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Silver nanoparticle (AgNP) was synthesized using the cell free extract of Scenedesmus abundans with AgNO
3
. The synthesized

silver nanoparticles were characterized by UV-visible spectroscopy, dynamic light scattering (DLS), scanning electron microscopy
(SEM), and Photoluminescence. Bioreduction of Ag+ ions showed a gradual change in the colour of the extract and nanoparticles
were synthesized having the range of 420–440 nm under UV-visible spectrum. The antibacterial efficacy was assessed against
pathogenic bacteria E. coli, Klebsiella pneumoniae, and Aeromonas hydrophila. The present study revealed that the AgNPs prepared
from Scenedesmus abundans show antibacterial efficacy against the test pathogens. The bioaccumulation of silver particles makes
the organism potential candidate for ecofriendly silver biorecovery system and S. abundans can be used as a source of silver
nanoparticles.

1. Introduction

Nanoparticles are gaining the interest in it due to their
unique characteristics such as electronic, mechanical, optical,
magnetic, chemical properties [1, 2] and high surface to
volume ratio which differ significantly with bulk materials
[3, 4]. In nanotechnology, the formation of nanoparticles has
the method that mainly involved the process of separation
deformation and transformation of materials to atoms or
molecules [5]. The synthesis of nanoparticles can occur
by different methods such as dry, wet, and through com-
putational nanotechnology. Basically dry nanotechnology
concentrates on surface science, physical chemistry, and
structure of organic and inorganic materials. Wet nanotech-
nology deals with biological systems that exist primarily in
water base system, such as enzymes, membranes, and cellu-
lar components. Computational nanotechnology comprises
modelling and stimulation of complex nanometer. The novel
metal nanoparticles had attended much interest due to their
vast applications in diverse areas such as optoelectronics,
cosmetics, photo catalysis, diodes, piezoelectric devices, fluo-
rescent tubes, laser, sensor, photography, biological labeling,

photonics coatings, packaging, and drug delivery system [5–
9]. Now a days nanomaterials are produced by industries
for commercial application having many benefits. Green
synthesis of nanoparticles attracts many researchers and
industries. Many microorganisms are utilized for the syn-
thesis of nanoparticles intracellularly as well as extracellu-
larly [10–13]. The mechanism behind the synthesis of silver
nanoparticles was not known before but it was hypothesized
later that the enzymes NADH-dependent nitrate reductase
were used for the reduction of silver ions [14]. Biosynthesis of
nanoparticles has been reported by many photoautotrophic
microorganisms such as cyanobacteria, eukaryotic algae, and
fungi, and even in plants [15–20] there are various other pro-
cesses such as bioremediation, bioleaching, biological metal
recovery, and biomineralization which have been done by
biological system [21]. Biologically synthesized nanoparticles
have proved to be better than the chemically synthesized
nanoparticles due to slower kinetics, which offer a better
control over crystal growth and reduced investment involved
in production [22]. Among the biological materials, algae
could be considered as “bionanofactories” because the live
and dead dried biomass can be utilized for synthesis of
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metallic nanoparticles. Both unicellular and multicellular
organisms have been known to produce intracellular or
extracellular inorganic materials as well as high growth rate
and high biomass productivity with a less cultivation time.
Besides, they have been proved as a potential organism for
heavy metal detoxification and production of commercially
important metabolites, including biodiesel production [23].
As algae have diverse groups of organisms and make up
the lower phylogenetic echelons of the plant kingdom and
contain many characteristics of the higher plants [24]. Algae
execute about 50% of the photosynthesis on earth planet
and thus are involved in supporting the biosphere [25]. S.
abundans required smaller amount of sunlight, CO

2
, and

minerals for growth, because of these properties it is a suitable
organism for the biosynthesis of nanoparticles.

This study reported that the nanoparticles synthesis by
using the freshwater greenmicroalga S. abundans extract and
characterized by UV-vis spectroscopy and morphological
structure which were characterized by SEM. The antimi-
crobial activity of silver nanoparticles against pathogenic
bacteria was studied as well.

2. Material and Methods

2.1. Chemicals, Culture, and Growth Conditions. All ana-
lytical reagents and media components were purchased
from HiMedia (Mumbai, India) and Sigma Chemicals
(St. Louis, MO, USA). Scenedesmus abundans (NCIM
2897) culture procured from National Centre for Indus-
trial Microorganism (NCIM), Pune. Culture was grown
on Bold’s Basal Medium which is composed of (mgL−1):
NaNO

3
(250), K

2
HPO
4
(75), KH

2
PO
4
(175), CaCl

2
⋅2H
2
O

(25), MgSO
4
⋅7H
2
O (75), NaCl (25), ZnSO

4
⋅7H
2
O (882),

MnCl
2
⋅4H
2
O (144), Co(NO

3
)
2
⋅6H
2
O (49), MoO

3
(71),

H
3
BO
3
(114), EDTA⋅Na

2
(500), KOH (310), FeSO

4
⋅7H
2
O

(498), and conc. H
2
SO
4
(1mL) at 24 ± 1∘C in a continuous

illumination with cool white fluorescent tubes (Philips 40W)
having irradiance of 50Me/m2/s in a 16 h : 8 h light/dark
regime. The bacterial pathogens used as E. coli, Klebsiella
pneumoniae, and Aeromonas hydrophila were grown on
Muller Hinton agar (MHA) at 37∘C for overnight incubation
for further use and stored at 4∘C.

2.2. Biosynthesis of Silver Nanoparticles. Cell free extract
was prepared from Scenedesmus abundans for nanoparticle
synthesis. It was grown in Bold’s basal medium and after 14
days of incubation pellets were separated by centrifugation
at 10,000 rpm for 10 minutes and the pellets were washed
with sterile double distilled water in order to remove the
traces of media. Pellets were dried at 80∘C and dry weight
measurement was done. 1 gm of algal powder into 30mL of
double distilled water was added and boiled at 100∘C for 20
minutes in an Erlenmeyer flask then centrifuged at 5000 rpm
for 10min after cooling. Biosynthesis of AgNP was done by
adding 10mL of cell free extract in 90mL of 1mM AgNO

3

and incubated at room temperature for 48 hours. The change
in colour indicates AgNP synthesis.

2.3. Characterization of Synthesized Silver Nanoparticles. The
bioreduction of AgNPs was monitored using Double Beam
UV-Vis spectrophotometer (Labtronics) in 1 cm path length
quartz cuvette having spectral range of 300 and 700 nm
at different time intervals. Dynamic Light Scattering was
used to determine hydrodynamic sizes, polydispersities, and
aggregation effects of colloidal samples. Size distribution of
synthesized AgNPs was measured using a Nano Zetasizer
system (Malvern Instruments). The particular parameters
used such as measurement temperature of 25∘C, medium
viscosity of 0.8872mPa⋅s, and material refractive index of
1.59 before measuring the sample were passed through a
0.2 𝜇m polyvinylidene fluoride (PVDF) membrane and the
sample was loaded into quartz microcuvette, and measure-
ment was performed. Scanning electron microscopy offers
the information regarding the shape, size, and surface of
the nanoparticles. Electron microscopy images a sample by
scanning it with a high-energy beam of electrons. First the
sample was sonicated for 15 minutes, then a drop of sample
was dried on the glass slide, and this thin film was coated
by carbon coated copper grid and observed under ZEISS
EVO HD SEM. Photoluminescence spectra were recorded in
Shimadzu (Japan) spectrofluorometer using 90∘ illumination
and performed to find out the excitation and emission
maxima for the silver nanoparticles. The excitation and
emission slit widths were kept at 10 and 10 nm, respectively.
The entire scanning was done at the speed of 600 nm/min.

2.4. Antimicrobial Property. To study the antibacterial effect
of synthesized AgNPs from microalgae, agar well diffusion
method was used against E. coli, Klebsiella pneumoniae,
and Aeromonas hydrophila. 100 𝜇L of bacteria was spread
uniformly on MHA plate and 5mm diameter wells were
made on the medium. Into each well, 25, 50, 75, and 100𝜇L
concentrations of AgNPs were added and the plates were
incubated at 37∘C for 24 hours and zone of inhibition was
measured. Each experiment was performed in triplicate.

3. Result and Discussion

3.1. Scenedesmus abundans Mediated Bioreduction of Silver
Ions. During bioreduction of AgNPs from silver ions there is
a colour change which was monitored by using spectroscopic
techniques. In vitro synthesis of AgNPs by S. abundans, it
was observed that there is a colour change from colourless
to reddish yellow due to the excitation of plasmon vibrations
with AgNPs and the absorbance maximum was observed at
420 nm (Figure 1). The mechanism behind the synthesis of
AgNPs was not known before but it was hypothesized later
that the enzymes NADH-dependent nitrate reductase were
used for the reduction of silver ions. The UV-Vis absorption
spectra of AgNPs of S. abundanswere shown in Figure 1 after
48 hours of the bioreduction.

3.2. Dynamic Light Scattering. The size measured in DLS
technique is the hydrodynamic diameter of the theoretical
area that diffuses with the similar speed as the measured
nanoparticles. This size is not only connected with the
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Figure 1: UV-Visible spectra of cell free extract after bioreduction.
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Figure 2: DLS spectra of the size distribution profile of the
synthesized AgNPs.

metallic core of the nanoparticles but it is also influencedwith
all substances adsorbed on the surface of the nanoparticles
(e.g., stabilizers) and the thickness of the electrical double
layer (solvation shell), moving along with the particle. The
thickness of the electrical double layer and its influence on
the measured size of nanoparticles depend on the substances
present in the colloid and on the surface of nanoparticles.
As a result, the size measured in DLS technique is bigger
in comparison with macroscopic techniques done in order
to analyse the size distribution of synthesized nanoparticles
with respect to the intensity. It was observed that on in
vitro synthesis of nanoparticles the mean average size of
the nanoparticles was found to be around 150 nm as given
in Figure 2. The polydispersity index (PDI) of AgNPs was
observed to be 0.212 which points out that these particles are
polydispersed. Further analysis was done in order to confirm
the size and presence of silver nanoparticles.

3.3. Scanning Electron Microscopy. SEM was carried out to
analyze the synthesized nanoparticles for the morphology
and their size. The SEM micrograph of in vitro bioreduction
of silver ions confirms the size of the nanoparticles within the
average range of 59–66 nm. The particles are well dispersed
and showing no agglomeration as shown in Figure 3.

Figure 3: SEM image of synthesized AgNPs from S. abundans.
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Figure 4: Photoluminescence of AgNPs synthesized from S. abun-
dans.

3.4. Photoluminescence. The data were analyzed using the
WINFLR software. The photoluminescence from the rough-
ened surface of noble metals could be viewed as an excitation
of electrons from occupied d bands into state above the
Fermi level; thismechanism is responsible for the nanocluster
photoluminescence. This means that the growth of the
clusters and the surface has changed the efficiency of the
coupling of the excitation radiation to the surface plasmon.
It is also found that there is no photoluminescence for large
metal particles, because of them rapid radiation less processes
compete effectively with radiative processes.Thus the smaller
AgNPs clusters coexisting with the larger AgNPs are mainly
responsible for the photoluminescence phenomena [26, 27].
Through analysis it was found that the photoluminescence
spectra of synthesized AgNPs show that the excitation peak
was found at 420 nm, while the emission peak was observed
at 520 nm (Figure 4). The excitation peak at 420 nm is very
well correlated with the absorption maxima recorded with
UV-visible spectrophotometer.

3.5. Antibacterial Activity. Biosynthesized AgNPs were anal-
ysed for antibacterial activity against human pathogenic
bacteria such as E. coli, Klebsiella pneumonia, andAeromonas
hydrophila. These tests were performed on MHA plates by
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Figure 5: Antibacterial effects varying the concentrations of AgNPs from 25 𝜇L to 100𝜇L against (a) Aeromonas hydrophila, (b) E. coli, and
(c) Klebsiella pneumonia.

well-diffusion method [28]. Growth of bacteria was inhibited
by AgNPs and forms an inhibitory zone in Figures 5 and 6.

The highest zone of inhibition was observed for E. coli
even at lower concentration. The mechanism of inhibition is
still unknown. But the possible hypothesis for themechanism
related to the inhibition may be due to ionic binding of
the AgNPs on the surface of the bacteria causing increase
in the proton motive force; other hypothesis states that the
nanoparticles enter into the cell and bind to the enzymes
containing thiol groups [29, 30]. The molecular basis for the
biosynthesis of these silver crystals, as the organic matrix
contains the properties of silver binding which provides
amino acid moieties which serve as the nucleation sites [31,
32]. The nanoparticles produced through in vitro synthesis
that is by cell free extract gives zone of inhibition. The
bacterial growth inhibition may be dependent upon the
concentration of the nanoparticles present in the medium.

During the study S. abundans was utilized for the syn-
thesis of AgNps upon addition of silver ions into the cell free
extract.The colour of the samples changed from colourless to
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Figure 6: Antibacterial activity against synthesized AgNPs from S.
abundans.

yellowish brown and observed UV-visible spectrum 420 nm
due to reduction of the silver nitrate in aqueous solution



Journal of Nanoparticles 5

due to excitation of surface plasmon vibrations in silver
nanoparticles. The plasmon bands were observed as broad,
due to the size distribution of the particles [33, 34]. The
size and structure of nanoparticles were further characterized
using DLS and SEM analysis. The surface deposited AgNps
are clearly seen at high magnification in the micrograph.
Photoluminescence spectra of silver nanoparticles show that
the excitation peak was at 420 nm, while the emission peak
was observed at 520 nm. The rapid biological synthesis of
silver nanoparticles by S. abundans provides a simple and
proficient route for the synthesis of nanoparticles with optical
properties directed by particle size. AgNPs have been verified
to exhibit antimicrobial properties against bacteria with close
attachment of the nanoparticles with the microbial cell and
the action being size dependent [35–37].

4. Conclusion and Future Prospects

Biological synthesis of the AgNPs is rapid, cost effective,
ecofriendly, and simple method of synthesis. There is lots
of work done for green synthesis of nanoparticles from
both prokaryotic as well as eukaryotic organisms [38].
During the whole work it has been concluded that the
synthesized AgNPs through in vitro bioreduction system
from unicellular microalga S. abundans produced significant
amount of nanoparticles when it is exposed to 1mM silver
nitrate solution. The SEM analysis revealed that size of the
nanoparticles ranges from 59 to 66 nm, and the synthesized
nanoparticles were well dispersed. These nanoparticles show
a broad spectrum of antimicrobial activity against both
Gram positive and Gram negative bacteria [39, 40]. There
is an everlasting need to increase the development of green
synthesis of nanoparticles which should be environmentally
acceptable solvent system, ecofriendly reducing and capping
agents, high yield, low cost, and nontoxic [41].

Future prospects of this research is to scale up the
biosynthesis production of AgNPs using these algae and
also with the wide spectrum of microbial population. Fur-
ther investigations would involve exploring the potency of
microalgae to synthesize other metallic nanoparticles that
can be used in pharmaceutical, food, cosmetics industry, and
therapeutically in biomedical applications.
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