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Abstract: Nanoparticles (NPs) are particles less than 100 nm in size. Silver nanoparticles have many important chemical and biological 
applications. These applications drag the attention of researchers for the production of silver nanoparticles. The objective of the study is to 
synthesize silver nanoparticles from the green method without using any hazardous chemicals. In the present study, Ocimum tenuiflorum (Tulsi) 
leaf extract was used to synthesize silver nanoparticles (Ag-NPs) from silver nitrate. Moreover, Tulsi leaf extract was also exploited, both 
traditionally and commercially, for their antibacterial potential which is essential oil components. The synthesis of Ag-NPs was visually deduced 
by a change in colour from light yellow to reddish-brown. UV-Visible Spectrometry, X-ray diffraction (XRD), and Transmission Electron 
Microscopic (TEM) analysis were then used to characterize synthesized nanoparticles. This study also determined the effect of temperature 
and effect of silver nitrate concentration on nanoparticle synthesis. Synthesized silver nanoparticles showed absorbance ‘peaks’ at 420 nm with 
UV-visible spectrometry. X-ray diffraction studies showed that the synthesized silver nanoparticles were crystalline. The mean crystallite size 
was estimated using the Debye-Scherrer equation. However, TEM showed that silver nanoparticles have spherical (40 nm) shape with a 
narrow size distribution. These synthesized nanoparticles were used to evaluate antimicrobial activity against the most common pathogens of 
nosocomial infections, MRSA, E. coli, Salmonella typhi, and Klebsiella pneumoniae (ESBL). O. tenuiflorum extract showed strong potential for the 
synthesis of silver nanoparticles from silver nitrate and the synthesized silver nanoparticles had efficient antimicrobial properties against 
different pathogens including drug-resistant pathogens in vitro. These synthesized nanoparticles showed maximum ‘zones’ of inhibition against 
MRSA among these four organisms. 
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1. INTRODUCTION  
 
Nanoparticles (NPs) are particles less than 100 nm in size. 
Nanoparticles show unique physical, chemical, and biological 
properties at the nanoscale as compared to their properties 
at higher scales. They also differ in shape and size from the 
bulk material.1 Nanoparticles have significant antimicrobial 
property and are also considered as nano-antibiotics.2 Silver 
nanoparticles have important medical application because 
they can work as bactericidal and fungicidal agents.3 Silver 
nanoparticles can damage bacterial genetic material as well as 
the cell wall and their respiratory enzymatic pathway of 
bacteria.4 It has been also reported that the antimicrobial 
property of silver is due to its ability to form free radicals 
which induce bacterial cell damage.5-6 There are several 
chemical and physical methods available for the synthesis of 
silver nanoparticles.7 The synthesis of silver nanoparticles 
from the green method is a bottom-up approach of synthesis 
of silver nanoparticles.8-9 Biological systems such as the use of 
plant materials give an eco-friendly and alternative source for 
the production of nanoparticles.10 There are several 
advantages of biosynthesis of nanoparticles using plant 
sources such as cost-effectiveness, eco-friendliness, fewer 
energy requirements than traditional synthesis methods.11-12 
Parameters like high temperature, energy, pressure, and 
harmful chemicals are avoided in the green synthesis 
method.13 Various organic, inorganic, and capping agents are 
present in plant and are used for the reduction of silver ions 
(Ag+) and stabilization of silver nanoparticles in plant-based 
synthesis.14-15 Silver nanoparticles have various applications 
like in skin ointments to prevent burn and wound infections, 
in the field of agriculture, and also as an efficient inorganic 
catalyst.16-18 In the present study, Ocimum tenuiflorum 
(commonly known as ‘Tulsi’) leaves were used to prepare 
silver nanoparticles. O. tenuiflorum is a well-known traditional 
medicinal plant in India. O. tenuiflorum contains bio reductants 
and stabilizers. This property is very important for the 
synthesis of silver nanoparticles. In the present study MRSA, 
E. coli, S. typhi, Klebsiella pneumoniae (ESBL) were used to 
evaluate the antimicrobial activity of synthesized silver 
nanoparticles. MRSA (Methicillin-resistant Staphylococcus 
aureus) is responsible for major hospital-acquired infection. 
MRSA does not respond to penicillin therefore other drugs 
like vancomycin must be used to treat the infection of 
MRSA.19 E. coli is responsible for many common infections 
such as urinary tract infection, neonatal septicemia, etc.20 
Salmonella typhi is responsible for typhoid fever which infects 
the intestinal tract and blood of animals.21 Klebsiella 
pneumoniae can cause pneumonia and bloodstream infections. 
It is an opportunistic pathogen that commonly infects 
hospitalized patients.22 

 
2. MATERIALS AND METHODS 
 
All the materials used in the present study were of analytical 
grade. Silver nitrate was purchased from Qualigens fine 
chemicals, Mumbai, India.  
 
2.1. Synthesis of Silver Nanoparticles 
 
Fresh leaves of O. tenuiflorum were collected from the 
botanical garden of Umiya Girls’ College, Indore, M.P., India, 
and washed several times with distilled water. 20 grams of 
leaves were taken and were ground in a pestle mortar. The 
crude extract obtained was then heated at 60 ± 2 oC in 100 
ml sterilized distilled water. After cooling, the above plant 

extract was filtered by using Whatman filter paper No. 1. 
This extract can be stored in the refrigerator, below 5 oC, 
for future use. 10 ml of leaf extract was mixed with 45 ml of 
1mM silver nitrate solution followed by stirring at 1000 rpm 
on a magnetic stirrer at 70 oC until the colour has changed.23 
 
2.2.  Effect of Temperature and Silver Nitrate 

Concentration on Silver Nanoparticles Synthesis 
 
To optimize the temperature of incubation, the reaction 
flasks containing both leaf extract and AgNO3 were 
incubated at different temperatures (30, 40, 50, 60, and 70 
oC) under shaking conditions (150 rpm). The Ag-NPs 
synthesized at different temperature was analysed using UV-
Vis Spectrophotometer. To optimize the initial concentration 
of silver ion, the flasks were incubated at 35 ± 2 oC (150 
rpm) containing different concentrations of AgNO3 (0.2, 0.4, 
0.8, and 1.0 mM) with a fixed concentration of leaf extract.24 

 
2.3. Antimicrobial Activity of Ag-NPs     
 
Ag-NPs were tested for antimicrobial activity by agar well 
diffusion method against four clinical isolates (E.coli, 
Salmonella typhi, Klebsiella (ESBL) and MRSA). All the bacterial 
strains were subcultured in nutrient broth at 35 ± 2 o C for 
16-18 h on a rotary shaker at 150 rpm. Log phase bacterial 
inoculums (106 cells/mL) were standardized against 
McFarland’s standard were swabbed uniformly on to the 
Nutrient agar plates using a sterile cotton swab. Three wells 
were punctured in each plate and were filled with 0.08 ml 
1mM synthesized nanoparticles, 1 mM silver nitrate solution, 
and plant extract, respectively. All the plates were prepared 
in triplicates and incubated at 35 ± 2 o C for 24 h. The 
different inhibition zones were measured.25 
 
2.4. Assessment of increase in the fold area  
 
The increase in fold area was determined by calculating the 
mean surface area of the inhibition zone of each silver nitrate 
and Ag-NPs. The fold increase area of different test bacteria 
for silver nitrate and Ag-NPs was calculated by the equation. 
 

 

 
 
 

Where A and B are inhibition ‘zones’ of AgNO3 and Ag-NPs 
respectively.26 
    
2.5. Characterization of Silver Nanoparticles 
 
2.5.1. UV-Vis Spectroscopy 
            
The preliminary detection of Ag-NPs was carried out by 
visual observation of colour change of the leaf extract and 
silver nitrate mixture. These samples were later subjected to 
optical measurements, carried out by using a UV-Vis 
spectrophotometer (Labtronics) and scanning the spectra 
between 300 and 700 nm at a resolution of 1 nm. Blanks 
were prepared with distilled and deionized (DI) water.27 
 
2.5.2. X-ray Diffraction Study 
  
X-ray powder diffraction (XRD) patterns were recorded 
using a 0.154 nm Cu Kα radiation between the range 30 o to 
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90 o. The diffractometer was calibrated using a standard Si 
sample. The mean crystallite size was estimated using the 
Debye-Scherrer equation.  
 

 
 
 

The above is the Debye-Scherrer equation. In this equation  
K = crystal shape factor usually 0.9, λ= wavelength of the x-
ray radiation, β=FWHM i.e. peak width in half the maximum 
height and theta is the diffraction angle in degree.25 
 
2.5.3. TEM Analysis of Silver Nanoparticles 
           
Transmission electron microscopy was used to determine 
the size and shape of these biosynthesized nanoparticles. A 
drop of solution was loaded on the copper grid and a thin 
film of Ag-NPs sample was prepared. This Ag-NPs film was 
placed under the sample chamber of TEM and the results 
were recorded after focusing. TEM Model TALOS (Company 
FEI) was used for the measurement of silver nanoparticles at 
the accelerating voltage of 200 kV.28 
 
2.6. STATISTICAL ANALYSIS 
          
Data were analyzed by one-way analysis of variance 
(ANOVA) with Tukey–Kramer multiple comparisons test. 
Readings were considered significant when P was ≤0.05 using 
SPSS 16.0. 
 
3. RESULTS AND DISCUSSIONS 
 
3.1. Ag-NPs synthesis 
           
Before reaction, for all the experiments, the culture medium 
added with silver nitrate presents a weak transparent-yellow 
coloured solution. All experiments were carried out until 
observation of colour modification, light yellow to reddish-
brown, of the culture medium (Figure 1). These colour 
changes arise because of the excitation of surface plasmon 
vibrations.29  
 
3.2. Effect of operational parameters 
 
UV-Vis Spectroscopy analysis of Ag-NPs was used to 
investigate various parameters such as temperature and 
reactants concentration. Iravani et.al study, revealed that the 
parameters of the reaction such as temperature, silver 
nitrate concentration, reaction time play important role in 
the synthesis of Ag-NPs.14 An increase in absorbance value of 
the reaction mixture with the increase in incubation 
temperature indicated higher production of Ag-NPs at an 
elevated temperature (Graph 2). This could be a 
characteristic fact that kinetic energy increases due to high 
temperature, which increases the rate of synthesis.30 
Absorption peak was found to improve upon increasing the 
incubation temperature from 30 to 70 °C and thereafter 
decreased. The maximum absorbance was observed at 70 oC 
indicating maximum yield. Maximum absorbance indicating 
the conversion of maximum silver ions in silver nanoparticles 
Various concentrations of silver nitrate solution (0.2–1 mM) 
were reacted with plant extract. After optimizing the 
reaction condition the sample obtained at 70 oC reaction 
temperature was the best sample. It was also observed that 
as the temperature increases to 70 oC the rate of reduction 

of silver ions increases. The yield of Ag-NPs increased with 
the increase in silver nitrate concentration (0.2–1 mM) and 
the maximum yield was obtained with 1 mM (Graph 3), this 
concentration was selected for further studies.  
 
3.3. UV-Vis analysis 
 
This analysis showed an absorbance peak at 420 nm (Graph 
1), specifically for the silver nanoparticles. Metal 
nanoparticles in the visible range exhibited strong absorption 
of electromagnetic waves due to surface plasmon resonance 
(SPR).  It is observed that the silver surface plasmon 
resonance occurs at 420 nm and there is no change in peak 
position, suggesting that nucleation of silver nanoparticles 
starts with the initiation of reaction time only, and the size 
remains unchanged throughout the reaction. According to 
Mie theory, only a single SPR band is expected in the 
absorption spectra of spherical nanoparticles whereas, the 
number of ‘peaks’ increases as anisotropy increases.27 In the 
present study, the SPR band reveals the spherical shape of 
silver nanoparticles, which was further confirmed by TEM. 
The reduction of silver ions was quite rapid. More than 90% 
of the reaction is complete within 35 minutes of the reaction 
time. Generally, biosynthetic methods are considered as 
time-consuming when compared with chemical methods. To 
the best of our knowledge, the reaction time of at least 12 h 
is required in plant-mediated nanomaterials synthesis. 
However, the time consumed in the present study for the 
reaction to complete is several-fold lesser than reported. 
Such alacrity in reaction time can be the outcome of the 
potent antioxidant activity of the Tulsi extract, which makes 
the reaction much more efficient than others.26 

 
3.4. XRD spectra 
    
XRD spectra of silver nanoparticle solution showed ‘peaks’ 
at 38 0, 41 0, 53 0, and 59 0 of 2 theta. The characteristic sharp 
peaks indicate the cubic crystalline nature of the Ag-NPs 
synthesized from Tulsi leaf extract. The calculation with the 
Debye-Scherrer equation also revealed that the particle is in 
nanoscale. XRD studies concluded that the particles were 
crystalline and the estimated size was calculated 40.2 nm. 
(Graph 4). 
 
3.5. TEM image 
 
TEM studies of the synthesized nanoparticle sample showed 
the size of particle size ~ 40 nm and shape was spherical. 
These variations are common in biologically synthesized 
nanoparticles. The edges of nanoparticles were mainly lighter 
than the centres that were visible due to proteins of 
biomolecules capped with Ag-NPs (Figure 2). The 
Magnification image reveals the nanoparticles are embedded 
in a dense matrix which may be the organic stabilizing 
components of Tulsi leaf extract.  
 
3.6. Antimicrobial activity of biosynthesized silver 

nanoparticles 
 
These synthesized silver nanoparticles show the zone of 
inhibition against E.coli, Salmonella typhi, MRSA, Klebsiella 
(ESBL). The ‘zones’ diameter of synthesized silver 
nanoparticles, AgNO3, and plant extract measured against 
these organisms and shown in table 1. In the present study, 
the Ag-NPs synthesized using Ocimum tenuiflorum extract and 
it exhibits a fairly significant antibacterial action against tested 
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bacteria. The diameter of the zone of inhibition values 
showed the antimicrobial property of Ag-NPs. Tulsi extract 
and distilled water were used as control. For all four 
bacterial strains, no zone of inhibition was observed for 
control. Bio reduced silver nanoparticles showed 
considerable growth inhibition of four well-known 
pathogenic bacterial species. Zones of 38 mm,17 mm,32 mm, 
and 16 mm were observed for E.coli, Salmonella typhi, MRSA, 
and Klebsiella (ESBL) respectively. Coupling of the inherent 
property of Tulsi extract with that of silver nanoparticles has 
proved to be beneficial to minimize the dose that needs to 
be administered for total microbial reduction. The 
antibacterial potential of silver is known for many years. Tulsi 
extract has also been much exploited, both traditionally and 
commercially, for their antibacterial potential which is an 

upshot of essential oil components.28 There are the various 
suggested mechanism of  Ag-NPs onto bacteria and the exact 
mode of action of silver nanoparticles are not known but 
according to one theory that silver nanoparticles form free 
radicals when these free radicles come in contact with 
bacterial cell they make pore in the cell membrane that leads 
to the death of the bacterial cell.31 Ag-NPs do not only attach 
to the bacterial cell but also enter inside the cell alter ATP 
production and DNA replication and damage directly the 
bacterial structures.32 Various antioxidants are present in 
Ocimum tenuiflorum, they uniquely trap free radicals which 
reduces the Ag metal ions.33 The reduction of Ag+ confirmed 
by colour changes after the addition of leaves extract in silver 
nitrate solution. 

 

 
 (A), 1 mM AgNO3 solution (B), and a mixture of Ocimum tenuiflorum leaf extract in 1 mM AgNO3  reaction (C). 

 

Fig 1. The Ocimum tenuiflorum leaf extract 

 
Graph 1. UV- Vis spectra of silver nanoparticles synthesized from Ocimum tenuiflorum leaf extract. 

 
Graph 2. UV –Vis spectra of silver nanoparticles synthesized from Ocimum tenuiflorum leaf extract at different 

reaction temperatures. 
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Graph 3. UV–Vis spectra of synthesized Ag-NPs showing the effect of variation of AgNO3 concentration. 

 

 
 

Graph 4. XRD pattern of Silver nanoparticles synthesized from Ocimum tenuiflorum leaf extract. 

 

 
               

Fig 2. TEM image of Silver nanoparticles synthesized from Ocimum tenuiflorum leaf extract. 
 

Table 1. Zone diameter against MRSA, E. coli, Salmonella typhi, Klebsiella (ESBL) 

Test Organisms 
Zone of Inhibition (mm, mean±SD)* Increase in the fold area 

Ag-NPs 1 mM of AgNO3 Plant Extract  
MRSA 37.66±0.57 18±1.0 14±1.0 3.37 
E.coli 17.0±1.0 15±1.0 0.0 0.28 
Salmonella typhi 32.33±0.57 16±0.0 0.0 3.08 
Klebsiella (ESBL) 

16.0±1.0 14.33±0.57 
0.0 

 
0.24 

 

± Mean surface area of the inhibition zone was calculated for each from the man diameter. 
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(a) MRSA, (b) E.coli, (c)-Salmonella typhi, (d) Klebsiella (ESBL). A=Ag-NPs, B= AgNO3, C= Plant Extract of Ocimum tenuiflorum 

 
Fig 3. Zone of inhibition of synthesized silver nanoparticles against selected pathogens 

 
4. CONCLUSION 
 
The present method eludes the use of toxic chemicals for 

the synthesis of silver nanoparticles so it can be used for 

biological applications. The study showed that Ocimum 

tenuiflorum has strong potential to synthesize silver 

nanoparticles from silver nitrate and these silver 

nanoparticles have efficient antimicrobial properties against 

E.coli, Salmonella typhi, MRSA, Klebsiella (ESBL) in vitro. The 

method of synthesis of nanoparticles is rapid and eco-

friendly. The synthesized nanoparticles were spherical and 

had an estimated size of about 40 nm. The zone of inhibition 

of silver nanoparticles is bigger than silver nitrate which 

reveals the high potential of Tulsi extract stabilized Ag-NPs 

to be used as an antimicrobial agent in the medical field as 

well as food and cosmetic industries. 
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