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Abstract
The development of nanoparticles derived from noble metals has garnered significant attention in recent years, particularly 
with gold and silver being identified as prominent options for production of nanoparticles. The increasing interest in silver 
nanoparticles synthesis is due to its multidimensional applications such as water treatment, biosensor, food packaging and 
preservation, anti-microbial, anti-cancer and anti-inflammatory. Based on its diverse applications, the present study aimed to 
synthesize silver nanoparticles (SAgNPs) using Spirulina platensis extract as a green source and evaluate their antibacterial, 
antioxidant, and biocompatible properties. Techniques including UV spectroscopy, scanning electron microscopy (SEM) and 
Fourier transform-infrared spectroscopy (FTIR) were used to characterize the synthesized SAgNPs. The antioxidant activity 
was determined through DPPH radical scavenging activity, while the antibacterial activity was assessed using disk diffusion 
method. Results from UV- spectroscopy revealed a peak absorption at the range of 400–500 nm, with a prominent peak at 
423 nm, which confirms the successful biosynthesis of SAgNPs. SEM analysis indicated an average particle size ranging 
from 50–70 nm. Results from FTIR analysis identified different functional groups (OH-, carbonyl and amino acids) which 
stabilized the nanoparticles synthesis. Hemolysis assay demonstrated less than 5% hemolysis at all the concentrations studied 
(100–12.5 µM) that represents the biocompatible nature of SAgNPs. The synthesized SAgNPs showed potent antibacterial 
activity against both S. aureus and E. coli. Furthermore, the nanoparticles displayed notable antioxidant activity, as evidenced 
by the antioxidant assay. In conclusion, the biosynthesized SAgNPs derived from Spirulina platensis demonstrated potential 
antibacterial, antioxidant, and biocompatible properties. These findings highlight the potential of utilizing Spirulina platensis 
for the biosynthesis of AgNPs with diverse applications in biomedical and pharmaceutical fields.
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1 Introduction

The term nanotechnology, as defined by the Royal Society, 
is “the design, characterization, production and application 
of structures, devices and systems by controlling shape and 
size at the nanometer scale”[1]. It is a fast-growing multidis-
ciplinary field because of its wide scope of uses in various 
areas of science and technology. The applications of nano-
particles are developing quickly on multiple fronts includ-
ing, biomedical, transportation, biosensors, drugs, vehicles, 
catalysis, drug delivery, food technology, medical services, 
horticulture, antimicrobial, and water purification [2].

Inorganic metals such as Ag, Au, Fe, Se, Si etc. have 
diverse roles in nanotechnology. Among these, silver nano-
particles (AgNPs) offer significant interest in accelerating 
scientific progress in modern nanotechnology research [3]. 
Silver nanoparticles (AgNPs) have broad utility across multi-
ple domains including drug discovery, luminescence, renew-
able energy technologies, textiles, food industries, electron-
ics, optics, cosmetics, catalysis, wound dressing, dentistry, 
and agriculture [4]. Green-synthesized AgNPs have been 
documented to possess diverse biological properties such as 
anti-inflammatory, antidiabetic, antiplasmodial, anticancer, 
antibacterial, antiviral and antioxidant attributes [3, 5].

There are several chemical and physical methods avail-
able for conventional synthesis of AgNPs. However, these 
conventional methods holds a range of disadvantages such as 
high energy consumption, toxic chemicals usage, and often 
yield particles in non-polar organic solutions, thus making 
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them undesirable for biomedical applications [6]. The recent 
advancements in green synthesis of nanoparticles deliver an 
effective approach to overcome issues related to conventional 
approaches. They provide cost-effective, eco-friendly methods 
and also allow easy scale-up for large scale production of NPs. 
Green synthesis of NPs can be achieved by using microorgan-
ism and plants without the need of any toxic chemical use [7, 
8]. The biological entities found in these biological systems 
serve as both reducing and capping agents in biosynthesis of 
nanoparticles. For instance, certain intracellular or extracel-
lular proteins, functional groups and peptides reduce precursor 
salts into nanoparticles thereby acting as a stabilizing agent 
[9, 10].

Among various living organisms, algae have been widely 
used for the green synthesis of several metallic and metal oxide 
nanoparticles, because of their rapid growth, easy handling 
and fast biomass growth as compared to higher plants. To date, 
various algal strains have been investigated to synthesize dif-
ferent types of nanoparticles using the green approach. Blue-
green algae (order: Chroococcales) has been classified into 
two families, Chroococcaceae and Entophysalidaceae. Both 
these families are distinguished based on their growth habitat 
forming colonies [11]. Spirulina platensis, a filamentous, blue-
green algae has been widely used for the synthesis of AgNPs. 
These are free floating in nature and contains multicellular 
trichomes with one open end and left-handed helix [12]. S. 
platensis has high protein content (~ 60–70%), rich in essential 
amino acids, fatty acids, antioxidants, and vitamins. As most 
of these molecules are involved in stabilizing nanoparticles, 
S. platensis is widely used for green synthesis of nanoparti-
cles and also serves as a major contributor for the synthesis 
of AgNPs [13].

Based on literature and to the best of our knowledge lim-
ited studies on Spirulina platensis biomass extract mediated 
AgNPs have reported the biocompatibility and antioxidant 
analysis. Therefore, the present study reported the green 
synthesis and optimization of silver nanoparticles using 
Spirulina platensis biomass extract (cell free extract) and 
evaluated its biocompatibility, antioxidant and antibacterial 
activity. The characterization of these synthesized SAgNPs 
was carried out through UV–Vis spectroscopy for determin-
ing the surface plasma resonance peak of the nanoparticles, 
scanning electron microscopy and energy dispersive X-ray 
spectroscopy to determine the shape, size as well as elemen-
tal analysis of the synthesized nanoparticles.

2  Material and Methods

2.1  Materials

Silver nitrate  (AgNO3) and ascorbic acid were 
acquired from Daejung Chemical Co.,  Korea. 

2,2-diphenyl-1-picrylhydrazyl (DPPH) was obtained from 
Sigma-Aldrich. Ethanol was obtained from BDH Labora-
tory Supplies. Spirulina platensis (biomass) was obtained 
from the culture collection in America. The chemicals and 
reagents used were all analytical grade.

2.2  Preparation of Spirulina Biomass Extract

The algal biomass extract was prepared by following the 
procedures mentioned by Muthusamy et al. [14] with slight 
modifications. The culture was maintained in conical flasks 
with Zarrouk’s media [15] under 30 W fluorescent lights 
for 16:8 h light and dark cycles. Subculturing was done at 
regular intervals to maintain the growth potential of micro-
algae. Through filtration method Spirulina was harvested 
and washed thoroughly to remove any extraneous material. 
5 g of wet biomass was mixed with 50 ml deionized water 
in 100 ml Erlenmeyer flask and was kept in shaker incuba-
tor for 1 h at 50 ℃. The resulting extract was filtered with 
Whatman filter No. 1 and the filtrate was stored at 4 ℃ for 
further use.

2.3  Biosynthesis of Spirulina Mediated AgNPs

The spirulina extract mediated silver nanoparticles 
(SAgNPs) were prepared using 1 ml of Spirulina platensis 
extract (SPE) mixed with 5 ml of 1 mM silver nitrate aque-
ous solution. The resulting solution was kept in sunlight for 
10 min and then kept in dark in shaking incubator at 30℃ 
for 24 h. Synthesis of SAgNPs from spirulina extract was 
indicated by color change of solution. (light green to yellow 
brown) [14].

2.4  Characterization of SAgNPs

2.4.1  UV–Visible Spectroscopy

The bio-reduction of silver ions by Spirulina biomass extract 
and formation of SAgNPs was observed by taking absorb-
ance in the range of 300–700 nm using Epoch 2 microplate 
UV–Vis spectrophotometer (Agilent, Santa Clara, USA). 
The Spirulina biomass extract absorbance was also meas-
ured for comparison. The spectrum was plotted between 
wavelength and absorbance on X and Y axis.

2.4.2  Scanning Electron Microscopy (SEM) Analysis

The size and morphology of synthesized SAgNPs was exam-
ined by Scanning electron microscope (JSM-IT 100, Tokyo, 
Japan) at Dow Dental College, Dow University of Health 
Sciences, Karachi, Pakistan. The elemental composition of 
SAgNPs was determined via energy dispersive X-ray spec-
troscopy (EDX). The sample for SEM–EDX was prepared 
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by placing a small amount of SAgNPs sample on carbon 
tape mounted on aluminium stub followed by gold sputter-
ing for 30 s.

2.4.3  Fourier‑Transform Infrared (FT‑IR) Spectroscopy

Fourier-transform infrared (FT-IR) spectroscopy was per-
formed for the identification of functional groups present 
on the surface of SAgNPs. Briefly SAgNPs solution was 
centrifuged for 20 min at 10,000 rpm then washed twice 
using deionized water and once with absolute ethanol. The 
Pellet was then left to air-dry and then it was ground to make 
fine powder to be used for FTIR analysis. The FT-IR analysis 
was done within the range of 3500–800  cm−1 using Cary 630 
FTIR spectrometer (Agilent, Santa Clara, USA).

2.5  Antioxidant Activity Analysis

Identification of free radical scavenging activity of SAgNPs 
was done using DPPH method as described by Blois with 
slight modification [16]. Firstly, a 0.1 mM DPPH solution 
was prepared using 95% ethanol. Then from the prepared 
DPPH solution, 100 µL was mixed with 100 µL SAgNPs 
solution at different concentrations (25 µM-6.25 µM). In 
ethanol solution, DPPH gives violet/purple coloration which 
in the presence of antioxidants decolorizes to shades of yel-
low. The reaction was performed using a 96-well plate and 
was left in dark for 30 min at room temperature and pressure. 
The absorbance was measured with a microplate reader at 
517 nm wavelength. In the control, the sample was substi-
tuted with deionized water. Antioxidant activity of spirulina 
extract, ascorbic acid and silver nitrate solution at equivalent 
concentration was also evaluated. To calculate the scaveng-
ing activity, the following equation was used:

where Ac is the absorbance of control and As is the absorb-
ance of sample/extract/standard.

2.6  Hemolysis Assay

The hemolysis test was performed by the method described 
by Luna-Vázquez-Gómez, R., et al. [17] with slight modifi-
cations. Erythrocyte’s suspension was prepared using fresh 
blood samples taken from healthy individuals after getting 
informed consent. The blood sample was centrifuged for 
5 min at 500 rcf and then washed three times with normal 
saline (0.9%). After washing, 2% (v/v) RBCs suspension was 
prepared in normal saline. The samples for hemolysis test 
were prepared by adding SAgNPs at different concentrations 
(100 µM, 50 µM, 25 µM and 12.5 µM) to 2% RBCs suspen-
sion. The SAgNPs were substituted with water in positive 

Radical Scavenging activity(%) = [(Ac − As)∕Ac] × 100

control and normal saline in negative control respectively. 
The contents were mixed by gently inverting the sample and 
control containing microcentrifuge tubes. After mixing, all 
the tubes were incubated at 37℃ for 1 h in water bath. After 
incubation, the tubes were centrifuged at 500 rcf for 5 min. 
Finally, 200 µL of supernatant was added carefully in a 96 
well plate, without disturbing the pellet and absorbance was 
taken spectrophotometrically at the wavelength of 540 nm. 
To calculate the percentage hemolysis of RBCs, the follow-
ing equation was used:

where, As, An and Ap indicate the absorbance of S-AgNPs 
sample, negative control, and positive control, respectively.

2.7  Antibacterial Activity Analysis

Antibacterial activity of SAgNPs was investigated using 
well diffusion method. Briefly the fresh cultures of Staphy-
lococcus aureus (ATCC No:25923) and Escherichia coli 
(ATCC No:35218) were used in this experiment to prepare 
the inoculum in Nutrient Broth incubated for 24 h at 37℃. 
The turbidity of both bacterial suspensions was adjusted to 
0.5 McFarland standard. Each bacterial suspension was then 
spread uniformly on the Mueller–Hinton agar (MHA) using 
a sterile glass spreader. After spreading, wells were pre-
pared in the agar plate and 50 µl of sterile water as control, 
1 mM SAgNPs, 0.5 mM SAgNPs, silver nitrate solution, and 
spirulina extract were added in the wells. Then the plates 
were incubated for 24 h at 37℃ and antibacterial activity of 
SAgNPs was evaluated by measuring the zone of inhibition.

2.8  Statistical Analysis

Data was analyzed using IBM SPSS Statistics software ver-
sion 26. For comparison analysis, the One-Way ANOVA test 
was performed followed by Tukey and Games-Howell post 
hoc tests in case of equal and unequal variance, respectively. 
P-value 0.05 or less was considered statistically significant.

3  Results and Discussion

The green synthesis of nanoparticles, employing biologi-
cal components such as plant extracts and microorganisms, 
represents a significant domain in nanotechnology. This 
method is an environmentally safe option for nanoparticles 
synthesis compared to the chemical and physical synthe-
sis methods. Green synthesis operates under mild reaction 
conditions, eliminating the need for high-energy inputs and 
harsh conditions, thereby reducing environmental impact. 
Furthermore, the resulting nanoparticles exhibit favorable 

Hemolysis(%) = [(As − An)∕(Ap − An)] × 100
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biocompatibility and non-toxic characteristics, making them 
suitable for diverse biomedical applications. Overall, the 
green synthesis of nanoparticles using biological elements 
presents a promising and sustainable alternative to tradi-
tional methods [18].

3.1  Synthesis of SAgNPs

A straightforward, affordable, and ecologically friendly 
strategy was chosen for the preparation of SAgNPs. The 
current study demonstrated the formation of AgNPs using 
S. platensis biomass extract as reducing agent. During nano-
particles synthesis, the mixing of the Spirulina extract (SPE) 
with aqueous silver nitrate resulted in yellowish brown col-
oration indicating the formation of Spirulina extract medi-
ated silver nanoparticles (SAgNPs) as shown in Fig. 1. Since 
silver NPs are known for their propensity to stimulate sur-
face plasmon vibrations, this gives them a yellowish-brown 
color in aqueous solution [19]. Similar color change has also 
been reported extensively in literature [20, 21].

3.2  Characterization of SAgNPs

3.2.1  UV–Vis Spectroscopy of SAgNPs

UV–Visible spectra of the synthesized nanoparticles were 
taken in the range of 300 nm to 600 nm. The synthesized 
SAgNPs showed peak in the range of 400 nm to 500 nm 
with maximum absorbance at 423 nm as shown in Fig. 2. 
According to earlier research, AgNPs can be discovered 
in the 400–550 nm region of the UV–visible spectrum. 
As a result, the formation of more SAgNPs was primarily 
responsible for the rise of the peak intensity [22]. Studies 
on green synthesis of AgNPs reported by Ahmed et al., and 

El Rabey et al., also demonstrated the AgNPs absorbance in 
the similar range [23, 24].

3.2.2  SEM and EDX Analysis

The size and shape of SAgNPs was observed through scan-
ning electron microscopy (SEM) which gave a clear image of 
SAgNPs confirming the synthesis of nanoparticles Fig. 3a. 
The identified particles were roughly spherical shaped with 
the size range from 50 to 70 nm. In the sample, the pres-
ence of silver was confirmed by EDX reading in its desired 
state. The EDX graph also showed the presence of silicon 
(Si) and calcium (Ca). This is probably due to the presence 
of substrate (coverslip) over which the SAgNPs sample was 
placed during SEM microscopy Fig. 3b. The findings of the 
present study were in accordance with the previous studies 
that reported a similar size range of AgNPs [25, 26].

3.2.3  FT‑IR Analysis of SAgNPs

The presence of functional groups responsible for stabil-
ity and synthesis of silver nanoparticles was investigated by 
FT-IR spectroscopic analysis. The peaks obtained in FT-IR 
spectra confirmed the presence of Spirulina extract mediated 
silver nanoparticles as observed in Fig. 4. Upon the forma-
tion of AgNPs, significant changes were observed in the 
spectrum of spirulina extract mediated AgNPs. FTIR analy-
sis is commonly employed to identify functional groups in 
compounds. The vibrational frequency of the OH groups in 
the FTIR spectrum became broader, indicating the presence 
of hydrogen bonding and the involvement of amine function-
alities in the stabilization of the nanoparticles. Additionally, 
the carbonyl stretching vibration became more intense, sug-
gesting the participation of amino acid groups in the stabili-
zation process. Previous investigations have also shown the 
involvement of hydroxyl and amino acid functionalities in 
nanoparticle stabilization [27–29]. Phytochemicals present 
in microalgae serve as both metal-reducing agents and strong 

Fig. 1  Synthesis of SAgNPs as indicated by color change from left to 
right (a) Spirulina platensis extract (b) Aqueous  AgNO3 (c)  AgNO3 
with Spirulina extract before incubation (d)  AgNO3 with Spirulina 
extract after 24 h incubation
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Fig. 2  UV–Vis spectra of Spirulina Extract and SAgNPs
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coating agents on nanoparticles. These phytochemicals con-
tain amino, carboxyl, and hydroxyl functional groups. The 
presence of these groups likely contributes to silver ions 
reduction and their subsequent stabilization on the surface 
of the nanoparticles [30]. These findings further support the 
understanding of the underlying mechanisms involved in the 
green synthesis and stabilization of nanoparticles through 
biological extracts.

3.3  Antioxidant Activity

The antioxidant activity of SAgNPs at different concentra-
tions (25 µM, 12.5 µM and 6.25 µM) was determined with 
DPPH free radical scavenging assay. As shown in Fig. 5, 
SAgNPs demonstrated 46.6%, 43.7% and 42.4% antioxidant 
activity at 25, 12.5 and 6.25 µM concentration. The SAgNPs 
antioxidant activity was significantly high in comparison to 

Fig. 3  (a) SEM micrograph and (b) EDX plot of SAgNPs

Fig. 4  FTIR spectrum of (a) 
Spirulina dried powder and (b) 
SAgNPs

3486
O-H 

1000 
C-O-H 

1640
C=O 

3290 
O-H 

   1100 
C-O-H 

1640
C=O 



 BioNanoScience

both silver nitrate and spirulina biomass extract (p ≤ 0.000). 
The standard ascorbic acid at the same concentrations men-
tioned above showed non-significant difference in the radical 
scavenging activity compared to SAgNPs. The DPPH radi-
cal is a stable nitrogen-centered radical. The ability to scav-
enge these DPPH radicals indicates the efficacy of sample 
for antioxidant activity. Previously done research by Ismail, 
G. A. et al., and Chakraborty eta l., also support our data 
[21, 31]. The results indicated that SAgNPs exhibited higher 
antioxidant activity compared to the S. platensis extract. It 
is important to note that the reducing activity found in each 
case is influenced by the structural characteristics of the 
studied antioxidant (AgNPs) [32, 33].

3.4  Hemolysis Assay

The emergence of silver nanoparticle-based therapeutics has 
prompted concerns regarding their potential toxicity. It is 
hypothesized that the observed membrane damage and cell 
death associated with silver nanoparticles may be attributed 
to their strong affinity for thiol groups present in biologi-
cal constituents, such as proteins and phospholipids within 
the cellular membrane [34, 35]. It is essential to look at 
how nanoparticles affect blood, specifically erythrocytes, 
to determine whether or not they are biocompatible with 
the human body. Using a blood hemolysis test, the biocom-
patibility of our synthesized SAgNPs was estimated. For 
this purpose, various concentrations of SAgNPs were tested 
against hemolysis of RBCs using suspended RBCs in normal 
saline as negative control whereas suspended RBCs in dis-
tilled water as positive control. According to Figs. 6 and 7, 
hemolysis of 4.39% and 0.28%, was seen at concentrations 
of 100 µM and 50 µM SAgNPs and at 25 µM and 12.5 µM 
concentration 0.1% hemolysis was observed. All SAgNPs 
concentration significantly reduced RBCs hemolysis as 
compared to positive control (P ≤ 0.000). The hemolysis 

percentage decreased as the concentration of SAgNPs 
decreased. Our results are in agreement with the research 
studies related to biocompatibility analysis of AgNPs using 
hemolysis assay [36, 37]. According to the E2524-08 stand-
ard of American Society for Testing and Materials (ASTM), 
the hemolysis rate less than 5% fits within the biocompatible 
range [38]. SAgNPs were found to be biocompatible with 
erythrocytes in our investigation at various concentrations. 
The biocompatible characteristics of SAgNPs is mostly due 
to the biogenic synthesis of nanoparticles by cyanobacteria.

3.5  Antibacterial Activity

Antibacterial activity of SAgNPs was performed with two 
different concentrations (1 mM and 0.5 mM) against two 
human pathogenic bacteria, S. aureus (gram-positive) and 
E. coli (gram-negative). In the case of E. coli, the zone of 
inhibition (ZOI) was observed at both 1 mM and 0.5 mM 
concentration of SAgNPs with a diameter of 15.5 mm and 
15 mm respectively. Ciprofloxacin demonstrated 28.7 mm 
ZOI which was significantly higher than both the concen-
trations of SAgNPs (P ≤ 0.000) (Figs. 8, 9 and 10). Sim-
ilarly in the case of S. aureus, only 1 mM SAgNPs con-
centration showed 14.5 mm ZOI which was significantly 
high (P ≤ 0.010) in comparison to Ciprofloxacin (10.5 mm 
ZOI). However, the difference was non-significant between 
penicillin (16 mM ZOI) and SAgNPs. Similar observations 
have also been reported using Penicillium brasilianum NP5 
Plumeria alba mediated AgNPs synthesis [39, 40]. Silver 
nitrate and Spirulina extract didn’t show any antibacterial 
activity (Figs. 8, 9 and 10). The results obtained are sum-
marized in Table 1. Among the tested bacteria, the varia-
tions in sensitivity towards SAgNPs may be attributed to 
the differences in the composition of bacterial cell wall. 
Gram-positive bacteria possess a thick peptidoglycan layer 
(20–30 nm) between the cytoplasmic membrane and the 

Fig. 5  DPPH radical scaveng-
ing activity. Spirulina extract 
is represented as SPE. Data is 
expressed as Mean ± Standard 
Error of Mean. *** repre-
sents significant difference 
(P ≤ 0.000) of SAgNPs different 
concentration in comparison to 
SPE and Silver nitrate
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non-lipid outer membrane, whereas Gram-negative bacteria 
have a thin peptidoglycan layer (approximately 3 nm) and 
an outer lipid membrane. This disparity could explain the 
heightened antibacterial activity of SAgNPs against Gram-
negative strains, such as E. coli. The antibacterial activity of 
AgNPs is attributed to their small size, limited volume area, 

and crystalline structure, which can disrupt the bacterial cell 
wall by creating perforations or pits. This disruption leads to 
the release of crucial membrane proteins and lipopolysac-
charide molecules. Additionally, the interaction between sul-
fur- and phosphorus- containing compounds, (like proteins 
and DNA) with the released silver ions  (Ag+), is proposed 

Fig. 6  RBCs hemolysis by 
SAgNPs. (a) Negative Control 
(b) Positive Control (c) 100 µM 
S AgNPs (d) 50 µM SAgNPs 
(e) 25 µM SAgNPs (f) 12.5 µM 
SAgNPs

Fig. 7  Biocompatibility assay 
of SAgNPs. Positive control 
is RBCs in deionized water 
and negative control is RBCs 
in 0.9% normal saline. *** 
represents significant difference 
(P ≤ 0.000) of SAgNPs different 
concentration in comparison to 
Positive control
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to cause cell damage, resulting in the inhibition of cellular 
metabolic activities. Furthermore, AgNPs can induce anti-
bacterial effects by releasing  Ag+ ions upon contact with 
bacteria, which consequently modulate the intracellular 
signaling pathways of microbial cells potentially leading to 
apoptosis. This occurs through a series of events including 
interruption of intracellular oxygen reduction, interaction 
with respiratory chain proteins on cell membranes, genera-
tion of free radicals and reactive oxygen species (ROS) pro-
duction that leads to cellular oxidative stress. Overall, these 
findings provide substantial support for the antibacterial 
activity of SAgNPs synthesized using S. platensis extract, 
which is mediated by multiple mechanisms including physi-
cal disruption of the cell wall, interaction with cellular com-
ponents, and induction of oxidative stress [41–44].

4  Conclusion

In conclusion, the biosynthesis of silver nanoparticles 
(SAgNPs) using S. platensis extract demonstrated remark-
able stability, antibacterial efficacy, antioxidant potential, 
and biocompatibility. These findings highlight the prom-
ising applications of SAgNPs in various fields, including 
medicine and pharmaceuticals. The use of sustainable 
and environmentally friendly cyanobacterial cells as a 
green resource for nanoparticle production holds signifi-
cant potential for future advancements in nanotechnology. 
However, further research is required to fully explore the 
therapeutic potential of SAgNPs and evaluate their safety 
and efficacy for human use. Overall, this study contributes 
to the growing body of knowledge regarding the utilization 
of biological sources for the synthesis of nanoparticles 
with diverse biomedical applications.

Fig. 9  SAgNPs antibacte-
rial activity against S. aureus. 
Control represents sterile water 
and SPE represents Spirulina 
Biomass Extract

Fig. 10  SAgNPs antibacterial activity against E. coli 

Table 1  Zone of Inhibition of Antibacterial test of SAgNPs

** and *** indicate P ≤ 0.010 and P ≤ 0.000

Bioactive Agent Zone of inhibition (Diameter 
in mm)

E. coli S. aureus

S-AgNPs 1 mM 15.5 ± 0.7 14.5** ± 0.7
0.5 mM 15 ± 0.9 nil

Penicillin nil 16 ± 1.4
Ciprofloxacin 28.7*** ± 0.57 10.5 ± 0.7
Silver nitrate (1 mM) nil nil
Spirulina extract nil nil
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