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ABSTRACT

Nanoparticles are particles of less than 100 nm in diameter that exhibit new or enhanced size-dependent properties compared
with bigger particles of similar material. In this study, AgNPs were synthesized using three mushroom species- Lentinus
squarrosulus, Ganoderma lucidum, and Pleurotus tuberregium. The formation of AgNPs was observed using a UV-light
spectrophotometer. The functional groups present were identified by Fourier transform infrared spectroscopy; while size and
surface morphology were also analyzed using scanning electron microscopy. The study revealed that the AgNPs were highly
aggregated crystalline spherical nanoparticles with most of them irregular in shape. The cubic structure of AgNPs was identified
using the X-ray Diffraction analysis with peaks for Lentinus squarrosulus at 26 = 28.50 and 21.80, 80 and 440 for Ganoderma
lucidum, and 390 and 260 for Pleurotus tuberregium (corresponding to the planes of silver 111, 200 respectively). Antibacterial
analyses from the three mushrooms showed that the biosynthesized AgNPs possess antibacterial activity (against Staphylococcus
aureus, Escherichia coli, Bacillus sp, and Pseudomonas aeruginosa). The antibacterial activities of each mushroom species were
compared with three antibiotics- Chloramphenicol, Ciprofloxacin and Streptomycin. The study revealed that the AgNPs of
Pleurotus tuber-regiumexhibited a broader antibacterial activity compared to the Lentinus squarrosulus and Ganoderma lucidum.
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INTRODUCTION The biosynthesis of these nanoparticles is the centre of
research in nanotechnology. Not many mushrooms, for
example, Volvariella volvacea, Pleurotus Sajor, Pleurotus

. \ . . Florida, Ganoderma lucidum and Micrporus xanthopus have
Nanos’, meaning dwarf. Nanotechnology is also referred to as  poon accounted for to be utilized in the creation of silver

Nanoscience which dgals with the issues of nanor_neter-scale nanoparticles (AgNPs) (Numan et a;., 2021, Jigna et al.,
ranging from approximately of 1 to 100nm, which can be 2022).
controlled at the atomic or molecular level (Abuayyash et al.,
2018).

Nanotechnology is described as a quickly developing
space of modern science because of its promising applications
in different fields like medicine, technology, and agriculture;
with respect to size, shape, chemical composition and
expected use for human advantages. The most examined
nanoparticles are those from the noble metals, which are Silver
(Ag), Gold (Au), Platinum (Pt) and Palladium (Pd); among
them, silver nanoparticles assume a critical part in biology and
medicine (Numan et al., 2021).

Nanotechnology is the combination of two words-'nano’ and
'technology'. The term 'nano' is derived from the Greek word

Mushroom cultivation and use have a long history
concerning human's health and food sources. They are
extensively found in nature and remain the earliest type of
fungi found by man. Mushroom is universally defined as the
fleshy, spore-bearing fruiting body of a fungus that is
distinctively produced over the ground, on soil or deteriorating
wood. It has been described as a macro fungus with an
individual fruiting body that can be epigeous or hypogeous,
visible to the naked eye, and can be easily harvested belonging
to either Ascomycetes or basidiomycetes under the Kingdom
Fungi. (Samsudin et al., 2019). Various species of Mushrooms
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have been cultivated on industrial wastes, waste woods,
agricultural wastes, or wastelands to foster rapid biological
cleaning of the environment and create more arable farmlands
for the cultivation of other economically important food crops
(Victor and Clementina 2021).

Green synthesis of nanoparticles is a primary,
conservative environmentally friendly and biological method
of synthesizing silver nanoparticles. Green synthesis of silver
nanoparticles has been utilized for different applications
electronics, catalyst, energy, medicine, nonlinear optics,
spectrally specific coating for sun-powered energy retention,
bio-labelling, intercalation materials for electrical batteries, as
optical receptors, and as antibacterial capacities (Muhammad
et al., 2020). According to recent studies, nanoparticles such
as silver nanoparticles (AgNPs) have been reported to inhibit
the growth of microbes. (Loo et al., 2018, Mare et al., 2021)
The study aimed to synthesize, characterize silver
nanoparticles from three species of mushroom, and determine
their antibacterial activities.

MATERIALS AND METHODS

Materials: Preparation of Crude Extract of - Lentinus
squarrosulus, Ganoderma lucidum and Pleurotus tuber-
regium. The fruiting bodies of Fresh mushrooms (Ganoderma
spp, Pleurotus tuber-regiumand Lentinus squarrosulus) were
harvested, washed and dried under a mild sun and after which
were grinded using a blender separately and kept differently.

10g of each mushroom species was weighed into three beakers
(500ml), and 100ml of distilled water was added to each
beaker, heated at 600C to enhance dissolution. After about
10minutes, each solution mixture was sieved using Whatman
Filter Paper No 1 and the filtrate of each mushroom was
collected in a different conical flask (Anyakorah et al., 2021).

Synthesis of Silver-nanoparticles of Fungi Species: 200ml
of 0.01M of AgNO3 prepared in the laboratory and stored in
a volumetric flask. 50ml of AgNO3 is then added to 50ml of
each mushroom filtrate in a conical flask and also heated
slightly for effective reaction; thus reducing Ag+ to Ag0. The
resulting solution is then allowed to stay overnight in a dark
cabinet and then stored for a further experiment under the
temperature of -4.00C (Mbagwu et al., 2022).

Characterization of the Synthesized Silver Nanoparticles:
This involves using instrumentation techniques to observe the
structure, size, reaction between each mushroom filtrate and
AgNO3 and the nature of the synthesized nanoparticles. The
instruments used were UV-Visible spectroscopy, Scanning
Electron Microscope (SEM), X-ray Diffraction and Bomen
Fourier Transform Infrared (FTIR) (Prabhu et al.,2019).
2.4 UV -Visible Spectroscopy Analysis

A resolution of 2.0 nm between 300 to 700 nm possessing
a scanning speed of 300mm/min was used to carry out UV-
visible spectroscopy analysis using a UV-Visible absorption
spectrophotometer. The monitoring of the process of reaction
between metal ions and each mushroom extract were done
using UV-Visible spectra of silver nanoparticles in an
aqueous solution.
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Scanning Electron Microscopy (SEM): The size of silver
nanoparticles was measured using Scanning electron
microscope analysis. This was carried out by transporting the
synthesized silver-nanoparticles to the University of Zaria,
Department of Chemistry. The mushroom extract used to
synthesize silver nanoparticles was allowed to dry entirely and
grounded to powder for this technique. Complete dryness is a
standard requirement for the SEM specimen since the
specimen is at a high vacuum.

X-ray Diffraction Analysis (XRD): Silver nanoparticles
solution obtained after bioreduction was purified by repeated
centrifugation at 5000 rpm for 20min followed by redispersion
of silver nanoparticles pellet into 10ml of sterile deionized
water. After the freeze-drying of the purified silver particles,
the structure and composition were analyzed by X-ray
diffraction (XRD). X-ray diffractometer analysis was used to
determine silver-nanoparticles after the dried mixture was
collected. This was done to verify the results of the UV
spectral studies; XRD examined the colloidal suspensions of
AgNPs to observe their nature.

Fourier Transmission Infrared Spectroscopy (FTIR)
Analysis: FTIR breakdown is performed to decide the
functional groups present in a sample which reduces silver
nitrate to metallic silver nanoparticles. For FTIR examination,
pellets of crude mushroom samples containing nanoparticles
were used.

Silver-

Antibacterial  Activities  of

nanopatrticles

Synthesized

Collection of microorganisms: The microbes selected for the
present study were Escherichia coli, Pseudomonas
aeruginosa, Staphylococcus aureus and Bacillus spp.

Preparation of innocula: Each organism was recovered for
testing by sub-culturing on fresh Nutrient media. A loopful
inoculum of each bacterium was suspended in 5 ml of nutrient
broth and incubated overnight at 37°C. These overnight
cultures were used as inoculums in all our experiments.

Preparation of media: The growth media employed in the
present study included nutrient agar and nutrient broth. The
medium was adjusted to pH 7 and sterilized by autoclaving at
15 Ibs pressure (121°C) for 15 minutes for sterilization.

Sub-culturing of microorganisms: Frequent sub-culturing
maintained the pure cultures of microorganisms on nutrient
agar slant. These cultures were stored at 4°C for further
experiments.

Antibacterial activity: Bactericidal effects of Ag-NPs were
studied against Gram-positive and Gram-negative bacteria.
Antibacterial activity was demonstrated by using the Well-
diffusion method. Eight plates were prepared, four allocated
for the three mushroom species and the other four for the three
antibiotics (Chloramphenicol, Streptomycin, and ) to confirm
the inhibition zones.

Alabi et al
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RESULTS

Biosynthesis of Silver Nanoparticles Using Mushrooms::
The colour change from light pale yellow to brown after
adding AgNO3 to culture filtrate is the primary indication of
silver nanoparticles synthesis.

In all the mushroom samples used, there were changes
from light yellow to brown, indicating the reduction of
aqueous Ag+ with culture filtrates by showing the production
of silver nanoparticles (Plate 1, 2 &3).

No Colour
Change

Colour
Change

Plate 1:
Photograph Showing the Synthesized Silver Nanoparticles from

Lentinus squarrosulus

4 Colour

No Colour Change
Change
Plate 2:

Photograph Showing the Synthesized Silver Nanoparticles from
Ganoderma lucidum

No Colofir

Change
Colour
Change
Plate 3:

Photograph Showing the Synthesized Silver Nanoparticles from
Pleurotus tuber-regium
A-Filtrate of the Mushroom B Synthesized AgNPs

U.V Analysis of Silver nanoparticles Using Lentinus:
squarrosulus, Ganoderma lucidum and Pleurotus tuberregium
After 24hrs addition of mushroom extracts- Lentinus
squarrosulus, Ganoderma lucidum and  Pleurotus
tuberregium; to Silver nitrate solution, UV-VIS scans were
taken from 300 to 700nm. The sharp bands of silver
nanoparticles from each mushroom extract were observed
around 372nm, 376nm and 380nm, respectively (Fig. 2). The
recorded bands suggest that the particles were well dispersed
without aggregation (Jian-E et al., 2021).
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Figure 1:
UV-VIS spectra of silver nanoparticles using Lentinus squarrosulus
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Figure 2:

Graph Showing the UV-VIS spectra of silver nanoparticles using
Ganoderma lucidum
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Figure 3:
Graph Showing the UV-VIS spectra of silver nanoparticles using
Pleurotus tuberregium

Fourier Transmission Infrared (FTIR) Analysis of Silver
nanoparticles

Fourier Transmission Infrared (FTIR) Analysis of
Lentinus squarrosulus: The FTIR spectrum of aqueous
extract of Lentinus squarrosulus showed five prominent
peaks, which are 3854.76cm-1, 3443.57cm-1, 2075.87cm-1,
and 1633.70cm-1, as shown in figure 4.

Fourier Transmission Infrared (FTIR) Analysis of
Ganoderma lucidum: The FTIR spectrum of aqueous extract
of Ganoderma lucidum showed five prominent peaks, which
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are 3854.67cm-1, 3443.57cm-1, 2079.34cm-1, and 708.90cm-  SEM  ANALYSIS:  The  mcyo-synthesized  silver
1 as shown in Fig 5. Nanoparticles from Lentinus squarrosulus, Ganoderma
lucidum and Pleurotus tuberregium; were subjected to the
B = : SEM analysis for the SEM photos of Silver nanoparticles were
i N2 observed.
\ mbar | The Nanostructure and surface morphological studies of
e x‘ | | SEM images of silver nanoparticles using three species of
| | mushroom were observed show highly aggregated crystalline

- | | | spherical nanoparticles with most of them irregular in shape,
40
. ‘| \ | as shown (Plates 4 — 6)..
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Figure 4:

FTIR Photograph of AgNPs synthesized from Lentinus squarrosulus

f \ Scanning electron microscopy image of silver nanoparticles from
\ / iskmr Lentinus squarrosulus
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Figure 5:
FTIR Photograph of AgNPs synthesized from Ganoderma lucidum
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Scanning electron microscopy image silver nanoparticles from
Ganoderma lucidum
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Figure 6:
FTIR Photograph of AgNPs synthesized from Pleurotus tuber-
regium

Fourier Transmission Infrared (FTIR) Analysis of
Pleurotus tuberregium: The FTIR spectrum of aqueous
extract of Pleurotus tuberregium showed sixteen prominent
peaks 3816.94cm-1, 3835.35cm-1, 3801.90cm-1, 3851.08cm-
1, 3900.04cm-1, 3624.92cm-1, 3563.58cm-1, 3583.87cm-1,
3572.82cm-1, 3443.88cm-1, 2075.99cm-1, 1650.73cm-1,

1643.68cm-1, 1633.74cm-1, 1402.36cm-1, 1078.69cm-1, as  Plate 6:
shown in Figure 6. Scanning electron microscopy image of silver nanoparticles from
Pleurotus tuberregium

- '\-.‘.. a
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X-ray diffraction analysis (XRD) of synthesized silver-
nanoparticles using Lentinus squarrosulus: The Braggs
reflections were observed in the XRD pattern at 20 were
39.77> and 43.71° in the whole spectrum of values ranging
from 10 to 90 and indicated that the structure of AgNPs is
face-centred cubic (fcc). These correspond to [111] and [200]
planes for silver.

The estimated size of the synthesized silver nanoparticles
was calculated using the Debye Scherrer Equation.

Table 1:
Size Estimate of synthesized silver nanoparticles using
Lentinus squarrosulus

These correspond to [111], [200] and [220] planes for
silver. The estimated size of the synthesized silver
nanoparticles was calculated using Debye Scherrer Equation,
as shown in Table 3.

1461

Intensity

s/m hkl ~ 2Theta Theta FWHM f(radian) Size &
©) (nm) 30 3 ) I3 50 55 60 6 70 75
1. 111 3977 1989  0.5515  0.009625 28.48 2Themizcale
2. 200 4371 2186  0.3676  0.006416 21.80 Figure 8:
XRD pattern of silver nanoparticles formed after reaction of
1600 Ganoderma lucidum
1500
20
1400 *(111) e Table 3:
130 Size Estimate of synthesized silver nanoparticles using
£ 10 Pleurotus tuberregium
8 10 sin - HKI 2Theta Theta FWHM B(radian) Size
~ 1000 (@) (hm)
o 220) 1. 111 3715 1858 0.2364  0.004130 34.83
20 2. 200 45.15 2258 0.3677 0.006418 24.48
Y & s » % ® s » 5 3 20 6390 3195 01314 0002293 7024
2 Theta scale
Figure 7:
XRD pattern of silver nanoparticles formed after reaction of (111
Lentinus squarrosulus 2000
(200)
X-ray diffraction analysis (XRD) of synthesized silver- 1700
nanoparticles using Ganoderma lucidum: The Braggs 2 1400
reflections were observed in the XRD pattern at 20 were g
38.01° and 46.31¢ in the whole spectrum of values ranging E 1100
from 10 to 90 and indicated that the structure of AgNPs is 500 (220)
face-centred cubic (fcc). These correspond to [111] and [200]

planes for silver. The estimated size of the synthesized silver
nanoparticles was calculated using Debye Scherrer Equation,
as shown in Table 3.

Table 2:
Size Estimate of synthesized silver nanoparticles using
Ganoderma lucidum

s/n  hkl 2Theta Theta FWHM pB(radian) Size
© (hm)

1. 111 38.01 19.00 0.6040  0.01745 8.04

2. 200 46.31 23.17 0.4727 0.008250 44.0

X-ray diffraction analysis (XRD) of synthesized silver-
nanoparticles using Pleurotus tuberregium:

The Braggs reflections were observed in the XRD pattern at
20 were 37.15¢ , 45.15° and 63.90° in the whole spectrum of
value ranging from 10 to 90 and indicated that the structure of
AgNPs is face-centred cubic (fcc).
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Figure 9:
XRD pattern of silver nanoparticles formed after reaction of
Pleurotus tuber-regium.

Antibacterial activities of the silver nanoparticles using Agar
well-diffusion Method: Synthesized silver nanoparticles have
shown superior antibacterial activities against all the tested
clinically isolated pathogens. The effect of Ag-NPs alone and
associated with the antibiotics, Chloramphenicol(C),
Ciprofloxacin (CIP) and Streptomycin (S), were investigated
against pathogenic bacteria as shown in Table 4.

The XRD pattern of the synthesized silver nanoparticles
from Lentinus squarrosulus, showed diffraction patterns at
20values 39.770 and 43.710, which corresponded with the
111and 200 reflections of metallic silver as seen in Figure 7.

Alabi et al
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Table 4:

Antibacterial Activities of Fungi against Synthesized Nanoparticles and Antibiotics

Test Microorganisms L.squarrosulus  G. lucidum (mm)  P.tuber-regium  C (mm) CIP (mm) CP (mm)
(mm) (mm)

Bacillus sp 16.50 + 1.00 16.50 + 0.50 22.004 2.00 2450+ 0.50 26.00 + 1.00 26.004 0.00

Escherichia coli 10.00 + 0.00 19.00 + 1.00 15.00 + 0.00 34.00+ 0.00 34.00+ 0.00 20.004 0.00

Staphylococcus aureus 16.50 + 0.50 15.504 0.50 17.50 + 0.50 35.00 +£ 0.00 30.00 + 0.00 22.004 0.00

Pseudomonas aeruginosa 17.00 + 0.00 20.00 + 0.00 25.00+ 0.00 NIL 30.00 + 2.00 10.00+ 0.00

In contrast, the synthesized silver nanoparticles from
Ganoderma lucidum showed diffraction patterns at 26 values
38.010 and 46.31°, which also meant 111 and 200 reflections
as demonstrated in Figure 8 while the synthesized silver
nanoparticles from Pleurotus tuberregium showed
diffraction patterns at 26 values 37.51o , 45.150 and
63.900, these indicated 111, 200 and 220 reflections of
metallic silver as described in Figure 9.

DISCUSSION

Three selected Mushrooms, Lentinus squarrosulus,
Ganoderma lucidum and Pleurotus tuberregium were used to
synthesize silver nanoparticles using a bio-synthetic method.
The extracts of the selected species of mushroom were treated
with silver nitrate solution, the mixtures were then isolated
separately at room temperature. A visible colour change was
observed in each mixture; from pale yellow to reddish-brown
colour. This confirmed the complete synthesis of silverD
nanoparticles. The colour change in each mixture of
mushroom extracts demonstrated the Surface Plasmon
Resonance, which is a result of the combined vibration of
electrons of silver nanoparticles in resonance with lightwave.
It is shown from a study by Habeeb (2022) that the use of
medicinal plant extracts for the synthesis of silver
nanoparticles enhances the reduction and stabilization of
silver nitrates in an aqueous medium for the formation of
silver nanoparticles SNPs) which resulted in colour changes
as a result of the vibrations produced by surface plasmon
resonance caused by the reduction of silver ions to silver
nanoparticles. In addition, these outcomes were comparable
with works of Dinesh (2022) and Adebayo (2021).

The silver nanoparticles fromed from the three mushroom
extracts were subjected to a UV; various absorption peaks
were recorded at 480nm, 390 nm and 430nm, in Lentinus
squarrosulus, Ganoderma lucidum and  Pleurotus
tuberregium, respectively. It was denoted that the absorption
spectra formation from the SNPs was due to the formation of
Surface Plasmon Resonance (SPR) in the SNPs. Also, the
recorded absorption spectra confirmed the presence of the
synthesized  mushroom  silver  nanoparticles;  this
demonstration agreed with reports by Pascale et al., (2023)
and Fatemeh et al., (2020).

The presence of active biomolecules of free supernatant
was further observed in the mushroom extracts which were
recorded using the FT-IR. It was recorded that Lentinus
squarrosulus and Ganoderma lucidum; have five prominent
peaks while Pleurotus tuberregium has sixteen (16) prominent
bands. Most of the bands represented similar compounds;
bands between 3200-3900cm-1 represents the strong
stretching vibrations of the hydroxyl (OH) functional group,
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which arose due to carbonyl stretch; while the bands between
2000-2250cm-1 represented C=C Alkyne (stretch), 1500-
1700cm-1for C=C amide (stretch), and 700-1000cm-1 for C-
O Alcohols, Ethers, Esters, and Carboxylic acid (stretch). The
infra-red spectra confirmed the presence of the different
functional groups after synthesis which included: NH, H-O,
C-N, C-H, C-C, C-O, and the amide linkages and nitro
compounds that may be present between the silver
nanoparticles stabilizing caps along with the proteins and
amino acid residues. The results obtained from the present
study were comparatively similar to reports of Suba et al.,
(2022).

Therefore, it was later demonstrated that the synthesized
nanoparticles were surrounded by proteins and metabolites
such as terpenoids, and bioflavonoids having functional
groups of alcohols, ketones, aldehydes, and carboxylic acids.
The XRD pattern of the synthesized silver nanoparticles from
Lentinus squarrosulus, showed diffraction patterns at 260
values 39.770 and 43.710, which corresponded with the 111
and 200 reflections of metallic silver. In contrast, the
synthesized silver nanoparticles from Ganoderma lucidum
showed diffraction patterns at 20 values 38.010 and 46.310,
which also meant 111 and 200 reflections while the
synthesized silver nanoparticles from Pleurotus tuberregium
showed diffraction patterns at 20 values 37.510 , 45.150 and
63.900, these indicated 111, 200 and 220 reflections of
metallic silver and the data were found to match with the
database of the Joint Committee on Powder Diffraction
Standards (JCPDS File No.04-0783). Also, the peak positions
indicated the formation of silver nanoparticles, similar
diffraction patterns were also reported by Okocha et al.,
(2023). The corresponding sizes of the synthesized silver
nanoparticles were determined using the Debye Scherrer
Equation, the AgNPs from Lentinus squarrosulus have an
estimated size range of 22-29nm, while that of Ganoderma
lucidum have an estimated size range of 8-44nm and Pleurotus
tuberregium have estimated size range of 24-70nm. The shape
and the distribution of the synthesized silver nanoparticles
from the three selected mushrooms were analyzed using the
SEM. The SEM results showed that the synthesized AgNPs
were crystalline in nature, had the ability to slide over each
other. It also revealed the spherical and irregular shapes of
some of the synthesized nanoparticles. This result is similar to
a report by Abbas et al.,(2017).

One of the most remarkable and peculiar properties of
silver nanoparticles is their antibacterial activities compared
to AgNO3. The silver nanoparticles biosynthesized from
extracts of Lentinus squarrosulus and Ganoderma lucidum,
and Pleurotus tuberregium revealed a very potent and
effective activity of the nanoparticles against all the test
organisms in this study. The three synthesized silver

Alabi et al



Antibacterial activities of biosynthesized silver nanoparticles from mushrooms

nanoparticles were then demonstrated for various inhibitory
activities against four test microorganisms, which were
Bacillus sp, Escherichia coli, Streptococcus aureus, and
Pseudomonas arginosa compared with three other selected
antibiotics-Chloramphenicol, Ciprofloxacin and
Streptomycin. The antimicrobial activities varied among the
three selected mushrooms. P.tuberrogium exhibited the
highest antimicrobial activity against three of the test
organisms and was relatively similar to the inhibitory activity
of ciprofloxacin. Although, G. lucidum was observed to have
the highest activity against E.coli compared to the other
mushroom SNPs. One of the most remarkable and peculiar
properties of silver nanoparticles is their antibacterial
activities.

In conclusion, the green synthesis of silver nanoparticles
has attracted the attention of researchers because it is eco-
friendly, safer, and cheaper than the chemical method.
Nanoparticles possess unique properties and are applicable in
areas such as medicine, biotechnology, catalysis, electronics,
optics, and wastewater treatment. It is evident th.at
incorporating silver molecules into extracts of mushrooms
improved the metabolites' performance. Therefore,
synthesized silver nanoparticles from the three mushrooms
demonstrated a high potential for antibacterial activities.

REFERENCES

Abuayyash, A., Ziegler, N., Gessmann, J., Sengstock, C.,
Schildhauer, T., Ludwig, A., Kéller, M. 2018. Antibacterial
efficacy of sacrifical anode thin films combining silver with
platinum group elements within a bacteria-containing human
plasma clot Adv. Eng. Mater.,, 20p. 1700493,
10.1002/adem.201700493

Abbas, A., Basim, A., Abussaud, I., Nadhir A., Al-Baghli, B.,
and Halim H., 2017. Adsorption of Toluene and Paraxylene from
Aqueous Solution Using Pure and lIron Oxide Impregnated
Carbon Nanotubes: Kinetics and Isotherms Study. Bioinorganic
Chemistry and Applications VVolume 2017, Article 1D 2853925,
11 page.

Achilleas, M., Emily, M., and Dimitris, S., 2019. Teaching
nanotechnology in primary education. Research in Science &
Technological Education. VVolume 38, 2020 - Issue 4, pages 377-
395.

Anyakorah, C.1., Essien E.R., Ojubanire, M., and Igbo, U. E.,
2021. Green Synthesis of Silver Nanoparticles using Pleurotus
ostreatus. Journal of Applied Life Sciences International 24(12):
1-10, Article no.JALSI.84856 ISSN: 2394-1103.
Adebayo-Tayo B. C., Ogunrinade J. O. 2021. Mycosynthesis
and Characterization of Gold and Silver Nanoparticles Using
Biomolecules of Pleurotus ostreatus as Antibacterial Agent
against Some Selected Pathogens. AMB Volume 37, Issue 2,
2021 / Pages 69-80

Dinesh, B., Monisha, N., Shalini, H.R., Karigar, S. 2022.
Antibacterial activity of silver nanoparticles synthesized using
endophytic ~ fungus—Penicillium  cinnamopurpureum.  An
International Journal for Rapid Communication. Volume 55,
2022 - Issue 1, pages 20-34.

Ekun, V.s., Adenipekun, C.O., Idowu, O. and Etawere, P.M.
2024.Mushroom husbandry; A tool for pollution control and
waste management with Job opportunities and revenue for rural
communities and farm settlements. Waste management Bulletin
4:15-22

167 Afr. J. Biomed. Res. Vol. 27, No.1 (January) 2024

Fatemeh, A., Amir, H., 2020. Recent advances in chemical
surface modification of metal oxide nanoparticles with silane
coupling agents: A review. Interface Science, Volume 286,
December 2020, 102298.

Habeeb,H.B., Dhandapani, R., Narayanan, S., Palanivel, V.,
Paramasivam, R., Subbarayalu, R., Thangavelu, S,
Muthupandian, S., 2022. Medicinal plants mediated the green
synthesis of silver nanoparticles and their biomedical
applications. IET Nanobiotechnol. Jun;16(4):115-144. doi:
10.1049/nbt2.12078. Epub 2022 Apr 15. PMID: 35426251,
PMCID: PMC9114445.

Loo, Y.Y.; Rukayadi, Y.; Nor-Khaizura, M.A.; Kuan, C.H.;
Chieng, B.W.; Nishibuchi, M.; Radu, S (2018). In vitro
antimicrobial activity of green synthesized silver nanoparticles
against selected gram-negative foodborne pathogens. Front.
Microbiol. 9, 1555.

Jigna, C.; Mira, G, P., Kurian K., 2022. Bacterial Melanin with
Immense Cosmetic Potential Produced by Marine Bacteria
Bacillus pumilus MINS. 2022050296.
https://doi.org/10.20944/preprints202205.0296.v1

Jian-E, D., Zhi-Tian, Z., Ji, Z., Yuan-Zhong, W., 2021.
Geographical discrimination of Boletus edulis using two
dimensional correlation spectral or integrative two dimensional
correlation spectral image with ResNet. Food Control Volume
129, 108132.

Mare ,A.D.; Ciurea, C.N.; Man, A.; Mares, M.; Toma,F.;
Bert, a,L.; Tanase, C (2021). .Invitro antifungal activity of silver
nanoparticles biosynthesized with beech bark extract. Plants, 10,
2153.

Mbagwu, F. O., Auta, S. H., Bankole, M. T., Kovo A. S., and
Abioye, O. P., 2022. O. P. Biosynthesis and characterization of
silver nanoparticles using Bacillus subtilis, Escherichia coli, and
leaf extracts of Jatropha and Ocimum species. International Nano
Letters volume 13, pages63-73.

Muhammad, R., Muhammad, B.T., Muhammad, S.R.
Neelam, S., Rabia, T., 2020. Nanostructure materials and their
classification by dimensionality. Micro and Nano Technologies,
Pages 27-44.

Numan, H., Leyla, B.A., Firdevs, M., 2021. Biosynthesis of
Bimetallic Ag-Au (core-shell) Nanoparticles Using Agqueous
Extract of Bay Leaves (Laurus nobilis L.). Journal of the Turkish
Chemical Society Section A: Chemistry. volume: 8 Issue: 4, 1035
- 1044, 30.11.

Okocha, B.1., Orie, K.J., Duru, R.U.,Ngochindo, R.L., 2023.
Analysis of the Active Metabolites of Ethanol and Ethyl Acetate
Extract of Justicia carnea. African Journal of Biomedical
Research Vol. 26 No. 1.

Peter, E., Subash, T.D., Subha, T.D., 2021. Utilizing Radiant
Nanoparticles in Silicon for Balanced White Color Adapters.
Silicon 13, 4285-4291. https://doi.org/10.1007/s12633-020-
00739-0

Pascale, C., Sirbu, R., & Cadar, E., (2023). Therapeutical
Properties of Bioactive Compounds Extracted from Ganoderma
lucidum Species on Acute and Chronic Diseases. European
Journal of Natural Sciences and Medicine, 6(1), 75-88. Retrieved
from https://revistia.org/index.php/ejnm/article/view/6059

Suba, S., Vijayakumar, S., Nilavukkarasi, M., Vidhya, E.,
Punitha, V.N., 2022. Eco-synthesized silver nanoparticles as a
next generation of nanoproduct in multidisciplinary applications.
Environmental Chemistry and Ecotoxicology Volume 4, 2022,
Pages 13-19

Samsudin, N I P; Abdullah, N. 2019. Edible mushrooms from
Malaysia; a literature review on their nutritional and medicinal

Alabi et al



Antibacterial activities of biosynthesized silver nanoparticles from mushrooms

properties. International Food Research Journal; Selangor Vol. Myconanoparticles from Mushroom Extracts and its Medical
26, Issue. 1: 11-31. Applications: A Review. International Journal of
Prabhu, N., Karunakaran, S., Karthika, S., Ravya, R, Pharmaceutical Sciences and Research, Volume 10, Issue 5.

Subashree, P., and Senthil, M., 2019. Biogenic Synthesis of

168 Afr. J. Biomed. Res. Vol. 27, No.1 (January) 2024 Alabi et al



