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Abstract
The silver nanoparticles were biosynthesized using fungal isolates as well as their mixed cell free �ltrate
acting as a consortium namely, DS-2 (Penicillium oxalicum), DW-8 (Fusarium hainanense) and DSW-28,
respectively. The UV-Visible spectra determined the surface plasmon resonance at 438, 441 and 437 nm
for the silver nanoparticles synthesized by DS-2, DW-8 and DSW-28, respectively. The Tauc’s plot analysis
disclosed the band gap energy between 2.21 eV to 2.24 eV which depicted their ability to act as a
semiconductor. The TEM imaging revealed the spherical shape along with the average particle size of DS-
2 as 11.14 ± 2.39 nm and DW-8 as 7.59 ± 1.31 nm whereas that of DSW-28 as 5.73 ± 0.4 nm. Thus, the
silver nanoparticles synthesized by DSW-28 were smaller in size than the individual isolates. The XRD
pattern of the silver nanoparticles exhibited the crystalline structure corresponding to their peaks. The
FTIR spectra indicates the presence of different functional groups on the surface of the synthesized silver
nanoparticles. The broad-spectrum antimicrobial activity was exhibited by silver nanoparticles
synthesized by DSW-28 against Gram positive, Gram negative bacteria and plant pathogen Fusarium
oxysporum than the individual fungal isolates. The DSW-28 synthesized silver nanoparticles also acts as
an effective antioxidant by depicting their radical scavenging activity against DPPH. Moreover, the silver
nanoparticles synthesized by DSW-28 also inhibited the growth of 4th instar larvae of Aedes aegypti and
Culex quinquefasciatus more e�ciently than DS-2 and DW-8 in a dose-dependent method. The
impressive bioactivity of the silver nanoparticles synthesized by the mixture of cell free �ltrate of various
fungi acting as a consortium recommends their prospective use in agriculture as well as in biomedical as
an antimicrobial, antioxidant and larvicidal agents in future.

Highlights
First report on green synthesis of silver nanoparticles using consortium developed using two marine
derived fungi Penicillium oxalicum and Fusarium hainanense.

Biosynthesized silver nanoparticles were stable at room temperature for more than 6 months.

Antibacterial effect of nanoparticles on three Gram-positive and two Gram-negative bacteria due to
their synergistic effects.

Antifungal effect of nanoparticles against plant pathogenic fungi Fusarium oxysporum 

Antioxidant activity of silver nanoparticles using DPPH.

Larvicidal activity of silver nanoparticles against 4th instar larvae of Aedes aegypti and Culex
quinquefasciatus 

Introduction
Nanoscience explicit a prospering �eld offering a better future which deals with the nano-sized material
within the range of 1-100 nm with varied properties conceding them immense potentials that can be
utilized in diverse applications like agriculture, pharmaceutical, healthcare and medicine [1]. Amidst all
metallic nanoparticles, silver nanoparticles are signi�cantly utilized for their broad-spectrum
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antimicrobial, antioxidative, anticancer as well as larvicidal potentiality [2, 3, 4]. Synthesis of silver
nanoparticles by chemical and physical techniques pose several drawbacks such as utilizing high raw
materials, requiring high temperature and discharging toxic by-products which can be considered
hazardous for both human health as well as agriculture [5, 6]. Moreover, the production of silver
nanoparticles by biological method using natural sources such as plants, fungi, bacteria, algae, archaea
etc. provides an easy, cost-effective and ecologically non-perilous alternative for their large-scale
synthesis. This technique imparts stability and facilitates the fabrication of silver nanoparticles with
desired size and morphology [4, 7]. 

Fungi tends to be more ideal for the biogenic synthesis of silver nanoparticles as they are easy to handle
and harvest in bulk amount, possess high tolerance towards the metal, secrete higher amount of the
unique extracellular proteins and other biomolecules which acts as a reducing as well as capping agents
responsible for the stability nanoparticles [6, 8]. Besides this, the development of a consortium using cell
free �ltrate from different fungal strains provides a novel and unique approach for the biological
synthesis of the silver nanoparticles. The utilization of mixed cell free �ltrate from different fungi
enhances the biofabrication of silver nanoparticles e�ciently than the individual isolates with better
stability, smaller particle size and higher bioactivity as they possess variety of biomolecules from
different fungal sources [9, 10].

In the present study, the fungal isolates were screened out for the synthesis of silver nanoparticles. The
cell free �ltrate of two best screened out fungi namely DS-2 (Penicillium oxalicum) and DW-8 (Fusarium
hainanense) were utilized in equal volumes as a consortium DSW-28 for the production of silver
nanoparticles. The biosynthesized silver nanoparticles using both the individual fungal isolates (DS-2,
DW-8) as well as mixed �ltrate (DSW-28) were further characterized by UV-Visible and FTIR spectroscopic
analysis, TEM imaging and XRD. The Antimicrobial activity of the synthesized silver nanoparticles was
carried out against the three-Gram positive, the two-Gram negative bacteria as well as the plant
pathogenic fungi namely Fusarium oxysporum. Furthermore, the antioxidant and the larvicidal activity of
the synthesized silver nanoparticles were also carried out considering them as an effective antimicrobial
as well as mosquitocidal agents in future.

Experimental
Biosynthesis of Nanoparticles 

The fungal isolates Penicillium oxalicum (DS-2) and Fusarium hainanense (DW-8) (GenBank accession
number: MT647130 and MT647137) were grown in potato dextrose broth in shaking condition (120 rpm)
for 96 h at 28 ºC. Harvested Biomass (6 g) was �ltered through Whatman® �lter paper no. 42 followed by
washing with Milli-Q water and resuspended in 100 mL of Milli-Q water for 24 h at 60 ºC. The biomass
was again �ltered using Whatman® �lter paper no. 42. The acquired cell free �ltrate (CFF) was further
utilized for the biogenesis of silver nanoparticles (AgNPs). For the biosynthesis of silver nanoparticles
(AgNPs), 10 mL of CFF from each fungal strain (DS-2 and DW-8) and their mixture (DSW-28) in ratio of
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1:1 v/v; (pH-9.0) was reacted with 90 mL of 10 mM silver nitrate solution (AgNO3, M.W. 169.87, HiMedia)
at 60 ºC in the water bath. The experiment was carried out in dark condition to avoid any photochemical
reactions.

Characterization of mycosynthesized silver nanoparticles

Characterization of synthesized nanoparticles from monocultures (DS-2 and DW-8) and their consortium
(DSW-28) were carried out using UV-Visible, X-ray diffraction (XRD), Attenuated total re�ectance-Fourier
transform infrared spectroscopy (ATR-FTIR) and Transmission electron microscopy (TEM). Biosynthesis
of silver nanoparticles was analyzed using UV–Vis spectrophotometer (Shimadzu, UV-1800 series) and
absorption spectra were measured in the range of 300 nm to 700 nm. Morphological study (Shape and
size) of the synthesized AgNPs were analyzed by TEM. The surface chemistry of the sample was studied
using ATR-FTIR. Analysis of diffraction patterns were carried out using X-ray diffractometer. CuKα
radiation with a wavelength of 1.5406 nm was recorded in the 2θ range from 0º to 90º and operated at
30 kV and 100 mA. Band gap energy (Eg) of nanoparticles was calculated by using Tauc’s plot.

Antimicrobial activity of silver nanoparticles (AgNPs)

Antimicrobial activity of synthesized AgNPs was carried out against three Gram-positive (B. subtilis, B.
megaterium and S. aureus), two Gram-negative bacteria (P. aeruginosa and E. coli) and the Plant
pathogenic fungi Fusarium oxysporum. The antibacterial activity was carried out via a well diffusion
method. Bacterial strains were grown in nutrient broth at 37 ºC for 24 h and were adjusted to 0.5 as per
McFarland standards. 100 µL of bacterial suspension was spread on a nutrient agar plate using a glass
spreader under sterile conditions. A 12 mm diameter well was punched on the nutrient agar plate using a
cork borer and the synthesized AgNPs and AgNO3 were inoculated in each well. Similarly, 100 μL of
ampicillin (1 mg/mL) served as a positive control. All the plates were incubated at 37 °C for 24 h and the
antibacterial activity was evaluated by measuring the diameter of the inhibition zone using zone scale
(HiMedia). Antifungal activity of AgNPs was performed using plant pathogenic fungal strain Fusarium
oxysporum. Fungal suspension (106 spores/mL) was spread on potato dextrose agar plate and a 12 mm
diameter well was punched on the agar plate using a cork borer and the synthesized AgNPs and AgNO3

were inoculated in each well. Similarly, 100 μL of �uconazole (1 mg/mL) served as a positive control. The
plates were incubated at 28 °C for 72 h and the antifungal activity was evaluated by measuring the
diameter of the inhibition zone using zone scale (HiMedia) [11].

Antioxidant activity by 2,2-diphenyl-1- picrylhydrazyl (DPPH) method

The antioxidant potency of synthesized AgNPs was tested using the method described by [12] with minor
modi�cations. The DPPH test was used to assess the radical scavenging activity of AgNPs. Various
concentrations (10, 20, 30, 40, 50, 75, and 100 µg/mL) of 1 mL AgNPs were vortexed with 1 mL of freshly
prepared 1 mM DPPH solution. The solution was then maintained in the dark for 30 min at room
temperature. At 517 nm, the absorbance was measured. As a control, DPPH with all reagents except the
sample was utilized, and methanol was used as a blank.
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Mosquito rearing and Larvicidal activity of AgNPs

Aedes aegypti and Culex quinquefasciatus were collected from ICMR- National Institute of Malaria
Research, Nadiad, Gujarat, India in February - 2021 and have been maintained under aseptic and suitable
environmental conditions (relative humidity: 80 ± 10%, temperature: 28 ± 1ºC, photoperiod: 16:8 h
light/dark cycle) in insectarium. The larvae were hatched until reaching the 4th instar and then were used
for larvicidal activity. 25 4th instar larvae were placed in 200 mL of the test solution with various
concentrations of silver nanoparticles (10, 25, 50 and 100 ppm) under preceding conditions. During this
time period, no food supplements were provided and mortality was determined 24 h after the initiation of
each bioassay. Larvae were termed as dead when the larvae either did not move, showed slow movement
or were unable to rise to the surface of medium.

Statistical analysis

Statistical analysis was accomplished using IBM SPSS Statistics 23. All the experimental values were
expressed as a mean ± SE. Signi�cance level also indicated after performing 1 way ANOVA analysis. All
the graphical representations were prepared in Origin 2021 (9.8) and MedCalc (version 20.015) [4, 10].

Results And Discussion
Penicillium oxalicum (DS-2) and Fusarium hainanense (DW-8) were isolated from soil and water sample,
respectively, collected from the sea coast of Diu, India (20°42'17.3" N 70°54'55.8" E), and were subjected
to AgNPs biosynthesis (Fig. 1). The CFF of Penicillium oxalicum (DS-2), Fusarium hainanense (DW-8)
and their consortium (DSW-28) was reacted with 10 mM AgNO3 solution in a 9:1 (v/v) ratio. The addition
of AgNO3 to the CFF of Penicillium oxalicum (DS-2), Fusarium hainanense (DW-8) and their consortium
(DSW-28) resulted in an immediate change in solution color from colorless to light yellow, followed by a
change to light brown at 12 h and a dark brown solution at 36 h as the reaction progressed, as shown in
Figure 2.

UV-Visible spectroscopic analysis

A UV–Visible spectrophotometer was used to monitor the continuous formation of AgNPs. The
synthesized CFF reduced AgNPs that had shown a unique absorption peak attributing to their surface
plasmon resonance [13]. The absorption peak for DS-2, DW-8, and DSW-28 in the UV–visible spectrum of
an aqueous medium containing silver nanoparticles was with 438, 441, and 437 nm, respectively. With
the increasing incubation time, the intensity of the absorption peaks was increased. Even after 72 hours
of incubation, there has been no change in the location of the absorption peak (Table 1), indicating that
the AgNPs have a uniform particle shape [14]. Furthermore, it is proven that the synthesis of highly dense
nanoparticles is responsible for enhancing the intensity of absorption peaks [15]. The results have been
found to be consistent with the �ndings of many other researchers around the world. Figure 3 indicates
that the SPR of synthesized AgNPs has not shown any change after 6 months (stored at room
temperature).
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Band gap energy by Tauc’s plot

A semiconductor's band gap energy describes the amount of energy required to excite an electron from
the valence band to the conduction band. The Tauc’s plot proposed using optical absorption spectra was
to estimate the band gap energy of amorphous semiconductors in 1966 [16]. The band gap energy (Eg)
of all the three synthesized AgNPs was then estimated by extrapolating linear section of the curve (UV-
Visible spectra) from Tauc's plot. The AgNPs of DS-2, DW-8, and DSW-28 achieved band gap energies of
2.21, 2.24, and 2.21 eV, respectively, in Figure 4. As a semi-conductive material, these particles with
enormous band gap energies can be employed in advanced optoelectronic devices, batteries, and
sensors. The band gap value is quite comparable to what has previously been reported in the literature,
and it is possible that this value is attributable to the quantum con�nement effect [4, 17].

Fourier-transform infrared spectroscopic (FTIR) analysis

Figure 5 depicts the FTIR spectrum of synthesized AgNPs, which shows absorption peaks in the 4000 cm-

1 to 500 cm-1 range. The absorption bands in the FTIR spectra of DS-2 were found to be 3265 cm-1, 2127
cm-1, 1661 cm-1, and 760 cm-1. Absorption bands observed for DW-8 were at 3298 cm-1, 2135 cm-1, 1662
cm-1, and 745 cm-1, whereas the absorption bands observed for their mixed CFF (DSW-28) were at 3266
cm-1, 2093 cm-1, 1660 cm-1, and 744 cm-1. The FTIR peaks at various location in the region of 4000 cm-1

to 500 cm-1 indicate the presence of capping and stabilizing biomolecules on the nanoparticles' surface.
Dr. Friedrich Menges' software SpectraGryph (version 1.2) was used to analyze ATR-FTIR spectra. Table 2
shows the peaks and their corresponding functional groups, which concurred with the research results of
several researchers throughout the world.

At optimum conditions, the incorporation of silver salt into CFF solution results in immediate binding of
silver ions with the protein and other molecules present in CFF solution with functional groups such as –
OH and C=C being captured, resulting in conformational changes in proteins that represent its
hydrophobic residues to the aqueous phase, resulting in in�ltration of reducing agents from CFF solution
and thus providing capping to silver ions with the formation of stable nanoparticles [18, 19]. Assuming
the CFF of the marine fungi Penicillium oxalicum and Fusarium hainanense used in this study, it is
conceivable that alkyne, sulfurous and phenolic compounds, proteins, alcohol and other water-soluble
biomolecules contributed as reducing and stabilizing agents to the silver nanoparticles [5, 20].

X-ray diffraction analysis

Figure 6 depicts the distinct XRD patterns of mycosynthesized AgNPs by DS-2, DW-8 and DSW-28. XRD
pattern of DS-2 exhibited diffraction peaks corresponding to [111], [200], [220] and [311] appearing at 2θ
representing the value of 37.89°, 44.19°,64.22° and 77.11°, respectively. XRD pattern of DW-8 exhibited
diffraction peaks corresponding to [110], [111], [200] and [220] appearing at 2θ representing the value of
33.18°, 37.76°,46.74° and 66.12°, respectively. The XRD pattern of consortium DSW-28 exhibited
diffraction peaks corresponding to [110], [111], [200]and [311] appearing at 2θ representing the value of
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33.31°, 38.11°, 44.2° and77.6°, respectively. In accordance with COD ID no. 1100136, these peaks
represent crystallographic planes of face-centered cubic (fcc) Ag. The Debye-Scherrer formula was used
to calculate the mean particle size of AgNPs [21].

Where,

D represents the crystalline size (nm), 

Λ indicates the wavelength of X-ray (0.1541 nm), 

β speci�es the angular line full width at half maximum (FWHM) of the peak (in radians) and 

θ displays the Braggs angle (in radians) 

As indicated in Table 3, the mean size of the silver nanoparticles was estimated to be from 14.19 ± 3.14
nm, 8.87 ± 2.31 nm, and 5.14 ± 0.99 nm for DS-2, DW-8, and DSW-28, respectively. The nanocrystalline
nature of the mycosynthesized NPs is attested by the extensive pattern of the XRD diffraction peaks [7].

Transmission Electron Microscopic (TEM) analysis

As shown in Figure 7, TEM analysis demonstrated the synthesis of nanocrystalline silver particles. AgNPs
with a spherical morphology and uniform size of 11.14 ± 2.39 nm, 7.59 ± 1.31 nm, and 5.73 ± 0.4 nm of
DS-2, DW-8, and DSW-28, respectively, were observed. Particles of larger sizes were found in the sample in
exceptional cases, although in small proportions. The presence of lattice fringes in the TEM images of
synthesized AgNPs demonstrated their crystalline structure, with the 'd' spacing values correlating to the
X - ray diffraction patterns. Furthermore, the selected area electron diffraction (SAED) pattern exhibited
ring patterns with single spots in a ring (Fig. 7) that are consistent with the XRD patterns. Figure 8 shows
the TEM-derived size distribution curve. The nanoparticles with the size range of 5.19 to 21.3 nm for DS-2,
3.04 to 13.5 nm for DW-8, and 1.5 to 17.3 nm for DSW-28 were obtained according to TEM analysis. Until
now, a larger size range of AgNPs produced employing various fungus and plant extracts has also been
described [13, 22, 23].

Antimicrobial activity of AgNPs

The antimicrobial potential of AgNPs was assessed by measuring the inhibition zone diameter and the
observations are shown in Table 4 and Table 5. In this study, the highest zone of inhibition had been
observed against Gram-positive bacteria compared to the Gram-negative bacteria. The prospect of
employing these AgNPs as a broad-spectrum antimicrobial agent was clearly recognized by these results.
This experiment is in correspondence with the view of Mistry et al. (2021) [4] that the probable
antimicrobial potential of AgNPs is because of their higher surface-to-volume ratio and their crystalline
structure [24]. The AgNPs have been found to rupture the cell membrane, resulting in the generation of
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reactive oxygen species (ROS) that damage the DNA and proteins, followed by the microorganism's
destruction [25]. Many previous studies have reported that AgNPs are more hazardous to the Gram-
negative bacteria than Gram-positive bacteria since they have a thinner peptidoglycan layer through
which AgNPs can in�ltrate and disrupt their proteins and DNA, ultimately leading to microbial death.
Conversely, higher amount of nanoparticles are required to show antibacterial potency against gram
positive bacteria as they contain thicker peptidoglycan layer [26]. As a consequence, AgNPs aren't highly
effective against Gram-positive microorganisms. However, AgNPs synthesized by DS-2, DW-8 and DSW-
28 showed very effective results against Gram-positive bacteria (Table 4). Fusarium oxysporum is a plant
pathogenic fungus known to cause wilt in many ecologically important plants like cumin, banana that
leads to yield loss [27, 28]. To overcome this issue, Fusarium oxysporum was treated by AgNPs
synthesized from DS-2, DW-8 and DSW-28. Results obtained after incubation period of 72 h has shown
intensive antifungal potential of AgNPs. Zone of inhibition of mixed CFF DSW-28 was higher (19 ± 0.32
mm) in comparison of DS-2 (13 ± 0.33 mm), DW-8 (15 ± 0.31 mm), standard �uconazole (12 ± 0.17 mm)
and 10 mM AgNO3 solution (11 ± 0.35 mm) (Table 5). In this study interestingly, AgNPs derived from
mixed CFF of marine fungi Penicillium oxalicum and Fusarium hainanense were found to be impressively
effective against Gram-positive as well as Gram-negative bacteria and plant pathogenic fungal strain in
compare of their individual CFF (DS-2 and DW-8). In mixed CFF, presence of various precious
biometabolites from both the fungi could be responsible for higher bioactivity towards human as well as
plant pathogens. This characteristic of mycosynthesized AgNPs will contribute in the advancement of
broad-spectrum antimicrobial activity [5].

Antioxidant capacity of CFF derived AgNPs

DPPH is a stable molecule that can be reduced by admitting hydrogen or electrons, and it has been
extensively utilized to assess antioxidant properties of the silver nanoparticles. In this experiment, various
concentrations of biosynthesized AgNPs were reacted with DPPH reagent to assess their antioxidative
potency. As a result, AgNPs synthesized by marine fungal cell free �ltrate DS-2 and DW-8 and their
consortium DSW-28 have shown effective antioxidant potential as their radical scavenging ability was
increasing with the increment in their concentration. Figure 9 shows the antioxidant activity of the AgNPs.
Their IC50 value was calculated in Microsoft excel-2019 which was about 71.33 (µg/mL) for DS-2, 61.30
(µg/mL) for DW-8 and DSW-28 was about 42.56 (µg/mL). Above mentioned results con�rmed that the
AgNPs synthesized by mixing their CFF have more antioxidative properties than AgNPs synthesized using
their individual CFF which were DS-2 and DW-8 as they possess lower IC50.Antioxidative potential of the
silver nanoparticles is due to the adsorption of fungal constituents from CFF on the silver nanoparticle
[12]. Metal nanoparticles produced by marine fungi exhibit a wide range of biological activities, including
antioxidant, antibacterial, and antimalarial properties. Marine fungus like Aspergillus brunneoviolaceus
and Cladosporium cladosporioides have recently been found to produce AgNPs with excellent antioxidant
activity. The �ndings signi�cantly support the use of AgNPs as natural antioxidants for health protection
against a wide range of oxidative stressors associated with degenerative diseases. This antioxidant
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validation is essential for synthesized AgNPs before their utilization against experimental models such as
mice or against humans [4, 24, 29, 30].

Larvicidal activity of silver nanoparticles

The synthesized AgNPs from DS-2, DW-8 and DSW-28 were exposed against 4th instars larvae of Aedes
aegypti and Culex quinquefasciatus at various concentrations (10–100 µg/mL) for 24 h. Amongst all, the
AgNPs synthesized from mixed CFF of DS-2 and DW-8 which is DSW-28 had exhibited potent larvicidal
activity. Figure 10 depicts the dose response plot of AgNPs against larvae of Aedes aegypti and Culex
quinquefasciatus. The maximum mortality rate observed for DSW-28 was 88% and 92% with LC50 values
of 35.37 and 13.35 µg/mL against Aedes aegypti and Culex quinquefasciatus, respectively (Fig-10).
Distilled water was taken as a control. No mortality of any larvae was observed in control groups. The
mortality rate was signi�cantly augmented with an increasing dose-dependent manner where the highest
mortality rate was observed with the increasing concentrations of synthesized AgNPs. This difference in
lethal concentrations might be due to differences in secondary metabolites present in the fungi. It has
been reported that AgNPs are responsible for impeding the process of food consumption development in
mosquito young instar resulting in their death. Furthermore, AgNPs can easily penetrate into the
exoskeleton of larvae and attach to the sulfur or phosphorus containing biomolecules like proteins, DNA
and RNA which leads to the quick denaturation of organelles and enzymes which could be the possible
reason for the death of mosquito larvae. Due to the disturbance in proton motive force important for ATP
construction and decreased permeability of membrane by AgNPs, cellular functions may not work
properly and cell will die [31, 32, 33]. AgNPs synthesized from DSW-28 had shown highest rate of
mortality against both the larvae. Reason behind that characteristic of DSW-28 could be synergistic effect
of both the fungal metabolites present and attached on the surface of nanoparticles [10].

Conclusion
A novel approach of synthesizing silver nanoparticles using the mixture of cell free �ltrate of different
fungi has been demonstrated in this study. The biogenic silver nanoparticles were spherical in shape with
the average particle size of 5.73 ± 0.4 nm displaying maximum surface by volume ratio exhibiting better
biopotentials compared to the silver nanoparticles synthesized by individual isolates. The broad-
spectrum antimicrobial activity of the synthesized nanoparticles against bacteria as well as plant
pathogenic fungi revealed their potentiality in both medicine as well as agriculture. The synthesized silver
nanoparticles displayed their e�cient antioxidative potentiality against DPPH and also larvicidal activity
by ceasing the growth of 4th instar larvae of Aedes aegypti and Culex quinquefasciatus. Thus, the study
unfolds the unique perspective of using the mixture of cell free �ltrate of different fungi for the effective
synthesis of silver nanoparticles with desired size and bio-potentialities in diverse �elds.
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Tables
Table 1 UV–visible spectroscopy data

s/n Time of
incubation

DS-2 DW-8 DSW-28 Color
change

Peak
intensity
(Abs.)

λ max
(nm)

Peak
intensity
(Abs.)

λ max
(nm)

Peak
intensity
(Abs.)

λ max
(nm)

1 24 h 0.975 437 1.179 441 1.529 438 Light
yellow to
light brown

2 48 h 1.102 438 1.323 441 1.640 436 Light
brown to
dark brown

3 72 h 1.131 437 1.476 440 1.754 439 Dark brown

4 96 h 1.191 439 1.567 441 1.868 437 Dark brown

5 185 days 1.224 438 1.602 441 1.902 437 Dark brown

Table 2 Fourier-transform infrared spectroscopy (FTIR) interpretation

s/n DS-2 DW-8 DSW-28 Stretching/Bond Functional
group

Reference

Wave
number 

(cm-1)

Wave
number 

(cm-1)

Wave
number 

(cm-1)

1 3265 3298 3266 O-H stretching Alcohol/Phenol Thirunavoukkarsu
et al. 2013

2 2127 2135 - C≡C stretching Alkyne Saravanan et al.
2018

3 - - 2093 C=S stretching Sulfur
compound

Kumar et al. 2014

4 1661 1662 1660 C-C/ C-N
stretching

Alkene or
amines

Koyyati et al.
2014

5 760 745 744 C-H bending alkane Jyoti et al. 2016

Table:3 X-ray diffraction interpretation
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AgNPs s/n 2θ θ FWHM Crystallite Size D(nm) D nm (Average) (hkl)

DS-2 1 37.89 18.945 0.73 11.50 14.19 ± 3.14 111

2 44.19 22.095 1.1 7.79 200

3 64.22 32.11 0.63 14.88 220

4 77.11 38.555 0.45 22.57 311

DW-8 1 33.18 16.59 1.41 5.85 8.87 ± 2.31 110

2 37.76 18.88 0.72 11.61 111

3 46.74 23.37 0.62 13.88 200

4 66.12 33.06 2.28 4.15 220

DSW-28 1 33.31 16.655 1.76 4.71 5.14 ± 0.99 110

2 38.11 19.055 1.28 6.56 111

3 44.2 22.1 3.4 2.52 200

4 77.6 38.8 1.5 6.79 311

Table: 4 Antibacterial activity of AgNPs against Gram-positive and Gram-negative bacteria

S/n Microorganisms DS-2

(100 µL)

DW-8

(100 µL)

DSW-28

(100 µL)

Ampicillin

(1 mg/mL)

AgNO3

(10 mM, 100 µL)

ZOI* (mm) ZOI*

(mm)

ZOI**

(mm)

ZOI*

(mm)

ZOI**

(mm)

1 B. subtilis 13 ± 0.30 14 ± 0.31 16 ± 0.21 10 ± 0.30 9 ± 0.29

2 S. aureus 12 ± 0.32 13 ± 0.30 15 ± 0.20 12 ± 0.33 11 ± 0.24

3 P. aeruginosa 14 ± 0.31 14 ± 0.28 16 ± 0.24 13 ± 0.32 9 ± 0.30

4 E. coli 14 ± 0.28 15 ± 0.29 17 ± 0.20 10 ± 0.30 8 ± 0.32

5 B. megaterium 12 ± 0.25 12 ± 0.26 19 ± 0.22 14 ± 0.31 8 ± 0.25

Average value with standard error (p < 0.05) of three set of experiments. Experiment performed in triplicate. ** indicate highly signi�cance

at p<0.05 and * indicate signi�cant at p<0.05.

Table 5 Antifungal activity of AgNPs against plant pathogenic fungi Fusarium oxysporum 
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S/n Microorganisms DS-2

(100 µL)

DW-8

(100 µL)

DSW-28

(100 µL)

Fluconazole

(1 mg/mL)

AgNO3

(10 mM, 100
µL)

ZOI*
(mm)

ZOI*

(mm)

ZOI**

(mm)

ZOI*

(mm)

ZOI**

(mm)

1 Fusarium
oxysporum

13 ± 0.33 15 ±
0.31

19 ±
0.32

12 ± 0.17 11 ± 0.35

Average value with standard error (p < 0.05) of three set of experiments. Experiment performed in triplicate. ** indicate highly signi�cance

at p<0.05 and * indicate signi�cant at p<0.05.

Figures
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Figure 1

Penicillium oxalicum (a) and Fusarium hainanense (b) grown in Petri plate with growth medium along
with its speci�c spore structure observed under microscope
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Figure 2

Primary visual identi�cation of CFF and silver nanoparticles synthesized from DS-2 (a), DW-8 (b) and
DSW-28 (c)

Figure 3

Absorbance maxima of silver nanoparticle synthesized from DS-2 (a), DW-8 (b) and DSW-28 (c) during
different time intervals (24h, 48 h, 72 h, 96 h and 6 months).
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Figure 4

Band gap energy graph (Tauc’s plot) of synthesized silver nanoparticle from DS-2 (a), DW-8 (b) and DSW-
28 (c)

Figure 5

FTIR images of AgNPs synthesized from cell free �ltrate of DS-2 (a), DW-8 (b) and DSW-28 (c). Different
peaks in graph indicating presence of respective functional groups

Figure 6

XRD pattern of AgNPs synthesized from cell free �ltrate of DS-2 (a), DW-8 (b) and DSW-28 (c)
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Figure 7

Synthesized silver nanoparticles from DS-2 (a), DW-8 (b) and DSW-28 (c) under Transmission electron
microscope (TEM) and Selected area diffraction (SAED) pattern of AgNPs. Scale bar is 50 nm

Figure 8

The size distribution curve from the TEM analysis and SAED pattern of synthesized silver nanoparticles
from DS-2 (a), DW-8 (b) and DSW-28 (c)

Figure 9

Antioxidant activity (%) of synthesized silver nanoparticle from DS-2 (a), DW-8 (b) and DSW-28 (c)
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Figure 10

Dose-Response plot for DS-2, DW-8 and DSW-28 against Aedes aegypti (a) and Culex quinquefasciatus
(b)

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

GraphicalAbstract.jpg

https://assets.researchsquare.com/files/rs-1115139/v1/f724af1b5672f89c1aff3766.jpg

