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AćĘęėĆĈę

Silver nanoparticles have attracted high attention worldwide for their various
applications. The physiochemical parameters such as temperature, media,
mixing ratio affect the rate of synthesis of silver nanoparticles and their yield.
Thus, optimization of these physiochemical parameters is needed to enhance
the production of silver nanoparticles. In this study, silver nanoparticles were
synthesized using Aspergillus niger culture supernatant. The produced silver
nanoparticles were characterized using UV-visible Spectrophotometer at 200
nm to 700 nm, which had a peak at 450 nm, indicates the formation of silver
nanoparticles. Itwas found that SabouraudDextroseBroth (SDB) as o ptimum
media, 40 ml of supernatant and 10 ml of silver nitrate as optimum mixing
ratio and 65 ◦C as optimum temperature to produce silver nanoparticles. The
optimized silver nanoparticles were subjected to antimicrobial activity, and it
was found that it is highly effective towards gram-negative bacteria than gram-
positive bacteria where the zone of inhibition for Escherichia coliwas 7± 2.7
mm and 5.3± 2.1 mm for Staphylococcus aureus.
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INTRODUCTION

Nanoparticles are particles that are nano-sized from
1 to 100 nm (Zomorodian et al., 2016). The
nanoparticles can be clearly seen through high efϐi-
ciency transmission electron microscope (Balaku-
maran et al., 2016). The smaller the particles, the
higher its effectiveness. The size of the particles has

an important inϐluence on the application that was
synthesized for comparison with its parent com-
pound (Krishnaraj et al., 2012). In the production of
nanoparticles, metal nanoparticles take center stage
where a variety of metal nanoparticles being pro-
duced, such as silver, gold, copper, iron, selenium,
lead, silica, titanium, zirconium and platinum (Khan
and Jameel, 2016). These nanoparticles are synthe-
sized using physical, chemical, and biological meth-
ods. Chemical and physical methods are known
to be the usual method of producing nanoparticles,
but these methods were expensive, toxic, and haz-
ardous (Ravindrakumar et al., 2020; Zhang et al.,
2016). Hence, as an alternative, biological method
or known as green synthesis was used to synthe-
sis silver nanoparticles to produces nanoparticles
which has a higher surface area, minute in size,
stable and high yield (Saadony et al., 2019). The
method is also a low cost, fast and easy method to
perform. Green synthesis uses living cells or organ-
isms such as fungus, plants, and bacteria as the
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producer of nanoparticles (Madakka et al., 2018).
Hence, in this project, the Aspergillus nigerwas used
to produce silver nanoparticles. Aspergillus niger
is a fungus, and it was widely used to synthesis
silver nanoparticles as it can handle any kind of
situations such as high tolerance, bioaccumulation
capabilities, agitation, easy inoculation, and easy
growth (Jameel et al., 2016). The physiochemi-
cal parameters such as temperature, media, mix-
ing ratio not only affect the rate of synthesis of sil-
ver nanoparticles but also its yield. It was found
that the shape and the size of the nanoparticles
can be altered by altering parameters such as pH,
temperature, substrate concentration, mixing ratio
and reaction time (Balakumaran et al., 2016; Jameel
et al., 2016; Khan and Jameel, 2016). Optimum
parameters allow higher and efϐicient production
of nanoparticles. Thus, the aim of this project was
to optimize the physiochemical parameters such as
temperature, media, mixing ratio to synthesis silver
nanoparticles via Aspergillus niger.

MATERIALS ANDMETHODS

Preparation of Aspergillus niger Culture Plate
Potato Dextrose Agar (Sime Scientiϐic, India) was
prepared using the instructions provided by the
manufacturers. Aspergillus niger master culture
plate was obtained from the Manipal International
University laboratory. The strain was cultivated on
the Potato Dextrose Agar (PDA) plate prepared and
was incubated at 28 ◦C for 7 days (Jameel et al.,
2016).

Production of Aspergillus niger Biomass
Potato Dextrose Broth (Sime Scientiϐic, India) was
prepared using the instructions provided by the
manufacturers. Aspergillus niger from the culture
plate was inoculated in the 150 ml of Potato Dex-
trose Broth (PDB) and was incubated on a rotatory
shaker (Infors HT, Ecotron, Switzerland) at 180 rpm
at 28 ◦C for 7 days to obtain the biomass. After
7 days, the biomass was harvested by ϐiltering it
using sterile ϐilter paper (Whatman, China), and the
broth obtained was centrifuged at 9000 rpm for 10
minutes to avoid the presence of Aspergillus niger
in the broth using a centrifuge (Hettich, REF 1406,
Germany). The supernatant was used for silver
nanoparticle production (Jameel et al., 2016; Koil-
parambil et al., 2016).
Synthesis of Silver Nanoparticles
The culture supernatant (10 ml) obtained was
added to the falcon tube containing 40 ml of sil-
ver nitrate (AgNO3) (0.001M) (Fisher Chemical, UK)
and incubated for 48 hours at 28 ◦C. After 48 hours,

a change in colour (yellowish white to brown) was
observed, which indicated the synthesis of silver
nanoparticles. A control was kept without super-
natant did not have any colour changes after incu-
bation. The silver nanoparticles formedwas charac-
terizedby checking the absorbance at 200nm to700
nmusing UV Spectrophotometer (Cecil, 2000 Series,
England) (Koilparambil et al., 2016). The highest
peak was at 450 nm.

Optimization of Silver Nanoparticles Production
using Different Parameters

Optimization of Media

The media optimization was done with Potato Dex-
trose Broth (PDB) and Sabouraud Dextrose Broth
(SDB) (Sime Scientiϐic, India). Both the media was
prepared according to the instructions provided by
the manufacturers and inoculated with Aspergillus
niger, which was incubated for 7 days on a rotary
shaker at 180 rpm at 28 ◦C. After 7 days, the super-
natant was collected by ϐiltering the mycelium with
sterile ϐilter paper and centrifuged at 9000 rpm for
10 minutes. Both the supernatant (10 ml) was sep-
arately added to 40 ml of silver nitrate in a sepa-
rate falcon tube and was incubated at 28 ◦C for 48
hours. Silver nitrate without culture supernatant
was incubated alongside as a control. Then the sil-
ver nanoparticles produced was characterized by
using UV Spectrophotometer at 450 nm (Koilparam-
bil et al., 2016).

Optimization of Mixing Ratio of Culture Super-
natant and Silver nitrate

Culture supernatant (PDB) 10 ml with 40 ml of sil-
ver nitrate, 20 ml of culture supernatant (PDB) with
30 ml of silver nitrate, 30 ml of culture supernatant
(PDB) with 20 ml of silver nitrate and 40 ml of cul-
ture supernatant (PDB) with 10 ml of silver nitrate
was incubated at 28 ◦C for 48 hours. A silver nitrate
without culture supernatant was incubated along-
side as a control. Then the silver nanoparticles pro-
duced was characterized by using UV Spectropho-
tometer at 450 nm (Koilparambil et al., 2016).

Optimization of Temperature

Four different temperature was selected, 28 ◦C, 37
◦C, 48 ◦C and 68 ◦C. The culture supernatant (PDB)
(10 ml) was mixed with silver nitrate (40 ml) in
four falcon tubes and was incubated for 48 hours
at selected temperatures. Silver nitrate without cul-
ture supernatant was incubated alongside as a con-
trol. Then the silver nanoparticles produced was
characterized by using UV Spectrophotometer at
450 nm (Koilparambil et al., 2016).
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RESULTS AND DISCUSSION

Synthesis of Silver Nanoparticles

Figure 1 shows the synthesis of AgNPs byAspergillus
niger supernatant. Fungal supernatant incubated
with silver nitrate after 48 hours changed colour
from pale yellow (A) to brown (B). This indicated
the formation of silver nanoparticles. Meanwhile,
the control showedno colour changedwith the same
incubation condition (C toD). According toMadakka
et al. (2018), the colour change happens due to the
accumulation of silver nanoparticles in the broth.

According to Balakumaran et al. (2016), the colour
change occurs due to the excitement of surface Plas-
mon resonances. The silver nanoparticles accumu-
late at the bottom of the falcon tube, but if the fal-
con tube is mixed completely, then the whole solu-
tion will change to brown. There were no colour
changes observed for the control, whichwasonly sil-
ver nitrate.

According to Zomorodian et al. (2016), the NADH
and the NADH dependent nitrate reductase are pro-
duced externally by Aspergillus niger. This enzyme
acts as a reducing agent and capping agent, caus-
ing the silver nitrate to be converted to silver ion
(Ag+) (Zomorodian et al., 2016; Vishwanatha et al.,
2018).

Figure 1: Synthesis of AgNPs by Aspergillus
niger supernatant after 48 hours of incubation
with silver nitrate (A to B) and only silver
nitrate as control (C to D)

Characterization of Silver Nanoparticles by UV
visible Spectrometry

Figure 2 shows the UV-Vis Spectroscopy absorption
spectrum of synthesized AgNPs in the range of 200-
700nm. The solution, which changed colour after
48 hours due to the silver nanoparticles production,
was characterized using the UV visible spectropho-
tometer from 200 nm to 700 nm. The highest peak
or the lambda maximum was found at 450 nm with
an absorbance of 0.573.

Figure 2: UV-Vis Spectroscopy absorption
spectrum of synthesized AgNPs

Figure 3: UV-Vis Spectroscopy absorbance of
synthesized AgNPs using different media at 450
nm

Figure 4: UV-Visible Spectroscopy absorbance
of silver nanoparticles produced at different
mixing ratios at 450nm

Figure 5: UV-Visible Spectroscopy of silver
nanoparticles produced at a different
temperature at 450 nm
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Table 1: Antimicrobial activity ofoptimized silver nanoparticle
Zone of Inhibition (mm)

Organism Optimized AgNPs Positive control Negative control

Escherichia coli 7± 2.7 12± 1.7 0± 0
Staphylococcus aureus 5.3± 2.1 12.3± 0.6 0± 0

The result found was the same with the result pub-
lished in Madakka et al. (2018), where the peak was
also found at 450 nm exhibits the formation of silver
nanoparticles which is due to the excitement of sur-
face Plasmon resonances. Sagar and Ashok (2012)
reported that the highest absorbance was around
440 nm.

Optimization of Parameters

Optimization of Media

Figure 3 shows UV-Vis spectroscopy absorbance of
synthesized AgNPs using different media at 450 nm.
Potato dextrose broth (PDB) and Sabouraud dex-
trose broth (SDB) were used for the optimization of
media. The result showed that the production of sil-
ver nanoparticleswas higher in SabouraudDextrose
Broth (SDB) which was 0.532, compared to Potato
Dextrose Broth (PDB) which was 0.348. Among
these two media, SDB was found to be the opti-
mum media to produce silver nanoparticles. This
is due to the presence of a higher nitrogen source
in the media supports the higher production of
an enzyme (nitrate reductase), which allowed the
higher production of silver nanoparticles when the
supernatant was mixed with silver nitrate (Guilger-
Casagrande and Lima, 2019). The media also inϐlu-
ences theperformance of the enzyme (nitrate reduc-
tase).

Optimization of Mixing Ratio of Culture Super-
natant and Silver Nitrate

Figure 4 shows UV-Visible absorbance readings
obtained from different mixing ratios at 450nm.
There were four mixing ratios used to produce sil-
ver nanoparticles. Among the four, 40 ml of super-
natant and 10 ml of silver nitrate were reported to
have higher production of silver nanoparticles with
an absorbance of 0.296. Thiswas because the higher
amount of supernatant provides a higher amount of
reductase enzyme, which allows a higher reduction
process to produce more silver nanoparticles. The
other mixing ratios has lesser silver nanoparticles
production due to the less amount of supernatant
added where less amount of the enzyme was pro-
vided for the reaction.

Hence, in 48 hours, the higher amount of silver
nanoparticles was able to be produced only by 40

ml supernatant and 10 ml silver nitrate. This was
comparable to the ϐindings by Birla et al. (2013)
and Shahzad et al. (2019), where a higher amount
of supernatant produced a higher amount of small-
sized silver nanoparticles.

Optimization of Temperature

Figure 5 shows UV-Visible absorbance of silver
nanoparticles produced at a different temperature
at 450 nm. Four different temperatures were
experimented with to produce silver nanoparticles.
The temperature used for the experiment were 28
◦C, 37 ◦C, 48 ◦C and 65 ◦C. As the temperature
increased, the production of silver nanoparticles
also increased, which was characterized by UV vis-
ible spectrometry. But the experiment revealed that
65 ◦C has the highest production of silver nanopar-
ticles with an absorbance of 0.483. Hence, 65 ◦C
is declared as the optimum temperature. A simi-
lar result was found in Jameel et al. (2016), where
60 ◦C was optimum, and if the temperature goes
beyond that, it will cause denaturation of the pro-
tein and enzymes needed for the reduction reaction.
Temperature lesser than the optimum temperature
has lesser silver nanoparticle production due to the
incomplete reduction reaction. Enzymes can only
work best in the optimum temperature, less than
that, it will not work well and beyond that, it may
lose its catalytic action (Jameel et al., 2016).

Antimicrobial Testing

Silver nanoparticles was produced using the
optimized parameters, and the optimized silver
nanoparticles were used to test against Escherichia
coli and Staphylococcus aureus (Table 1). The results
showed that gram-negative bacteria produced a
larger zone of inhibition compared to gram-positive,
where the zone of inhibition of Escherichia coli was
7 ± 2.7 mm and 5.3 ± 2.1 mm for Staphylococcus
aureus. Thus, the result clearly showed that the
silver nanoparticles are more effective towards
gram-negative bacteria than gram-positive bacteria.
According to Madakka et al. (2018), Gram-positive
has less inhibition than gram-negative due to its cell
wall thickness difference. Since the gram-positive
has a thicker cell wall, it was not easy for the sil-
ver nanoparticles to penetrate the cell wall. But
gram-negative has higher inhibition due to its less
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thick cell wall. Krishnaraj et al. (2012) stated that
the silver nanoparticles attack the cell membrane
by changing its function and structure. The silver
nanoparticles interact with the DNA and the neces-
sary enzymes for the microorganism’s metabolism
and survival (Madakka et al., 2018; Vishwanatha
et al., 2018).

CONCLUSION

In conclusion, it was proven that the Aspergillus
niger could produce silver nanoparticles that exhibit
good antimicrobial properties. The current study
proposed that optimum parameters for the biosyn-
thesis of silver nanoparticles using Aspergillus niger
supernatant were Sabouraud Dextrose Broth (SDB)
media, 40 ml of supernatant and 10 ml of silver
nitrate mixing ratio and 65 ◦C as the incubation
temperature. The silver nanoparticles antimicrobial
activitywas highly efϐicient for gram-negative bacte-
ria than gram-positive bacteria.
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