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Process optimization for biogenesis of silver 
nanoparticles from Aspergillus flavus GGRK1 
culture filtrate: Characterization 
and its antibacterial efficacy

Divya Nainia, Guddu Kumar Guptab, Gaurav Rawatc, 
Sonia Kapoord, Rajeev Kumar Kapoore

Abstract: The cell-free culture filtrate (CF) of Aspergillus fla-
vus GGRK1 could mediate the synthesis of silver nanoparticles 
using silver nitrate. Extracellular extract of Aspergillus flavus 
GGRK1 was a significant reductant for the reduction of silver 
nanoparticles due to presence of metabolites or other bioactive 
compounds. After the reduction of Ag (I) ions to Ag by the fungal 
CF, a dark brown color was obtained which indicated the bio-
synthesis of AgNPs. The maximum AgNPs were synthesized at 
the CCD-optimized condition of AgNO3 conc. of 4.189 mM, CFC 
0.905 mL, and reaction time 8.17 h. The biosynthesized AgNPs 
had a zeta size of 119.4 nm diameter. The FTIR study revealed 
the significant efficacy of functional groups associated with the 
biosynthesized AgNPs. Additionally, the XRD study revealed 
a crystalline nature of biosynthesized AgNPs along very good 
correlation with FCC lattice. The biosynthesized nanoparticles 
showed significant antibacterial activity against gram-positive 
and gram-negative bacteria. As a result, the maximum ZOI was 
obtained at 150 µl/ml against all the tested organisms such 
as B. subtilis MTCC 121, S. aureus MTCC 96, E coli MTCC 443 
and P. aeruginosa MTCC 424 with 18 mm, 20 mm, 14 mm, and 
18 mm, respectively. 
Keywords: Silver nanoparticles; Response surface methodolo-
gy; Biosynthesis optimization; Greener synthesis; Antibacterial 
efficacy.

INTRODUCTION

The scientific field of nanotechnology works with a range of nano-
structures used in the biomedical, biosensor manufacturing, environ-
ment, and agriculture sectors. Nanoscale particles with sizes between 
1 and 100 nm or smaller are known as nanoparticles (Shinde et al., 
2022). Metal nanoparticles such as silver, copper, titanium, and oth-
ers are very fine and strong particles with applications in a variety of 
fields such as medicine, drug delivery, bio labeling, nanocomposites, 
antimicrobial substances, intercalating material for electrical items, 
and acting as catalysts in chemical reactions. With decreasing size, 
nanoparticles exhibit a larger surface-to-volume ratio. Catalytic re-
activity and other related qualities, such as antibacterial activity, are 
related to specific surface area (Ifijen et al., 2022). Several techniques 
can be used to produce nanoparticles. The most used processes for cre-
ating nanoparticles are chemical ones. Certain chemical techniques, 
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however, cannot avoid using harmful compounds 
in the synthesis pathway. Since metal nanoparticles 
are frequently used in regions where people meet 
them, there is an increasing need to create ecolog-
ically safe nanoparticle synthesis techniques that 
don’t include hazardous chemicals. 

As potential environmentally acceptable al-
ternatives to chemical and physical approaches, 
biological methods for nanoparticle manufactur-
ing have been proposed (Singh et al., 2015). These 
methods use microbes, enzymes, plants, or plant 
extracts. The creation of nanoparticles has report-
edly been carried out using microorganisms such 
as bacteria (Lee et al., 2011), fungi, actinomycetes 
(Ma et al., 2017), and even higher plant leaves (Wei 
et al., 2020). 

Filamentous fungi have advantages over 
the other microbes for the biogenic synthesis of 
nanoparticles because of their high secretion of 
extracellular enzymes, and metabolites, higher 
growth rates and low-cost requirements for pro-
duction procedures. In addition, biogenic synthesis 
of nanoparticles using fungi gives high monodis-
persity and greater stability as compared to other 
microorganisms (Chauhan et al., 2023; Dhillon et 
al., 2012; Kapoor et al., 2021; Khandel & Shahi, 
2018). Farrag et al., in 2020 reported that A. niger 
was used for the biosynthesis of silver nanoparti-
cles and it has significant biological activity (Far-
rag et al., 2020). Similarly, another fungus A. fu-
migatus was reported for the biosynthesis of silver 
nanoparticles (Bhainsa & D’Souza, 2006). As a 
result, several fungal species have been utilized for 
the biogenic synthesis of silver nanoparticles, some 
of which include penicillium (Nayak et al., 2011), 
Fusarium oxysporum (Mostafa, 2017) and some 
species of Aspergillus (Elshafei et al., 2021; Sheikh 
& Awad, 2022; Sulaiman et al., 2015). 

Because of its size-dependent property, silver 
nanoparticles (AgNPs) are one of the most ex-
tensively used nanoparticles. The biological and 
physical parameters that affect this green synthe-
sis of AgNO3 include the solvent, medium, tem-
perature, light, pressure, and pH conditions (Wei 
et al., 2020). This property reveals a wide range 
of applications, including the development of bi-
ological products, drug delivery systems, battling 
cancer, antimicrobial efficacy, and water purifi-
cation (Hulkoti & Taranath, 2014). Although sil-
ver is poisonous to mammals, it has been shown 
to be non-toxic to human cells at low concentra-
tions (Singh et al., 2018), leading to its widespread 

usage in in-vitro and in-vivo research. However, 
research on the synthesis and characterization of 
AgNPs has been significantly increased. AgNPs 
of various sizes and shapes have varied plasmon 
resonance bands, which results in a variety of col-
ored suspensions. Numerous chemically mediated 
methods of producing high-yield nanoparticles, 
such as spherical AgNPs synthesis and triangular 
AgNPs production (Mansouri & Ghader, 2009), 
have been reported by numerous researchers since 
high-yield nanoparticle production and size anal-
ysis have become a critical focus of demanding 
research. Furthermore, several kinds of literature 
have been found and published related to AgNP 
synthesis, largely to boost yield and improve prod-
uct stability, particularly in bulk production. Stir-
ring time, for example, was discovered to have an 
effect on surface plasma resonance (SPR) ( Bala-
vandy et al., 2014). 

In the present study, conventional and statis-
tical optimization techniques were conducted for 
maximum production of silver nanoparticles. Fur-
thermore, the biosynthesized AgNPs were charac-
terized through various techniques, and their anti-
bacterial applicability was evaluated. 

MATERIALS AND METHODS

Microorganisms and cultural conditions

The fungal culture Aspergillus flavus GGRK1 was 
procured from laboratory number 322, Department 
of Microbiology, Maharshi Dayanand University, 
Rohtak. The procured culture was inoculated on 
Potato dextrose agar (PDA) medium and incubated 
at 30°C in a BOD shaker. Subculturing was routine-
ly carried out using PDA slants and stored at 4°C for 
further use.

Preparation of cell-free Culture (CFC) 
supernatant and AgNPs biosynthesis

The spore suspension of 1 mL containing 2.4×107 

spores/ml was transferred in potato dextrose broth 
(PDB) medium and incubated at 30°C in a BOD 
shaker for 2 days. The biomass was filtered through 
Whatman No.1 filter paper, and the resulting CFC 
filtrate was cleared by centrifugation at 10,000 rpm 
and 40°C for 10 minutes. The cleaned CFC was 
then utilized to synthesize AgNPs. Briefly, 20 ml 
reaction mixture containing 2 ml of fungal culture 
filtrate with 2mM of silver nitrate. All the flasks 
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were incubated at 30°C in light conditions up to 
5 h. the resultant brown color was primarily ana-
lyzed using a UV-VIS Spectrophotometer (ELICO 
Pvt. Ltd. India) at the range of 200-800 nm.

Optimization AgNPs biosynthesis through 
one factor at a time (OFAT) Approach

Using the OFAT strategy, the optimal operat-
ing conditions that had a positive impact on the 

biosynthesis of AgNPs were optimized. The poten-
tial optimum level of factors for the biosynthesis of 
AgNPs, including suitable growth medium (Table 
1), CFC volume (0.5 -2.5 mL), effect of silver ni-
trate concentration (1-5 mM), effect of light and 
dark conditions, and effect of reaction time (2-10 
h) were selected to achieve the suitable conditions. 
A UV-VIS Spectrophotometer (ELICO Pvt. Ltd. 
India) was used to detect absorbance throughout a 
spectrum range of 200-800 nm. 

S. No. Medium Name Ingredients Compositions (g/L)

1 Potato Dextrose Broth (PDB) Infusion from potatoes 200

Dextrose (Glucose)

2 Glucose medium Glucose 15

Ammonium Sulphate 4.0

K2HPO4 1

MgSO4.7H2O 0.5

3 Sucrose medium Sucrose 15

Yeast extract 4

K2HPO4 1

MgSO4.7H2O 0.5

4 Lactose medium Lactose 15

Peptone 4

K2HPO4 1

MgSO4.7H2O 0.5

Table 1. Composition of different media used for screening in Biosynthesis of AgNPs

Process optimization of AgNPs 
biosynthesis through CCD approach 
using Response Surface Methodology tool

Using Design Expert software (Version 13.0, Stat-
Ease, Inc., USA) face-centered central composite 
experimental design (FCCCD) for RSM was per-
formed to maximize AgNPs biosynthesis. In which 
the three crucial process input variables namely; 
(A) AgNO3 concentration, (B) reaction time, and (C) 
CFC are optimized. The range of process variables 
are given in Table 2. Other process variables such 

as temperature and light conditions was constant. 
The experimental matrix with 20 runs was obtained 
from the FCCCD design (Table 3). Statistical analy-
sis was used to assess the developed model, Fisher’s 
F-test, and including analysis of variance (ANO-
VA). The coefficient of determination, or R², was 
used to describe how well the model equation fits 
the data. The link between the responses was then 
depicted using the fitted model as a contour and 3D 
surface plot. Using the statistical software program 
Design-Expert 13.0, an optimal combination of the 
impacts was projected. 

Independent Variables
Levels

-α -1 0 +1 +α

Silver Nitrate conc. (mM) 1.0 1.81 3.0 4.19 5.0

CFC (mL) 0.5 0.91 1.5 2.09 2.5

Reaction time (H) 1 2.82 5.50 8.18 10.0

Table 2. Levels of input variables for FCCCD optimization
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Validation of FCCCD model

By using the ideal values, the model and regression 
equation were validated. The flask containing the 
reaction mixture for AgNP synthesis with RSM 
optimized parameters (AgNO3 conc. of 4.189 mM, 
CFC 0.905 mL, and reaction time 8.17 h) and incu-
bated at 30°C in a BOD incubator in the presence 
of light. Lastly, to validate the constructed FCCCD 
model, sets of tests were carried out utilizing the 
recommended ideal combination.

Characterization of biosynthesized AgNPs

The biosynthesized AgNPs were characterized pri-
marily based on UV-VIS Spectrophotometer (brown 
color change measured at 200-800 nm) then ad-
vanced structural and functional properties such as 
FTIR, X-ray diffraction, zeta size distribution, and 
zeta potential analysis were carried out. Further-
more, AgNPs were completely cleaned and scanned 
using an FT-IR spectrophotometer (Bruker, Germa-
ny) in the 400-4000 cm–¹ range. The crystallinity 
nature of biosynthesized AgNPs was determined 
through an X-ray diffractometer (XRD, Rigaku 
MiniFlex 600). Additionally, the size distribution 
and zeta potential were performed at 25°C with the 
help of a Zeta size analyzer (S90, Malvern, UK). 
Moreover, the surface morphology and size of bio-
synthesized AgNPs were analyzed by transmission 
electron microscope (TEM) (Majeed et al., 2016; 
Sreenivasa et al., 2021). The polydispersity index 
was recorded by calculating the average radius of 
the NPs and the standard deviation with the help 
of equation

p = σ/RAvg (1)

Where σ = standard deviation of the radi-
us of a batch of nanoparticles, p = dispersity, and 
RAvg = average radius of nanoparticles.

Antibacterial activity 
of biosynthesized AgNPs

To evaluate the antibacterial activity, a disc diffu-
sion method was performed. The gram-positive (B. 
subtilis MTCC 121 and S. aureus MTCC 96) and 
gram-negative bacteria (E. coli MTCC 443 and P. 
aeruginosa MTCC 424) were tested. The inoculums 
were prepared by inoculating the nutrient broth and 

incubated at 37°C in a shaking incubator for 24h. 
The cultures were diluted with the 0.9% saline solu-
tion to obtain 1.5×108 CFU/ml. Each culture was 
spreading with the help of sterilized swabs on MHA 
plates separately. The ranges of AgNP concentra-
tion 50-150 µl/ml were prepared. The sterile discs 
were dipped into respective AgNP concentrations 
and then placed on MHA plates. These plates were 
incubated at 37°C for 24 hrs. The zone of clearance/
inhibition was measured by taking the reading in 
triplicates.

RESULTS AND DISCUSSION

Myco-synthesis of AgNPs

To investigate the effectiveness of silver ion re-
duction and the creation of nanoparticles cell-free 
culture filtrate was used. After being exposed to 
AgNO3 at 30°C temperature and light conditions, 
the fungal cell filtrate changed colorless to dark 
brown color within five hours of reacting with 
Ag+ ions (Fig. 1). The formation of a brown col-
or was definite evidence that the reaction mixture 
had produced silver nanoparticles. Other research-
ers who used a fungal system to produce silver 
nanoparticles reported similar outcomes. The met-
al nanoparticles’ surface plasmon oscillations were 
excited, which resulted in a change in color. The 
examination of nanoparticles has proven to bene-
fit greatly from this technique. With a UV-visible 
spectrophotometer, the absorbance of the filtrate of 
fungal cells treated with a solution of 1 mM silver 
nitrate was measured. According to Mie’s hypothe-
sis, spherical nanoparticles will have a single SPR 
band in their absorption spectra, whereas other 
types of particles may have two or more SPR bands 
(Thomas et al., 2008).

Optimization of process parameters 
for AgNP biosynthesis

The probable optimum levels of parameters for 
the generation of AgNPs were determined using 
OFAT, and the optimum levels of CF concentra-
tion, AgNO3 concentration, and Reaction time were 
selected. The medium constitutions have affected 
the microorganism growth and their metabolite 
production, which are important factors for the 
biosynthesis of AgNPs. Our study reported that the 
production medium PDB was found most suitable 
CFC for the maximum AgNPs biosynthesis (Fig. 
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2A). To find the effect of CFC volume, the fungal 
culture filtrate obtained from a fungus was added at 
different concentrations. In the present study, max-
imum AgNPs were synthesized in the presence of 
2.5ml of CFC volume as shown in Fig. 2B. Other 
researchers that used a fungal system to manufac-
ture silver nanoparticles reported similar results. 
The color change was generated by the stimulation 

of Surface plasmon vibrations in metal nanoparti-
cles. Our study reported that the maximum AgNPs 
were synthesized at 10 h of the incubation time at 
optimized conditions (Fig. 2C). In our study, the 
maximum AgNPs were biosynthesized at 1mM 
concentration of silver nitrate as depicted in Fig. 
2D. According to (Rashidipour & Heydari, 2014), 
various concentrations of silver nitrate were opti-
mized for the most efficient synthesis of AgNPs. 
Silver nitrate concentrations of 1mM encouraged 
fast production, but concentrations of 2mM and 
3mM caused the peak to shift. During the synthe-
sis of AgNPs, the effect of reducing agent concen-
tration was less studied. Vigneshwaran and their 
colleagues reported that, AgNPs biosynthesized by 
using the 5% (w/v) biomass of Aspergillus flavus, 
and 1% bacterium culture S. aureus with AgNO3 
(Vigneshwaran et al., 2007). Enzymatic reduction 
is one of the potential paths for the production of 
AgNPs, hence research into its impacts is critical. 
The nitrate reductase enzyme, which acts as a re-
ducing agent, is the most often used (Kalimuthu et 
al., 2008; Kumar et al., 2007). 

Figure 1. Myco-synthesis of AgNPs 
in the presence of dark and light conditions.

Figure 2. OFAT optimization of AgNPs biosynthesis: (A) effect of different media CFC, (B) effect 
of CFC volume, (C) effect of reaction time, and (D) effect of silver nitrate concentration.
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Experimental design 
using the CCD approach

By employing CCD design to examine the inter-
action effects of all three parameters (Table 2), the 
AgNPs production medium was further adjusted. 
With three independent variables at five levels (+, 
+1, 0, -1, and -), a total of 20 tests were run. Ta-
ble 4 shows that the linear model was chosen as the 
best match when compared to other models based 
on the model summary. Choose the highest-order 
polynomial where the model is not aliased and the 
additional terms are important. Table 3 displays the 
observed and predicted responses. ANOVA was 

used to analyze the model’s fitness and suitability, 
as shown in Table 5. With a calculated “F” value 
of 119.91 and a “p” value of < 0.0001, the ANO-
VA demonstrates the model’s suitability (Table 5). 
In the intended space, statistical significance for 
the interactions between the three variables was 
established. The maximum AgNPs production was 
indicated by the linearly negative effects of all vari-
ables. The accuracy of the model was determined 
by the coefficient of determination R², which was 
found to be 95.74 percent, adjusted R², which was 
94.94 percent, and predicted R² (92.46%) indicating 
a significant relationship between the experimental 
and anticipated response. 

Runs
Factor-1 Factor-2 Factor-3 Response

Silver Nitrate 
(mM) CFS (mL) Reaction time 

(H)
Observed AgNPs 

Yield (%)
Predicted AgNPs 

Yield (%)
1 3 0.5 5.5 69.7 70.3
2 4.18 2.09 8.17 77.56 73.9
3 3 1.5 5.5 64.16 65.2
4 4.18 0.90 8.17 83.23 80.0
5 4.18 2.09 2.82 72.89 69.7
6 1 1.5 5.5 50.62 49.0
7 3 1.5 5.5 64.16 65.2
8 1.81 0.90 2.82 57.52 56.5
9 1.81 0.90 8.17 61.28 60.7
10 3 1.5 5.5 64.16 65.2
11 3 1.5 1 61 61.6
12 3 1.5 5.5 64.16 65.2
13 5 1.5 5.5 77.7 81.4
14 3 1.5 5.5 64.16 65.2
15 3 1.5 10 67.32 68.8
16 1.81 2.09 8.17 54.69 54.7
17 3 1.5 5.5 64.16 65.2
18 4.18 0.90 2.82 76.89 75.7
19 1.81 2.09 2.82 50.93 50.4
20 3 2.5 5.5 58.62 60.1

Table 3. Experimental matrix for process optimization through FCCCD

Source Sum of 
Squares df Mean 

Square F-value p-value

Mean vs Total 85139.51 1 85139.51
Linear vs Mean 1458.19 3 486.06 119.91 < 0.0001 Suggested
2FI vs Linear 3.41 3 1.14 0.2406 0.8665

Quadratic vs 2FI 11.83 3 3.94 0.7947 0.5243
Cubic vs Quadratic 26.09 4 6.52 1.66 0.2746 Aliased

Residual 23.52 6 3.92
Total 86662.55 20 4333.13

Table 4. Sequential Model Sum of Squares.
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Source Sum of 
Squares df Mean 

Square F-value p-value

Model 1458.19 3 486.06 119.91 < 0.0001 Significant
A-Silver Nitrate Conc. 1269.91 1 1269.91 313.29 < 0.0001

B-CFC 126.01 1 126.01 31.09 < 0.0001
C-Reaction time 62.26 1 62.26 15.36 0.0012

Residual 64.85 16 4.05
Lack of Fit 64.85 11 5.90
Pure Error 0.0000 5 0.0000
Cor Total 1523.04 19

Table 5. ANOVA analysis of CCD response variables.

Figure 3. Plot responses of AgNPs obtained from RSM optimization: (A) Actual vs Predicted response,
(B) Box-Cox plot, and (C) 3D surface plot responses of AgNPs biosynthesis.

The lack of fit was deemed unimportant in 
relation to the model’s validation for the current 
investigation. Consequently, it is possible to nav-
igate the design space using the projected mod-
el. During the reaction, the color of the solution 
changes from colorless to dark brown, which may 
be used to visually distinguish the formation of 
silver (Naveen et al., 2010). The color has altered 

due to the activation of surface plasmon vibration, 
indicating the presence of AgNPs in the solution. 
The surface absorption band of AgNPs was shown 
to be at 420 – 450nm using UV-VIS spectral analy-
sis, which can be used for additional confirmation. 
The quadratic equation represents the combined 
influence of the model’s process parameters based 
on the response:

AgNPs Yield (%) = 65.2455 + 9.64299*A – 3.03761*B + 2.13511*C (2)

Where, A = Silver nitrate conc.
B = CFC volume.
C = Reaction time.

The interactive effect of the variables in the 
form of a 3D surface was potted for the AgNPs 
Yield responses obtained in CCD design in Fig. 3.
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Validation of the experimental model

A high-intensity and narrow SPR peak at 350-420 
nm was seen when the color changed from clear 
transparent to dark brown using UV-Visual spec-
troscopy The response obtained validation was 
found to be authenticated as the predicted response 
from the RSM model. Finally, it was concluded that 
a significant biosynthesis of AgNPs was enhanced 
by the statistical tool (RSM) and can be used in var-
ious fields.

Characterization of biosynthesized AgNPs

The nature of the biosynthesized AgNPs was fur-
ther characterized by UV-visible spectrophotome-
ter, FTIR spectroscopy, TEM, XRD, Zeta size, and 
potential. A comparative study of biosynthesized 
AgNPs based on previous studies has been given 
in Table 6.

UV-Visible Spectrometer

The reaction mixture became brown, suggesting 
the creation of silver nanoparticles. The hue of the 
reaction mixture evolved from light brown to dark 
brown as the reaction time increased. Surface Plas-
mon Resonance (SPR) of AgNPs was linked to the 
development of a band in the UV-visible spectrum 

at 420-430 nm, which further verified their syn-
thesis. Electron excitation in the conductive band 
surrounding silver particles is seen in the SPR 
concept (Neethu et al., 2018). The absorption band 
seen at 410 nm matches the value reported by oth-
er researchers (Elgorban et al., 2016; Ottoni et al., 
2017). However, in the absence of cell-free extract, 
spectroscopic analysis of the silver nitrate solution 
revealed two bands at 240 and 280 nm.

Fourier Transform Infrared 
Spectroscopy (FTIR)

The functional groups associated with AgNPs syn-
thesis were evaluated using FTIR. This interaction 
revealed that biomolecules are in charge of reducing 
silver ions. Using the FTIR spectrum, the stabiliz-
ing substance that maintains the stability and dis-
persion of the silver nanoparticles was discovered. 
Silver nanoparticles’ FTIR spectra displayed five 
distinct peaks as shown in Fig. 4. Silver and bio-
active chemicals, could be the cause of the creation 
and stability (capping material) of silver nanoparti-
cles. The intensity at 3743.89 cm–¹ refers to the -NH 
group of primary amines. The band at 1980.01 cm–¹ 
represents the C-H stretch vibrational of aromatic 
compound. The intensity at 1637.20 cm–¹ refers to 
C=C stretch. The band intensity at 1350.73 refers 
to the C=N stretches while 1007.89 refers to the 

Figure 4. FTIR Analysis of biosynthesized AgNPs from A. flavus GGRK1.
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C-C stretches. Moreover, the stretching in amide 
functional groups acts as on stabilization of AgNPs 
whereas stretching recorded in the aromatic and ali-
phatic amins act as reducing agents for biosynthesis 
of AgNPs. These findings are consistent with other 
researchers’ observations of my synthesized Ag-
NPs (Al-Shmgani et al., 2017; Schröfel et al., 2014). 
The present study was also supported by Naveen 
and co-workers (Naveen et al., 2010) and Raheman 
and their colleagues (Raheman et al., 2011). 

Zeta size and potential analysis

The zeta size analyzer revealed the biosynthesized 
AgNPs size of 117.4 nm (Fig. 5A). The negative 
value –14.9 mV of biosynthesized AgNPs exhibited 

good stability (Fig. 5B). The zeta potential revealed 
that the surface charge and physical stability of 
nanosuspensions (Jiang et al., 2009). According to 
Ferreyra Maillard and co-workers, zeta potential 
has an evaluating capability of interaction between 
antimicrobial compounds and bacteria (Ferreyra 
Maillard et al., 2021). A similar study reported by 
Gecer and Erenler in 2023 (Gecer & Erenler, 2023). 

X-ray diffraction analysis 

The crystalline quality of biosynthesized AgNPs 
was determined by different diffraction peaks in the 
XRD study, as depicted in Fig. 6. The XRD spectra 
revealed 09 sharp peaks at 2θ positions of 26.58°, 
27.7°, 32.16°, 38.02°, 46.12°, 50.66°, 54.78°, 57.42° 

Figure 5. Zeta size (A) and zeta potential (B) of biosynthesized AgNPs.

Figure 6. XRD analysis of biosynthesized AgNPs from A. flavus GGRK1.
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and 59.98° in the XRD graph, that matched to dif-
fraction from silver planes with FCC lattice (JCPDS 
card No. 04–0783) (Fig. 6). This pattern confirm 
that the biosynthesized AgNPs had a nanoscale size 
and crystalline nature (Rose et al., 2019). The find-
ings are consistent with previous investigations that 
reported equal diffraction peaks for silver nanopar-
ticles (Venkatesan et al., 2014). 

Transmission electron microscopy analysis

The size, surface morphology and distribution of 
the biosynthesized AgNPs are shown in Fig. 7. The 
TEM image of biosynthesized AgNPs revealed the 

oval to spherical shaped and polydispersed nature 
of the NPs. Additionally, the size ranged from 15 
to 55 nm, with an average particle size of 20.5 nm 
and a PDI of 0.33, which indicates the polydisper-
sity of biosynthesized AgNPs (Fig. 7B). The histo-
gram analysis of AgNPs was given in the Fig. 7B. 
The average homogeneity of the particles inside the 
solution is determined using PDI, which spans from 
0 to 1. A PDI value of more than 0.1 indicates a 
polydispersed nature; less than 0.1 indicates a mon-
odispersed nature (Rudrappa et al., 2022). AgNPs 
from Aspergillus sydowii had comparable polydis-
persity and size distribution, with particle sizes 
ranging from 1 to 21 nm (Wang et al., 2021).

Figure 7. TEM analysis of biosynthesized AgNPs from A. flavus GGRK1; 
A) TEM Image of silver nanoparticles, B) Histogram showing size distribution.

Determination of antibacterial activity 
of biosynthesized AgNPs

The biosynthesized AgNPs showed substantial an-
tibacterial efficacy against tested microorganisms 
(Fig. 8 and Table 7). The bacteria such as B. subtilis 
MTCC 121, S. aureus MTCC 96, and E coli MTCC 
443 showed resistances at 50 µl/ml conc. of AgNPs. 
While the AgNPs concentration of 50 µl/ml showed 
sensitivity against P. aeruginosa MTCC 424. Hence 
as shown in Table 6, 75 µl/ml concentration of Ag-
NPs was determined as Minimum inhibitory con-
centration (MIC) against B. subtilis MTCtC 121, S. 
aureus MTCC 96, and E coli MTCC 443 with inhi-
bition zones measuring 11 mm, 16 mm, and 07 mm, 
respectively. In the case of P. aeruginosa MTCC 
424, MIC was found at 50 µl/ml of AgNPs with a 
13 mm zone of inhibition. Interestingly, the obtained 
results are somehow similar to those reported by the 
biosynthesized AgNPs by A. terreus NRRL265 CFF 

(Othman et al., 2021) and greater than the A. fumiga-
tus synthesized AgNPs (Othman et al., 2019). In the 
present study, better and more significant antibacte-
rial activity was obtained as compared to previous 
study reported. The antibacterial mechanism of Ag-
NPs assumed that formation of holes in the bacterial 
cell wall (Sondi & Salopek-Sondi, 2004). Another 
possible mechanism of antibacterial activity, the 
AgNPs could bind with the cell wall or cell mem-
brane and disfunction the respiratory process of the 
bacterial cell (Rai et al., 2009). A study reported by 
Maliszewska and Sadowski in 2009 they concluded 
that the silver nanoparticles inhibited the develop-
ment of bacteria such as Bacillus cereus, Staphylo-
coccus aureus, E. coli, and Pseudomonas aeruginosa 
(Maliszewska & Sadowski, 2009). Similarly, anoth-
er study revealed the antimicrobial efficacy of As-
pergillus clavatus synthesized silver nanoparticles 
against Candida albicans, Pseudomonas fluorescens, 
and E. coli (Omran et al., 2018).



RESEARCH ARTICLE Process optimization for biogenesis of silver…

https://doi.org/10.37819/nanofab.009.1798 Nanofabrication (2024), 9 | 11 

S
. 

N
o.

M
ic

ro
or

ga
ni

sm
s 

O
p
ti

m
iz

at
io

n 
P

ro
ce

ss
S

yn
th

es
is

 
co

n
di

ti
on

s 

C
h
ar

ac
te

ri
za

ti
on

 

R
ef

er
en

ce
s

X
R

D
 a

n
al

ys
is

S
iz

e
P

D
I

Z
et

a 
po

te
n
ti

al

1
A
sp

er
gi

llu
s 

sy
do

w
ii

O
FA

T 
Te

m
pe

ra
tu

re
 o

f 
5
0
 °
C
, 

pH
 8

.0
, 
an

d 
su

bs
tr

at
e 

co
nc

. 
of

 1
.5

 m
M

C
ry

st
al

lin
e 

cu
bi

c 
fe

at
ur

e
12

 n
m

—
—

(W
an

g 
et

 a
l. 

2
0

2
1
)

2
A
sp

er
gi

llu
s 

m
el

le
us

 S
S

S
-1

0
O

FA
T

C
ol

ou
r 

ch
an

ge
d 

af
te

r 
2
4
 h

rs
. 
of

 r
ea

ct
io

n 
C

ry
st

al
lin

e 
na

tu
re

8
7.

3
 n

m
—

–1
9

.6
 m

V
(S

ka
nd

a 
et

 a
l.,

 2
0
2
2

)

3
P
en

ic
ill
iu

m
 s

p.
 

8
L
2

R
ot

at
ab

le
 

C
en

tr
al

 C
om

-
po

si
te

 D
es

ig
n

O
pt

im
iz

ed
 c

on
di

ti
on

 
H

ig
hl

y 
cr

ys
ta

lli
ne

 n
at

ur
e 

fo
llo

w
ed

 t
he

 J
C

P
S

 p
at

te
rn

2
 a

nd
 9

 n
m

—
—

(M
uñ

oz
 

et
 a

l.,
 2

0
2
2

)

4
Le

te
nd

ra
ea

 s
p.

 
W

Z
0
7

O
FA

T
A

t 
or

di
na

ry
 

re
ac

ti
on

 m
ix

tu
re

 
an

d 
te

m
pe

ra
tu

re

Fa
ce

-c
en

te
re

d 
cu

bi
c 

in
 c

ry
st

al
lin

e 
na

tu
re

3
3

.8
 n

m
—

—
(Q

ia
o 

et
 a

l.,
 2

0
2
2

)

5
S
cl

er
ot

in
ia

 
sc

le
ro

ti
or

um
 

M
TC

C
 8

7
8

5
O

FA
T

A
t 

pH
 7

, 
2

8
 °

C
 

un
de

r 
da

rk
 c

on
di

ti
on

s
—

10
-5

0
 n

m
 

an
d 

4
0

-5
0

 n
m

—
—

(S
ax

en
a 

&
 A

yu
sh

i, 
2

0
2

3
)

6
H

um
ic

ol
a 

sp
. 

O
FA

T

A
t 

1
 m

M
 A

gN
O

3
, 

5
0
 °

C
 a

nd
 p

H
 9

 f
or

 
9

6
 h

 u
nd

er
 s

ha
ki

ng
 

co
nd

it
io

n

Fa
ce

-c
en

te
re

d 
cu

bi
c 

si
lv

er
 N

P
s

5
-2

5
 n

m
—

—
(S

ye
d 

et
 a

l.,
 2

0
13

)

7
Th

er
m

om
yc

es
 

la
nu

gi
no

su
s

P
la

ck
et

 
B

er
m

an
 m

od
el

O
pt

im
iz

ed
 c

on
di

ti
on

s 
7
–2

4
 n

m
 d

ia
m

et
er

 
in

 c
ry

st
al

lin
e 

si
ze

5
-3

5
 n

m
—

—
(Z

ai
na

b 
et

 a
l.,

 2
0
2
3

)

8
A
sp

er
gi

llu
s 

fla
vu

s 
G

G
R

K1

C
en

tr
al

 
co

m
po

si
te

 
de

si
gn

 

A
t 

A
gN

O
3
 c

on
c.

 
of

 4
.1

8
9

 m
M

, 
C

FC
 

0
.9

0
5

 m
L,

 a
nd

 
re

ac
ti

on
 t

im
e 

8
.1

7
 h

.

X
R

D
 g

ra
ph

, 
th

at
 m

at
ch

ed
 

di
ff

ra
ct

io
n 

fr
om

 s
ilv

er
 

pl
an

es
 w

it
h 

FC
C

 la
tt

ic
e 

(J
C

P
D

S
 c

ar
d 

N
o.

 0
4

–0
7

8
3

)

2
0

.5
 n

m
0

.3
3

–1
4

.9
 m

V
P
re

se
nt

 
re

po
rt

Ta
bl

e 
6
. 

A
 c

om
pa

ra
ti

ve
 a

na
ly

si
s 

of
 t

he
 g

re
en

er
 s

yn
th

es
is

 o
f 
A

gN
P

s 
an

d 
th

ei
r 

ch
ar

ac
te

ri
st

ic
s 

an
d 

fe
at

ur
es

 w
er

e 
pr

ev
io

us
ly

 r
ep

or
te

d 
an

d 
co

m
pa

re
d 

w
it

h 
th

e 
pr

es
en

t 
st

ud
y.



RESEARCH ARTICLE Divya Naini et al.

12 | Nanofabrication (2024) 9 https://doi.org/10.37819/nanofab.009.1798

Figure 8. Antibacterial efficacy of synthesized AgNPs; A) S. aureus MTCC 96, 
B) B. subtilis MTCC 121, C) Pseudomonas aeruginosa MTCC 424, and D) E. coli MTCC 443.

AgNPs 
concentration 

(µl/ml)

Zone of Inhibition (mm)

Bacillus subtilis 
MTCC 121

Pseudomonas 
aeruginosa MTCC 424

E. coli 
MTCC 443

Staphylococcus 
aureus MTCC 96

50 R 13 R R
75 11 14 07 16
100 13 14 09 17
125 14 13 12 18
150 18 18 14 20

Table 7. The antibacterial activity of biosynthesized AgNPs using A. Flavus GGRK1 
Cell-free culture filtrate against gram-positive and gram-negative bacteria

CONCLUSION AND 
FUTURE PERSPECTIVES

The study aimed to optimize the maximum biosyn-
thesis of silver nanoparticles using both conven-
tional (OFAT) and statistical (RSM) approaches. 
In the OFAT approach, various physio-chemical 
factors including media, AgNO3 concentration, 
cell-free culture filtrate volume, temperature, pH, 
reaction time, and light conditions were optimized. 
These parameters were then further optimized for 
maximum biosynthesis of silver nanoparticles. 

Cell-free culture filtrate of A. flavus GGRK1, used 
as a green approach to the biosynthesis of AgNPs 
has been established. A statistical optimization 
process has been developed for the myco-synthe-
sis of AgNPs. The anti-bacterial efficacy of the 
produced AgNPs has also been investigated. Ul-
timately, it was concluded that the statistical tool 
(RSM) greatly enhanced the biosynthesis of sil-
ver nanoparticles (AgNPs) and holds potential for 
various applications across different fields such as 
medicinal agents, food preservatives, and environ-
mental pollutants.
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