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A B S T R A C T   

In this study, the silver nanoparticles (AgNPs) were synthesized using a strain Bacillus subtilis KMS2-2 by 
extracellularly. The effect of calcination (200 �C for 30 min) on structural characteristics and antibacterial ac
tivity of the AgNPs were investigated. The inhibitory effect of AgNPs against pathogenic bacteria such as 
Pseudomonas fluorescens MTCC 1749, Proteus mirabilis MTCC 425, Escherichia coli MTCC 1610, Bacillus cereus and 
Staphylococcus aureus MTCC 2940 was tested by agar-well diffusion method. The synthesized AgNPs before and 
after calcination were spherical crystalline in nature and had size range from 18–100 nm and 49–153 nm, 
respectively and were determined by scanning electron microscope (SEM) and X-ray diffraction analysis (XRD). 
Further, Fourier transform Infrared spectroscopic (FT-IR) analysis revealed the presence of bioactive compounds 
in the crude AgNPs as capping materials. The in vitro antibacterial studies revealed that crude AgNPS strongly 
inhibited the growth of tested pathogenic bacteria, whereas, the calcined AgNPs didn’t show growth inhibition 
activity.   

1. Introduction 

Evolving multi drug resistant microbes are the most important 
threats to public health and there is urgent need to explore novel anti
microbial agents (Boovaragamoorthy et al., 2019; Saravanan et al., 
2018c; Van Duin and Paterson, 2016). Due to increased attention on 
emergence of multidrug resistance in microbes, the biomedical and 
pharmaceutical sector is initiating to screen the active compounds 
against it. Several decades ago, silver and its salts have been used as 
antimicrobial agents in primary health and wound care (Munteanu 
et al., 2016; Pugazhendhi et al., 2018c; Saratale et al., 2017; Saravanan 
et al., 2018b; Shanmuganathan et al., 2018). However, the usage of 
silver was drastically reduced due to emergence and development of 
new antibiotics (Deljou and Goudarzi, 2016). There has been growing 
interest of nanotechnology in recent years, the application of 

nanoparticles in various fields are developed. The nanoparticles have 
optical, electronic, magnetic, and catalytic properties in terms of their 
size, shape and chemical surrounding (Fathima et al., 2018; Jiang et al., 
2019; Pugazhendhi et al., 2018b, 2019; Vasantharaj et al., 2019). 
Nanoparticles are widely used in different fields such as industries (food 
packing, paint, paper, leather and textile) (Jacob et al., 2018; Saratale 
et al., 2018a; Sathiyavimal et al., 2018), nano-fertilizer in agriculture, 
wastewater treatment and medicine etc. (Hussein et al., 2019; Jishma 
et al., 2018; Premkumar et al., 2018). Also, the nanoparticles are 
extensively used in renewable energy (Kumar et al., 2019; Pugazhendhi 
et al., 2018d) electronic devices due to their high conductivity and 
stability (Kumar et al., 2018; Murphin Kumar et al., 2017). 

The nanoparticles can be synthesized by diverse methods including 
physical, chemical and hybrid systems. However, the nanoparticle 
synthesis by these methods is expensive and produces undesirable and 
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toxic byproducts that are hazard to environment (Patra and Baek, 2014). 
The synthesis of nanoparticles by biological method has received pro
found interest because of its effectiveness, less cost and ecofriendly 
nature (Oves et al., 2018; Saravanan et al., 2018a). It has been previ
ously reported that biological sources (bacteria, algae, fungi, yeast and 
various parts of plants) and their derivatives effectively synthesized the 
nanoparticles (Arya et al., 2019; Mahmoud et al., 2016; Ramkumar 
et al., 2017; Saratale et al., 2018b; Soliman et al., 2018). The synthesis of 
metal nanoparticles by microbes can accomplish either intracellularly or 
extracellularly. Comparison with extracellular process, the intracellular 
process requires more steps to recover the synthesized nanoparticles 
(Kalimuthu et al., 2008). In particular, the extracellular synthesis of 
AgNPs has significant advantage in biomedical and pharmaceutical 
sector due to their extensive usage as antimicrobial, anticancer and 
anti-inflammatory agents (Kathiravan et al., 2014; Pugazhendhi et al., 
2018a; Shanmuganathan et al., 2019a; Wong et al., 2009). Additionally, 
the larvicidal and nematicidal properties of biologically synthesized 
AgNPs have been experimentally proven (Banu and Balasubramanian, 
2015; Mahmoud et al., 2016). 

Various species of bacteria have been successfully studied for diverse 
metal nanoparticles synthesis, especially, in AgNPs (Deljou and Gou
darzi, 2016; Mahmoud et al., 2016; Paul and Sinha, 2014; Thomas et al., 
2014). Particularly, the Gram positive genera of Bacillus are widely used 
in the pharmaceutical, food and dairy industry due to its potential active 
compounds production as well as in nanoparticle synthesis (Deljou and 
Goudarzi, 2016). The present study aimed to synthesize the AgNPs by 
culture supernatant of Gram positive bacterial strain, Bacillus subtilis 
KMS2-2 and to examine the calcination temperature (200 �C for 30 min) 
on characteristics and anti-bacterial properties of synthesized AgNPs. 

2. Materials and methods 

2.1. Bacterial strain and cultivation 

The strain Bacillus subtilis KMS2-2 used in this study was isolated 
from sediment samples of Uppanar estuary, Southeast coast of India and 
identified through conventional staining biochemical methods. For 
molecular identification, the strain was further characterized by 16 
rDNA sequencing (Ruimy et al., 1994) in this study. For 16s rDNA 
sequencing, the genomic DNA was isolated and amplified by PCR with 
following primers: 27f (50- AGAGTTTGATCCTGGCTCAG-30) and 1492r 
(50-TACGGTTACCTTGTTACGACTT-30). The amplified DNA was 
sequenced at Xcelris Labs Limited (Ahmedabad, India) and sequences of 
16s rDNA were compared against the GenBank database using standard 
nucleotide BLAST program. Further, the sequences of 16s rDNA were 
deposited to National Centre for Biotechnology Information (NCBI) and 
retrieved with an accession number as MN065454.1. 

The bacterial strain Bacillus subtilis KMS2-2 was maintained in 

nutrient agar slant (Hi-Media, India) at 4 �C with periodical sub- 
culturing method and used as working culture preparation for AgNPs 
synthesis. The Gram negative (Pseudomonas fluorescens MTCC 1749, 
Proteus mirabilis MTCC 425 and Escherichia coli MTCC 1610) and Gram 
positive (Bacillus cereus and Staphylococcus aureus MTCC 2940) bacteria 
were previously procured from Microbial Type Culture Collection and 
Gene Bank (MTCC), Institute of Microbial Technology, Chandigarh, 
India and used to determine the inhibitory features of synthesized 
AgNPs. 

2.2. Biomass production and AgNPs synthesis 

The synthesis of AgNPs were done by the method of (Saravanan 
et al., 2018a) with slight modifications. The strain Bacillus subtilis 
KMS2-2 was grown in flask containing 500 ml of sterile Luria-Bertani 
broth (Hi-Media, India) for 48 h at room temperature with constant 
shaking at 100 rpm. After incubation, the grown culture was centrifuged 
(8000 rpm for 15 min) to collect the supernatant and remained biomass 
was discarded. Then, the collected supernatant was filtered using 
Whatman filter paper No. 42 (2.4 μm pore size) and used for extracel
lular synthesis of AgNPs. For AgNPs synthesis, the filtered supernatant 
was mixed with equal volume of previously prepared 1 mM Silver nitrate 
(AgNO3) solution and incubated on rotating shaker (150 rpm) at room 
temperature for 72 h. With this above mixture, the positive (1 mM silver 
nitrate solution) and negative control (broth without inoculating bac
teria) experiments were run parallel in this study. The reaction mixture 
was periodically checked for AgNPs synthesis by observing visible 
colour changes and using UV–vis spectrophotometer. 

2.3. Collection, calcination and characterization of AgNPs 

The synthesized AgNPs were collected from the reaction mixture by 
centrifugation at 8,000 rpm for 10 min. After collection, the nano
particles were dried using hot air oven (100 �C for 12 h) and grinded to 
get powder form (crude). To study the effect of temperature on char
acteristics and anti-bacterial properties of AgNPs, the powdered parti
cles were calcined at 200 �C for 30 min in muffle furnace. Further, the 
crude and calcined AgNPs were characterized by UV–vis spectropho
tometer, Fourier Transformed Infrared (FT-IR), X-ray diffraction (XRD) 
and Scanning Electron Microscope coupled with Energy Dispersive X-ray 
spectroscopy (SEM-EDX) analysis. For UV analysis, the crude and 
calcined AgNPs were diluted with 2 ml double distilled water and sub
sequently measured in the range of 200–800 nm by UV–vis spectro
photometer. The presence of functional groups in crude and calcined 
AgNPs was determined using FT-IR (Spectrum RX I, Perkin Elmer, USA) 
ranging from 400 to 4000 cm� 1 at a resolution of 4 cm� 1. The phase and 
crystal nature of AgNPs before and after calcination were studied by X- 
ray powder diffractometer (Phillips Xpert Pro, the Netherlands) running 

Fig. 1. Neighbour-joining tree, based upon 16S rDNA sequences of B. subtilis KMS2-2 and their closest relatives.  
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at 40 kV and 30 mA at 20-80 �C (2θ). Further, the morphology and 
elemental composition of AgNPs after and before calcination were 
studied by Scanning Electron Microscope (Carl Zeiss, Model EVO 18, 
Germany) coupled with Energy Dispersive X-ray spectroscopy (Oxford 
ISIS 300 EDS). 

2.4. Anti-bacterial activity of crude and calcined AgNPs 

The anti-bacterial activity of calcined AgNPs was studied by agar 
well diffusion method along with crude AgNPs (reaction mixture) 
against pathogenic bacteria such as, Pseudomonas fluorescens MTCC 
1749, Proteus mirabilis MTCC 425, Escherichia coli MTCC 1610, Bacillus 
cereus and Staphylococcus aureus MTCC 2940. The stock solutions for 
calcined AgNPs were prepared at a final concentration of 0.5 mg/mL 
using distilled water as the solvent. For diffusion assay, the wells were 
made on Muller Hinton agar plates and swabbed with 12 h grown 
pathogenic bacterial broth cultures. Then, the different concentrations 
(25, 50, 75 and 100 μL) of crude and calcined AgNPs (100 μL) solution 
were loaded into each well and incubated at 37 �C for 24 h. The sensi
tivity of the tested bacteria was determined by measuring the diameter 
of the inhibition zone around each well (in mM). 

3. Results and discussion 

3.1. Identification of bacteria and AgNPs synthesis 

The 16S rDNA sequencing results showed that bacterial strain used in 
this study had 99% identity with Bacillus subtilis when the sequence data 
subjected to nucleotide BLAST program (Fig. 1). The extra-cellular 
synthesis of AgNPs by Bacillus subtilis KMS2-2 was confirmed by the 
observing the colour changes in the reaction mixture from yellow into 
brown colour. The synthesis of AgNPs by Bacillus subtilis KMS2-2 is 
schematically represented in Fig. 2. In this study, the synthesis of AgNPs 

Fig. 2. shows the schematic representation of silver nanoparticles synthesized by B.subtilis KMS2-2.  

Fig. 3. UV–vis absorption spectra of crude and calcined AgNPs.  

Fig. 4. IR absorption spectra of (a) crude and (b) calcined AgNPs.  
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was observed in the reaction mixture after 6 h contact time at room 
temperature. It has been previously reported that the biological syn
thesis of AgNPs mainly depends on many physical and chemical factors 
including temperature and reaction time etc. (Tippayawat et al., 2016). 

3.2. Characterization of crude and calcined AgNPs 

3.2.1. UV-spectral analysis of AgNPs 
The UV–visible spectra of crude (reaction mixture) and calcined 

AgNPs are shown in Fig. 3. In the crude AgNPs spectrum, a strong 
Surface Plasmon Resonance (SPR) peak was observed at 420 which 
confirmed the reduction of Agþ ions into AgNPs by biomolecules present 

in the supernatant. Likewise (Saravanan et al., 2018a), has also reported 
the characteristics (SPR) peak for AgNPs synthesized by Bacillus brevis 
(NCIM 2533) at 420 nm. Whereas, the SPR peak for AgNPs synthesized 
by plant extract of Mentha piperita was observed at 450 nm (MubarakAli 
et al., 2011). Generally, the characteristics peak for AgNPs can be 
noticed between 400-450 nm in the UV–Vis region (Samadi et al., 2010). 
The UV–vis spectrum of calcined AgNPs showed a strong SPR peak at 
390 nm which indicated that calcination temperature altered the prop
erties of nanoparticles. The changes in SPR peak position in the UV 
spectrum after calcination might be due to elimination of capping ma
terial from nanoparticles (Gharibshahi et al., 2017). Further, the calci
nation of nanoparticles with prolonged time period can increase the size 
and form the different types of crystal size (Tang et al., 2012). Kayani 
et al. (2015) reported that calcination temperature shifted (red shift) the 
absorption peak to larger wavelengths region for zinc oxide nano
particles due to nanoparticles agglomeration. 

3.2.2. FTIR analysis of AgNPs 
The FTIR spectra of crude and calcined AgNPs are shown in 

Fig. 4a&b. IR spectrum of crude AgNPs show peaks at 3278, 2971, 1633, 
1530, 1391, 1236, 1069 and 675 cm� 1 (Fig. 4a). The strong adsorption 
peak at 3278 cm� 1 corresponded to N–H functional groups of protein 
and O–H stretching vibration of alcohol and phenol (Monowar et al., 
2018). The peak at 2971 cm� 1 is due to C–H stretching of alkane. The 
band at 1633 and 1530 cm� 1 corresponded to amide I and II containing 
carbonyl groups (C––O) (Singh et al., 2018). The peak at 1391 cm� 1 

attributed to the symmetric deformation of the CH3 vibration, and the 
bands at 1236 cm� 1 and 1069 cm� 1 can be assigned to the C–O 
stretching vibrations of alcohols, carboxylic acid or C–N stretching of 
amines (Jyoti et al., 2016). Also, the peak at 675 cm� 1 corresponded to 
-C––H bending of alkenes (Rajeshkumar and Malarkodi, 2014). From 
this spectrum analysis, major functional groups such as O–H, N–H, C–H, 
C––O and C–O groups containing biomolecules such as polysaccharides, 
protein and other components present in the culture supernatant might 
be responsible for reduction of Agþ into AgNPs and these groups might 
have acted as capping/stabilization agent (Jyoti et al., 2016). IR spectra 

Fig. 5. XRD spectra of (a) crude and (b) calcined AgNPs.  

Fig. 6. SEM images of (a) crude AgNPs and (b) calcined AgNPs; EDX spectra of (c) crude AgNPs and (d) calcined AgNPs.  
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of AgNPs after calcination at 200 �C for 30 min are shown in (Fig. 4b). In 
the spectrum of calcined AgNPs, the adsorption peaks was observed at 
3402, 2923, 2220, 1622, 1365, 1100 and 751 cm� 1. Some peaks not 
appear in IR spectrum of calcined AgNPs and this might be due to 
removal of peaks corresponding organic compounds by calcination at 
200 �C. Gharibshahi et al. (2017) reported that the high purity of AgNPs 
could be obtained by increasing the calcination temperature. 

3.2.3. X-ray diffraction analysis of AgNPs 
Fig. 5a&b shows the typical XRD spectra of the AgNPs before and 

after calcination. The spectrum of crude AgNPs showed the diffraction 
peaks at 2θ values of 32.17�, 38.09�, 46.16�, 65.5� and 75.23� could be 
assigned the planes of (101), (111), (200), (220) and (311), respectively 
(Fig. 5a). Whereas, the diffraction peaks was observed for calcined 
AgNPs at 2θ values of 32.18�, 46.19�, 67.6� and 75.29� and could be 
assigned the plane of (101), (200), (220), and (311), respectively 
(Fig. 5b). The diffraction data obtained for crude and calcined AgNPs 
were compared with the powder diffraction data files of known com
pounds (ICDD/JCPDS, PDF Nos. 04–0783 and 84–0713). Results of X- 
ray diffraction analysis revealed that AgNPs before and after calcination 
was face-centered cubic, crystalline in nature and confirmed the pres
ence of AgNPs formed by Bacillus subtilis KMS2-2. Goudarzi et al. (2016). 
stated that increasing the calcination temperature has resulted in an 
increase in crystalline size of AgNPs. 

3.2.4. SEM-EDS analysis of AgNPs 
SEM images were taken to analyze the structure, size and 

morphology of AgNPs after and before calcination. The SEM image of 
crude AgNPs showed the uniform spherical shaped particles and capped 
with biomolecules present in culture supernatant (Fig. 6a). Further, the 
particle size range between 18–100 nm was measured in the crude 
AgNPs. The spherical shaped structure with size range of 90 nm was 
observed for AgNPs synthesized by plant extract of Mentha piperita 
(MubarakAli et al., 2011). Also, Saravanan et al. (2018a) stated the 
AgNPs synthesized by Phenerochaete chrysosporium (MTCC-787) had 
different shapes, such as spherical and oval shapes with 34–90 nm in size 
range. However, the morphology and size of AgNPs varied after calci
nation and showed the uniform, spherical shaped structure with in
crease in size (Fig. 6b). The particles size was measured in the range of 
49–153 nm after calcination. Previous studies has reported that the size 
of nanoparticles increased with increasing the calcination temperature 
(Shanaj and John, 2016; Singh et al., 2018). The EDX analysis showed 
the presence of elemental silver in the spectra of both crude and calcined 
AgNPs which is verified by the absorption peak at 2–3 KeV regions. 
These results indicating the reduction of Agþ into Ag0 by biomolecules 
present in the bacterial supernatant. 

3.3. Antibacterial activity of crude and calcined AgNPs 

The antibacterial activities of crude and calcined AgNPs were tested 
against pathogenic bacteria such as Pseudomonas fluorescens MTCC 
1749, Proteus mirabilis MTCC 425, Escherichia coli MTCC 1610, Bacillus 
cereus and Staphylococcus aureus MTCC 2940 by well diffusion method 
are shown in Table-1 and Fig. 7a–e. The highest inhibition zone of 
16 mm was observed for crude AgNPs against Pseudomonas fluorescens 
MTCC 1749 (Fig. 7d), whereas; the lowest inhibition zone of 08 mm was 
noted against Proteus mirabilis MTCC 425 at 100 μL concentration 
(Fig. 7c). Results showed that the inhibitory activity of AgNPs increased 
with increases the reaction mixture (crude) volume. Maiti et al. (2014) 
stated that AgNPs synthesized by Lycopersicon esculentum extract did not 
show growth inhibitory activity at low concentration and showed good 
inhibitory activity when increases the concentration above 20μg/ml. 
The AgNPs synthesized by culture supernatant of Streptacidiphilus dur
hamensis are bacteriostatic at low concentration and bactericidal at high 
concentration (Buszewski et al., 2018). Previous studies suggested bio
logically synthesized AgNPs had potent antimicrobial, larvicidal and 

Table 1 
Shows antibacterial activity of crude and calcined AgNPs.  

Culture Zone of Inhibition (mm) 

Crude AgNPs Calcined 
AgNPs 

10 μl 25 μl 50 μl 100 μl 100 μl 

Pseudomonas fluorescens 
MTCC 1749 

- 06 09 16 NZ 

Proteus mirabilis MTCC 425 - - - 08 NZ 
Escherichia coli MTCC 1610 - 08 10 13 NZ 
Bacillus cereus - 05 10 11 NZ 
Staphylococcus aureus MTCC 

2940 
- 09 10 14 NZ 

NZ: - No Zone of inhibition. 

Fig. 7. Anti-bacterial activity of crude AgNPs (a) Bacillus cereus (b) E.coli (c) Proteus mirabilis (d) Pseudomonas fluorescens and (e) Staphylococcus aureus.  
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nematicidal activity (Mahmoud et al., 2016; Paul and Sinha, 2014; 
Shanmugasundaram and Balagurunathan, 2015). Further, the calcined 
AgNPs did not show the inhibitory activity in agar well diffusion method 
against tested bacterial strains. This observation revealed the bacterial 
inhibitory activity of AgNPs is decreased after calcination at 200 �C for 
30 min. Sundrarajan et al. (2012) stated that the calcination tempera
ture affects the antibacterial properties of nanoparticles and decrease 
the inhibitory activity with increasing the calcination temperature. 

4. Conclusions 

In this study, the AgNPs were extracellularly synthesized using cul
ture supernatant of Gram positive bacterium Bacillus subtilis KMS2-2 and 
determined its inhibitory activity against pathogenic bacteria. In addi
tion, the synthesized AgNPs were calcined at 200 �C for 30 min and 
characterized to study its effect in the morphology, size and antibacte
rial properties. Results showed that the crude AgNPs (reaction mixture) 
has good inhibitory activity against tested pathogens. However, the 
morphology, size and antibacterial characteristics of AgNPs changed 
after calcination. The calcined AgNPs did not show any inhibition for 
pathogenic bacteria at a tested concentration by well diffusion method 
in agar plates. Owning to such good inhibitory potent, the crude AgNPs 
can be used as an effective bacterial growth control in food packaging 
and biomedical fields. Follow-up studies involving the study on sus
ceptibility of pathogenic bacteria in the presence of crude and calcined 
AgNPs by broth dilution method will be focused. Further, the inhibitory 
mechanisms of AgNPs against pathogenic bacteria will be studied in 
detail. 
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