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Silver nanoparticles in the range of 10–40 nm were synthesized chemically and by laser ablation, em-
ployed for in vitro antibacterial action against human pathogenic bacterium. Their formation was evidenced
by UV-visible spectrophotometer; particle size confirmed by atomic force microscopy, crystal structure
determined by X-ray diffraction and chemical composition investigated by Fourier transform infrared spec-
troscopy. The calculated MIC (minimum inhibitory concentration) of chemically synthesized nanoparticles
with 30–40 nm in size are 2.8 μg/mL, 4.37 μg/mL, 13.5 μg/mL and 2.81 μg/mL for E. coli, S. aureus, B. subtillis
and Salmonella, respectively. Whereas laser ablated nanoparticles exhibit MIC of 2.10 μg/mL, 2.36 μg/
mL and 2.68 μg/mL for E. coli, S. aureus and Salmonella, respectively.

Copyright © 2016, The editorial office of Journal of Materials Science & Technology. Published by
Elsevier Limited.

1. Introduction

During the recent years, metallic nanoparticles have been widely
used in the applications of biomedical field and in biotechnology[1].
Silver nanoparticles (Ag NPs) are proved to be a new engineering
tool with remarkable unique characteristics andmorphologies. Silver
in the form of nanoparticles (especially in the range of 1–100 nm)
exhibits ultra large surface area to volume ratio, so its synthesis and
utilization is a competent area of scientific research. Unique inter-
actions with virus and bacteria depend on different size ranges and
shapes of Ag NPs[2]. During the past decades, Ag NPs have been
famous for its bactericidal and inhibitory effects against various
pathogens[3]. Due to their antibacterial activity, they can be applied
in medical field for burn treatment[4,5], for catheters, protection of
bacteria colonization[6,7], in textile fabrics[8,9] for water disinfection[10].
Besides that, AgNPs also exhibit a strong cyto-protective activity for
infections of human immunodeficiency virus (HIV)[11]. Other ap-
plications are their unique optical and electronic properties with
good chemical stability as a catalyst, in surface-enhanced Raman
spectroscopy and electro analysis[12].

Numerous physical and chemical techniques have been used to
synthesize AgNPs, such as photochemical method[13,14], laser ablated
technique[15], micro emulsion[16], microwave treatment[17] and
γ-irradiation method[18]. Parallel to these biosynthetic methods[19–21],
physicochemical synthesis techniques[22] have also been widely used
with the aim of improving the shape and size of AgNPs. Among these,
the most versatile technique is the chemical technique[23–26], which
requires only metallic precursors, reductants and finally stabiliz-
ing agents to prevent these nanoparticles from agglomeration. The
size of the nanoparticles can be easily controlled by adjusting the
quantity of metallic precursor.

Laser ablation technique in liquid environment is also another
promising technique, which is easy to handle. It is a fast and easy
production method, which does not require any vacuum and high
temperature as the need of other laser techniques. Furthermore, no
harmful and pyrophoric precursors are required for the synthesis
of nanoparticles. So these nanoparticles can be easily used in bio-
chemical or biotechnology for in vivo and in vitro applications[15].

Silver as nanoparticles is more toxic for bacteria as compared
to its bulk form and highly reactive with strong catalytic proper-
ties. Small size nanoparticles (e.g., 10 nm)[13] may easily pass through
cell wall, and cell malfunction occurs by the addition of intracel-
lular nanoparticles. For direct measurement of microbial growth,
serial dilution and disk diffusion are most dominated, while for in-
direct method, turbidity technique is employed. Indirect methods
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are easy and yield short time to investigatemicrobial activity. A spec-
trophotometer is used to measure the turbidity. The effect of Ag NPs
on bacterial growth was investigated at 600 nm[27].

In the current research, pure Ag NPs have been produced by
chemical method and pulsed Nd:YAG laser ablation from silver target
in deionized water. The synthesized nanoparticles were investi-
gated by various techniques such as UV-visible spectrophotometer,
X-ray diffraction (XRD), atomic force microscopy (AFM) and Fourier
transform infrared spectra (FTIR). These synthesized Ag NPs were
applied to well-known four human pathogenic bacteria like Es-
cherichia coli (E. coli), Staphylococcus aureus (S. aureus), Bacillus subtillis
(B. subtillis) and Salmonella.

2. Experimental

2.1. Synthesis of chemically generated Ag NPs

Silver nitrate (AgNO3), sodium borohydrate (NaBH4) and deion-
ized water were utilized in this experiment as received. Fabrication
of Ag nanoparticles was done according to literature[28] by adding
0.001 mol/L silver nitrate solution (2 mL) drop wise (about 1 drop
in 1 second) to 0.002 mol/L sodium borohydrate chilled solution
(20 mL). Shake the solution in Erlenmeyer flask with a magnetic
stirrer. As silver nitrate solution added, the solution immediately
changed to light yellow color. The chemical reaction is:

2 2 6 2 7 2 23 4 2 2 3 3 3AgNO NaBH H O Ag H H BO NaNO+ + → + + ++ (1)

The stirring process was continued for 1 min. If stirring sus-
tained for long time after the addition of silver nitrate, aggregation
started as the yellow solution first became darker yellow and then
violet, and finally grayish resulting to precipitate formation of par-
ticles in the solution. After the completion of reaction, it was cooled
at room temperature. Nanoparticles were separated by centrifuga-
tion, washed three times with deionized water and desiccated at
room temperature.

2.2. Synthesis of laser ablated Ag NPs

Silver NPs were fabricated by laser ablation of the silver target
immersed in the deionized water. The thickness of the target was
15 mm with 99.9% purity. Before starting the experiment, surface
contaminations were removed with ethanol and water. A pulsed
Nd:YAG laser (wavelength: 1064 nm), having energy 10 mJ/pulse
and pulse length of 10 ns was subjected for the ablation. The target
was dipped in deionized water. The laser operated at 10 Hz repe-
tition rate with 1000 shots on first sample and 2000 shots on second
sample. Laser irradiation on surface of target gives fast removal of
the material from the confined laser spot. The synthesized
nanoparticles changed the color of liquid demonstrating the for-
mation of Ag NPs.

2.3. Antibacterial activity

A variety of techniques such as micro-dilution method[29], well
diffusion method[30], serial dilutions method[15] and turbidity
method[31] exist to provide a reliable prediction about a microor-
ganism responding to antibiotics. In the current research, turbidity
technique was utilized to ensure the antimicrobial action of Ag NPs
against four human pathogenic bacteria containing two gram neg-
ative bacteria (E. coli and Salmonella) and two gram positive bacteria
(S. aureus and B. subtillis). Then these antibacterial results are further
evaluated by well diffusion method. In the literature[31], turbidity
method has been employed to compare the antimicrobial action of
Ag NPs with antibiotics[31]. Nutrient broth (Oxoid Ltd., Basingstoke,

Hampshire, England) as a dehydrated powder was used to prepare
the medium. Sterility of the medium was tested by incubating at
37 °C for 24 h.

An amount of 5.00 mL of the medium (nutrient broth) was dis-
pensed in the tubes and sterilized by autoclaving at 121 °C for 15min,
thus making transparent broth media. The culture was prepared by
transferring a known culture of gram positive bacteria (S. aureus and
B. subtillis) and gram negative (E. coli and salmonella) into four tubes
of broth medium with the help of a platinum wire. After inocula-
tion, the tubes were placed in an incubator at 37 °C for 24 h, showing
a visible growth in the culture tube. Low, medium and high doses
of sterilized silver nanoparticle on the growth of bacteria were tested.
Each tube was contained 5 mL of the medium, 200 μL of the
inoculums with the required dose of the stock solution of
nanoparticles. Triplicate tubes were prepared for each dose of Ag
NPs. Negative control (broth and nanoparticles) and positive control
(broth and inoculums) tubes were prepared along with and incu-
bated at 37 °C for 24 h.

Turbidity of the medium in the inoculated tubes was checked
in an Elisa reader/spectrophotometer with a filter of wavelength
600 nm. An amount of 200 μL of the sample was dispensed to each
micro well plate and reading was taken accordingly. The optical
density (OD) values given by ELISA (enzyme-linked immunosorbent
assay) reader in absorption mode conceal the growth of bacteria
in the sample. Triplicate OD values and their mean were taken for
same sample along with standard deviation.

For well diffusion method, the nutrient Agar plates were pre-
pared with four wells. The bacterial suspension of S. aureus and E.
coli of 100 mL was uniformly applied on the upper surface of these
plates. Then three low, medium and high doses of Ag NPs solu-
tions were injected in these wells along with control. After incubated
at 37 °C for 24 h, average diameter of the inhibition zone around
each well for each bacterial disk was calculated with great preci-
sion. The mean and standard deviation (SD) with three replicates
were taken for each microbial strain.

The synthesized Ag NPs have been analyzed by using various
techniques including AFM for particle dimension, UV-visible spec-
troscopy for confirmation of surface plasmon response (SPR), XRD
for structural analysis. The diffractogram has been observed in the
2θ range from 10° to 80°. FTIR has investigated in the region of 4000–
400 cm−1. For FTIR analysis, NPs were placed on KBr pellets in the
form of drops from the solution of Ag NPs. The reflectance spec-
trum of diffused nanoparticles pellet was observed.

3. Results and Discussion

3.1. UV-visible spectroscopy of Ag NPs

The formation of silver colloidal solution is investigated by ana-
lyzing the absorption of Ag NPs by UV-visible spectroscopy. The
absorption band of Ag NPs was analyzed in the range of
380–450 nm[32]. UV-visible SPR peaks for chemically synthesized Ag
NPs are shown in Fig. 1. Fig. 1(a) exhibits absorption peaks at
λ ~ 402 nm after 4 h and λ ~ 405 nm after 24 h of chemical synthe-
sis and Fig. 1(b) indicates λ ~ 405 nm for 1000 shots and 2000 shots
for laser ablated Ag NPs. Here, absorbance increases with increas-
ing number of shots, indicating the increase in the concentration
of Ag NPs.

As time increases for chemically generated Ag NPs, absorbance
increases in particle concentration with slow enhancement in par-
ticles size range, indicating a red shift in SPR spectra. While SPR
spectra of laser ablated Ag NPs do not exhibit any shift with in-
creasing number of shots, indicating the increase in particle
concentration only.
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3.2. AFM analysis of Ag NPs

The Ag NPs for AFM analysis were deposited on the silicon chips.
The tapping mode was utilized to get AFM images of nanoparticles.
The two dimensional (2D) images with scan area (1 μm × 1 μm) and
histogram of chemically synthesized nanoparticles are shown in
Fig. 2(a) and (b) while laser ablated Ag NPs are shown in Fig. 2(c–f).
The size of chemically synthesized Ag NPs ranges from 20 nm to
40 nm as indicated by the histogram. The maximum particle size
range is 25 to 35 nm.

The histogram of laser ablated Ag NPs with 1000 shots shown
in Fig. 2(c) and (d) indicates particle size in the range of 20 to 35 nm.
The maximum numbers of particles are found in the range of 25–
30 nm. Here, particle concentration is very low as revealed by
Fig. 2(c).

Fig. 2(e) and (f) reveals the 2D topographic images of laser
ablated Ag NPs after 2000 shots and histogram curve, respective-
ly. The size of Ag NPs is in the range of 10–35 nm as indicated by
the histogram. The range of maximum number of particles is
20–30 nm.

Fig. 1. (a) UV-visible spectroscopy of laser ablated Ag NPs (λ ~ 405 nm) for 1000 shots and (λ ~ 405 nm) for 2000 shots; (b) UV-visible spectroscopy of chemically synthe-
sized Ag NPs for (λ ~ 402 nm) after 4 h and (405 nm) after 24 h.

Fig. 2. AFM image: (a and b) of two dimensional (2D) image and histogram of chemically synthesized nanoparticles after 24 h; (c and d) 2D and histogram of laser ablated
Ag NPs sample for 1000 shots; (e and f) 2D and histogram of laser ablated Ag NPs sample for 2000 shots.
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AFM analysis reveals the comparison in both techniques. Laser
ablated nanoparticles are precise, well dispersed and spherical but
in low concentration, while chemically generated nanoparticles are
in abundance but exhibit slightly large size range.

3.3. XRD analysis of chemically synthesized Ag NPs

The crystal structure of Ag NPs has poly crystalline face cen-
tered cubic structure analyzed by XRD. Appearance of (111) peak
in Fig. 3 reveals the antibacterial performance of Ag NPs[33].

3.4. XRD analysis of laser ablated Ag NPs

The XRD pattern of Ag NPs generated by laser ablation is shown
in Fig. 4. Diffraction peaks are indexed identical to XRD pattern of
chemically generated Ag NPs. Thus, these Ag NPs have polycrys-
talline structure with various preferred orientations and only
difference is the peaks intensity. This evaluates the less particle con-
centration of laser ablated Ag NPs[34].

3.5. FTIR analysis of Ag NPs

FTIR spectroscopy recognizes the chemical composition of the
surface of Ag NPs. The FTIR spectra of deionized water and chem-
ically synthesized Ag NPs are shown in Fig. 5. The water molecules,
incorporated into the lattice structure of a crystalline compoundgives
sharp bands in the regions of 3800–3200 cm−1 and 1700–1600 cm−1,
due toO—Hstretching andbending, respectively[35]. So in FTIR spectra
of AgNPs, threepeaks appears at 3855 cm−1, 3793 cm−1 and3614 cm−1

due to O—H stretching. Peak at 2348 cm−1 represents B—H stretch-
ing. Thebroadabsorptionof hydroxyl group (O—H)of deionizedwater
appears at 3266 cm−1 and 3219 cm−1 before and after formation of
nanoparticles, respectively, indicating 47 units blue shift. Here, inter
and intra-molecular bondsof hydrogenare responsible for this broad-
ening of the O—H band. This enhancement in wave number may
happen due to less interaction of Ag NPs with group of O—H band.
The bond observed before formation of nanoparticles at 1639 cm−1

and shifting after formation of nanoparticles at 1638 cm−1 indi-
cates C=C stretching having less co-ordination with Ag NPs[35].

A broad peak at 3426.89 cm−1 in FTIR analysis of Ag NPs indi-
cate the OH stretching as shown in Fig. 6. The other peaks, observed
at 1044, 1129, 1233 and 1464 cm−1, are assigned to the stretching
modes of (CO3) called carbonato complexes synchronized to a metal
surface. So indication of these groups on the Ag NPs surface re-
vealed the presence of Ag—O compounds[36].

3.6. Antimicrobial activity of Ag NPs

The antibacterial activity (in vitro) of the samples was evalu-
ated by using the turbidity method using nutrient broth with
determination of inhibition zones by taking optical density (OD)
values of spectrophotometer.

The three doses were designed, in which low, medium and high
dose solutions contain 0.784 μg, 1.57 μg, 2.35 μg of Ag NPs,
respectively.

The mean optical density (OD) values of all 24 test tubes were
carefully observed. Antimicrobial activity of Ag NPs on S. aureus, E.
coli, B. subtillis and Salmonella was demonstrated. Bacteria in nu-
trient broth (positive control) reveal the growth of bacteria. The
percentage increase or decrease in bacterial growth was calcu-
lated against OD value of pure nutrient broth media (reference OD
value).

The OD value of broth media and inoculums help us to calcu-
late the percentage growth of S. aureus and E. coli after 24 h
incubation time at 37 °C. The maximum growth of S. aureus, E. coli,
B. subtillis and Salmonella was 75.19%, 74.3%, 68.5% and 71.9%, re-
spectively. Growth by contaminant microorganisms was 1.5%, which
is ignorable against 74.2% or 74.3% or 68.5% or 71.9% growth.

The difference of OD value of dose effected culture and pure nu-
trient broth give the OD value of culture growth inhibition. The
growth of bacteria decreases with increasing dose of nanoparticles
(Table 1).

Chemically synthesized Ag NPs inhibited S. aureus up to 67.02%,
whereas E. coli inhibited up to 87.9%. It means that more doses are
required for complete inhibition of S. aureus. Growth inhibition of
B. subtilliswas only 39.9% and Salmonella inhibited only 80.2%. While
laser ablated Ag NPs inhibited these bacterium with greater effi-
ciency and with low dose such as S. aureus inhibited up to 92.0%,
whereas E. coli completely inhibited and growth inhibition of Sal-
monella is 82.0% (Fig. 7).

Two types of Ag NPs were synthesized. The size of chemically
synthesized nanoparticles were in the range of 30–40 nmwhile the
size range of laser ablated nanoparticles were 20–30 nm, slightly
smaller than the former one. The same doses of laser ablated
nanoparticles provide maximum inhibition against each pathogen.

Fig. 3. XRD pattern of Ag NPs synthesized by chemical reduction method.

Fig. 4. XRD pattern of Ag NPs synthesized by laser ablation method.
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Chemically synthesized nanoparticles are proved to be less effi-
cient as compared to laser ablated due to adsorption of some
chemical species on its surface, which produced adverse effect in
antibacterial action. This indicates that the chemical reduction tech-
nique is favorable for the preparation of the nanocolloids but the
growth of nanocrystals depends on its ligands. Hence, for the purity

of sample, chemical reduction has various restrictions to utilize these
NPs for the catalytic, biological and sensing applications.

Laser ablation technique is a powerful technique to synthesize
a variety ofmetallic nanoparticles[15,37]. This technique producesNPs
in liquid in the form of stable colloidal solution, which can be easily
collected. Thehigh stability of the colloidal solutions is due to charging

Fig. 5. FTIR spectra of deionized water and Ag NPs synthesized by chemical reduction method.

Fig. 6. FTIR spectrum of Ag NPs synthesized by laser ablated method.

Table 1
Effect of low (0.78 μg/mL), medium (1.57 μg/mL) and high (2.35 μg/mL) dose on growth inhibited (%) S. aureus, E. coli, B. subtilis and Salmonella

Strain Chemically synthesized Ag nanoparticles Laser ablated Ag nanoparticles

Low dose Medium dose High dose Low dose Medium dose High dose

S. aureus 41.5 ± 0.5 53.8 ± 1.7 67.02 ± 0.9 52.3 ± 0.5 76.3 ± 1.7 92.0 ± 0.9
E. coli 46.81 ± 1.7 63.2 ± 0.9 87.9 ± 0.9 57.1 ± 1.7 84.5 ± 0.9 99.81 ± 0.9
Salmonella 38.1 ± 0.2 58.9 ± 0.2 80.2 ± 0.2 40.5 ± 0.2 68 ± 0.2 82 ± 0.2
B. subtillis 31.5 ± 0.3 33.7 ± 0.3 39.9 ± 0.3 — — —
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of nanoparticles as the atoms of the surface are oxidized. These
nanoparticles are produced by the interaction of the vapor of liquid
with themetallic surface of target; hence, the resultant colloids are
extremely pure. Main advantage of this method is the colloid sta-
bility and size of nanoparticle, which can be easily controlled by
choosing the suitable conditions, i.e., laser wavelength, its frequen-
cy, fluence, time for pulse duration and ablation, light focusing
techniques and surface of target. The only disadvantage of this tech-
nique is the low concentration of nanoparticles in the colloid due
to laser irradiation’s absorption and scattering by suspension[37].

Antimicrobial action of Ag NPs depends on the properties of bac-
terial species. The main difference between gram positive and gram
negative bacterium is the membrane structure, i.e., the thickness
of the peptidoglycan layer, which is only present in pathogenic bac-
teria. It contains polymer with sugar and amino acid, making an
outside of plasma membrane, i.e., cell wall, and provides structur-
al strength counteracting the cytoplasm osmotic pressure. Its
thickness is 50% in Gram positive bacteria and 8% in Gram nega-
tive bacteria. Thus, Gram positive bacteria hasmultiple peptidoglycan
layer with no outer membrane and lipo-polysacchraride but a long
chain of teichoic acids. On the other hand, Gram negative bacteria
have a thin and single layer of peptidoglycan with no teichoic acid.
Outer membrane has lipo-polysacchraride and periplasmic space
along with outer membrane. However, its outer membrane is made
of tightly packed molecules of lipo-polysacchraride, which affect as
efficient resistive barrier[38].

The colloidal fluid of nanoparticles having Ag+ in the nutrient
broth media may join itself to the cell wall of negatively charged
bacterium and penetrate, leading to denaturation of protein and
causes cell death. The attachment of silver ions and nanoparticles
to the bacterium cell wall exhibits accumulation of protein precu-
rsor’s layer, which finally deactivate the proton motive force. Ag NPs
cause outer membrane destabilization and crack the plasma mem-
brane, thus damaging the depletion of intracellular ATP (adenosine
triphosphate)[39].

Concentration and size of nanoparticles play an important role
in the antibacterial action. The results in the literature[40] revealed

that antibacterial action of Ag NPs upon gram-negative bacteria is
dependent on the particles’ concentration and strongly linked with
the progress of holes produced in the bacteria’s cell wall. Shrivastava
et al.[41] reported that the effect of Ag NPs on S. aureus is much less.
B. subtillis has been proved to be the most powerful gram positive
bacteria because it has its own strategy for its survival in any harsh
conditions. Its survival is the production of endospores (stress-
resistant), and its external DNA uptake process which can be occurred
by the recombination with original DNA (called DNA duplex). At the
same time, it can be more protective under harsh situations, i.e.,
alkaline, acidic, oxidative or osmotic conditions, and in high heat.
Salmonella is also more resistive gram negative bacteria as com-
pared to E. coli.

In recent research, Ag NPs showed higher antibacterial effect
against E. coli with respect to other observed bacteria. S. aureus is
more resistive than E. coli; therefore a high dose of 2.10 μg/mL is
enough for maximum inhibition of E. coli. Due to thicker peptido-
glycan layer of gram positive bacteria, more doses of Ag nanoparticles
are required for complete inhibition of S. aureus and Salmonella.

The laser ablated Ag NPs have showed high antibacterial activ-
ity, which may be utilized in coatings, wood flooring and cotton
textiles.

3.7. Statistical analysis

Dose value of Ag NPs for maximum growth inhibition of bac-
teria was estimated by statistical analysis (regression line), and the
standard error for estimated value has also been calculated. All the
tests were done in triplicate, independently. However, all experi-
mental data were analyzed by using Student’s t-test with p < 0.05.

3.8. Regression line

For regression line, dose of Ag NPs has independent variable X,
whereas percentage growth has dependent variable Y. Regression
line has been calculated by substituting the variables’ value from
Table 1 in the equations below:

Fig. 7. (a) Growth inhibition of S. aureus, E. coli, B. subtilis and Salmonella by chemically synthesized Ag NPs; (b) growth inhibition of S. aureus, E. coli and Salmonella by
laser ablated Ag NPs according to regression line.
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From the above calculation, growth inhibition curves were ob-
tained for both types of nanoparticles.

From the regression line in Fig. 7, the calculated MIC of chem-
ically synthesized nanoparticles with 30–40 nm in size are 2.8 μg/
mL, 4.37 μg/mL, 13.5 μg/mL and 2.81 μg/mL for E. coli, S. aureus, B.
subtillis and Salmonella, respectively. Whereas laser ablated
nanoparticles with 20–30 nm exhibit MIC of 2.10 μg/mL, 2.36 μg/
mL and 2.68 μg/mL for E. coli, S. aureus and Salmonella, respectively.

The results of well diffusion method are represented in Fig. 8 and
Table 2, which clearly demonstrate the zone of inhibition for chem-
ically synthesized and laser ablated Ag NPs, which is absent in the
control. Furthermore, the zone of inhibition of laser ablated NPs are
slightly larger than that of chemically synthesized Ag NPs as listed
in Table 2.

Kelmani et al.[42] reported the MIC of 3 μg/mL, 12 μg/mL and
11 μg/mL of Ag NPs (51 nm in size) for E. coli, S. aureus and Salmo-
nella, respectively, through serial dilution method. Raffin et al.[43]

observed that Ag NPs with mean sizes of 16 nm were completely
cytotoxic for E. coli at a low concentration. Jozani et al.[44] fabri-
cated Ag NPs by green synthesis in the size range of 10–20 nm, for
which MIC was 3.1 μg/mL, 12.5 μg/mL and 12.5 μg/mL for E. coli, S.

aureus and Salmonella, respectively, obtained by serial dilution
method. Vanaja et al.[45] fabricated Ag NPs by biosynthesis method
in 2–10 nm range of nanoparticles and maximum zone of inhibi-
tionwas obtained for E. coli as compared to Salmonella andminimum
for B. subtillis. Ag NPs size plays a vital role in antimicrobial
performance[13,46]. Ag NPs of 29 nm size observed MIC’s 13 and
17 μg/mL against E. coli and S. aureus, respectively[47].

4. Conclusion

The chemically synthesized and laser ablated Ag NPs in this re-
search project exhibited stronger antibacterial activity than those
reported earlier[13,46,47]. The activity was size and dose dependent
and was more explicit against gram negative bacterium than gram
positive ones. The fabricated nanoparticles are spherical in shape
with polycrystalline nature having 10–40 nm in size, and exhibit
absorption spectrum at 405 nm. Antibacterial effect of Ag NPs against
four pathogenic bacteria reveals that Ag NPs are powerful antibac-
terial tool. The calculated MIC (minimum inhibitory concentration)
of chemically synthesized nanoparticles with 30–40 nm in size are
2.8 μg/mL, 4.37 μg/mL, 13.5 μg/mL and 2.81 μg/mL for E. coli, S. aureus,
B. subtillis and Salmonella, respectively. Whereas laser ablated
nanoparticles with 20–30 nm exhibit MIC of 2.10 μg/mL, 2.36 μg/mL
and 2.68 μg/mL for E. coli, S. aureus and Salmonella, respectively. These
nanoparticles provide more physical, catalytic and chemical per-
formance due to its larger surface area to volume ratio. Turbidity
is proved to be a fast and efficient technique of estimating the pres-
ence of bacteria in a liquid. TheseMIC calculations are further helpful
in calculating zone of inhibition by Agar diffusion method. The
current research could be ready to lend a hand to the fields of en-
vironment, health, information technology, food department and
cosmetics. Furthermore, Ag NPs have demonstrated safer life due
to their flexible nature as compared to conventional antibiotics.
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