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A B S T R A C T

Green route biosynthesis of silver nanoparticles (SNPs) using methanol extract of Oscillatoria sp. was investigated.
The nanoparticles (OsSNPs) were characterized by UV-Vis spectrophotometry, FTIR, SEM, Thermogravimetry,
EDX and DLS. The antibacterial, antibiofilm and in vitro cytotoxicity activity of the OsSNPs was determined.
Surface Plasmon Resonance peak was at 500 nm. Functional groups such as hydroxyl; alcohol, phosphate, and
amine among others were responsible for the capping and stabilization of proteins in the nanoparticles. The
OsSNPs were spherical with size of 10 nm and are thermostable to an extent without totally losing its weight. EDX
analysis revealed a strong signal of silver element. DLS shows the particle diameter average of 0.000 nm and
558.1 nm with a polydispersity index of 0.580. The OsSNPs had effective antibacterial activity against the test
bacterial pathogens with zone of inhibition ranged from 1 - 21 mm. OsSNPs exhibited strong antibiofilm activity.
However, the toxicity of the OsSNPs to Artemia salina (brine shrimp) was observed to be insignificant with the
highest mortality at 4000 μg/mL and lethal dose (LC50) of 2630.3 μg/mL. Greenly synthesized OsSNPs had
effective antibacterial potency and low cytotoxicity which suggests its use in biomedical and pharmacological
applications.
1. Introduction

Oscillatoria sp. is blue - green algae which belong to Phylum Cyano-
bacteria, Class Cyanophyceae, Order Oscillatoriales and Family Oscil-
latoraceae. They are either straight or slightly irregular or cylindrical
sometimes coiled at both ends and are usually between 4 – 50 μm long.
They are mostly present in shady area and cells can be blue-green, olive
or almost black in colour [1]. Chronic bacterial infection is of great
concern in clinical sector and it is related to the emergence of persistent
bacteria [2] which use survival mode that is different from that of
resistance which is known to either occur through horizontal gene
transfer or genetic mutation [3]. Persistent bacteria are usually stimu-
lated by the exposure to low concentration of silver nanoparticles which
leads to the oxidative stress in such bacteria [4]. Staphylococcus aureus is
an example of earlier reported persistent bacterium [5]. The emergence
of persistent bacteria in health sector in recent years has led to the wide
application of nanotechnology which uses nanoscientific ideas to design
materials whose structural component size is usually less than 100 nm [6,
7]. It also involves imaging, measuring, modeling and deformation of
matter at nanoscale level [8]. Nanoparticles serve as fundamental
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building blocks of nanodevices which are used in various practical ap-
plications [9].

Nanotechnology is a science that deals with manipulation of materials
within size range of 0.1–100 nm. Nanomaterials are known to possess
unique properties such as electrical conductance, chemical reactivity,
magnetism, optical effects and physical strength, which differentiate
them from bulk materials. The unique properties possessed by nano-
materials are as a result of their small size [10]. Nanoparticles are the
basic building blocks in Nano devices which are useful in various ap-
plications. Nanoparticles have unique characteristics such as large sur-
face to volume ratio and definite quantum confinement effect among
other biological, physical and chemical properties which give them an
edge over bulk materials [11].

Production of nanoparticles can be achieved through physical,
chemical and biological methods. Of these three methods, chemical
method is the most common method which involves the use of toxic
chemicals in the production of nanoparticles. Some of the physical and
chemical methods include reduction, arc discharge, electrochemical and
reduction processes. The desire of nanotechnology in the production of
eco-friendly nanoparticles which is different from the previous ones has
tember 2019
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given rise to the biosynthesis of nanoparticles [12]. The wide use of
synthesized nanoparticles in human activities create the need for a
method which will not pose threat to the environment and humans as a
result of their exposure to the nanoparticles, hence the biological method
[13, 14].

The use of metallic nanoparticles in modern technologies is based on
their unique characteristics such as surface Plasmon features, morphol-
ogies and interesting physicochemical properties among others [15].
Silver nanoparticles compare to other metallic nanoparticles as a result of
their outstanding antimicrobial properties such as broad spectrum and
surface Plasmon resonance are of great importance in modern nano-
science and nanotechnology [16, 17]. Unlike standard antimicrobial
agents, low doses of silver nanoparticles are needed in the treatment of
diseases [18]. The interaction of silver nanoparticles with microorgan-
isms gives rise to the release of silver ions which are potential destroyers
of microbial cells due to their ability to deactivate enzymes in microbial
cell and membrane permeability disruption leading to lysis and apoptosis
[19, 20]. Silver nanoparticles also possess antiinflammatory, anti-
platelets and antiangiogenesis potentials among other thus making their
application in medical field paramount [21]. The use of green algae in the
production of silver nanoparticles have been reported to be efficient due
to the composition of the microalgae as well as little or no toxic effect of
the synthesized nanoparticles and outstanding features of the nano-
particles biosynthesized [22]. This work aims at biosynthesizing silver
nanoparticles frommethanol extract of the green alga;Oscillatoria sp. and
characterizing the biosynthesized silver nanoparticles.

2. Materials and methods

All chemicals were analytical grade products purchased from Sigma
–Aldrich (St.Louis, MO, USA).

2.1. Sample collection and extraction of the bioactive compound from the
algae

The blue green algae (Oscillatoria sp.) sample was collected from the
wall of the walkway of the Department of Theatre Art, University of
Ibadan, Ibadan, Nigeria (Latitude 03�434̍ 43̍ E and longitude 07�26̍ 41̋ N)
with sterile scalpel from where thick mass was visually observed and
transported to the laboratory, Botany Department, University of Ibadan
for further analysis. The scraped algal sample was washed under running
tap water to remove sand particles adhering to the sample and thereafter
rinsed with sterile distilled water. The washed algal biomass was dried at
room temperature for one week, ground into powder using blender and
stored at room temperature for further analysis.

The test pathogens; S. aureus ATCC29213, E. coli ATCC 11775, E. coli
ATCC 35218, P. aeruginosa ATCC27853, Citrobacter sp., S. typhi ATCC
14028 and Bacillus cereus were obtained from the Department of
Microbiology and Department of Pharmacy, University of Ibadan, Ibadan
Oyo state. Brine shrimp eggs were obtained from the Biochemistry
Department, University of Ibadan and the Sea water was obtained from
the Atlantic Ocean in Lagos, Nigeria. The seawater was 29.4 �C, pH 8.2,
Salinity 309 þ 0.03PSU and Turbidity 15.5 NTU.

For the extraction of the bioactive compound in the algae samples, the
algae were washed with distilled water to remove extraneous materials,
dried properly and grind into a fine powder. Soxhlet extraction of 200
grams of the dried sample was done using 300 mL methanol as solvent.
The marc was filtered and solvents were removed under reduced pressure
in a rotary evaporator. Dark brown pastes obtained were weighed and
stored in a refrigerator at 4 �C.

2.2. Biosynthesis of silver nanoparticles

The silver nanoparticles were biosynthesized by adding 10 mL of 1 g/
mL of the methanol extract of Oscillatoria sp. into 90 mL of 0.1 mM of
AgNO3 solution [23]. The mixture was kept in the dark at room
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temperature for 72 h. The samples were used for further analysis.

2.3. Characterization of the biosynthesized OsSNPs

Visual detection of the greenly synthesized OsSNPs was done by
observing the mixture for a change in colour in comparison to the control
samples. UV–Visible spectrophotometric analysis of the OsSNPs solutions
were determined at room temperature using UV–Vis spectrophotometer
(a Lambda 25-Perkin Elmer, Waltham, MA, USA) with a resolution of 0.5
nm. The absorbance of the sample was read at the wavelengths of
200–800 nm [24]. The chemical structure of the OsSNPs samples was
analyzed using FTIR spectroscopy (Shimadzu). Two milligram of the
dried samples was taken ground with KBr salt at 25 �C and pressed into a
mold to form pellet. The spectra were recorded at a wave range of
500–4000 cm-1 and at resolution of 4 cm�1 [25].

The morphological structure of the OsSNPs was analyzed by Scanning
Electron Microscopy (SEM). The dried samples were coated with gold
using a coater (JEOL, Akishima-shi, Japan, and Model number JFC-
1600). The images of SNPs were taken in a SEM (ZEISS EVO-MA 10,
Oberkochen, Germany). X ray diffraction patterns (XRD) were obtained
in a Siemens Kristalloflex diffractometer using nickel filtered CuKα ra-
diation from 4 to 70� (2θ angle). Thermogravimetry (TG) analysis was
carried out using dried OsSNPs in SDT 2960 device from TA Instruments.
The nanoparticles were heated in open alumina pans from 40 to 600 �C,
under an oxidant atmosphere (O2), flux of 50 mL/min and a heating rate
of 10 �C/min were used. The estimation of the silver content in OsSNPs
was done using the residue at 600 �C.

The elemental composition of OsSNPs was determined using an En-
ergy Dispersion X-ray (EDX). The dried OsSNPs powder was used for the
analysis and the EDX analysis software was sourced from Oxford in-
struments analytical. All measurements were performed at accelerated
voltage of 10 KV.

Particle size analyzer (Zetasizer Nano ZS, Malvern Instruments
Limited, Worcestershire, United Kingdom) was used to determine the
particle size distribution and surface charge of the OsSNPs. The analysis
was done at 25 �C with 90� detection angle and 633 nm. Hydrodynamic
diameter and polydispersity index were measured as a function of time.
Prior to the analysis, the OsSNPs was suspended in sterile water and
sonicated for 15 min.

2.4. Antibacterial potential of the OsSNPs

The antibacterial potential of the OsSNPs was evaluated using the
Agar Well Diffusion method [26] using S. aureus ATCC29213, E. coli
ATCC 11775, E. coli ATCC 35218, P. aeruginosa ATCC27853, Citrobacter
sp., S. typhi ATCC 14028 and Bacillus cereus as the test pathogens.
Escherichia coli ATCC 11775 is a reference type strain which was first
isolated from urine sample of a Danish patient's in 1941 [27]. Escherichia
coli ATCC 35218 is a strain recommended by NCCLS for used as a quality
control organism for the assay of betalactam antibiotics, evaluation of
Mueller Hinton agar and the quality control strain for susceptibility
testing [28, 29]. The isolate was cultured overnight in peptone water. 18
hrs old culture of the isolate was seeded on Mueller - Hinton Agar (Lab M
Ltd., UK) plates. Uniform wells were cut on the dried agar plate using a
sterile cork -borer of diameter 7 mm. Each well was filled with 20 μL of
the biosynthesized OsSNPs. AgNO3 solution (1 mM) and the methanol
extract of Oscillatoria sp. were put into respective wells as negative
controls. The inoculated plates were incubated at 37 �C for 24 h. After
incubation the plates were observed for zones of inhibition (ZOI) around
the wells. ZOI diameters (mm) greater than 1 mm were considered
positive [30].

2.5. Antibiofilm activity of OsSNPs

The antibiofilm activity of the biosynthesized SNPs was determined
according to the method as described by [31] with slight modification.
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The inoculumwas added to 200 μL of already prepared Tryptic Soy Broth
(TSB) in a 96 well microtiter plate and incubation was done at 37 ̊C for 48
h. The non-adherent bacterial cells were removed by discarding the
mixture carefully and rinsing the microtiter plate with sterile water three
times. The adherent cells were fixed with 95% ethanol for 5 min before
rinsing with sterile water. Aliquot of 200 μL crystal violet was added to
the fixed cells for 15 min, rinsed with sterile water and air-dried. For
biofilm inhibition, 150 μL of TSB was added to microtiter wells and 50 μL
of OsSNPs were added. Same procedure was used for biofilm inhibition
process. Quantification of the biofilm formation and inhibition were
done at the absorbance of 560 nm (OD560) using ELISA reader (BIOTEX
model: ELx800, Biotex Instruments, USA). Percentage of biofilm inhibi-
tion was calculated as:

% biofilm inhibition ¼ ODcontrol – ODtreatment / ODcontrol � 100 (1)

2.6. In vitro cytotoxicity assay of OsSNPs against brine shrimp

Brine shrimp lethality test for larvae nauplii was used to determine
the toxicity of OsSNPs [32]. The Brine shrimp eggs hatching were done in
a dish using the sea water. The active free floating phototropic nauplii
were collected from bright illumination with pipette after 48 h and were
used for the assay. The nauplii were dispensed into a sterile well plate
contain 2 mL of sea water and suspension of yeast under illuminated
condition. Different concentrations (100, 500, 1000, 2000, 3000 and
4000 μg/mL) of silver nanoparticles was added into the each wells that
contains 10 nauplii and incubated at room temperature in the dark for 24
h. Sea water without silver nanoparticles was used as control. Macro-
scopic count of the survivors’ nauplii every 3 h for 24 h was done and
percentage of mortality, LD50 for the tested concentration of OsSNPs
were determined using probit analysis [33].

3. Results and discussion

The methanol extract of Oscillatoria sp. was able to bio-reduced the
AgNO3 to biosynthesized OsSNPs. The greenly biosynthesized nano-
particles was characterized.

3.1. Visual Observation of the nanoparticles biosynthesis

Formation of silver nanoparticles through reduction of silver nitrate
into silver ion by the reducing agent is known to be associated with
colour change (Fig. 1). The reaction mixture of AgNO3 and the methanol
extract of Oscillatoria sp. turned brown indicating formation of silver
nanoparticles. The intensity of the colour increases after 24 h of
incubation.
Fig. 1. Visual Observation of SNPs formation: (a) Oscillatoria sp. extract; (b)
Silver nitrate solution and (c) SNPs.
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Silver nanoparticles formation was identified visually by colour
change. The immediate colour change as observed in formation of silver
nanoparticles biosynthesized using Oscillatoria sp. extract was due to the
excitation of Surface Plasmon Resonance (SPR) of nanoparticles in the
reaction mixture. This was also reported by Rajeshkumar et al. [23] who
observed colour change in the reaction mixture during silver nano-
particles formation biosynthesized from Padina tetrastromatica.

3.2. UV-vis spectrophotometry analysis

The biosynthesized OsSNPs were characterized at different incuba-
tion hours using UV-Vis Spectrophotometer. At different hours of incu-
bation Surface Plasma Resonance (SPR) peak was observed at 500 nm
and broad spectrum range was at 400–600 nm (Fig. 2). The results ob-
tained from the UV-Vis spectra suggested the formation of silver
nanoparticles.

3.3. Fourier transform infrared (FTIR)

The FTIR spectra of the biosynthesized OsSNPs showed 16 major
bands each of which suggested the presence of different functional
groups of compounds present (Fig. 2).

The UV-vis spectroscopy is a technique used to confirm the formation
and stability of nanoparticles based on the optical properties of the
nanoparticles and it also serves as an indirect method used to determine
the reduction of silver nitrate to silver nanoparticles in the aqueous so-
lution. The optical property of silver nanoparticles is dependent on size
and shape [34]. The result obtained as shown by the UV-vis spectra of the
biosynthesized silver nanoparticles was formed after 24 h of incubation,
a drop in the surface Plasmon peak was observed at 48 h and maximum
increase in the resonance was observed after 72 h of incubation. This
shows that complete nanoparticles formation occurred after 72 h of in-
cubation and it implies that nanoparticles formation is associated with
incubation time. This is not in agreement with the work of Singh et al.
[21] who reported consistent increase in the peak after 24, 48, 72, till
168 h of incubation while working on silver nanoparticles biosynthesized
from Acinetobacter calcoaceticus. Mie's theory states that only a single
surface plasmon resonance band is expected in the absorption spectra of
spherical metal nanoparticles whereas anisotropic particles can give rise
to two or more surface plasmon resonance bands, depending on the shape
of the particles [35, 36]. From the UV-vis spectra of silver nanoparticles
synthesized from Oscillatoria sp. methanol extract, a single SPR peak was
observed which suggests that the biosynthesized silver nanoparticles are
spherical in shape and this was confirmed by the scanning electron
micrograph. Broadening of the surface plasmon resonance can be
attributed to the electron surface scattering which can be enhanced for
small aggregates [37]. Silver nanoparticles formed in such enhanced
process are usually stable and their absorption spectra can be unaltered
even after six months at room temperature [21].

The FTIR spectrum of the nanoparticles is shown in Fig. 3. The peak at
Fig. 2. UV-Vis spectra of silver nanoparticle biosynthesized at different hours
of incubation.



Fig. 3. FTIR spectrum of the biosynthesized silver nanoparticles.
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3427.95 cm�1 was more prominent than other peaks and it showed the
presence of hydroxyl (OH) stretch of alcohol. The peak 1648.10 cm�1

suggested the presence of benzene. The peaks 1019.34 cm-1and 952.97
cm�1 indicate the presence of hetero oxy compounds in which 1019.34
cm�1 is an aliphatic phosphate with P–O–C stretch while 952.97 cm�1 is
an aromatic phosphate compound. However, the peak 902.37 cm�1 is
also an aromatic phosphate compound but not a hetero oxy compound.
Peak 709.72 cm�1 is a hydroxyl compound that was out of plane bend
and peak 675.62 cm�1 indicates the presence of an aryl thioether com-
pound with C–S stretch that is a sulphate ion.
3.4. Scanning electron microscopy (SEM)

Morphological identification of the biosynthesized silver nano-
particles was determined using scanning electron microscopy. The
scanning electron micrograph confirmed the shape of the biosynthesized
OsSNPs to be spherical and 10 nm in size (Fig. 4).
Fig. 5. TGA thermograph of the biosynthesized silver nanoparticles.

3.5. Thermogravimetry (TGA)

Thermal stability in relative to weight of the biosynthesized silver
nanoparticles was assessed using Thermogravimetry (TGA). It was
observed from the TGA curve that dominant weight loss of the SNPs of
Oscillatoria sp. extract occurred in temperature region between 350 �C
and 450 �C (Fig. 5). There was little weight loss below 350 �C and above
450 �C.
Fig. 4. a & b. SEM and 3D image of the
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3.6. Particle size and distribution of the OsSNPs

The DLS is used to determine the diameter of nanoparticles dispersed
in liquid. It also determines the size of particles and their distribution in
physiological solutions [38]. The size distribution histogram of dynamic
light scattering (DLS) analysis of the OsSNPs shows the particle diameter
biosynthesized silver nanoparticles.
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average of 0.000 nm and 558.1 nm with a polydispersity index of 0.580
(Fig. 6).

3.7. Energy dispersive X-ray analysis of the OsSNPs

The weight percentage of silver was 0.0132 from the EDX spectrum of
OsSNPs (Fig. 7). The EDX analysis revealed strong signals in the silver
region and confirmed the formation of silver nanoparticles.

The micrograph showed that the biosynthesized silver nanoparticles
are spherical in shape and the 3D-image revealed that the size of the
nanoparticles is 10 nm. Raza et al. [38] reported the effect of size and
shape of silver nanoparticles on the antibacterial activity of the silver
nanoparticles and it was stated that small size spherical silver nano-
particles are more active against microorganisms than larger spherical
silver nanoparticles likewise that spherical silver nanoparticles are more
effective against microbes than triangular shaped silver nanoparticles.

The behavioural pattern of the silver nanoparticles biosynthesized
from Oscillatoria sp. methanol extract when subjected to high tempera-
ture. It can be generally attributed to the evaporation of water and
organic components. The thermograph showed the relative weight of the
nanoparticles with respect to heat. The biosynthesized OsSNPs was able
to withstand heat to a certain extent before the significant weight lost.

The DLS determines the size of particles and their distribution in
physiological solutions [39]. Some distribution at lower range of particle
size indicates that the synthesized particles are also in lower range of
particle size. The size of biosynthesized SNPs obtained from DLS in this
work is larger than SEM and this is in agreement with the report of Zhang
et al. [40]. It was reported that the larger size of DLS than SEM is as a
result of Brownian motion influence.

There were other peaks for other elements suggesting that they are
mixed precipitates present in the methanol extract of Oscillatoria sp. This
agrees with the work of Khan et al. [41] who also confirmed SNPs for-
mation in plant extract and observed the presence of other elements in
the plant (Ziziphus nummularia) extract used in biosynthesis of SNPs.

3.8. Antibacterial potential of the OsSNPs

The antibacterial activity of the biosynthesized OsSNPs was tested
against seven clinical pathogenic bacteria. All the test pathogens were
susceptible to the nanoparticle as shown Fig. 8. At 24 and 48 h Bacillus
cereus and Citrobacter sp. had the highest susceptibility with zone of in-
hibition 16.0 mm and 18.0 mm respectively. At 72 h Escherichia coli
ATCC 35218 had the highest susceptibility to OsSNPs with 20.00 mm
zone of inhibition while Bacillus cereus was least susceptible to the
OsSNPs with lowest zone of inhibition (6.00 mm). Reduction in the zone
of inhibition after 48 h may be due to production of enzyme by Escher-
ichia coli ATCC 35218. The isolated has been reported as a beta lactamase
producing strains [29]. Osc. sp. extract had antibacterial activity against
the pathogen, the antibacterial activity ranged from 13.0 – 24.0 mm. The
Fig. 6. Particle size distribution of the biosynthesized SNPs by DLS.
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highest activity was against P. aeruginosa. The extract exhibited higher
antibacterial activity against some of the pathogens compared to the
nanoparticles and AgNO3 solution AgNO3 solution had antibacterial ac-
tivity against the test pathogens. The antibacterial activity ranged from
6.0 – 12.0 mm, the highest activity was against E. coli 35218. Fig. 9 shows
the antibacterial activity of the nanoparticles on the test pathogen on
plates.

3.9. Antibiofilm activity of the OsSNPs

3.9.1. Visual observation of biofilm formation
The biofilm formation was assessed visually by observing formation

of ring at the bottom of the test tube and at the meniscus level of the test
tubes after staining with the crystal violet. 90 % of the test pathogens
were biofilm formers (Table 1).

3.9.2. Antibiofilm potential of the OsSNPs
The antibiofilm activity of the biosynthesized silver nanoparticles

shows reduction in the biofilm formation by all test pathogens that were
used thus implied that the biosynthesized silver nanoparticles is active
against bacterial biofilm. The highest inhibition was against Pseudomonas
aeruginosa ATCC 27853 while the lowest inhibition was against Cit-
robacter sp. (Fig. 10).

The OsSNPs showed more activity than silver nitrate solution which
was used as control. The mechanism of antibacterial activity of silver
nanoparticles is not well understood but some mechanisms have been
proposed which include the release of silver ions when silver nano-
particles come in contact with bacterial cell, these ions prevent DNA
replication in such bacteria by deactivating the synthesis of enzymes that
take part in DNA synthesis and ATP synthesis [15, 42]. Rai et al. [43]
reported that silver nanoparticles can act as potential antimicrobial
agents against different microorganisms. Raza et al. [44] reported that
the antibacterial efficacy of silver nanoparticles is size and shape
dependent while working on silver nanoparticles of different sizes and
shapes. The antibacterial activity of silver nanoparticles from this
research showed that Escherichia coli ATCC 25318 was more susceptible
to the silver nanoparticles while Bacillus sp. was least susceptible to the
biosynthesized silver nanoparticles. The result obtained from this
research showed that the biosynthesized SNP is effective against all the
selected microorganisms used in this experiment. Reduction in the zone
of inhibition after 48 h may be due to production of enzyme by Escher-
ichia coli ATCC 35218. The isolated has been reported as a beta lactamase
producing strains [29].

The inhibition of biofilm formation by nanoparticles has been re-
ported previously by Lee et al. [45], Seil and Webster, [46]. This research
reports the biofilm inhibition of the biosynthesized silver nanoparticles
with the highest inhibition observed in Pseudomonas aeruginosa ATCC
27853 and the least inhibition in Citrobacter sp. Lee et al. [45] in their
research reported the inhibition of formation of biofilm of Pseudomonas
aeruginosa by zinc oxide nanoparticles dose dependently. Vijayan et al.
[47] also reported reduction in the formation of biofilm by silver nano-
particles. Here we report the reduction in biofilm formation of selected
gram positive and gram negative bacteria by silver nanoparticles bio-
synthesized using methanol extract of Oscillatoria sp.

3.10. Cytotoxicity of OsSNPs

The Artemia cytotoxicity (Brine Shrimp Assay) is one of the reliable
methods to screen the cytotoxicity of products [44]. It was observed that
the increase in mortality rate is dose dependent (Fig. 11).

From the result, it was observed that the increase in mortality rate is
dose dependent and this is in agreement with the work of Vijayan et al.
[47] who also reported same thing while working on silver nanoparticles
synthesized from the extract of seaweed Turbinaria conoides. Arulvasu
et al. [48] in their work on the toxicity effect of silver nanoparticles in
brine shrimp Artemia reported that Artemia possesses nonselective filter



Fig. 7. EDX micrograph of the biosynthesized SNPs.

Fig. 8. Antibacterial activity of the biosynthesized SNPs.

Fig. 9. The antibacterial activity of OsSNPs against E. coli ATCC 35218.

Table 1
The assessment of biofilm formation by test pathogens.

Test pathogen Biofilm Intensity

S. aureus ATCC 29213 þþþþ
E. coli ATCC 35218 þþþ
P. aeruginosa ATCC27853 þþ
Citrobacter sp. þþþ
S. typhi ATCC 14028 þ
E. coli ATCC 11775 þ
Bacillus cereus -

Key: þ ¼ slightly formed, þþ ¼ partially formed, þþþ ¼ formed,
þþþþ ¼ strongly formed, - ¼ not formed.
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feeding behaviour which enables them to feed on all silver nanoparticles
that are less than 50 μm in size. They also reported that the aggregation
amount of silver nanoparticles in the gut of the Artemia is dependent on
the concentration amount of nanoparticles and the amount of nano-
particles consumed by the Artemia. Silver nanoparticles biosynthesized in
this work are less than 50 microns as confirmed by the SEM result thus
suggesting the aggregation of the biosynthesized SNPs in the gut of the
6

Artemia thereby leading to the mortality rate obtained in this work.
Methanol extract of Oscillatoria sp. contain some bioactive phyto-

chemicals with some unique functional groups which act as capping and
stabilizing agent for AgNO3 bio-reduction for silver nanoparticles
biosynthesis.

4. Conclusion

This present research has been able to biosynthesize silver nano-
particles in an eco-friendly manner using methanol extract of Oscillatoria
sp. The nanoparticles were thermostable to an extent, spherical shape of
10 nm size and exhibited a strong antibacterial and antibiofilm activity



Fig. 10. Antibiofilm Activity of the biosynthesized SNPs.

Fig. 11. Mortality rate of Artemia salina treated with the biosynthesized SNPs.
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against the test pathogens and low cytotoxicity against brim shrimp. This
makes it a promising nanomaterial to be used in any nanoproduct as an
antibacterial agent in the production of heat resistant nanoproducts and
in the production of medical devices such as nanocatheters among others.
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