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Research Article 

INTRODUCTION 

Nanotechnology is an area of the most promising lead-

ing science in modern key technology development 

(Chen et al., 2019), involving synthesis and applications 

of nanomaterials with significant applications in various 

fields. Bio-nanotechnology is concerned in particular 

biological machines and the application of biological 

building blocks to solve engineering challenges and 

create new areas of technological development. Learn-

ing about the structure and function of the inner work-

ings of biological systems such as cells, bacteria and 

viruses has improved existing nanotechnology applica-

tions and developed entirely new applications (Agrawal 

et al., 2022). 

One of the most important aspects of nanotechnology 

is the synthesis of nanoparticles (NPs) from different 

metals (silver, gold, copper, zinc, etc.) at the nanoscale 
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level (ranging from 1 to 100nm). Nanoparticles can be 

synthesized using various methods of traditional physi-

cal and chemical processes, such as vapour condensa-

tion, sol-gel process, and solvent evaporation process. 

However, they are characterized by low stability; they 

are toxic and can present risks to health and the envi-

ronment. These methods are considered unfavourable 

due to high capital cost, high energy requirements and 

involve the use of toxic and hazardous chemicals (Li et 

al., 2011). Recently, biogenic synthesis of nanoparticles 

has emerged as an alternative to conventional method, 

using organisms such as bacteria, fungi, algae and 

plants (Mohd Yusof et al., 2019) (Guilger-Casagrande & 

Lima, 2019). These methods are cheap, non-toxic and 

eco-friendly (Mohd Yusof et al., 2019) . The microbes 

act as a tiny nano-factory in reducing the metal ions into 

metal NPs with the involvement of enzymes and other 

biomolecules compounds secreted by the microbes 

(Mohd Yusof et al., 2019).  

Out of diverse microorganisms used, it was found that 

fungi have excellent potential for the secretion of many 

metabolites as proteins and enzymes, which can be 

used as reducing and stabilizing agents for synthesis of 

various metal nanoparticles of different shapes and size 

(Guilger-Casagrande & Lima, 2019) (Rai et al., 2021). 

Among the different types of metallic nanoparticles, 

silver nanoparticles (AgNPs) are extensively applied in 

various fields such as pharmaceutics, food, agriculture, 

textile industries, water treatment, and antimicrobial, 

anti-cancer.  

The present study suggests an eco-friendly method for 

intracellular and extracellular synthesis of silver nano-

particles using Fusarium oxysporum. The synthesized 

nanoparticles were checked by visual observation as 

well as by measuring its UV-visible absorption and were 

tested for their potential application as an antimicrobial 

agent, antioxidant ability, detection of H2O2 and photo-

catalytic performance.  

MATERIALS AND METHODS 

Microorganisms  

The fungus Fusarium oxysporum was obtained from the 

Applied Microbiology Laboratory of Oran University 1 Ah-

med Ben Bella (Plant pathology laboratory). Potato Dex-

trose Agar medium (PDA) and nutrient broth medium (NB) 

were microbiological media for culturing fungus. 

The pathogenic strains used as indicator for antimicro-

bial activity study were Proteus mirabilis (ATCC 35659); 

Streptococcus bovis (ATCC 33317); Staphylococcus 

epidermidis (ATCC 25923); Staphylococcus aureus 

(ATCC 259292); Selmonella typhi (ATCC 19430); E. 

coli (ATCC 25922); Candida albicans (ATCC 10231) 

obtained from the Laboratory of Applied Microbiology of 

the University of Oran -1-. All bacteria strains were 

stored at -80°C in Nutrient broth, supplemented with 

20% of sterilized glycerol. 

 

Synthesis of silver nanoparticles  

Following Gupta  et al.,  (2021) protocol; a fragment of 

F. oxysporum was inoculated in 200 ml Erlenmeyer 

flasks containing nutrient broth medium (NB) and incu-

bated at 30°C with continuous stirring for 3 days. Later, 

filtration was carried through Whatman filter paper no.1. 

to separate biomass from medium, followed by sub-

stantial washing with distilled deionized water in order 

to remove any nutrient medium from fungal biomass 

that might interact with metal ions. The medium was 

preserved at 4°C to study the extracellular reduction of 

silver ions.  

The washed mycelia were resuspended into 100 mL 

sterilized distilled water and incubated at 30°C for 24 

hrs. followed by a second filtration. Again mycelia were 

harvested by filtration using Whatman filter paper no.1. 

The cell filtrate was another sample for extracellular 

synthesis compared with nutrient medium. At the same 

time, fungal biomass was taken for intracellular synthesis.  

For this, medium and cell filtrate were treated with 1 

mM silver nitrate solution in 1:2 ratio, and biomass was 

resuspended into 100 ml of 1 mM silver nitrate solution. 

Each mixture was agitated and heated at 60°C for 3hrs 

in the dark.  

 

Determination of total proteins 

In order to detect and confirm the presence of reducing 

agents such us proteins resulting from mycelial metab-

olism, cell filtrate and medium were analysed for their 

total protein content using Qubit 3.0 assays by Invitrogen.  

 

Analysis and characterisation of AgNPs 

The detection of AgNPs was done primarily by visual 

observation of colour change in different samples after 

treatment with silver nitrate. The appearance of the 

dark brown colour of the mixture indicates the formation 

of AgNPs. Finally, they were confirmed by optical ab-

sorption using the UV-Visible spectrophotometer 

(Optizen 2120 UV) in the range of 200 – 900 nm. 

 

Synthetic kinetics of silver nanoparticles 

During the synthesis, samples were taken from each 

mixture every 10 to 15 mn for UV-Visible spectropho-

tometer analysis (Optizen 2120 UV) at different wave-

lengths ranging from 200 to 900 nm in order to follow 

the formation of silver nanoparticles over time.  

 

Antimicrobial activity 

The antimicrobial potentials of silver nanoparticles syn-

thesis by F. oxysporum (intracellular and extracellular 

synthesis) were studied against pathogenic microor-

ganisms, using three measurement methods (Disc dif-

fusion assay, suspended method and agar method) 

Karthika et al., (2017) and Sumitha et al., (2020). Syn-
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thesized AgNPS plus commercial antibiotics and antibi-

otics alone was tested for their potential synergistic 

antimicrobial activity.  

 

Cell culture  

The indicator microbial strains were stored at -20 °C. 

Precultures was carried out by inoculating an aliquot of 

the microbial strain in 10 ml of Mueller Hinton medium 

(MH). Then the mixture was incubated for 24 hrs at 37 °

C. Later, the strains were centrifuged at 3500 rpm for 

15 min. The microbial pellet was taken in 10 ml sterile 

distilled water and adjusted using 0.5 McFarland turbid-

ity (1.5x108 CFU/ml). 

 

Disc diffusion assay 

For disc diffusion method, 100 μL bacterial inoculate 

were spread on Mueller Hinton agar plate (MH) using 

sterile swabs. Sterile paper discs of 6 mm were soaked 

in 50 µl of each biosynthesized solutions to be ana-

lysed were deposited aseptically on the agar plate sur-

face, and then incubated at 37 °C for 24 h. Subse-

quently, after the incubation, inhibition zone diameter 

was measured (mm).  

 

Suspended method 

A suspended assay was used for determination of MIC 

(minimum inhibitory concentration) and MLC (minimal 

lethal concentration) of each sample. Serial concentra-

tions ranging from 5 to 50 µg/mL of the AgNPs were 

prepared and introduced directly into test tubes con-

taining different cultures of pathogenic strains which 

were then incubated at 37 °C for 24 hrs.  The minimum 

inhibitory concentration was determined by measuring 

the absorbance (A) at 600 nm.  

The minimum lethal concentration was determined by 

transferring 10 μl of the tubes with no visible growth 

into a new medium free of nanoparticles. MLC repre-

sents the lowest concentration which gives no growth 

after incubation. To measure the minimum lethal con-

centration (MLC), 10 µL of cultures was taken from 

wells of the tubes of MIC, with no visible turbidity, inoc-

ulated into a new medium without nanoparticles, and 

incubated for 48 hours, at 37 °C. MLC was defined to 

be the lowest concentration of nanoparticles that killed 

99.9% of the microorganisms in culture on the agar 

plate after the incubation time. 

 

Agar method 

This method consists at identifying silver nanoparticles 

concentration that inhibit microbial growth. 25 μL of 

each tube containing increasing concentrations were 

spread over the MH Petri plates containing reference 

strains. After overnight incubation at 37°C, the number 

of colonies forming units was calculated.  

The experiences were repeated in triplicate in order to 

confirm the results. 

H2O2 detection 

Hydrogen peroxide was widely used in various indus-

tries, it is highly toxic and can pose various health and 

environmental hazards. In order to detect the ability of 

Ag NPs to catalyse reduction of H2O2, the protocol 

developed by Raj et al. (2013) was used. The mixt was 

thoroughly prepared by blending H2O2 and AgNPs in a 

ratio 1:2. Once the colour change was visualized, 

the absorbance values were measured at wavelengths 

ranging from 200 to 900 nm. 

 

Photocatalytic activity 

In order to study the photocatalytic performance of the 

biosynthesized AgNPs, the reduction of methylene blue 

(MB) under UV light was used as the model reaction.  

Following protocol of Atout et al. (2018), 100 mg of 

each photocatalyst was added to 100 ml aqueous solu-

tion of MB (10 mg/l) under constant stirring for 30 to 60 

min in the dark to attain the adsorption equilibrium. 

Then, the mixture was exposed to UV lamp at 365 nm 

for a few minutes. A control experiment was carried out 

under the same condition without the addition of nano-

particles.  

Meanwhile, the catalytic performance of biosynthesized 

AgNPs was monitored by recording the UV-vis spectra 

(Optizen 2120 UV) in 30 min until the end of the reac-

tion 150 min. 

 

Antioxidant activity  

Antioxidant activity was estimated using DPPH meth-

od. For this analysis, protocols of Adebayo et al., 

(2019) and Jahan et al. (2021)  were adopted with 

slight modifications. Methanolic solution of DPPH at 0.1 

mM was mixed with biosynthesized AgNPs solution at 

160 µg/ml concentration in 1:1 ratio. A negative control 

was prepared by mixing methanol with a methanolic 

solution of DPPH in the same ratio. The mixtures were 

incubated in the dark for 30 min at room temperature. 

Absorbances were read at 517 nm using methanol as 

blank. 

The positive control was the ascorbic acid solution 

which the absorbance was measured in the same con-

ditions as the tested samples. The obtained results for 

each extract were compared with the positive control. 

The antioxidant capacity was expressed as inhibition 

percentage of the DPPH (%I) calculated (Lateef, et al., 

2018) with the following formula: 

% I = [(Absorbance of control – Absorbance of  

sample) / Absorbance of   control] x 100           ….Eq.1 

RESULTS AND DISCUSSION 

Synthesis and characterization of AgNPs  

The fungal system has been found to be a versatile 

biological system with the ability to synthesize metal 

nanoparticles intracellularly as well as extracellularly 
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(Rai et al., 2021). In the present study, AgNPs were 

successfully synthesized from aqueous solution of Ag-

NO3 using medium culture, cell filtrate and fungal bio-

mass, by noticing visually the color change after time 

incubation from slight yellow to dark brown (Fig.1). In 

this regard, El Domany et al. (2017) and Ahmed et al. 

(2018) reported the same observation, as they stated 

that primary confirmation of AgNPs biosynthesis from 

F. oxysporum can be noticed visually by the colour 

changing, which indicates the reduction of Ag+ to Ag0 

by reducing agent present in the aqueous fungal ex-

tract as metabolites and proteins (Costa Silva et al., 

2017). Based on the results obtained using the Qubit 

3.0 assays by Invitrogen, total protein concentration in 

the medium was estimated at 400 µg/ml, compared 

with fungus filtrate, which was in the order of 101 µg/

ml. As far as the mechanism of extracellular synthesis, 

it was reported that proteins are one of the metabolites 

secreted by microorganisms involved in the reduction 

of metallic agents (Mohd Yusof et al., 2019) (Rai et al., 

2021) and Khan et al., (2018). 

UV-Visible spectra (Optizen 2120 UV) of the samples 

were recorded (Fig. 2). Synthesis of AgNPs showed a 

maximum peak around 420 nm. It is well known that 

there is a very close relationship between the UV-Vis 

absorbance spectrum and size and shape of SNPs. 

With the increase in the particle size, the optical ab-

sorption spectra of metal nanoparticles that are domi-

nated by surface plasmon resonances (SPR) shift to-

wards longer wavelengths (redshift). Small blueshift or 

red shift in the wavelength of the absorbance peak 

could be related to obtaining SNPs in different shape 

and size (Birlawad et al., 2013 and Mostafa, 2017). It is 

reported that the size of silver nanoparticles synthesis 

using F. oxysporum range between 5 and 50 nm with a 

spherical shape (Nasreen et al., 2014, Mohd Yusof et 

al., 2019); furthermore, size and shape of metal nano-

particles are influenced by a number of factors includ-

ing pH, reductant concentration, incubation time, tem-

perature as well as the method of preparation (Umoren 

et al., 2014, Mohammed et al., 2018). 

 

Synthetic kinetics of silver nanoparticles 

In order to study the influence of the time factor on the 

formation of silver nanoparticles, a study was carried 

out keeping the same volumes and concentrations of 

AgNO3 (1mM) and samples used previously. 

The present results showed that the formation of nano-

particles occurs progressively, proportional to the incu-

bation time and/or reaction time. By mixing the samples 

with the synthesis precursor (silver nitrate), the colour 

was clear at the beginning, but after a few minutes of 

interaction, the colour became darker, which indicates 

the reduction of aqueous silver ions Ag+ to silver nano-

particles Ag0. It was observed that the considerable 

intensity of surface plasmon resonance (SPR) bands of 

AgNPs appeared almost at 40 and 80 min of reaction 

for aqueous fungal extract and the cell filtrate, respec-

tively, as  it has been reported that F. oxysporum f. sp. 

cubense JT1 could synthesised gold nanoparticles 

(AuNPs) in 60 min (Rai et al., 2021). Then it increased 

as the reaction time progressed, which indicated the 

continued reduction of the silver ions (Fig.3). The rapid 

synthesis obtained for the aqueous fungal extract com-

pared to filtrate, may be due to the presence of high 

protein concentration in the aqueous fungal extract, and 

hence enhanced the synthesis compared to the cell 

filtrate.  

Concerning the biomass, the contact of a metal salt 

solution, which is considered an antimicrobial agent, 

with the mycelium, causes the activation of the fungal 

metabolism to produce metabolites and enzymes to 

defend itself from metal stress. Therefore, this defen-

sive behaviour and these possible agents affect the 

reduction of silver ions to solid non-toxic nanoparticles 

(Zielonka and Klimek Ochab, 2017) which explains the 

colour change from pale-yellow to brown after 40 min of 

reaction. 

After 160 min, the UV-vis spectroscopy showed maxi-

mum absorption between 400-420 nm, indicating the 

complete reduction of silver ions. This may be due to 

Fig. 1. Biosynthesis of AgNPs by F. oxysporum A: Aque-

ous fungal extract. B: AgNO3 solution with aqueous fungal 

extract after incubation 

Fig. 2. UV-Vis Spectrophotometer peak absorbance for 

synthesis of silver nanoparticles of Fusarium oxysporum  
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the high protein concentration of the aqueous fungal 

extract compared to the cell filtrate, which allowed rapid 

reduction of silver nitrate. 

 

Antimicrobial activity 

The effect of antimicrobial agents in the aqueous fungal 

extract and in cell filtrate used during the synthesis of 

silver nanoparticles against various pathogenic micro-

organisms was first used as negative control to deter-

mine the action of the synthesised nanoparticles (Table 

1). Then, silver nitrate solution was tested as a positive 

control for its antibacterial and antiviral properties (Pal 

et al., 2007).  

Fig. 4 showed zone of growth inhibition ranging from 8-

18 mm. The highest inhibitory zone (18±0,66 mm) 

against S. aureus was given by the synthesised AgNPs 

from the cell filtrate, whereas the lowest inhibitory zone 

(8±0 mm) was recorded against P. mirabilis from the 

same extract. This difference may be due to the proper-

ties of the nanoparticles, such as size, shape, surface 

charge, dose and state of dispersion of the particles 

(Liao and Tjong, 2019). 

Fig. 3. Synthetic kinetics of silver nanoparticles by F. oxysporum Aqueous fungal extract, B. cell filtrate, C. Biomass  

Fig. 4. Antimicrobial activities of biosynthesized silver nanoparticles against various pathogenic microorganisms. 
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In present study, antibacterial activity against S. bovis, 

S. epidermidis, S. aureus and S. typhi presented good 

results showing approximately the same inhibitory zone 

of 16±0,66 mm, from both extract AgNPs synthesized 

by the filtrate (extracellular synthesis) and the biomass 

of F. oxysporum (intracellular synthesis).  

Antifungal activity against C. albicans showed a moder-

ate inhibition zone (10±0 mm) from both aqueous fun-

gal extract and biomass but showed higher inhibition 

from the filtrate (12±0 mm). The present results are 

similar to Ishida et al. (2013), who showed a high anti-

fungal activity biosynthesized AgNPs from the F. ox-

ysporum against Candida. Materials with antifungal 

potential (such as biogenic silver nanoparticles) that 

are obtained from sustainable sources can be inexpen-

sive and safe options for treating systemic and surface 

fungal infections, enabling the control of resistant fungi 

(Ashajyothi et al., 2016).nSilver nanoparticles have also 

been used in combination with antibiotics, suggesting 

as a novel and potential alternative to standard antibi-

otic drugs since they have a great potential against the 

increasing multidrug resistance in pathogenic bacteria 

and fungi.  (Guilger-Casagrande and Lima, 2019). 

According to Bhat et al. (2015), the activity of the antibi-

otic improved when combined with nanoparticles. This 

applies to our results, in which the use of Erythromycin 

(15µg/ml) and chloramphenicol (30µg/ml) alone did not 

give an inhibition zone of inhibition. On the other hand, 

the association of the latter with AgNPs gave a stronger 

antimicrobial activity (Fig.5), El Domany el al., 2017 

noticed the same increase in the antimicrobial activity. 

Thus, enhanced antimicrobial activity of extract mediat-

ed nanoparticles is due to the biomolecules attached 

on the surface of nanoparticles (Roy et al., 2019) .  

The minimum inhibitory concentration (MIC) and mini-

mum lethal concentration (MLC) tested only against 

Staphylococcus aureus, E. coli, and Candida albicans 

showed a decrease in absorbance, indicating the 

change in the percentage of microbial inhibition as a 

function of the increasing concentration of AgNPs. 

As represented in (Fig.6) the MIC of the biosynthesised 

AgNPs against the three strains tested was estimated 

around 5 µg/ml. At the same time, the minimum lethal 

concentration (MLC) was estimated at 35 µg/ml. These 

results are consistent with the work of Roy et al., 2019 

and also with the work of Ishida et al., 2013; Jain et al., 

Fig. 5. Effect of antibiotic alone and associate with AgNPs 

Fig. 6. Antimicrobial activity of the mycosynthesized AgNPs against St. aureus, E. coli, and C. albicans. A. Aqueous  

fungal extract, B. filtrate, C. Biomass 
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2015; Salari et al., 2016 who tested the inhibition po-

tential against S. aureus, C. albicans, E. coli respec-

tively and confirmed the phenomenon of inhibition by 

MIC measurement.  

On the agar method (Fig. 7), after 24 hours of incuba-

tion, a decrease of 25% was recorded for C. albicans 

and E. coli, and of 50% for S. aureus at a concentration 

of 5 µg/ml of AgNPs, on the other hand an inhibition of 

98% from 25 µg/ml for S. aureus and C. albicans and 

from 35µg/ml for E. coli.  The MIC and MLC were esti-

mated around 5 µg/ml and 50 µg/ml, respectively, for 

the three strains tested. These results are similar to 

those obtained previously by the suspension method. 

Increasing concentrations of AgNPs reduce microbial 

growth, which has been shown by the study of Hamedi 

et al. (2017). 

Comparing the study conducted by Kim et al. ( 2007) 

on antibacterial activity against E. coli and Staphylococ-

cus aureus with our results, the MIC is different. This 

difference may be related to the synthesis origin and 

size of silver nanoparticles, as reported by (Mtimet, 

2011), because the size of nanoparticles determines 

their antimicrobial potential since smaller nanoparticles 

have greater effects (Lu et al., 2013). 

According to Javaid et al. (2018), the nanoscale size of 

AgNPs gives it the ability to penetrate into bacterial and 

fungal cell. Due to the high affinity of AgNPs towards sul-

fur, phosphorous, proteins and DNA, these molecules are 

susceptible to being attacked by nanoparticles. 

Based on this evaluation and different studies (Sherif 

Moussa et al., 2015) (Mohd Yusof et al., 2019), the 

study concluded that gram-positive bacteria are more 

susceptible to AgNPs than gram-negative. It may be 

related to the presence of the outer membrane in the 

gram-negative wall, which prevents the penetration of 

nanoparticles.  

 

H2O2 detection 

In order to evaluate the ability of silver nanoparticles to 

catalyse the reduction of hydrogen peroxide (H2O2), 

AgNPs synthesised from different samples and H2O2 

was thoroughly mixed in 1:1 proportion (to get 1ml). 

After a few minutes of reaction, a discolouration of the 

solution towards the transparent was noticed (Fig.8). 

H2O2 mediated degradation of AgNPs was confirmed 

by UV-vis absorption spectra in different wavelengths 

from 200 to 900 nm at time 0 and after 10 minutes of 

reaction (Fig.9). The peak intensity was found to de-

crease as a function of time due to decrease in concen-

tration of AgNPs, who was observed at the wavelength 

of 450 nm with respect to time.  As H2O2 is a strong 

oxidizing agent, it oxidizes AgNPs to convert Ag0 to 

Ag+ form (Tagad et al., 2013,Mohan et al., 2014). The 

correlation between the concentration of H2O2 and the 

decrease in absorbance of SNPs as a function of time 

could be used as a measure to rapidly detect the H2O2 

present in various samples (Raja et al., 2015). 

 

Fig. 7. Antimicrobial activity of silver nanoparticles at different concentrations against pathogenic microorganisms  
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Antioxidant activity  

The antioxidant activity of synthesized AgNPs was 

evaluated by DPPH assay. Ascorbic acid was used as 

a standard antioxidant.  This method has been the 

most accepted model for evaluating any new drug's 

free radical scavenging activity (Patel Rajesh and Patel 

Natvar, 2011).  

The DPPH is a free radical, stable, characterized by its 

purple color, with a maximum adsorption at ethanol or 

methanol at 517 nm (Bentabet et al., (2014) and 

Bhakya et al., (2016). When a solution of DPPH is 

mixed with a substance that can donate a hydrogen 

atom, then this gives rise to the reduced form from the 

DPPH to the DPPH-H form (2,2-diphenyl-1-picryl-

hydroxyl-hydrate), with decolorization and loss of violet 

colour to yellow colour (Fig.10). More the decolorization 

more is the reducing ability. The percentage inhibition 

of free radicals of synthesized AgNPs using aqueous 

fungal extract, cell filtrate and biomass were 82,12 ± 

0,42%, 70,46 ± 1,53% and 72,65 ± 1,33% respectively 

A B A B 

Fig. 8. Detection of H2O2 by silver nanoparticles. A: 

AgNPs. B: AgNPs+ H2O2 

Fig. 9. Effect of AgNPs synthesized using F. oxysporum 

on H2O2 solution after 10 min of reaction 

A B C D 

Fig. 11. Colour change of the reaction mixtures depending Fig. 10: Antioxidant activity of the biosynthesized AgNPs. 

Fig. 12. Absorption spectra of MB after treatment for different times of irradiation. A: without AgNPs. B: in the pres-

ence of the synthesized AgNPs.  
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at a concentration of 160 µg/ml of biosynthesized 

AgNPs solution. The results are appreciable compared 

to the previous report (Kharat and Mendhulkar, 2016; 

Sumitha and Senthil, 2020).    

 

Photocatalytic activity 

Methylene blue (MB) is a toxic cationic colorant, widely 

applied in major fields including medical, chemical, 

pharmaceutical, and aquaculture industries (Miri et al., 

2018). the photocatalytic activity was carried out using 

our biosynthesized silver nanoparticles as photo-

catalyst, exposing the MB solution containing the 

AgNPs to radiation. UV.  

Fig.12 demonstrates the UV spectra of MB solution 

with different irradiation times in the presence and ab-

sence of the synthesized Ag-NPs as photocatalyst, 

where the UV light exposure time is considered as a 

parameter. The absorbance peak of MB was observed 

at around 600 nm, but after exposure to UV light and in 

the presence of AgNPs, a decrease in the intensity of 

this peak was noticed rapidly in the first 30 min and it 

can be seen by the reduction of colour intensity 

(Fig.11), which indicates the degradation of MB (Fig.12 

B), comparing with the control (Fig.12 A) which did not 

show any change of colour or peak intensity over the 

experimental period. According to Ozcelik Kazancioglu 

et al. (2021), the band observed in the visible region at 

612 nm corresponds to the chromophore group in the 

MB molecules due to the sulfur-nitrogen conjugated 

system. In a similar experiment, Gupta et al.  (2021) 

showed nanoparticles' ability to catalyse MB, whose 

absorption peak of this dye was at 664 nm. Upon expo-

sure to UV light, the characteristic peak at 664 nm de-

creases significantly over time. 

Conclusion 

In the present study, F. oxysporum showed potential for 

extracellular and intracellular biosynthesis of silver na-

noparticles, as conformed by UV-Vis spectroscopy.The 

AgNPs thus synthesized  proved an important techno-

logical aptitude and potential for the different biological 

activities investigated, such as antimicrobial activity, 

antioxidant activity, photocatalytic activity and detection 

of H2O2. The present  study allows the opening of new 

perspectives. To put in value of these nanomaterials 

industrially and for better application, it is necessary to 

complete their physico-chmical caracterisation using 

the TEM, XRD, FTIR and  SEM. These methods will 

determine the structural proprieties of nanoparticles 

that impact biological systems. However, it is neces-

sary to continue the cytotoxicity study of these silver 

nanoparticles and their influence on normal cells and 

cancer cells to prove the non-toxicity of this synthesis 

method and use it as an alternative chemical method in 

different fields, such as treating resistant bacteria to 

antibiotics, toxic heavy metal biosensors and others. 

 

Conflict of interests  

The authors declare that they have no conflict of  

interest. 

REFERENCES 

1. Adebayo, E. A., Ibikunle, J. B., Oke, A. M., Lateef, A., 

Azeez, M. A., Oluwatoyin, A. O. & Hakeem, A. S. (2019). 

Antimicrobial and antioxidant activity of silver, gold and 

silver-gold alloy nanoparticles phytosynthesized using 

extract of Opuntiaficus-indica. Reviews on Advanced Ma-

terials Science, 58(1), 313-326. https://doi.org/10.1515/

rams-2019-0039  

2. Agrawal, K.,  Gupta, V. K. & Verma, P. (2022). Microbial 

cell factories a new dimension in bio-nanotechnology: 

exploring the robustness of nature, Critical Reviews in 

Microbiology, 48:4, 397-427. DOI: 10.1080/1040841X.20 

21.1977779  

3. Ahmed, A. A., Haider, H. & Mohammed, M. (2018). Ana-

lyzing formation of silver nanoparticles from the filamen-

tous fungus Fusarium oxysporum and their antimicrobial 

activity. Turkish Journal of Biology, 42, 54-62. https://

doi.org/10.3906/biy-1710-2 

4. Ashajyothi, C., Praburajeshwar, C., Harish, K. H. & Chan-

drakanth, K. R. (2016). Investigation of antifungal and anti

-mycelium activities using biogenic nanoparticles: an eco-

friendly approach. Environ. Nanotechnol. Monit. Manage., 

5, 81-87. doi:10.1016/j.enmm.2016.04.002 

5. Bentabet, N., Boucherit-Otmani, Z. & Boucherit, K. (2014). 

Composition chimique et activité antioxydante d’extraits 

organiques des racines de Fredoliaaretioides de la région 

de Béchar en Algérie. Phytotherapy, 12(6), 364-371. 

https://doi.org/10.1007/s10298-014-0834-x 

6. Bhakya, S., Muthukrishnan, S., Sukumaran, M. & Mu-

thukumar, M. (2016). Biogenic synthesis of silver nanopar-

ticles and their antioxidant and antibacterial activity. . Ap-

plied Nanoscience , 5(5), 755-766. https://doi.org/10.1007/

s13204-015-0473-z 

7. Bhat, M. A., Nayak, B. K. & Nanda, A. (2015). Evaluation 

of Bactericidal Activity of Biologically Synthesised Silver 

Nanoparticles from Candida albicans in Combination with 

Ciprofloxacin. Materials Today: Proceedings, 2(9 part A), 

4395 - 4401. doi:https://doi.org/10.1016/j.matpr.2015.10.0 

36 

8. Birla, S. S., C., S., Gaikwad, A. K. & Rai, G. a. (s.d.). Rap-

id Synthesis of Silver Nanoparticles from Fusarium ox-

ysporum by Optimizing Physicocultural Conditions. 2013. 

doi: https://doi.org/10.1155/2013/796018 

9. Chen, Y., Jingchun, T., Xiaomei, L., Xinwei, R., Meinan, Z. 

& and Lan, W. (2019). green biosynthesis of silver nano-

particules using Eriobotrya japonica (Thunb.) leaf extract 

for reductive catalysis. Advanced Functional Nanomateri-

als and Their Applications, 12(1), 189. doi:https://

doi.org/10.3390/ma12010189 

10. Costa Silva, L. P., Oliveira, J. P., Keijok, W. J., da Silva, 

A. R., Aguiar, A. R., Guimarães, M. C. & Braga, F. R. 

(2017). Extracellular biosynthesis of silver nanoparticles 

using the cell-free filtrate of nematophagous fungus Dud-

dingtonia flagrans. International Journal of Nanomedicine, 

1149 

https://doi.org/10.1515/rams-2019-0039
https://doi.org/10.1515/rams-2019-0039


 

Rahli, F. et al. / J. Appl. & Nat. Sci. 14(4), 1141 - 1151 (2022) 

12, 6373-6381.  doi: 10.2147/IJN.S137703 

11. El Domany, B. E., Tamer M., E., Amr E., A. & Ahmed A., 

F. (2017). Biosynthesis, Characterization, Antibacterial 

and Synergistic Effect of Silver Nanoparticles using 

Fusarium oxysporum. Journal of Pure and Applied Micro-

biology, 11(3), 1441-1446. uilger-Casagrande, & M., R. L. 

(2019). Synthesis of Silver Nanoparticles Mediated by 

Fungi : A Review. Frontiers in Bioengineering and Bio-

technology, 7. https://dx.doi.org/10.22207/JPAM.11.3.27 

12. Guilger, M., Pasquoto-Stigliani, T., Bilesky-Jose, N., Gril-

lo, R., Abhilash, P. C., Fraceto, L. F. & Lima, R. (2017). 

Biogenic silver nanoparticles based on trichoderma harzi-

anum : Synthesis, characterization, toxicity evaluation and 

biological activity. Scientific Reports, 7(1), 44421. 

13. Guilger-Casagrande, M., R., a. & Lima. (2019). Synthesis 

of Silver Nanoparticles Mediated by Fungi: A Review. 

Front. Bioeng. Biotechnol., 7, 287. doi:https://doi.org/1 

0.3389/fbioe.2019.00287 

14. Hamedi, S., Shojaosadati, S. A. & Mohammadi, A. 

(2017). Evaluation of the catalytic, antibacterial and anti-

biofilm activities of the Convolvulus arvensis extract func-

tionalized silver nanoparticles. Journal of Photochemistry 

and Photobiology B: Biology, 167, 36-44. doi:https://

doi.org/10.1016/j.jphotobiol.2016.12.025 

15. Atout, H . (2018). Dégradation des polluants organiques 

par des procédés d’oxydation avancée: synthèse des 

matériaux photocatalytiques. Ferhat Abbas 1 university. 

Setif : doctoral dissertation. 

16. Ishida, K., Cipriano, T. F., Rocha, G. M., Weissmüller, G., 

Gomes, F., Miranda, K. & Rozental, S. (2013). Silver na-

noparticle production by the fungus Fusarium oxysporum: 

nanoparticle characterisation and analysis of antifungal 

activity against pathogenic yeasts. Inst. Oswaldo Cruz, 

109, 220–228. doi:https://doi.org/10.1590/0074-

0276130269  

17. Jahan, I., Erci, F. & Isildak, I. (2021). Rapid green synthe-

sis of non-cytotoxic silver nanoparticles using aqueous 

extracts of « Golden Delicious » apple pulp and cumin 

seeds with antibacterial and antioxidant activity. SN Ap-

plied Sciences, 3(1), 94. https://doi.org/10.1007/s42452-

020-04046-6  

18. Jain, N., Bhargava, A., Rathi, M., Dilip, R. V. & Panwar, J. 

(2015). Removal of Protein Capping Enhances the Anti-

bacterial Efficiency of Biosynthesized Silver Nanoparti-

cles. PLOS ONE, 10(7), 0134337. doi:https://

doi.org/10.1371/journal.pone.0134337 

19. Javaid, A., Oloketuyi, S. F., Khan, M. M. & Khan, F. 

(2018). Diversity of Bacterial Synthesis of Silver Nanopar-

ticles. . BioNanoScience, 8(1), 43-59. https://

doi.org/10.1007/s12668-017-0496-x 

20. Karthika, V., Arumugam, A., K., Gopinath, P., Kaleeswar-

ran, M., Govindarajan, N. &  Benelli. (2017). Guazuma 

ulmifolia bark-synthesized Ag, Au and Ag/Au alloy nano-

particles: Photocatalytic potential, DNA/protein interac-

tions, anticancer activity and toxicity against 14 species of 

microbial pathogens. J. Photochem. Photobiol. B Biol., 

167, 189-199. 

21. Khan, U., Saleh, T. A., Wahab, A., Khan, M. H., Khan, D., 

Ullah Khan, W. & Fahad, S. (2018). Nanosilver : New 

ageless and versatile biomedical therapeutic scaffold. 

International Journal of Nanomedicine , 13, 733-762. 

doi: 10.2147/IJN.S153167 

22.  Gupta, K., Tejpal, S., Chundawat, N., Ahmad, N. & Nik, 

M. (2021). Antibacterial, antifungal, photocatalytic activi-

ties and seed germination effect of Mycosynthesized 

Silver Nanoparticules using Fusarium Oxysporum. Plati-

num open access journal, 11(4), 12082-12091. 

23. Kim, J. S., Kuk, E., Yu, K. N., Kim, J.-H., Park, S. J., Lee, 

H. J. & Cho, M.-H. (2007). Antimicrobial effects of silver 

nanoparticles. Nanomedicine: Nanotechnology, Biology 

and Medicine, 3(1), 95-101. doi:https://doi.org/10.1016/

j.nano.2006.12.001. 

24. Lateef, A., Folarin, B. I., Oladejo, S. M., Akinola, P. O., 

Beukes, L. S. & Gueguim-Kana, E. B. (2018). Characteri-

zation, antimicrobial, antioxidant, and anticoagulant activi-

ties of silver nanoparticles synthesized from Petiveriaal-

liacea L. leaf extract. . Preparative Biochemistry andbio-

technology, 48(7), 646-652. https://doi.org/10.1080/10826 

068.2018.1479864 

25. Li, X., Xu, H., Chen, Z. S. & Chen, G. (2011). Biosynthe-

sis of nanoparticles by microorganisms and their applica-

tions. Journal of Nanomaterials, 2011. doi:10.1155/201 

1/270974  

26. Liao, C. L. & Tjong, S. C. (2019). Bactericidal and Cyto-

toxic Properties of Silver Nanoparticles. International 

Journal of Molecular Sciences, 20(2), 449. https://

doi.org/10.3390/ijms20020449 

27. Lu, Z., Rong, K., Li, J., Yang, H. & Chen, R. (2013). Size-

dependent antibacterial activities of silver nanoparticles 

against oral anaerobic pathogenic bacteria. . J. Mater. 

Sci., 24, 1465–1471. doi:10.1007/s10856-013-4894-5 

28. Miri, A., Habib Ollah, S. V. & Mina, S. (2018). Biosynthe-

sis of silver nanoparticles and their role in photocatalytic 

degradation of methylene blue dye. Research on Chemi-

cal Intermediates, 44, 6907–6915. https://doi.org/10.1 

007/s11164-018-3529-3 

29. Mohammed, A.E., Bin Baz, F.F. & Albrahim, J.S. (2018). 

Calligonum comosum and Fusarium sp. extracts as bio-

mediator in silver nanoparticles formation: characteriza-

tion, antioxidant and antibacterial capability. 8(72). https://

doi.org/10.1007/s13205-017-1046-5 

30. Mohan, S., Oluwafemi, O. S., George, S. C., Jayachan-

dran, V. P., Lewu, F. B., & Songca, S. P. (2014). Com-

pletely green synthesis of dextrose reduced silver nano-

particles, its antimicrobial and sensing properties. Carbo-

hydrate Polymers, 106, 469-474. https://doi.org/10.1016/

j.carbpol.2014.01.008 

31. Mohd Yusof, H., Mohamad, R., & Zaidan, U. (2019). Mi-

crobial synthesis of zinc oxide nanoparticles and their 

potential application as an antimicrobial agent and a feed 

supplement in animal industry: a review. Journal of Ani-

mal Science and Biotechnology, 10(57). doi:https://

doi.org/10.1186/s40104-019-0368-z 

32. Mostafa, F. A. (2017). Biosynthesis of silver nanoparticles 

by pathogenic and nonpathogenic strains of Fusarium 

oxysporum f. sp. lycopersici. 57(2), 345-350. DOI: 

10.21608/EJBO.2017.789.1048 

33. Mtimet, I. (2011). Elaboration de surfaces biocides conte-

nant des nanoparticules d’argent. doctorat thesis, Rouen, 

INSA. https://www.theses.fr/2011ISAM0019 

34. Nasreen, I., Hulkoti, T. & Taranath. (2014). Biosynthesis 

of nanoparticles using microbes—A review. 121, 474-483. 

https://doi.org/10.1016/j.colsurfb.2014.05.027  

35. Ozcelik Kazancioglu, E., Meral, A. & Nergis, A. (2021). 

1150 

https://doi.org/10.1007/s42452-020-04046-6
https://doi.org/10.1007/s42452-020-04046-6
https://doi.org/10.2147%2FIJN.S153167
https://doi.org/10.1080/10826068.2018.1479864
https://doi.org/10.1080/10826068.2018.1479864
https://doi.org/10.3390/ijms20020449
https://doi.org/10.3390/ijms20020449


 

Rahli, F. et al. / J. Appl. & Nat. Sci. 14(4), 1141 - 1151 (2022) 

Photochemical synthesis of bimetallic gold/silver nanopar-

ticles in polymer matrix with tunable absorption properties: 

Superior photocatalytic activity for degradation of meth-

ylene blue. 269, 124734. https://doi.org/10.1016/j.match 

emphys.2021.124734  

36. Pal, S., Tak, Y. K. & Song, J. M. (2007). Does the Antibac-

terial Activity of Silver Nanoparticles Depend on the 

Shape of the Nanoparticle? A Study of the Gram-Negative 

Bacterium Escherichia coli. . Applied and Environmental 

Microbiology , 73(6), 1712 - 1720. DOI: https://doi.org/1 

0.1128/AEM.02218-06 

37. Patel Rajesh, M. & and Patel Natvar, J. (2011). In vitro 

antioxidant activity of coumarin compounds by DPPH, 

Super oxide and nitric oxide free radical scavenging meth-

ods. Journal of Advanced Pharmacy Education & Re-

search, 1, 52-68. 

38. Rai, M., Bonde, P., Golinska, J., Trzcińska-Wencel, A. G., 

A. Abd-Elsalam, S. & Shende, S. G. (2021). Fusarium as 

a novel fungus for the synthesis of nanoparticles: Mecha-

nism and Applications. 7(139). doi:https://doi.org/10.3390/

jof7020139  

39. Raj, k. b., Renta, C. & Raj (2013). A facile photochemical 

route for the synthesis of triangular Ag nanoplates and 

colorimetric sensing of H2O2. journal of photochemestry 

and Photobiology A: Chemistry, 270, 1-6. https://

doi.org/10.1016/j.jphotochem.2013.07.005 

40. Raja, S., Vinayagam, R. & Varadavenkatesan, T. (2015. 

Green biosynthesis of silver nanoparticles using Callian-

dra haematocephala leaf extract, their antibacterial activity 

and hydrogen peroxide sensing capability,. Arabian Jour-

nal of Chemistry, 10(2), 253-261. https://doi.org/10.1016/

j.arabjc.2015.06.023  

41. Roy, A., Onur, Bulut, S. S., Amit, K. & Mandal, a. M. 

(2019). Green synthesis of silver nanoparticles: biomole-

cule-nanoparticle organizations targeting antimicrobial 

activity. RSC Advances, 9, 2673–2702. doi:https://doi.or 

g/10.1039/C8RA08982E 

42. Salari, Z., Danafar, F., Dabaghi, S. & Ataei, S. A. (2016). 

Sustainable synthesis of silver nanoparticles using 

macroalgae Spirogyra varians and analysis of their anti-

bacterial activity. Journal of Saudi Chemical Society, 20

(4), 459 - 464. doi:https://doi.org/10.1016/j.jscs.201 4.10.0 

04 

43. Sherif Moussa, H., Taher A., S. & Hend A., A. (2015). 

Biosynthesis of size-controlled silver nanoparticles by 

Fusarium oxysporum, their antimicrobial and antitumor 

activities. . Journal of Basic and Applied Sciences, 4(3), 

225-231. 

44. Sumitha, C. and Senthil, P. S. (2020). Biosynthesis and 

Characterization of silver nanoparticles by Fusarium sp. 

and it’s antimicrobial and antioxidant activity. International 

Journal of Scientific Development and Research,  5, 9. 

ISSN: 2455-2631.  

45. Tagad, C. K., Kim, H. U., Aiyer, R. C., More, P., Kim, T., 

Moh, S. H. & Sabharwal, S. G. (2013). A sensitive hydro-

gen peroxide optical sensor based on polysaccharide 

stabilized silver nanoparticles. RSC Adv, 3(45), 22940-

22943. doi:10.1039/C3RA44547J.  

46. Umoren, S., Obot, I. & Gasem, Z. (2014). Green synthesis 

and characterization of silver nanoparticles using red ap-

ple (Malus domestica) fruit extract at room temperature. 5

(3), 907–914. 

47. Zielonka, A., & Klimek-Ochab, M. (2017). Fungal synthe-

sis of size-defined nanoparticles. 8(4). 

1151 

https://doi.org/10.1016/j.matchemphys.2021.124734
https://doi.org/10.1016/j.matchemphys.2021.124734
https://doi.org/10.1128/AEM.02218-06
https://doi.org/10.1128/AEM.02218-06
https://doi.org/10.1016/j.arabjc.2015.06.023
https://doi.org/10.1016/j.arabjc.2015.06.023

