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Abstract

Green synthesis of nanoparticles with various metals is being interested among researchers globally
attention for due to their safety, environmental friendliness and non-toxicity in contrast to chemical
synthesis. Here, fungi were isolated from rhizosphere of cocoa and orange obtained from Federal
University of Technology, Akure using standard mycological techniques with the aim of synthesizing
silver nanoparticles. The silver nanoparticles synthesized by these fungal isolates were characterized
using Ultraviolet-Visible (UV-Vis) and  Fourier Transmission Infra- Red (FTIR) spectroscopy. Seven
fungi isolated from the soil samples viz. Nigrospora sphaerica, Penicillium discolor, P. digitatum,
Neurospora crassa, Alternarium infectoria, Trichophyton verrucosum and Mucor mucedo. The colour
transformation from yellow to brown indicated the formation of silver nanoparticles. All the isolates
showed an intense peak in the wavelength range of 410-440 nm. The FTIR analysis of silver
nanoparticles synthesized by N. sphaerica, P. discolor, P. digitatum, N. crassa, A. infectoria, T.
verrucosum and M. mucedo revealed the existence of a band at different stretches of bonds at different
peaks of 3314.36 cm™, 3310.47 cm™, 2412.22 cm™, 3912.33 cm™* 3614.52 cm, 3852.11 cm™ and
2112.11 cm, respectively. The silver nanoparticles synthesized could have the potential application in
agricultural, pharmaceutical and food industries as well as petrochemical industries for the clean - up of
crude oil contaminated soils.
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Introduction

Nanoparticles have been defined as objects or class of materials ranging in size from 1-100 nm that due to
their size may differ from the bulk material (Saba 2015, Achmad et al. 2017). Silver nanoparticles (AgNPs)
can be synthesized by several approaches including physical, chemical, and biological. The physical and
chemical approaches of synthesizing AgNPs are often extremely expensive and non-environmental friendly
due to the use of toxic, combustible, and hazardous chemicals, which may pose potential environmental and
biological risk and high energy requirement (Awwad et al. 2013).

Biosynthesis of metal nanoparticles has received attention owing to their physicochemical properties and
wide applications in biotechnology (Slavin et al. 2017, Goutam et al. 2020). Nanoparticles are biosynthesized
when the microorganisms grab target ions from their environment and then turn the metal ions into the
element metal through enzymes generated by the cell activities (Keat et al. 2015). Biosynthesized AgNPs
from microorganisms such as bacteria, actinomycetes, fungi and algae is a green and eco-friendly
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technology and have been used in a variety of applications including enhancement of reaction rates
(Xiangqian et al. 2011).

Filamentous fungi have been used as a potential source in the nanoparticles synthesis because their mycelia
have a high surface area, which secretes large amounts of proteins that can participate directly in the
production of nanoparticles Mohanpuri et al. 2008). Filamentous fungi are also often considered in biogenic
production of nanoparticles due to their ability to sporulate fast and their ease of maintenance. They also
likewise secrete proteins, enzymes and metabolites (Fouda et al. 2018, Spagnoletti et al. 2019). Also, fungi
are better and preferred as resource for synthesis of nanoparticles to bacteria because they produced
metabolites (Singh et al. 2016). Fungal strains such as Fusarium oxysporum, Aspergillus fumigatus, A. niger,
F. semitectum, Penicillium brevicompactum, Cladosporium cladosporioides and A. clavatus have been
previously described by Mohamed et al. (2014) to synthesize silver nanoparticles (AgNPs) extracellularly.
Several studies have shown the capability of fungi obtained from soil samples to silver nanoparticles.
However, there is little or no information regarding the ability of fungi from cocoa and plantain soils from
Federal University of Technology, Akure to synthesize silver nanoparticles. This study was designed to close
this gap.

Materials and Methods
Methods
Collection of Soil Samples

Soil samples were collected at about 10 cm depth from root areas (Rhizosphere) of cocoa and orange
plantation trees located at Obanla, Federal University of Technology, Akure (FUTA) Ondo State with the aid
of soil auger. The samples were collected in well-labeled polythene bags and then transported to the
Microbiology Laboratory at The Federal University of Technology, Akure.

Physicochemical analysis of soil sample

The physicochemical properties of the soils such as pH, soil textures, organic carbon, nitrogen, potassium,
phosphorus, and calcium were assessed. A total of fourteen (14) soil properties were assessed, including
pH, organic carbon (C), organic nitrogen (N), cation exchange capacity (CEC), water holding capacity
(WHC), soil texture, and bulk density (BD). Soil pH was measured by adding 10 ml of distilled water to 4g of
soil and recording pH using a pH electrode. Analysis of organic carbon and was performed using an
Elemental Analyzer and a High Performance Microflow Analyze (Tao et al. 2016).

Isolation of fungal isolates

A six-fold serial dilution was carried out on rhizosphere soil samples of cocoa and orange trees with sterile
distilled water. An aliquot (0.5 ml) from 4th and 6t placed on sterile potato dextrose agar (PDA) containing 1%
chloramphenicol using pour plate method. The experiment was done in triplicates, and plates were incubated
at 28°C for 72 hours (Seth et al. 2016). The Fungal count was estimated for each sample of the soil, and this
was done by counting the total number of colony counts present in the plates. Distinct colony count on the
culture plates were sub-cultured until pure cultures of different isolates were obtained. The pure isolates were
transferred into PDA slant in McCartney bottles and kept in the refrigerator at 4°C as stock culture.

Identification of fungal Isolates

The colony of fungal isolates was observed macroscopically based on morphological features such as
colour, shapes and sizes. The staining technique was used for microscopic identification. This was done by



CHARACTERIZATION OF SILVER 33

putting a drop of lactophenol blue on a slide using a sterile inoculating needle. A small portion of mycelium of
each fungal isolate was then picked with the needle and teased with lactophenol cotton blue. The stain was
covered with slip and examined under x 40 objective lens of the compound microscope (Sohail and Bayan,
2018).

Production of fungal biomass

The fungal isolates were cultured on potato dextrose broth at 28°C on a shaker incubator (Japan M56) (at
120 rpm) for 72 hours. The biomass was collected after period of incubation and was centrifuged at 2,500
rom for 5 minutes. The supernatant was collected and used for the biosynthesis of silver nanoparticles
according to previously published method (Mohamed et al. 2014).

Biosynthesis and characterization of silver nanoparticles

1 g of silver nitrate (AgNO3) was introduced into 500 ml of distilled water and it was filtered using a
membrane filter. Forty milliliters (40 ml) of AgNOs solution (0.1 mM) was mixed with 40 ml of supernatant
(cell filtrate) and a reaction mixture without AgNOs was used as control. The prepared solutions were
incubated at 28°C for 94 hours. All solutions were kept in the dark to avoid any photochemical reactions
during the experiment as described earlier (Mohamed et al. 2014).

Determination of absorbance spectrum of synthesized silver nanoparticles using UV-visible
spectroscopy

UV-V is spectroscopy is the most important technique and the simplest way to confirm the formation of
nanoparticles. The absorbance spectrum of the colloidal sample was obtained in the range of 252-652 nm,
using a UV-Vis spectrometer Shimadzu-UV 1800 (Perkin-Elmer Lamda 35, Germany) with distilled water as
a reference according to Anandalakshmi et al. (2016). After the addition of AgNOs to the supernatant of the
biomass, the absorbance was taken after the formation of colour change from light yellow to dark brown by
periodic sampling of aliquots (0.1 ml) of aqueous component and measuring UV-Vis spectra of the solution
(Anandalakshmi et al. 2016).

Determination of functional groups in synthesized silver nanoparticles using Fourier Transformation
Infrared (FTIR)

Fourier Transform Infrared Spectrophotometer (FTIR) is perhaps the most powerful tool for identifying the
types of chemical bonds (functional groups) present in compounds (Mohamed et al. 2014). The wavelength
of light absorbed is characteristic of the chemical bond. By interpreting the infrared absorption spectrum, the
chemical bonds in a molecule can be determined. A FTIR spectrometer (Infrared spectrometer Varian 660
MidIR Dual MCT/DTGS Bundle with ATR) was used to confirm the chemical structure of all samples.
Before analysis, the samples were dried in an auto- desiccator for 24 hours. Samples were directly applied
to a diamante crystal of ATR and resulting spectra of them were used for background air absorbance.
Potassium bromide (KBr) disks were prepared from powdered samples mixed with dry KBr in the ratio of
1:100. The spectra were recorded in a transmittance mode from 4000 to 500/400 cm~" at a resolution of 4 cm
according to (Anandalakshmi et al. 2016).

Statistical analysis

Data obtained from this study were subjected to descriptive statistics. One-way analysis of variance
(ANOVA) was carried out and means were separated by Duncan’s New Multiple Range test using SPSS
version 22, at p<0.05 level of significance.
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Results
Physicochemical properties of soil samples

The pH of orange and cocoa rhizosphere was slightly acidic but that of orange (5.41) was higher than that of
cocoa (4.99). In addition, the percentage of organic matter, organic carbon and clay of orange were also
higher than that of cocoa. Orange rhizosphere was sandy clay loam while that of cocoa was loam (Table 1).

Table 1: Physicochemical characteristics of the soil samples.

Parameter Cocoa Rhizosphere Orange Rhizosphere
pH 4.99+0.072 5.41+0.01°

OM (%) 4.48+0.01a 7.30£0.01°

0C (%) 2.60+0.01a 4.23£0.010
WHC (%) 49.20+0.71° 46.32+0.542
Sand (%) 39.73+0.662 44.00+1.832

Silt (%) 35.64+0.11b 25.28+0.262
Clay (%) 24.75+0.472 30.76+1.530
Soil texture Sandy loam Sandy clay loam
N (mg/kg) 0.43+0.02a 0.41£0.01a

P (mglkg) 0.46+0.01a 0.43+0.03a

K (mg/kg) 3.70+0.02a 3.650.12a

Ca (mgl/kg) 3.6240.082 4.14+0.142
CEC (mol/kg) 18.00+£0.43> 16.77+0.16°
BD (g/cm?) 1.06+0.072 1.04+0.012

Values are presented as Mean £ S.E (n =3). Values with the same superscript letter(s) along the same row
are not significantly different (p<0.05). pH = Potential of Hydrogen; OM = Organic Matter, WHC = Water
Holding Capacity; N = Nitrogen; P = Phosphorus; K = Potassium; Ca = Calcium; CEC = Cation-exchange
capacity.

Identification of fungi isolated from rhizosphere of cocoa and orange

Seven fungi isolated from rhizosphere of cocoa were Nigrospora sphaerica, Penicillium discolor, P. digitatum,
Alternaria infectoria, Trichophyton verrucosum and Mucor mucedo. Two of the above isolates absent in the
rhizosphere of orange were N. sphaerica and T. verrucosum.

Spectra of the biosynthesized silver nanoparticles by fungi

The absorbance of silver nanoparticles synthesized by N sphaerica at wavelength of 440nm was 1.645 (Fig.
1) while that of N. crassa was 0.383 at the same wavelength (Fig. 2). At wavelength of 420nm, AgNPs
synthesized by A infectoria had absorbance of 1.602 (Fig. 3); P. digitatum 1.533 (Fig. 4), T. verrucosum
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0.994 (Fig. 5), M. mucedo 0.790 (Fig. 4.6) and P. discolor 0.415 (Fig. 7). However, the NPs synthesized by
A. infectoria had the highest absorbance than those synthesized by other fungi at 420 nm.
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Fig. 1: UV-VIS spectra of the synthesized silver nanoparticles by N. sphaerica.
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Fig. 2: UV-VIS spectra of the synthesized silver nanoparticles by N. crassa.
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Fig. 3: UV-Vis spectra of the synthesized silver nanoparticles by A. infectoria.
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Fig. 4: UV-VIS spectra of the synthesized silver nanoparticles by P. digitatum.
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Fig. 5: UV-VIS spectra of the synthesized silver nanoparticles by T. verrucosum.
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Fig. 6: UV-VIS Spectra of the synthesized silver nanoparticles by M. mucedo.
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Fig. 7: UV-VIS spectra of the synthesized silver nanoparticles by P. discolor.

FT-IR spectra of the biosynthesized silver nanoparticles

At an absorbance of 70, wavelength of N. sphaerica was 3514.36 cm-1 (Fig. 8) while that of P. discolor was

3310.47 cm-1 (

Fig. 9). at absorbance 98, the wavelength of P. digitatum was 2412.22 cm-1 (Fig. 10), N.

crassa was 3912.30 cm-1 (Fig. 11), A. infectoria was 2000 (Fig. 12) and T. verrucosum was 3852.11 (Fig.
13). Also, at absorbance at 45, the wavelength of M. mucedo was 2112.22 (Fig. 14).
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Fig. 8: FT-IR Spectra of silver nanoparticles synthesized by N. sphaerica.
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Discussion

Soil moisture is assumed to be very important for microorganisms, because water availability is fundamental
for different processes. The soil pH has a strong influence on species richness of soil fungi, diversity, and
community structure (Ferrol et al. 2004, Ihuma et al. 2022). The composition and proportion of the soil
components have appreciable effects on nutrient concentrations and soil texture, thereby influencing the
community of soil fungi (Lauber et al. 2008, lhuma et al. 2022). Soil fungi are an immensely diverse group of
organisms, and their diversity is affected by the local environmental conditions (Tardy et al. 2015), including
the chemical and physical soil characteristics, which determine to a great extent the composition of fungal
communities as reported by Requena et al. (2001) and lhuma et al. (2022). Soil degradation is triggered by
human activities (anthropogenic), which influence the biodiversity of soil as stated by Eswaran et al. (2001);
lhuma et al. (2022), and it impacts fungal diversity because soil characteristics influence the presence,
distribution, and abundance of fungal species, and the soil characteristics depend on the soil degradation
level. Every soil particle has a different micro-spatial composition of fungal species, which is influenced by
different micro-habitats in the soil (Gibbs and Salmon 2015). The fungal isolates obtained from the
rhizosphere of cocoa and plantation soil were identified as N. sphaerica, P. discolor, P. digitatum, N. crassa,
A. infectoria, T. verrucosum and M. mucedo. These variations in the occurrence of fungi isolated have been
reported. Zako et al. (2012) stated that the variation could be due to environmental factors and soil physico-
chemical characteristics which affect the density, distribution and composition of fungal spores. The
occurrence of these microorganisms in rhizosphere of all the soil samples examined is in conformity with
what has been reported by Wolfe and Kilironomas (2005). Similarly, it was reported that the quality of root
exudates promotes the differential recruitment of microorganisms present in the soil. Also, the number and
quality of fungi isolated in rhizosphere of cocoa and plantation soil in this study is similar to fungi such as P.
digitatum, A. infectoria, and M. mucedo reported by Ravindra et al. (2013). Ihuma et al. (2022) recently
isolated fungal species including Aspergillus, Mucor, Cladosporium, Fusarium and Aspergillus.

Characterization of the myco-synthesized silver nanoparticles by UV-Visible spectrometer shows that a
strong and narrow surface plasmon absorption peak (SPR) was observed at wavelengths 400-440 nm, which
agrees with the research of Adewumi et al. (2018) which stated that silver nanoparticle is formed within the
wavelength range of 400-490 nm with the formation of the ideal bell shape which is characteristic for the
formation of Ag® nanoparticles. The surface plasmon resonance comes from the free electron arising from
the conduction and valence bands lying close to each other in metal nanoparticles. It is as a result of the
collective oscillation of free electron of silver nanoparticles in resonance with the light wave in silver
nanoparticle synthesis (Marwa et al. 2018).

Mohamed et al. (2014) stated that fungal cell filtrate treated with silver nitrate solution is known to show a
peak around 440 nm with high absorbance which supports the finding of the peaks observed for absorbance
at 440 nm, indicating the biosynthesis of nanoparticles by A. ochraceus, which is also synonymous with silver
nanoparticles biosynthesized in this study by A. infectoria., P. digitatum, N. sphaerica and T. verrucosum
which show peak near 440 nm with high absorbance while M. mucedo., N. crassa and P. discolor show low
absorbance near 420 nm.

Conclusion

The findings of this study have shown that seven fungal isolates belonging to six (6) different genera vis; N.
sphaerica, Penicillium species, N. crassa, A. infectoria, T. verrucosum and M. mucedo were recovered from
the rhizosphere of cocoa and orange trees and these isolates were able to synthesize silver nanoparticles
(AgNPs). The silver nanoparticles synthesized could have the potential application in agricultural,
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pharmaceutical and food industries as well as petrochemical industries for the clean-up of crude oil
contaminated soils.
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