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A B S T R A C T

The green synthesis of metallic nanoparticles has paved the way for improving and protecting the environment
by decreasing the use of toxic chemicals and eliminating biological risks in biomedical applications. Biological
synthesis of metal nanoparticles is gaining more importance due to simplicity, rapid rate of synthesis and eco-
friendliness. In the present investigation cyanobacterial (Microchaete NCCU-342) cell free aqueous extract has
been used for optimizing biosynthesis of silver nanoparticles (AgNP). The optimized reaction parameters for
efficient synthesis of AgNP were: biomass quantity of 80 μg/ml, pH 5.5, 60 °C temperature, duration of 60min
UV light exposure and 1mM AgNO3 concentration. AgNP was characterized by UV–Visible Spectrophotometery,
Transmission Electron Microscopy and Dynamic light scattering. The smallest nanoparticles (obtained from
biomass parameter were spherical, polydisperessed and in the range of 60-80 nm) were characterized further in a
degradation study of azo dye methyl red. Degradation of methyl red within 2 h was more with AgNP (84.60%) as
compared to cyanobacterial extract (49.80%).

1. Introduction

Nanotechnology deals with the synthesis of nanomaterials using
different systems and their applications. At the nanoscale level, mate-
rials have different chemical, physical, optical, magnetic, and electrical
properties due to their large surface area to volume ratio (Reddy et al.,
2019). At the nanosize sclae penetration potential of particles increases.
The plasmonic properties of nanosilver are governed by shape, size, and
the surrounding dielectric medium. Metal nanoparticles especially
AgNP have been found to be suitable in various applications such as
medical diagnosis (Jain et al., 2006), drug delivery systems
(Elechiguerra et al., 2005), sanitization (Krishnaraj et al., 2010), water
treatment (Prathna et al., 2018) and wound healing (Tian et al., 2007).
It has also been used as a bactericidal material in (Hamouda et al.,
1999), dental materials (Chladek et al., 2011), a coating material for
stainless steel in medical devices (Knetsch and Koole, 2011) and cos-
metics (Kokura et al., 2010). Many medical treatments such as in-
travenous catheters, endotracheal tubes, wound dressings, bone ce-
ments, and dental fillings use nanosilver to prevent microbial infections
(Sun et al., 2005). Currently, sustainability initiatives that use green
chemistry to improve and protect the global environment are becoming
focal issues in many fields of research. This has paved the way for the

greener synthesis of nanoparticles and has proven to be promising due
to slower kinetics, better manipulation, control over crystal growth and
their stabilization. This has motivated an upsurge in research on the
synthesis routes that allow better control of shape and size for various
nanotechnological applications. Instead of using toxic chemicals for the
reduction and stabilization of metallic nanoparticles, the use of various
biological entities has received considerable attention in the field of
nanobiotechnology. Among many possible natural products, biologi-
cally active cyanobacterial products represent excellent scaffolds for
this purpose (Yasin et al., 2018, 2019; Mubarak Ali et al., 2011;
Mahdieh et al., 2012; Roychoudhury and Pal, 2014; Sudha et al., 2013).

Cyanobacterial products play an important role in both reduction
and stabilization of nanoparticles. The dyes are a major class of syn-
thetic organic compounds released by many industries such as paper,
plastic, leather, food, cosmetic, textile and pharmaceutical industries
(Sami and Fatma, 2019; Kulkarni et al., 1985; Zollinger, 1987). These
effluents result in significant environmental pollution. Azo dye com-
pounds are recognized as potential carcinogens (Chung and Cerniglia,
1992; Kusic et al., 2011). The dye effluents are highly resistant to mi-
croorganisms, thus their reduction by using conventional biological
treatment is generally ineffective and also resistant to destruction by
physical and chemical treatments at high effluent concentrations. Saha
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et al. (2017) showed methylene blue dye was degraded with AgNP
(derived from Gmelina arborea tree) within 10min (Saha et al., 2017).
Moreover, Reddy et al. (2016) studied photocatalytic degradation of
rhodamine B, methylene blue and phenol by TiO2/PANI nanocomposite
in the presence of UV light.

Due to the emergence of many applications of AgNP in distinct
fields, there is an increasing demand of AgNP. To fulfill the demand,
there is a pressing need to increase their sources and yield. To achieve
this, optimization of their production process is a very important step.
So in the present study, we have optimized the AgNP synthesis protocol
for size (smallest) and time (quickest) for the degradation of the organic
dye, methyl red. To the best of our knowledge, there is no prior report
on the Microchaete AgNP optimization, characterization and application
of dye degradation.

2. Material and methods

Silver nitrate (99.99%) and methyl orange were purchased from
Sigma-Aldrich Chemical Co, St. Louis, MO, USA. The remaining ana-
lytical grade chemicals were purchased from Merck India. After thor-
ough washing, all glassware was rinsed with distilled water. The
Microchaete sp. NCCU-342 was obtained from the Centre for
Conservation and Utilization of Blue Green Algae, Indian Agricultural
Research Institute, New Delhi and was grown in 500ml Erlenmeyer
flask containing 200ml BG-11 medium at a light intensity of
2000 ± 200 lux; photoperiod 12:12 h light: dark; temperature
30 ± 1 °C. The cultures were swirled twice a day for aeration and
mixing of nutrients. The actively growing starter culture was homo-
genized and adjusted to an optical density of 0.3 at a wavelength
750 nm and allowed to grow. The growth of the test organism was
determined by measuring biomass, chlorophyll and optical density at

Fig. 1. Growth curve of Microchaete adopting different methods A. Gravitational method B. Optical density method C. Chlorophyll estimation method D. Cellular
image of Microchaete.
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Fig. 2. UV, DLS and TEM images of AgNP synthesized from Microchaete A.B.C. Effect of biomass: 80 μg/ml, D.E.F. Effect of pH: 5.5, G.H.I. Effect of temperature:
60 °C, I.J.K. Effect of UV light: 60min, L.M.N. Effect of Molarity: 1 mM.
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750 nm.
After thorough washing with distilled water, biomass was lyophi-

lized and then crushed for powder preparation. This powder (20mg)
was mixed with 10ml of Milli Q water. The extract was then filtered
with Whatman filter paper No. 42. Cell extract (2 ml) was mixed with
1mM AgNO3 (1ml) for nanoprticle synthesis. A change in solution
color from turbid white to reddish brown indicated AgNP synthesis. To
remove any free biomass residue or compound that does not act as the
capping ligand of the nanoparticles, the solution with nanoparticles was
centrifuged at 10,000 rpm for 10min at 10 °C using distilled water (five
times) (Husain et al., 2015).

For optimization of AgNP biosynthesis Microchaete sp. NCCU-342
cell extract was exposed to various conditions (biomass quantity, pH,
temperatures, duration of UV light exposure and AgNO3 concentra-
tions). To check the effect of biomass quantity on synthesis of AgNP,
cyanobacterial extract was sampled at different concentrations (1 ml to
10ml) in 1ml of AgNO3 (1mM). Synthesis and stability of AgNP was
studied at pH from 3 to 11. The temperature for the best synthesis of
AgNP was optimized by incubating the reaction mixture at 30 °C, 40 °C,
50 °C, and 60 °C. Reaction mixtures were also exposed to UV-light for 5
to 60min at 5min intervals. In order to optimize the synthesis of the
AgNP, the effect of different AgNO3 concentrations (0.1 mM to 2mM)
was also studied.

Physical characterization of synthesized AgNP was done with
standard characterization techniques including UV-VIS spectra, TEM
and DLS. For UV-VIS spectra, appropriate aliquots were withdrawn
from the reaction mixture and the synthesis of AgNP was confirmed.
Thin films of the samples were prepared by dropping a very small
amount of the sample on the carbon coated grid and then observed by
High Resolution Transmission Microscopy (HR-TEM). Dynamic light
scattering is an important technique generally used to determine the
size distribution pattern of very small particles present in suspension or
solution. The DLS technique is widely used for the characterization of
particles. The mean diameter of AgNP was determined using the DLS
technique with a quartz microcuvette.

To determine the decolorization potential of AgNP a slightly mod-
ified protocol of Wong and Yuen (1996) was adopted. The sample was
prepared in 50mmol/ sodium citrate buffer which contained dye so-
lution [Methyl red (50mg/l)], AgNP (1mg/ml), Biomass extract (2 mg/
ml) and AgNO3 (1mM Samples were taken at 24 h interval and cen-
trifuged at 8000 rpm for 20min). The decrease of color intensity was
analyzed spectrophotometrically at 430 nm (absorbance maximum for
the orange color of methyl red). Methyl red percent dye decolorization
was calculated according to the formula:

= −D 100(Aini Aobs)/Aini

where, D is decolorization (in%), Aini, initial absorbance and Aobs,
observed absorbance.

3. Results and discussion

In the present study growth of Michrochaete was observed as bio-
mass, chlorophyll and optical density at 750 nm (Fig. 1A, B, C, D).
Maximum growth was found on the 24th day in all the methods. Bio-
mass was harvested from the stationary phase cells (24 days old).
Shaarika and Nallusam (2015) also found more efficient AgNP synthesis
with stationary phase Bacillus licheniformis. Due to the large number of
emerging applications of AgNP in distinct fields, demand for this
method has increased. The first step was to take 10mg of powder, mix
with 10ml of Milli Q water and keep at 40 °C. After 24 h, extracts were
filtered with Whatman filter No. 42. Then 2ml of extract was added in
1ml AgNO3 (1mM) and the prepared sample was kept at 30 °C and
pH 6.5 to synthesize AgNP. Synthesis of nanoparticles from cyano-
bacterial extracts was detected by a change in solution color (pale
yellow to blackish brown). After 24 h, appropriate aliquots were with-
drawn and the synthesis of AgNP was confirmed by UV–VIS

spectroscopy in the range of 300–700 nm (Labtronics LT-2800 spec-
trophotometer) operated at a resolution of 1 nm as a function of reac-
tion time. Single parameters were optimized at a time, keeping the
other parameters constant.

The amount of biomass plays a key role in the reduction of Ag+ to
Ago. To optimize the amount of biomass concentrations were varied
from 40 μg/ml-400 μg/ml keeping the other parameters constant. In the
present study 2ml extract (80 μg/ml) and 1ml AgNO3 (1mM) was
found to be best for the AgNP synthesis. The synthesized AgNP showed
maximum absorption peak after 24 h at 440 nm (Fig. 2A). No ag-
gregation was seen at this concentration. On increasing concentration
of biomass (extract) from 200 to 400 μg/ml the peak shifted toward
right (red shift) which indicates the large size of nanoparticles (Morales
et al., 2007). TEM micrograph revealed that in 2ml biomass extract
(80 μg/ml) with 1ml AgNO3 (1mM) nanoparticles sized ranged be-
tween 60 and 80 nm which was also supported by DLS graphs (Fig. 2B,
C). Similarly, it was reported that optimal leaf extract, floral petals
extract and fungus extract play a significant role in AgNP synthesis.
(Dwivedi and Gopal, 2010; Ravichandran et al., 2011; Amit et al., 2012;
Krishnaraj et al., 2012; Sonal et al., 2013).

The relationship between the average size of AgNP and the pH va-
lues of the solution were investigated. Exposure to the reaction mixture
at different pH (3−11) showed different responses during AgNP
synthesis. The highest and sharpest peak was observed at 450 nm at
pH 5.5 (Fig. 2D). It was found that as the pH increases, the peak became
broad and shifted toward the right. It is already known, that the optical
absorption spectra of metal nanoparticles, shifts to longer wavelength
with increasing particle size due to their surface plasmon resonance
(Placido et al., 2009). The sensitivity of AgNP synthesis to pH is due to
the rate at which the extract releases H+ ions and donates electrons that
reduces silver atoms to their metallic state. When the pH is high, the
concentration of H+ ions in the solution is very low causing fast dis-
sociation of solution particles and simultaneous reduction of a large
amount of silver atom, leading to the formation of many nuclei. As a
result, the concentration of reduced atoms decreases and the ac-
celerated growth of the nuclei take place to form nanospheres. At
neutral pH, the rate at which the solution dissociates is lower and so is
the number of nuclei. This allows the available concentration of re-
duced atoms to be such that some of the nuclei have enough time to
grow in to spherical nanoparticles. On the other hand, at low pH the
concentration of H+ ions in the solution is higher causing a slow and
progressive dissociation of extract that gives enough time for the for-
mation of large amounts of AgNP (Rodríguez et al., 2017). At pH 5.5,
TEM micrograph revealed that the size of AgNP was in the range of
40–100 nm with DLS data also supporting the TEM micrographs
(Fig. 2E, F). Moreover the results were in accordance with a previous
study in which nanoparticles were synthesized to produce smaller na-
noparticles at low pH using cyanobacterial extract (Chakraborty et al.,
2009; Dipannita et al., 2012).

Reaction temperature has been considered of great importance
(Krishnaraj et al., 2012). Reaction mixtures were maintained at 30 °C,
40 °C, 50 °C and 60 °C. After 24 h, AgNP synthesis increased with in-
creasing temperature and highest peak (440) was observed at 60 °C
though it was less sharp than 40 °C and 50 °C (Fig. 2G). The sharpest
peak was observed at 50 °C and was selected for further characteriza-
tion. The result showed that AgNP were spherical and in the range of
40–150 nm (Fig. 2H, I). The enhanced rate of synthesis of AgNP might
be the direct result of the effect of temperature on functional groups
present in the extract of Microcheate. At higher temperature (50 °C and
60 °C) smaller particle size results in sharper plasmon resonance bands
of AgNP (Jena et al., 2013; Afreen and Vandana, 2011). The reason for
the decrease in particle size with increasing temperature is due to the
effect of increased reaction temperature. The reaction rate that con-
sumes silver ions to form nuclei step the secondary reduction process on
the surface of the pre-formed nuclei. The size is reduced initially due to
the reduced aggregation of the growing nanoparticles. Nam et al.
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(2008) also found the same in the peptide mediated synthesis of AgNP.
Therefore, by controlling the temperature of the synthetic environment
the size of silver nanoparticles can also be controlled.

The optimization of nanoparticles synthesis can be achieved by al-
tering the UV-light exposure as well (Zhen et al., 2013). Reaction
mixture was exposed to UV light for 5–60min at 5min interval. The
peak height increased with increase in UV exposure time. The highest
peak was observed after 60min at 430 nm (Fig. 2J). In principle, ra-
diation with UV light source excited and heated nanoparticles of certain
sizes and/or shapes that lead to diffusion and evaporation of surface
atoms. Thus, turning the plasmon position accomplishes the char-
acteristics of the nanoparticles. TEM micrographs showed that the size
of the nanoparticles were 40–200 nm which was supported by DLS data
(Fig. 2K, L). Exposure to UV light significantly altered the size, surface
charge, surface chemistry, and dissolution rate of AgNP. Free radical
activity (OH%) was identified as a primary mechanism responsible for
the surface oxidation of AgNP during UV exposure (Mittelman et al.,
2015).

The concentration of AgNO3 plays an important role in the synthesis
and size reduction of nanoparticles. Varied concentrations (0.1-2 mM)
of AgNO3 in a volume of 1ml was studied by taking 2ml biomass ex-
tract (80/μgml), maintained at pH 6.5 and 30 °C temperature. An in-
crease in absorbance of AgNP was observed at concentrations of 1mM
and greater of AgNO3 (Fig. 2M) with a fall in absorbance. The TEM
micrographs showed 70–200 nm AgNP with 1mM AgNO3 and DLS
graphs also supported the TEM data (Fig. 2N, O). Previous reports also
suggested the maximum absorbance of AgNP with 1mM AgNO3

(Husain et al., 2015; Jena et al., 2013; Ravichandran et al. (2011).
However, Srivastava et al. (2011) and Sonal et al. (2013) reported a
maximum yield of AgNP with 0.5 mM and 1.5 mM AgNO3 respectively.

The dye decolorization ability of the AgNP and cell extract of
Microchaete was assayed regularly against azo dye Methy Red (MR). The
decolorization rate of Methy red (50mg/l) with in 2 h was 84.60% with
AgNP (1 μg/ml) and 49.80% from the extract (80 μg/ml) respectively
(Fig. 3A, B). There was no decolorization in the control sample (50mg/l
Methy Red and 1mM AgNO3). AgNP can be successfully used in dye
decolorization because of it has a high surface to volume ratio, it is non-
toxic and cost effective. It is a novel way to treat several dye pollutants.
Further, the literature reveals that the decolorization activity is strongly
dependant on the crystal structure, morphology and size of the particles

(Jyoti and Singh, 2016; Jyoti and Singh, 2016; Selvam and Sivakumar,
2015). However in our study AgNP (84.60%) showed more decolor-
ization of methyl red as compared to cyanobacterial extract (49.80%)
without any mediator within 2 h. These findings showed that MR de-
colorization reaction became more efficient after the addition of AgNP
and the rate of reduction increased with increased concentration of
AgNP in the reaction mixture. El-Sheekh et al. (2009) reported that the
cyanobacteria Nostoc lincki and Oscillatoria rubescens removed 82% of
methyl red (20mg/l) after 3 days. Mahmoud et al. (2009) found com-
plete discoloration of methy red from AgNP, AuNP, and AuNP and
AgNP co-deposited on SiO2 NP (50mg/l) after 70min, 90min and
75min respectively. Other scientists also reported AgNP as a good and
highly efficient alternative to decolorize organic compounds and dyes
(Kumar et al., 2013; Wang et al., 2007)

4. Conclusion

This study has presented an ecofriendly and inexpensive method for
the rapid and large scale synthesis of AgNP using well optimized con-
ditions. To the best of our knowledge there is no report pertaining to the
study of the effect of different culture and physical conditions on bio-
logical synthesis, of AgNP using cynaobacteria. Culture (effect of bio-
mass) and physical conditions (pH, temperature, UV light intensity and
molarity) have been found to affect the maximum yield, rate of
synthesis, and size of AgNP. The study also revealed that synthesized
AgNP showed appreciable dye decolorization ability as compared to
cyanobacterial extract. Thus, AgNP can be used in remediating pollu-
tion due to dyes. However, more efforts are needed to employ biological
AgNP in environmental remediation.
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