoparticles were studied by SEM 

analysis shown in Figure 3. SEM analysis suggested 

that most of the particles are spherical in shape.  

3.4 XRD analysis 

Silver nanoparticles were synthesized using 

marine bacteria and X-ray diffraction (XRD) pattern 

of synthesized particles were analyzed and found peak 

profile of relevant particles (Figure 4). In this result, 

peaks were observed at 2θ of 38, 44, 65 and 77 are 

corresponding to the Bragg’s reflections such as (111), 

(200), (220) and (311). Other peaks were also 

observed along with the main peaks. This may be due 

to the crude nature of the extracts containing other 

metabolites and salts. These components would have 

reacted with the ionic silver during the synthesis 

reaction. These compounds might be reason for the 

formation of other peaks. 

3.5 Antimicrobial activity 

The antimicrobial activity of test sample was 

examined with various pathogenic microorganisms 

using the (measure the inhibition zone) disc diffusion 

test. The results of the antimicrobial activities are 

summarized. The two tested concentrations such as 15 

and 30 μL /disc produce zone of inhibition on MHA 

and PDA plates for bacteria and fungi, respectively. In 

the present study, higher (30 μL/disc) concentration of 

sample got greater sensitivity than (15 μL/disc) lower 

concentration in all the tested microorganisms. In this 

study, all the pathogens were fairly affected and nil 

effect was not observed in the test samples. In 

bacteria, the test sample was most effective against 

Salmonella typhimurium NCIM 2501 (B5) while 

smaller effect was noticed from Vibrio cholerae (B6) 

(Table 1). In fungi, which was effective against 

Cryptococcus sp. MTCC 7076 (F2) whereas smaller 

effect was observed in Candida albicans (F1). All the 

microbial strains depict higher sensitivity to the higher 

concentration (30 μL) for the test sample when 

compared to the positive control except B3, B4 and 

B6. There is no antimicrobial activity in solution 

devoid of sample used as a vehicle control (sterile 

triple distilled water), reflecting that antimicrobial 

activity was directly related to the sample. Silver 

nanoparticles have a great bactericidal effect against 

several bacteria including multi resistant strains; can 

be considered as potential antifungal agent [16]. 

Anitha et al[17] in 2011 found that the Ag 

nanoparticles have exhibited considerable activity 

against some human pathogens. The antimicrobial 

property of silver is found to be the best among 

different metals in the following order Ag >Hg > Cu 

>Cd>Cr>Pb>Co>Au>Zn>Fe>Mn>Mo>Sn [18]. It is 

disc known that Ag ions and Ag-based compounds 

have strong antimicrobial effects [19], and many 

investigators are interested in using other inorganic 

nanoparticles as antibacterial agents [20]. This study 

enlighten that the marine bacteria is act as a metal 

reducing agent and it also involved in the biogenic 

synthesis of metal nanoparticles with less cost effect.    

 
Figure 1: UV-Vis spectra of silver nanoparticles 

synthesized by marine bacteria 

 

 
Figure 2: FTIR spectra of AgNPs 
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Figure 3: SEM image of AgNPs 

 

 
Figure 4: XRD spectra of AgNPs 

 

Table 1: Antimicrobial activity of AgNPs 

S. 

No 
Test Microorganisms 

Zone of inhibition (mm) 

Sample (15 & 30)  µL / disc 

                    Bacteria 
15 

µL 

30 

µL 
PC Remarks 

1. 
Aeromonas 
liquefaciens  

B1 

14 15 14 > PC 

2. 
Enterococcus fecalis 
B2 

13 15 8 > PC 

3. 
Klebsiella pneumoniae  

B3 
12 14 28 < PC 

4. 
Micrococcus luteus 
B4 

12 16 38 < PC 

5. 

Salmonella 

typhimurium 
B5 

15 18 0 > PC 

6. 
Vibrio cholarae 
B6 

10 12 16 < PC 

Fungi     

7. 
Candida albicans 
F1 

11 13 10 > PC 

8. 
Cryptococcus sp.    
F2 

12 16 9 > PC 

9. 
Microsporum canis  
F3 

11 14 9 > PC 

10. 
Trichophyton rubrum 

F4 
12 14 7 > PC 

PC - Positive Control  

Bacteria – Methicillin (10mcg/disc);  
Fungi – Itraconazole (10mcg/disc);  

> PC – greater than positive control;  

< PC – less than positive control 

4. Conclusion 

Silver nanoparticle was successfully 

synthesizing by using of marine bacteria through 

biological method. The Surface Plasmon Resonance 

(SPR) property of synthesized nanoparticle was 

studied by UV-Vis spectroscopy and the peak of the 

spectra was found to be at 421 nm. The morphological 

study of AgNPs using SEM suggests that the 

nanoparticles are spherical in shape with diameter 

around 450 nm to 1000 nm. The physiochemical 

properties of silver nanoparticles using FTIR, XRD 

conclude that the nanoparticle form in the process is 

crystalline with miller index of 011 and angle of 

diffraction of 2© = 32
O
. The antibacterial activity of 

silver nanoparticles concludes that the silver 

nanoparticles shows significant antibacterial activity 

against Salmonella typhimurium whereas less activity 

against Vibrio cholerae. 
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