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In recent years green nanotechnology gained significant importance to synthesize nanoparticles due to
their cost effectiveness and biosafety. In the current study, silver nanoparticles were synthesized by using
extract of Spirogyra hyalina as a capping and reducing agent. The synthesized nanoparticles were charac-
terized by UV–Visible spectroscopy, Fourier transform infrared spectroscopy, Scanning electron micro-
scopy, energy dispersive X-ray spectroscopy, and X-ray diffractive analysis. Silver nanoparticles give a
characteristic Surface Plasmon Resonance peak of 451 nm at 2.21 a.u (arbitrary unit). SEM micrograph
revealed the spherical morphology and average grain size of 52.7 nm. Furthermore, antibacterial, antifun-
gal, insecticidal, antioxidant and membrane damage activities were determined. The maximum antibac-
terial and antifungal activity was observed for Pseudomonas aeruginosa (18 ± 1.2 mm) and Fusarium solani
(14.3 ± 0.6 mm), respectively. In membrane damage assay, Pseudomonas aeruginosa absorbed A260 wave-
length and gave maximum peak values of 0.286, 0.434 and 0.629 at 25, 35 and 45 mg/mL of silver
nanoparticles. The membrane damage assay confirmed that nanoparticles are involved in bacterial cell
membrane damage. At 500 ppm silver nanoparticles showed 30% mortality against Tribolium castaneum
(a common grain pest). The silver nanoparticles also showed potent antioxidant activity and successfully
scavenged the DPPH free radicals upto 53.43 ± 0.17, 43.26 ± 0.97, 31.39 ± 0.33, 24.62 ± 0.85, and 14.13 ± 0.
12% at a concentration of 400, 200, 100, 50, and 25 mg/mL of nanoparticles, respectively. It is concluded
that silver nanoparticles can easily be synthesized by using green algae Spirogyra hyalina as a capping and
reducing agent. Silver nanoparticles showed potent biomedical activities and thus can be used for ther-
apeutic applications invitro and invivo.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Doors are opened to exciting knowledge in the field of Nanome-
dicine in the recent years by nanotechnology (Desireddy et al.,
2013; Al-Radadi and Adam, 2020). Nanoparticles are particles hav-
ing size range from 1 to 100 nm, and have gained much importance
in the drug delivery and biomedical engineering. Nanoparticles are
of different types such as semiconductor, carbon, metallic and non-
metallic nature but the metallic nanoparticles are more important
and have played a vital role in the field of cosmetics, medicine, and
electronics (Mulfinger et al., 2007; Veeraraghavan et al., 2021; Al-
Radadi., 2019; Al-Radadi and Al-Youbi, 2018). Different chemical
and physical methods have been utilized for the synthesis of
nanoparticles but the chemical and physical methods are always
discredited due to their costly and unsafe nature. Sol–gel,
Solvothermal, Chemical reduction, Laser ablation and Inert gas
condensation are some methods to be avoided due to their toxic
and non-environment friendly nature (Iravani et al., 2014; Al-
Radadi, 2019). In this regard the synthesis of nanoparticles via
green approach is preferred over chemical and physical methods
due to it’s stability, high yield, cost effectiveness, less toxicity
and eco-friendly nature. The chemicals used in the chemical syn-
thesis of nanopartciles are easily adsorbed on the surface of
nanoparticles, disturb their charge distribution and thus limit their
therapeutic applications. Nanoparticles having strong positive
charge can stay for longer times in the lumen of blood vessels
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and deliver the drug to the right region (Faisal et al., 2021). Synthe-
sis of metallic NPs via green route is more eco-friendly as com-
pared to chemical synthesis (Al-Radadi, 2018; Al-Radadi, 2021a,b,
c). The biological approach of Ag-NPs allow the use of natural
sources like plants, bacteria, algae, fungi, and actinomycetes in a
safer way (Khodashenas & Ghorbani, 2019). The antibacterial
potential of silver nanoparticles has been known from long ago
and it is revealed by the use of silver in traditional medicine (Rai
et al., 2009). The biomolecules present in the extract of Spirogyra
hyalina act as a capping and reducing agent during the synthesis
of silver nanoparticles. The intrinsic cytotoxic effectiveness of
Ag-NPs contribute to their antibacterial, antifungal, antioxidant,
insecticidal and anticancer activities . The current study aims to
biosynthesize Spirogyra halina mediated silver nanoparticles and
evaluate their antibacterial, antifungal, antioxidant, insecticidal,
and effect of nanoparticles on the integrity of cell membrane.

2. Methods and materials

2.1. Collection of material and extract preparation

Spirogyra hyalina is collected from a pond and was identified by
the experts in Department of Botany, Abdul Wali Khan University
Mardan, Pakistan. After confirmation, the material was air dried
under shade for 7 days and then subjected to grinding to obtain
a fine powder form. 50gm of algal powder were mixed with
100 ml of deionized water and boiled at 60 ℃ for 15 min (Merin
et al., 2010). Just after boiling the extract was filtered thrice by
whatmann filter paper and followed by centrifugation at
12,000 rpm to remove any residues. The pellets were discarded
and supernatant was collected into separate tubes and stored at
7 ℃ for further use in the experiment.

2.2. Preparation of the reagent and bio-inspired synthesis of silver-NPs

A well-established protocol reported by (Faisal et al., 2020) with
minor modification was used for the synthesis of silver nanoparti-
cles. Briefly, 1 mM solution of silver nitrate AgNO3 (Sigma Aldrich)
was prepared, and 50 ml of the AgNO3 solution was mixed with
50 ml (1:1) of algal extract at room temperature to synthesize sil-
ver nanoparticles. The flask was covered with aluminum foil to
protect the reduced silver ions from oxidation by light as silver
ions are very sensitive to light. The mixed reagent were exposed
to heat (60℃) on magnetic stirrer for 45 min. The solution was fur-
ther left for 24 h in dark for proper reduction. The preliminary indi-
cation of the formation of silver nanoparticles is color
transformation from light brown to dark brown. After proper
reduction reaction the solution was subjected to centrifugation at
12,000 rpm for 20 min to obtain pure nanoparticles. The super-
natant was discarded and pellets were subjected to threefold
washing with distilled water followed by drying in over at 80 ℃.
. The dried nanoparticles were grinded and stored at 7℃ for
characterization.

2.3. Characterization of biosynthesized Ag-NPs

Characterization of Ag-NPs was done through UV–Visible spec-
troscopy, Scanning electron microscopy (SEM), Energy dispersive
analysis of X-rays (EDAX), Fourier transform infrared spectroscopy
(FTIR) and X-ray diffraction (XRD) in Centralized Resource Labora-
tory, University of Peshawar, Pakistan.

2.4. Collection of bacterial and fungal strains

A total of four previously identified bacterial isolates were col-
lected from the Department of Microbiology, Abdul Wali Khan
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University Mardan. These included Pseudomonas aeruginosa, Bacil-
lus cereus, Staphylococcus aureus, and Klebsiella pneumoniae. Fun-
gal isolates included Fusarium solani, Rhizoctonita solani, and
Fusarium proliferatum. The fungal isolates were collected from
Department of Botany, Abdul Wali Khan University Mardan,
Pakistan.

2.5. Bactericidal activity

To evaluate the bactericidal activity of Ag-NPs 1 mg of Silver
nanoparticles was dissolved in 1 ml of DMSO. McFarland standard
(104–106 CFU/mL) were spread on the surface of Muller-Hinton
Agar plates with the help of sterile cotton swabs, and uniform bac-
terial lawns were prepared (Ghazala & Shameel., 2005). 6 mm
wells were bored by sterilized metallic well borer and each well
was filled with DMSO dissolved nanoparticles (100 mL into each
well). The plates were left for 10 min in biosafety cabinet for
proper diffusion and followed by incubation at 37 ℃ for 24 h.
Ciprofloxacin was used as a positive, while DMSO was used as a
negative control. After incubation the inhibition zones were
recorded with the help of Vernier caliper. The activity was repeated
thrice and average was taken as final result.

2.6. Membrane damage assay

The mechanism of nanoparticles to kill bacteria and their effect
on bacterial cell membrane integrity was analyzed using UV–Visi-
ble spectrophotometer (Shimadzu UV-160A) and the A260 value
was measured accurately. A260 is a specific absorbance wavelength
that is absorbed by the intracellular materials when get released
on the interaction of nanoparticles with bacterial cell membrane
(Kora & Arunachalam., 2011). Bacterial inoculum was cultured in
broth and after incubation the inoculum was centrifuged at
10,000 rpm for 10 min. After centrifugation the inoculum were
washed and suspended in 0.01 mol L�1 PBS solution. Varying con-
centration of nanoparticles were added to 1.5 ml of bacterial inocu-
lum followed by incubation and the absorbance was recorded at
260 nm (A260).

2.7. Antifungal activity

Agar well diffusion method was used to evaluate the antifun-
gal potential of the biosynthesized Silver nanoparticles (Holder &
Boyce, 1994). Fungal isolates were spread on potato dextrose
agar (PDA) plates and uniform lawns were prepared by spread
plate technique. Wells of 5 mm were bored in each plate by
sterile well borer and different concentrations of nanoparticles
were poured into each well and the plates were incubated for
72 h at 28 ℃. Amphotericin B was used as a positive, while
DMSO as a negative control. The activity was repeated three
times and mean inhibition zones were recorded with the help
of Vernier caliper.

2.8. Insecticidal activity

Test compounds were exposed to insects Tribolium castaneum,
which is a common grain pest by direct contact toxicity method
(Ghazala & Shameel., 2005). 10 adult Tribolium castaneum, insects
were transferred to petri plates and different concentration of
nanoparticles were sprayed on it. Afterwards a check batch of neg-
ative control was treated with solvent for determination of solvent
effect. As a positive control another batch was exposed to insecti-
cide Mortein Coopex (Reckilt Benckiser Pak. Ltd.). All the batches
were incubated for 24 h without food and mortality counts were
carried out after exposure.
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2.9. Antioxidant assay

DPPH (2, 2-diphenyl-1-picrylhydrazyl) free radicals were
exposed to test sample of varying concentrations in order to eval-
uate the antioxidant potential of silver nanoparticles (Bhakya et al.,
2016). DPPH solution was prepared and 180 lL were poured into
specified wells of 96-well titer plate, afterwards 20 lL of different
concentration (25–400 lg/mL) of nanoparticles were added to
each well and incubated for 1 h at 37C. DMSO was used as a neg-
ative, while Ascorbic acid was used as a -positive control. After
incubation, the samples were exposed to absorbance at 517 nm
under microplate reader and absorbance was recorded for each
well. The antioxidant potential was calculated by following
formula.

FRSA %ð Þ ¼ ð1� Absorbance of Sample
Absorbance of Controle

Þ � 100

Above formula was used for free radicle scavenging activity
(FRSA).
3. Results

3.1. Synthesis of silver nanoparticles and algae extract preparation

Spirogyra hyalina is a common green alga which was collected
from a local pond, and was identified by the experts in Department
of Botany, Abdul Wali Khan University Mardan, Pakistan. After con-
firmation the material was washed thrice and air dried under
shade for 7 days and then subjected to grinding to obtain a fine
powder. 50 gm of algal powder was mixed with 100 ml of deion-
ized water and boiled at 60 ℃ for 15 min. Just after boiling the
extract was filtered thrice by nylon cloth and whatmann filter
paper, and followed by centrifugation at 12,000 rpm to remove
any residues. The pellets were discarded and supernatant was col-
lected into separate tubes and stored at 7 ℃ for further use in the
experiment. 1 mM solution of silver nitrate AgNO3 was prepared,
and 50 ml of the AgNO3 solution was mixed with 50 ml (1:1) of
algal extract at room temperature to synthesize silver nanoparti-
cles. The flask was covered with aluminum foil to protect the
reduced silver ions from oxidation by light as silver ions are very
sensitive to light. The mixed reagents were exposed to heat (60
℃) on magnetic stirrer for 45 min. The solution was further left
for 24 h in dark for proper reduction. The preliminary indication
of the formation of silver nanoparticles is color transformation
from light brown to dark brown as shown in Fig. 1. After proper
reduction reaction, the solution was subjected to centrifugation
at 12,000 rpm for 20 min to obtain pure nanoparticles. The super-
natant was discarded and pellets were subjected to threefold
washing with distilled water followed by drying in over at 80 ℃.
The dried nanoparticles were grinded and stored at 7 ℃ for
characterization.

3.2. UV-analysis

Spirogyra hyalina mediated silver nanoparticles were synthe-
sized and their formation was confirmed by performing UV–visible
spectroscopy in the standard wavelength range of 200–700 nm. A
well-established protocol was utilized for this purpose. The initial
color transformation (from light brown to dark brown) of the reac-
tion mixture is the indication of reduction of Ag+1 ions to Ag0 by
the bioactive molecules present in the aqueous extract of Spirogyra
hyalina. The reaction mixture was left for 40 min at room temper-
ature after color transformation for proper reduction, and then
subjected to absorbance of characteristic wavelength under Spec-
trophotometer (Shimadzu UV-1800). Fig. 2 analysis revealed the
413
silver nanoparticles absorbed a specific portion of characteristic
wavelength and gave a Surface Plasmon Resonance peak at
451 nm at 2.21 a.u. some other absorption peaks were also
observed which may be due the presence of the bioactive mole-
cules that took part in the reduction and capping of silver nanopar-
ticles. The characteristic absorbance peak confirmed that silver
nanoparticles is successfully synthesized.

3.3. EDX analysis

To know about the elemental composition of the biosynthesized
silver nanoparticles the Energy dispersive X-ray analysis was car-
ried out using EDX with SEM (JSM5910) INCA200/Oxford instru-
ments, U.K) in the voltage range of 0-20KeV. A strong EDX
spectra was observed at 2.5KeV for silver which confirmed the syn-
thesis of silver nanoparticles as shown in Fig. 3. Some additional
peaks were also observed for chlorine, carbon, oxygen, phosphorus,
Sulphur, potassium, calcium, sodium and magnesium. The addi-
tional peaks were due to the bioactive molecules of Spirogyra hya-
lina that surrounded the Ag ions in the nanoparticles synthesis.
However, the additional peaks had no effect on actual nanostruc-
ture of silver nanoparticles.

3.4. XRD analysis

To know about the phase identification and nano-crystalline
structure of the biosynthesized silver nanoparticles, the X-ray
diffractive analysis was carried out using (JDX-3532, JEOL, Japan)
at a voltage and current of 20–40 kV and 2.5–30 mA respectively,
while the X-Rays were CuKa (Wavelength = 1.5418 Å) and 2
Theta-Range were kept 0 to 100�. The major observed XRD peaks
are 329, 567, 1159, 396, 327, 330, and 341 at 2 Theta or diffraction
angle of 27.96, 32.32, 38.24, 44.44, 46.32, 64.56, and 77.48�respec-
tively as shown in Fig. 4. The distinct XRD reflection planes con-
firms the fcc crystal morphology as confirmed by JCPDS Card
No. 36–1451. The average crystal size of 48.81 nm according to
Scherer’s equation as stated below.

D ¼ kk=bCosh
3.5. FTIR analysis

Functional groups are atoms or group of atoms that give a char-
acteristic property to a compound. The Fourier transform infrared
spectroscopy was performed in order to know what type of func-
tional groups took part in the capping and reduction of Ag+1 ions
to Ag0. Spectrum 3TM FT-IR Spectrometer were used in FTIR analysis
of the biosynthesized silver nanoparticles in the spectral range of
400 to 4500 cm�1. As shown in Fig. 5 major peaks were observed
at 3300, 2903, 2760, 1650, 1566, 100, and 899 cm�1. These
obtained peaks correspond to stretching of N-H bond in amines
and O-H in alcohols, stretching in aromatic CH3 groups, C-H bond
stretching in alkene and alkane, C = C bond stretching in alkene,
N-O bond stretching in nitro compound, O-H bond stretching in
carboxylic acid, and C = C bond bending in alkenes respectively.
The different functional groups associated with silver nanoparti-
cles are first, the Spirogyra hyalina extract biomolecules that have
been later become the part of silver nanoparticles after the reaction
and took part in the capping and reduction of silver ions.

3.6. SEM analysis

The silver nanoparticles were further characterized by scanning
electron microscopy to know about the physical dimension and
size of the nanoparticles. SEM (JSM5910) was used in this analysis.
As shown in Fig. 6, the white patches in the SEM micrograph indi-



Fig. 1. This schematic diagram describes the whole process of silver nanoparticles synthesis. A) Collection of Spirogyra hyalina from a local pond. B) Shade Dried Spirogyra
hyalina. C) Powder form of Spirogyra hyalina. D) Extract of Spirogyra hyalina. E) Silver nitrate. F) 1 mM solution of Silver nitrate. G) Mixing of Silver nitrate and Spirogyra
hyalina extract. H) Reaction of Algae extract and Silver nitrate, kept on magnetic stirrer. H) Centrifugation after reaction. J) Pure Silver nanoparticles. K) Reaction mechanism
of silver nitrate and algae extract for silver nanoparticles synthesis.

Fig. 2. UV–visible spectra of silver nanoparticles.
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cate the agglomeration of the particles, however, some particles
are uniform while some are polydispersed having average size of
52.7 nm (confirmed by ImageJ and Nano Measurer analysis). The
particle agglomeration is the product of the biomolecules that
quickly reduce silver to silver nanoparticles during the synthesis
phase. The scale of the electro-microscopic silver nanoparticles
showed it to be a successful therapeutic candidate. The particle
size, however, also depends on the salt and pH levels of the
414
reaction. In comparison with low pH, high pH results in greater
concentration and greater scale of nanoparticles.

3.7. Bactericidal activity

1 mg of silver nanoparticles were dissolved in 1 ml DMSO.
100 ml of nanoparticles were taken and poured in to each well
according to Agar well diffusion Assay. The plates were left for
15 min to ensure proper diffusion of nanoparticles into wells and
then incubated for 24 h at 37℃. After incubation, the zones of inhi-
bition were measured in X, Y, Z-axis manner and their average was
taken as mean inhibition zone, the assay was repeated three times.
The largest zones of inhibition were observed for Pseudomonas
aeruginosa (18 ± 1.2 mm), followed by Bacillus cereus (17.23 ± 0.7
mm), Staphylococcus aureus (15.35 ± 1.1 mm), and Klebsiella pneu-
moniae (14.42 ± 1.4 mm) respectively as shown in the figure. The
negative control DMSO showed no antibacterial activity against
the test organisms, while Ciprofloxacin showed an average
antibacterial activity of 20.23 ± 2.0 as shown in Fig. 7.

3.8. Effect of silver nanoparticles on the integrity of cell membrane

Release of intracellular materials upon interaction of nanoparti-
cles with bacterial cell membrane and detecting the release of
intracellular materials by absorbance at 260 nm on spectropho-
tometer was determined. Different concentrations of silver
nanoparticles were applied against Pseudomonas aeruginosa, Bacil-
lus cereus, Staphylococcus aureus, and Klebsiella pneumoniae.
Nanoparticles treated culture suspension of Pseudomonas aerugi-
nosa showed an increase in the A260 value with the increase in



Fig. 3. Energy dispersive X-ray analysis of silver nanoparticles.

Fig. 4. X-ray diffractive peaks of silver nanoparticles.
Fig. 5. Fourier transform infrared spectroscopy of silver nanoparticles.
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nanoparticles concentration. The A260 values of Pseudomonas
aeruginosa are 0.286, 0.434 and 0.629, for Bacillus cereus the values
are 0.173, 0.356 and 0.569, for Staphylococcus aureus, the values are
0.361, 0.519 and 0.621, for Klebsiella pneumoniae the values are
0.151, 0.219 and 0.391 at 25, 35 and 45 mg/ml of silver nanoparti-
cles and at 1 h of exposure respectively as shown in Fig. 8.
415
3.9. Antifungal activity

To evaluate the antifungal potential of biosynthesized silver
nanoparticles, 1 mg of silver nanoparticles were dissolved in
1 ml of DMSO. 100 mL of nanoparticles were pipetted out and



Fig. 6. Scanning electron micrograph of silver nanoparticles. A) SEM micrograph at 10,000x. B) SEM micrograph at 30,000x. C) Nano measurer analysis. D) ImageJ analysis of
Ag-NPs.
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poured into wells that were already made in sterilized PDA plates
and inoculated with fungal isolates. Maximum zones of inhibition
were observed against Fusarium solani (14.3 ± 0.6 mm), followed by
Rhizoctonita solani (12.3 ± 0.76 mm), and Fusarium proliferatum (11.
7 ± 0.81 mm) as shown in Fig. 9. Amphotericin B and DMSO were
used as a positive and negative control, respectively. The activity
was performed three times and their means were taken as actual
inhibition zones.

3.10. Insecticidal activity

Test compound of dose in ppm (100, 200, 300, 400, and 500)
were sprayed on insects Tribolium castaneum, followed by incuba-
tion for 24 h without food, and mortality counts were noted after
exposure. The activity was performed on 10 insects. Silver
nanoparticles showed maximummortality of 30% (3 insects killed)
at a concentration of 500 ppm, followed by 10% (1 insect killed) at
400 ppm as shown in the figure. The silver nanoparticles showed
no activity at 100–300 ppm. Positive control Mortein Coopex
showed maximum mortality at 500 ppm which is 70% (7 insects
killed) as shown in Fig. 10. Negative control DMSO showed no
activity and all the insects were found alive after 24 h of exposure.

3.11. Antioxidant assay

DPPH (2,2-diphenyl-1-picrylhydrazyl) free radicals were
exposed to test sample of varying concentrations in order to eval-
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uate the antioxidant potential of silver nanoparticles. The silver
nanoparticles successfully scavenged the DPPH free radicals upto
53.43 ± 0.17, 43.26 ± 0.97, 31.39 ± 0.33, 24.62 ± 0.85, and 14.13 ±
0.12% at a Conc. of 400, 200, 100, 50, and 25 mg/mL respectively
as shown in Table 1. The antioxidant activity of silver nanoparticles
were found dose dependent. The activity increased with increase in
the concentration of nanoparticles.

4. Discussion

Green technology used for the synthesis of nanoparticles gained
significant importance in research community in recent years due
to their simple, nontoxic, less time consuming, and cost effective
nature, and also due to their feasibility for large scale production.
In the current study, Ag-NPs were prepared from the extract of
Spirogyra hyalina by utilizing green synthesis approach and then
their antibacterial, antifungal, insecticidal, antioxidant and mem-
brane damage activity were determined. In addition to this, differ-
ent analytical techniques such as UV–visible spectroscopy, FTIR,
SEM, EDAX and XRD were used for the characterization of Ag-
NPs. From UV–visible spectroscopy, it was observed that sample
had absorbed energy at 451 nm which was a characteristic peak
value of Ag-NPs, same results were also found by (Bolea et al.,
2014). Beside this, absorption peak at 451 nm with no other peak
displayed high purity of the nanoparticles. Different researchers
observed strong absorption peak of Ag-NPs below 450 nm wave-
length and concluded that it was due to red shift of the samples



Fig. 7. A & B) Antibacterial assay of silver nanoparticles.

Fig. 8. Membrane damage assay of silver nanoparticles.

Fig. 9. Antifungal activity of silver nanoparticles.

Fig. 10. Insecticidal activity of silver nanoparticles.
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appealed at 500 �C and 700 �C and also stated that in materials
transition, when an electron gain some energy, it makes transition
from lower energy level to higher energy level (Gurunathan et al.,
2009; Kouvaris et al., 2012).

FTIR analysis of Spirogyra hyalina silver nanoparticles showed
interrelation of different functional groups and vibrations of func-
tional groups i.e. alkanes, phenol, alcohols, aromatics, alkenes,
alkayl-halids and aliphatic amines, which were the stretching
vibration peaks of Ag-NPs. Dinesh et al., 2012, also reported similar
results. Furthermore, it was determined that the peaks were due to
–C = O–, C–O–C and C–O stretching vibrations in carboxylic acid,
polysaccharide and amino acid respectively. Similar results were
also reported by Umoren et al., 2014 by utilizing red apple.

The SEM micrograph of the synthesized Ag-NPs confirmed the
spherical morphology of the Ag-NPs showing particle size in the
range of 52.7 nm confirmed by Nano-measurer and ImageJ analy-
sis. Furthermore, the morphology of Ag-NPs synthesized was
hexagonal which is in agreement with our results but the size of
417



Table 1
Antioxidant potential of silver nanoparticles.

NPs Conc (mg/mL) DPPH (%FRSA)

Ag-NPs 400 53.43 ± 0.17
200 43.26 ± 0.97
100 31.39 ± 0.33
50 24.62 ± 0.85
25 14.13 ± 0.12
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the nanoparticle in the current study was greater as compared to
(Faisal et al., 2020; Al-Radadi., 2018) which might be due to differ-
ent synthesis conditions like temperature, time of incubation, nat-
ure of plant extract and handling applications.

In addition to this, EDAX analysis was accomplished which
showed pure Ag-NPs phases and major peak was observed at
2.5 keV in EDAX spectrum representing pure silver in the test sam-
ple. The EDAX spectra of Ag-NPs presented from simple precipita-
tion method using silver nitrate was the starting materials for the
synthesis of nanoparticles. The results of EDAX spectrum showed
that pure Ag-NPs were prepared successfully with intense peaks.
However, additional peaks were observed in the spectrum that
showed involvement of algae biomolecules during the synthesis
of nanoparticles. The same EDAX pattern of Ag-NPs with high
purity were recorded by (Jena et al., 2013) in their studies.
Abdel-Raouf et al. (2018) also performed similar study to identify
the purity of Ag-NPs by utilizing EDAX analysis and observed pure
silver and additional peaks in the spectrum that showed purity of
the sample.

Moreover, XRD analysis was performed to determine the size
and crystallanity of the biosynthesized silver nanoparticles. XRD
spectrum displayed the planes orientation and crystalline nature
of Ag-NPs. The major observed XRD peaks were 329, 567, 1159,
396, 327, 330, and 341 at 2Theta or diffraction angle of 27.96,
32.32, 38.24, 44.44, 46.32, 64.56, and 77.48 degrees respectively.
The distinct XRD reflection planes confirms the fcc crystal mor-
phology and average crystal size of 48.81 nm, this agreed with
the International Center of Diffraction Data card (JCPDS-36–1451)
and hence confirmed the synthesis of crystalline hexagonal struc-
ture which coincide with the results of (Faisalet al., 2020).

In bactericidal activity, the largest zone of inhibition was
observed for Pseudomonas aeruginosa (18 ± 1.2), followed by Bacil-
lus cereus (17.23 ± 0.7), Staphylococcus aureus (15.35 ± 1.1), and
Klebsiella pneumoniae (14.42 ± 1.4), respectively. Silver nanoparti-
cles have the capability to interact with the cell membrane of bac-
teria and cause damage to it by releasing their intracellular
materials to external medium (Ansari et al, 2014), which was con-
firmed by the absorbance at 260 nm in the membrane damage
assay. Nanoparticles treated culture suspension of Pseudomonas
aeruginosa showed an increase in the A260 value with respect to
the increase in nanoparticles concentration. The A260 values of
Pseudomonas aeruginosa were 0.286, 0.434 and 0.629, for Bacillus
cereus the values were 0.173, 0.356 and 0.569, for Staphylococcus
aureus the values were 0.361, 0.519 and 0.621, for Klebsiella pneu-
moniae the values were 0.151, 0.219 and 0.391 at 25, 35 and 45 mg/
ml of silver nanoparticles, and at 1 h of exposure, respectively. The
bactericidal activity of the silver nanoparticles is used due to their
interaction and inhibition of bacterial cell membrane (Slavin et al.,
2017). The maximum damage was observed for Pseudomonas
aeruginosa at 45 mg/ml of Ag-NPs. The antibacterial, antifungal
and other biomedical activities greatly depends on the size and
concentration of nanoparticles, small sizes cross the bacterial pro-
tective walls easily and penetrate to damage it (Lok et al., 2007).
The antifungal potential of the algae mediated nanoparticles were
also evaluated and maximum zone of inhibition was observed
against Fusarium solani (14.3 ± 0.6 mm), followed by Rhizoctonita
418
solani (12.3 ± 0.76 mm), and Fusarium proliferatum (11.7 ± 0.81 m
m). Nanoparticles were sprayed on Tribolium castaneum (a com-
mon grain pest) and a dose dependent insecticidal activity was
observed. At 500 ppm concentration of nanoparticles, 3 insects
were killed by nanoparticles out of 10, and a 30% mortality rate
was observed. Our results are contradicting at this stage with the
results of (Ghazala and Shameel, 2005) due to different methodolo-
gies and insecticidal agents used.

Antioxidants are compounds that help prevent or reduce cell
damage caused by free radicals, which are unstable molecules pro-
duced by the cell in response to environmental and other stresses.
They’re also known as ‘‘free-radical scavengers”. Antioxidants can
come from both natural and synthetic sources. Silver nanoparticles
are potent antioxidants (Mittal et al., 2012). The silver nanoparti-
cles successfully scavenged the DPPH free radicals up to 53.43 ± 0.
17, 43.26 ± 0.97, 31.39 ± 0.33, 24.62 ± 0.85, and 14.13 ± 0.12% at a
Conc. of 400, 200, 100, 50, and 25 mg/mL respectively. DPPH free
radicals can be easily scavenged by Ag-NPs and thus proved itself
a strong candidate to be used in antioxidant assays.

Our findings thus, endorse the bio-safe nature of the silver
nanoparticles and thus gives a clear picture that Spirogyra hyalina
mediated silver nanoparticles are stable and can be used for ther-
apeutic applications in-vivo.

5. Conclusion

It is concluded from the study that silver nanoparticles can be
easily synthesized by using green algae Spirogyra hyalina as a cap-
ping and reducing agent. The biomolecules of Spirogyra hyalina sta-
bilize the silver ions in the reduction process and prevent the
oxidation of silver ions from external factors as confirmed by
advance spectroscopic characterization via FTIR, UV, XRD, EDX,
and SEM. Furthermore, the silver nanoparticles showed potent
antibacterial, antifungal, antioxidant and insecticidal activity and
thus it can be used as a potent therapeutic agent. However, for
in-vivo use, cytotoxicity assay is recommended to be performed
to ensure the biosafe nature of silver nanoparticles.
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