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Abstract

Biogenic synthesis of silver nanoparticles (AgNPs) using plants has become a promising substitute to the
conventional chemical synthesis method. However, the desired size and form of NPs can be produced by
optimising the microbe-mediated synthesis by changing their reaction conditions. AgNPs are manufactured by
a variety of chemical and physical processes. But so far, these techniques are costly and harmful to the
environment. The study here elaborates on the potential of biologically synthesized silver nanoparticles of
fungal extract samples from Western Ghats of Agumbe region, Karnataka. In this study, we report the low-cost
microorganisms based “eco-friendly” efficient synthesis of silver nanoparticles by using the metal-tolerant
fungi Aspergillus niger. On the other hand, the appearance of white precipitate at the end of incubation time
confirms the production of AgNPs. The physicochemical characterization of silver nanoparticles was
performed by employing, SEM, XRD, and FTIR to investigate the stability and structure of AgNPs. SEM result
revealed that the particles were irregular spherical, granules. In addition, FTIR confirms the functional group
of the silver oxide nanoparticle. The XRD pattern of synthesized nanoparticles confirms the diffraction peaks
of AgNPs at 20 =31.82°, 34.51°, 36.27°,47.71°, 56.76°, 62.95°,66.53°, 68.12°, 69.13°, 72.45°, and 77.09°can
be assigned to (100), (002), (101), (102), (110), (103), (200), (201), (004) and (202). Indeed, nanotechnology
based microbiological active molecules develops new opportunities for us to explore novel applications in
terms of green technology.
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Introduction

Indian greeneries are the chief and cheap source of
medicinal plants and plant products. From
centuries till date, these medicinal plants have been
extensively utilized in Ayurveda and also in latest
technology. Recently, many such plants are
gaining importance due to their unique constituents
and their versatile applicability in various
developing fields of research and development.
Plants and various plant products are now being
used crucially in the synthesis of nanoparticles
(NPs), making nanobiotechnology one of the most
active study fields in modern material science.
Several methods for creating silver nanoparticles
(AgNPs) have been developed because of the
scientific revolution in nanotechnology. In this
case, bio reducing agents and biological stabilisers
of silver ions, such as whole organisms or plant
extracts, algae, mushrooms, yeasts, bacteria,
fungus, and viruses, are becoming more and more
ingrained in green chemistry approaches. In fact,
this is because these substances contain a variety of
secondary metabolites, including proteins,
enzymes, amino acids, vitamins, lipids, and nucleic
acids, all of which can participate in the
manufacture of AgNPs (1,2,3,4).

This environmentally friendly nanotechnological
technique offers benefits including speed, low cost,
and ease of use that make it practical and efficient
for many procedures. Furthermore, it frequently
incorporates a one-step  procedure  with
biocompatible and non-toxic materials, little silver
ion concentration, low levels of reactivity, and the
usage of water-soluble compounds. As a result, all
of these variables lower the danger of toxicity to
various living species and the environment (5,6).
The creation of nanoparticles (NPs) uses plants and
various plant products, making nanobiotechnology
one of the most active fields of research in modern
materials science. NPs are generally understood to
be particles having a size of under 100 nm. These
particles, in compared to the bigger particles of the
mass material from which they were formed, have
exhibited entirely novel and increased features in
terms of size, distribution, and shape (7). NPs of
noble metals like gold, silver and platinum are well
recognized to have significant applications in
electronics, magnetic, optoelectronics and
information storage (8-11).

Nanobiotechnology and their derived products are
unique not only in their treatment methodology but
also due to their uniqueness in particle size,
physical, chemical, biochemical properties and
broad range of application as well. This current
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emerging field of nanobiotechnology is at the
primary stage of development due to lack of
implementation of innovative techniques in large
industrial scale and yet has to be improved with the
modern technologies. Hence, there is a need to
design an economic, commercially feasible as well
environmentally sustainable route of synthesis of
AgNPs in order to meet its growing demand in
diverse sectors.

Various approaches available for the synthesis of
silver NPs include chemical (12), electrochemical
(13), radiation, photochemical methods (14) and
Langmuir-Blodgett  (15-16) and biological
techniques (17,18). In this race of Ag NP
preparation, plant-mediated green biomimetic
synthesis of silver nanoparticle is considered a
widely acceptable technology for rapid production
of silver nanoparticles for successfully meeting the
excessive need and current market demand and
resulting in a reduction in the employment or
generation of hazardous substances to human
health and the environment.

In the current study, we aimed to isolate and screen
the fungi using plant extract. Further, the leaf
samples were isolated and screened for
identification of fungi using standard manuals. In
which Aspergillus niger were identified and used
for biosynthesis of AgNPs for a broad range for
application process. The NPs were well
characterized by Fourier transform infrared
spectroscopy (FTIR), X-ray diffraction (XRD) and
scanning electron microscopy (SEM) analysis.
Despite this, only a few microorganisms are
capable of producing AgNPs. So, other
microorganisms with the capacity to synthesize
AgNPs must be investigated. Therefore, this
research was performed to find a new fungal strain
that synthesis AgNPs and also to study its
properties.

Materials and Methods

Collection of plant material

The plant material Aglaia elaeagnoidea was
collected from Western Ghats of Agumbe region,
Karnataka.

Isolation of fungi

Leaves were washed under running tap water and
then with teepol solution to ensure for dust free and
clean. Then, leaves were washed thoroughly with
sterile double distilled water (SDDW). Under
aseptic conditions, leaves were surface sterilized
with 10 % H>O, and then with 80 % alcohol
followed by thorough rinsing with SDDW for three
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to four times. Leaves were dried on sterile blotting
paper and then cut into small segments. Leaf
segments were placed on solidified potato dextrose
agar (PDA) media plates. PDA plates were
incubated at 24 + 2 °C for 10 days. After 10 days,
fungal mycelia were harvested and transferred onto
fresh PDA plates.

Preliminary phytochemical screening

Various chemical tests were carried out on the
Methanolic extract using standard procedures to
identify the preliminary screening (19,20).

Alkaloids (Mayer’s test)

To 2ml of leaf fungal extract, 1ml of dilute HCl is
added and a few drops of Mayer’s reagent were
added along the slide of the test tube. The
formation of yellow colour indicates the presence
of alkaloids.

Flavonoids (NaOH test)

The leaf fungal extract was dissolved in 2ml of 2%
NaOH and further observed for the formation of
intense yellow colour which becomes colourless
on addition of few drops of dil. HCI indicates the
presence of Flavonoids (21).

Phenol (Lead acetate test)

The leaf fungal extract was dissolved in 5ml of
distilled water and 3ml of 10% lead acetate
solution. The formation of white precipitate
indicates the presence of Phenolic compounds
(22).

Lignin (Labat test)

To the leaf fungal extract gallic acid is added. The
appearance of olive-green colour indicates the
presence of lignin (23,24).

Sterols (Salkowski’s test)

Few drops of chloroform are added to the
methanolic fungal extract along with few drops of
sulfuric acid. The appearance of greenish yellow
fluorescence indicates the presence of Sterols.

Saponin (Foam test)

Iml of methanolic fungal extract was added to
distilled water and shaken vigorously until the
formation of honeycomb like foam for 10 to
15minutes indicates the presence of Saponin.

Terpenoids (Salkowski’s test)

Few drops of chloroform are added to the
methanolic fungal extract along with few drops of
sulfuric acid. The appearance of radish brown
colour indicates the presence of Terpenoids (25).
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Tannins (Ferric chloride test)

To 2ml of leaf fungal extract, the ferric chloride
solution was added. The formation of black
precipitate indicates the presences of tannins.

Glycosides (Keller Killani test)

To Iml of fungal extract, 1.5ml of glacial acetic
acid was added to this 1 drop of 5% Ferric Chloride
and concentrated H»,SO4 along the sides of test
tube. Appearance of reddish brown indicates the
presence of Glycosides.

Reducing Sugar (Benedict’s test)

Iml of methanolic fungal extract and 2ml
benedict’s reagent solution was heated in boiling
water bath 3 to 5 minutes. The presence of reducing
sugar is indicated by the formation of green colour
(26).

Carbohydrate (Molisch’s test)

To 2ml of methanolic fungal extract a-napthol is
added. Further concentrated H,SO4 along the sides
of the test tube. The violet ring formation at the
junction indicates the presence of Carbohydrates
(26,27).

Proteins (Ninhydrin test)

To 2ml of leaf fungal extract, few drops of 2%
ninhydrin solution is added. The violet colour
formation indicates the presence of Proteins (28).

Biosynthesis of AgNPs

The synthesis of silver nanoparticles was carried
out according to the method (29). The fungal
isolate Aspergillus niger was cultured in 100 ml of
potato dextrose broth and was incubated at
26 £ 2 °C in shaker incubator (LABLINE) at a
speed of 100 rpm. After 21 days of growth, the
fungal biomass was harvested and washed
thoroughly with SDDW to prevent the
contamination of medium components. 10 g of
fungal biomass was taken in 250 ml Erlenmeyer
flask containing 100 ml SDDW and incubated at
28 £4 °C for 72 h in shaker incubator at the speed
of 100 rpm. After incubation, the aqueous solution
was separated by filtration through Whatmann
No.l filter paper. This solution, namely, fungal
filtrate, used for the synthesis of AgNPs. 100 ml of
1 mM of silver nitrate was then added to 100 ml of
fungal filtrate and incubated at 28 + 4 °C for 24 h
in the dark condition.
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Characterization of Biosynthesized AgNPs
Surface morphology and elemental detection of
synthesized AgNPs (30,31).

The surface morphology and elemental detection
of synthesized AgNPs were studied by using a
scanning electron microscope (SEM).

Phase identification of AgNPs using X-Ray
Diffractometer (32).

Phase identification of synthesized and standard
AgNPs was measured using by X-Ray
Diffractometer (XRD) (M/s. Rigaku, Ultima 4,
Tokyo, Japan).

The interaction of the incident rays with the sample
produces  constructive interference =~ when
conditions satisfy Bragg’s law. Inter-planar spacing
between atoms (d-spacing) was calculated by using
Bragg’s Law (1912) as given below
Where,

A = Wave length of X-Ray (0.1540 nm)
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6 = Diffraction angle (deg)
n= Integer called order of diffraction

Functional group analysis (33)

The functional group in the synthesized AgNPs
was analyzed by using a Fourier Transform
Infrared spectroscope (FT-IR) (IRTracer 100 AH,
Shimadzu, Japan). The instrument was initialized
with Lab Solution software (Version, 100).

Results

Collection of plant material and Isolation of
fungi

The plant material 4. elaeagnoidea was collected
from Western Ghats of Agumbe region, Karnataka
(Fig 1). The area being at a latitude and longitude
of 13.5087°N 75.0959°E. After collection, leaves
were separated and used for inoculation.
Aspergillus niger were identified and used for
characterization of AgNPs (Fig 2).

Fig 2: Aspergillus niger
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Qualitative detection of secondary metabolites

Leaf fungal methanolic extract of 4. elaeagnoidea
plant, were found to be able to produce all the
functional metabolites (table 1). All the isolates
showed more or less efficient (as observed from the

intensity of colour) for the production of alkaloids,
flavonoids, saponins, phenol, lignin, sterols,
carbohydrates, terpenoids, glycosides and reducing
sugars (Fig 3).

Table 1: Qualitative detection of secondary metabolites from A. elaeagnoidea (leaf fungal extract)

Phytochemical Test

Methanolic leaf extract

Alkaloids

+

Flavonoids

Phenol

Lignin

Sterols

Saponins

Terpenoids

[+ ||+

Tannin

Glycosides

Reducing Sugar

Carbohydrates

+ [+ [+

Protein

Present (+); Absent (-)

Fig 3: Isolation and identification of §econdary metabolites from A. elaeagnoidea (leaf fungal extract)

Biosynthesis of Silver Nanoparticles

After incubation of cultured flasks at room
temperature on a rotatory shaker Aspergillus niger
was grown successfully in liquid broth and
sufficient biomass was obtained (Fig 4). After 48 h

of incubation of the experimental flasks with 1 mM
of AgNO;3, color change was seen from yellow to
brownish which confirms the synthesis of silver
nanoparticles.

Fig 4: Aspergillhs nier biomass during incubation period.

Eur. Chem. Bull. 2023, 12(Special Issue 10), 269 - 276

273



“Biogenic Synthesis Of Silver Nanoparticles Using Fungal Extract Aspergillus
Niger Isolated From Aglaia Elacagnoidea And Its Characterization”. Section A-Research Paper

Characterization of silver nanoparticles

XRD Studies

——ZnONPs

(101)]

Intensity (a.u.)

26 (Degree)

Fig 5: XRD pattern of Ag nanoparticles.

The XRD pattern of Aspergillus niger AgNPs is 77.09°can be assigned to (100), (002), (101), (102),
shown in Fig.5 .The diffraction peaks of Ag NPs at (110), (103), (200), (201), (004) and (202) was
20 = 31.82°, 34.51°, 36.27°, 47.71°, 56.76°, confirmed.
62.95°,66.53°, 68.12°, 69.13°, 72.45° and
FT-IR Spectrum

8

8

5
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Fig 6: FTIR Spectrum

Fig 6 shows the FTIR spectrum analysis. The banding modes frequently results in large bands of
hydroxyl (O-H) group of water stretching and around 3447.16 and 1637.18 cm-1.
SEM analysis

Fig 7: SEM of AgNps
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The SEM images exhibited irregular aggravated
morphology with the different-sized particles due
to agglomeration. It shows a large surface area (Fig
7). It confirms the purity of AgNPs and no other
impurity was detected in the sample spectrum.

Conclusion

Medicinal plants have medicinally important
compounds in their different parts. The synthesis
of nanoparticles using plants depends on the nature
of plant such as its phytochemical content, special
adaptation, and medicinal importance. In this
study, we investigated eco-friendly and cost-
effective green synthesis of silver nanoparticles
using leaf and its fungal extract of medicinal
plant 4. elaeagnoidea. XRD, SEM and FTIR
studies of the synthesized silver nanoparticles
elucidated that the silver nanoparticles were
crystalline in nature, spherical in shape and stable.
This green synthesis is inexpensive and simple
method can be used as alternative to chemical,
physical, and microbial mediated methods used for
production of silver nanoparticles.
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