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Abstract 

This research project aims to develop a clean, non-toxic, and eco-friendly approach for the biosynthesis of AgNPs 

using a set of 9 different filamentous fungal strains. The choice of the synthetic route is central to optimizing the 

final properties of nanoparticles designed for a specific application. So, biological synthesis of AgNPs was carried 

out as it presents an eco-friendly and economical alternative to physical and chemical approaches. The extract of 

fungal isolates including Fusarium oxysporum, Fusarium soloni, Aspergillus flauvs, Aspergillus niger, Rhizopus 

stolonifer, and Penicillium fellutanum was used as reducing agents for AgNPs synthesis. The synthesized AgNPs 

were characterized using different techniques i.e. UV-Vis spectroscopy, HrTEM, EDX, and PXRD, and its 

antibacterial potential was explored. Three different concentrations (0.088mg/L, 0.176mg/L, and 0.44 mg/L) of 

aqueous silver salt (AgNO3) were used and mixed as 1:1 ratio with aqueous extract of fungal extract (all nine fungi) 

at room temperature and the pH of the reaction mixture was monitored until it stabilized. The formation of AgNPs 

was confirmed by using UV-Vis spectroscopic analysis. Results suggested that all of the tested fungal strains were 

capable to produce a large number of extracellular AgNPs within 24 hours. Overall round-shaped particles were 

observed of average particles size under 60 nm.  

Conclusion: The production of very small size AgNPs exhibiting excellent antibacterial potential makes them 

potentially exciting eco-friendly bactericide to be used in medical, agriculture, and technology.  

Results demonstrated excellent bactericidal potential for all of the biosynthesized silver nanoparticles against the 

focused species clavibacter michiganensis Cmm subsp. michiganensis, which is the causative pathogen of Tomato 

canker disease.   
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Introduction: 

Agriculture occupies a unique role in the economy of entire world but specifically the emergent nations. The 

worldwide population is expanding progressively and it is of supreme importance to keep pace with their feed 

demand. For this purpose improvements are needed in agriculture sector to increase food production and decrease 

the use of chemical base products not to compromise the quality of production. In the present circumstances, metal 

based nanomaterials become one of the most popular areas of research due to a wide array of potential applications 

in agriculture [1] as it provides new products and carrier mechanisms against agricultural pathogens. Though, there 

exists growing concerns regarding the detrimental impact of metal nanoparticles (NPs) on eco-system. So, the most 

motivating division is to explore chemical free, environment friendly and cost-effective mode for the fabrication of 

stable nano-scaled particles. Production of NPs using green chemistry route could be considered a better alternate to 

chemical and physical synthesis as it uses no toxic chemicals in the synthesis process. Due to enzymatic reaction, 

fungi offer a better shift from chemical to biological processing ultimately resulting towards eco-friendly products.   

 

 

Till date, a number of bio based schemes counting bacteria, viruses, fungi and plants been explored for NPs 

synthesis[5]. Though fungi are the choice of investigation for this study for being successfully involved in high yield 

economy NPs of antimicrobial potential along with high protein secretion [7]. Several reports are available 

confirming the production of well stable AgNPs using different fungal strains e.g. Fusarium oxysporum, 

F.acuminatum,, Aspergillus terreus, A. flavus Verticillium sp. of fungi, F.solani, R. stolonifer, P. nalgiovense, T. 

asperellum, T. Reesei, T. harzianum, Aspergillus fumigates, Arthroderma fulvum etc.[11-14]. Earlier reported 

fungal strains including Fusarium, Aspergillus and Rhizopus species accounts for more than 50% of the studies in 

NP biosynthesis {Hulkoti, 2014 #18}. Among noble metal NPs, AgNPs are of particular interest because of its 

excellent antimicrobial efficacy so in general be used on industrial scale production [8-10].  

 

 

Hence, this study elaborated the ability of four fungal species including Fusarium oxysphorum, Fusarium 

soloni, Aspergillus niger and Aspergillus flauvs for the synthesis of biogenic AgNPs. The synthesised particles were 

subjected for their antibacterial assay against G+ve (E- Coli, agrobacterium tumefaciens and xanthomonas 

campestris) and G-ve bacteria (clavibacter michiganensis subsp. michiganensis, Streptococcus thermophilus and 

bacillus subtilis).  In addition, the focus of this was to investigate their bactericidal potential against clavibacter 

michiganensis subsp. Cmm responsible for bacterial canker of tomato plants.  

 

Experimental:  

Collection of fungal strains: Pure culture of the above mentioned fungi were obtained from the culture bank of 

Department of Agricultural Chemistry, The University of Agriculture Peshawar, Pakistan and re-identified at 

Swedish university of agricultural sciences. 

Extraction: To get cell filtrate extract, each culture was grown on Potato Dextrose Broth media for 7 days at 28oC. 

The mycelial cells were harvested by filtering twice through Whatman filter paper followed by washing with 

sterilized double distilled water trice. Harvested mycelia (50 gm each) was brought in contact with 500 mL of sterile 

distilled water and was re-filtered after 24 hours. The obtained filtrate was brought in contact with silver nitrate 

solution AgNO3 in 1:1. Concentration under 5 mM is considered optimum for AgNO3 to fabricate AgNPs [15].  So, 

three different concentrations (1 mM, 2.5 mM and 5 mM) were considered to use in this study. The reaction mixture 

was centrifuged (at 10,000 rpm for 15 min) to obtain solid material (AgNPs) for characterization purpose. pH for 

each reaction mixture was measured and recorded consecutively for 24 hours, until a stable SPR peak was attained 

using UV spectroscopy.  

Characterization: UV-visible spectrophotometer with a split beam (model: Optima sp3000+, Japan) operated at a 

resolution of 1nm band was used for quantitative analysis of the synthesized AgNPs. To see the morphology of the 

synthesized silver nano particles High resolution Transmission Electron Microscope (HrTEM, JEOL 3000F) was 

used equipped with EDX detector to detect AgNPs and its elemental composition. For further insight into the crystal 

phase, Powder X-ray diffraction (STOE Stadi MP) was operated at a voltage of 40 kV and current of 40 mA with 

scan rate of 0.01 °/s. The crystal size of the AgNPs was calculated from broadening of  XRD peaks using Debye 
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Scherrer formula [16]. Produced AgNPs were subjected to antibacterial activity on PDA plates against gram positive 

and gram negative bacterial strains including X. campestris, Cmm subsp. michiganensis, S. thermophilus and B. 

subtilis, E- Coli, A. tumefaciens respectively using disk diffusion assay [17]. The test was repeated twice and each 

treatment replicated three times. The zone of inhibition was measured in mm using calliper and recorded as 

mean±S.E. 

Antibacterial assay: The synthesized AgNPs were subjected to anti-bacterial assay on PDA plates against gram 

positive bacterial strains including Xanthomonas campestris, clavibacter michiganensissubsp.michiganensis, 

Streptococcus thermophilusand gram negative bacterial strains bacillus subtilis, E-Coli, agrobacterium tumefaciens 

using disk diffusion assay {Asma Noshad1, 2019 #129}. Each strain was swabbed uniformly onto individual plates; 

the sterile disks (5mm; Oxide, UK) were loaded with AgNPs solution (0.088mg/L, 0.176mg/L and 0.44 mg/L), 

aqueous extract, aqueous AgNO3 solution and standard streptomycin as a positive control. Each plate was incubated 

at 29±2 °C for 24 hours. The test was repeated twice and each treatment replicated three times. The zone of 

inhibition was measured in mm using caliper and recorded as mean±S.E. 

Results:  

For all of the studied mixtures, a color shift from yellow to brown has been observed, indicative of AgNPs 

production due to surface plasmon resonance SPR [18]. The enzymes released by fungi reduce Ag ions to AgNPs 

[18]. This reduction was not observed in control experiments (containing any enzyme extract), suggesting that 

enzymes released by the fungi are responsible for this reduction [15]. Recorded steady SPR peak and color intensity 

at levels for one year for all six samples, suggested highly stable particles with no agglomerated behaviour. 

Spectrophotometric analysis was used to determine the formation of AgNPs in each sample, with UV spectra 

documented for each sample individually. In F. oxysporum, SPR peak centered at 439.06 nm was observed after 48 

hours, but the reaction mixture got stabilized after 48 hours regardless Figure 1. Emission spectra indicated that 

there was no agglomeration of the particles. It is beyond the scope of this study to assess the mechanism of 

inhibition for each sample; however, this part of our study is consistent with a previous report [18] proposing that F. 

oxysporum releases proteins for reduction. In contrast to F. oxysporum, F. solani cells treated with AgNO3 solution 

showed an impressive SPR peak at 410nm, confirming the extracellular generation of AgNPs Figure 1. The SPR 

peak remained unchanged after 24 hours. 

 

 

 

 

 

 

 

 

Figure 01: This figure shows the UV-Vis spectrum of AgNPs fabricated from Fusarium oxysporum and Fusarium 

solani.   

The production of AgNPs has been elucidated for two well-recognized species of Aspergillus (A. flauvs, A.niger). 

With regard to UV-Vis spectra for A. flauvs and A. niger figure 02, the maximum absorption intensity for A. flauvs 



was centred at 420 nm associated with the formation of AgNPs and 430 nm for A niger. However both samples 

showed stabled SPR peak within 6 hours of the reaction.  

 

 

 

 

 

 

 

 

 

 

Figure 02: This figure illustrates spectra showing SPR values for A. flauvs and A. niger based AgNPs. 

Towards 423 nm, the optimum absorption wavelength for R. stolonifer was recorded, correlating to the SPR 

frequency of AgNPs [21]. Importantly, SPR value for AgNPs mediated by R. stolonifer remained highly stable over 

a period of 4 to 6 hours after the reaction. Figure 3 shows a successful formation of AgNPs within 24 hours with P. 

faluntum as the measure of maximum absorption at 434 nm. A TEM, EDX, and XRD analysis demonstrated that all 

screened fungal species successfully synthesized AgNPs.  

Is it really enzymatic reaction? 

This experiment was performed in order to prove that the enzymes produced by fungal extract are actually 

responsible for the reduction of Ag to AgNPs.  

The fungal biomass for all 9 samples was separately boiled for 15 minutes and let to cool. The obtained filtrate was 

processed with metal salt solution (AgNO3) in 1:1 (as already described in methodology). Visually the reaction 

mixture showed no colour change indicating no reduction/production of AgNPs but this indication was confirmed 

for each sample using spectrophotometric measurement. The results (Figure 000) showed no SPR peak in the 

specific UV spectra for any sample under study, confirming the role of metabolites of fungal extract responsible for 

the reduction of Ag to AgNPs {Korbekandi, 2013 #139}. 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Figure 3 shows the UV spectrum of a solution mixture of boiled fungal extracts from a. A. flauvs d. A. niger e. 

mixed with AgNO3 salt in 1:1, exhibiting no SPR peak for AgNPs, indicating that AgNPs are synthesized by 

enzymes. 

Effect of ph  

The pH measurements were carried for all samples under study, until a stable SPR peak value was obtained. It took 

6 hours for both species of Aspergillus, 8 hours for F. soloni and 24 hours of incubation for F. oxysporum to 

stabilize SPR peak and fabricate AgNPs. Increase in pH value and change in colour from light to dark brown was 

observed for all samples. High pH also supports the production of small size and regular shaped nanoparticles [22, 

23]. The outcome of this study is also consistent with Anigol, 2017 #140 stating high pH results in controlled size of 

nanoparticles. F. oxysporum mediated AgNPs resulted in 2-16 nm size particles at pH value 9.5, F. soloni produced 

4-12 nm sized particles at pH 10, A. flauvs formed 4-35 nm sized particles at pH 10.02 and A. niger shaped 9-60 nm 

sized particles at pH value 9.8.  

Table 1 shows the pH changes of the reaction mixture during AgNP synthesis. Stable SPR peaks were 

detected and recoded with UV spectroscopy using pH measurements after 24 hours. 

 

 

Fungal strain Size nm  SPR nm  Incubation 

period  

Change in color pH 

F.oxysporum  2-16 439 24 hours  Lemon yellow  →  dark brown 7.5-9.5 

F. solani 4-12 410 8 hours  Yellowish  →  brown 8.5-10.00 

A.flauvs  4-35 420 6 hours  Golden brown  →  dark brown 8.0-10.02 

A. niger  9-60 430 6 hours  Lemon yellow  →  dark brown 7.5-9.8 



 

Characterization:  

HrTem was used to investigate the morphology detail of fungal extract capped silver nanoparticles AgNPs. The 

obtained TEM micrograph as shown in Fig 0000 confirmed the presence of circular shaped, nano sized particles of 2-

16 nm. EDS (Energy Dispersive Spectroscopy) analysis was carried for further insight regarding the elemental 

composition of biologically fabricated AgNPs.  

The recorded TEM micrograph Fig. 4 has taken from a 1 mM concentrated drop-coated AgNPs film confirming 

uniform distribution of very small size 2-16 nm circular shaped NPs. The synthesised AgNPs were further examined 

for elemental composition by EDS (Energy Dispersive Spectroscopy). Recorded results can be seen in table 02 

showing the presence of strong silver signals confirming the purity of synthesised NPs. Right side image in figure 

0000 depicts EDX spectrum pointing strong Ag composition due to high surface Plasmon resonance value, consistent 

with [24]. Strong spectral lines of Ag (L α line at 2.98 keV, M α line at 22.17 keV) correspond to the purity of AgNPs. 

Additionally, some other elements including C, CU, O and Si were recorded in very small percentage came from the 

Cu sample holder, used during the sample grounding process.  

  

 

 

 

 

 

 

 

Figure  4.  The image on the left corresponds to the STEM image placed on the carbon support film of AgNPs 

mediated by F.oxysporum. The image on the right shows the EDX spectrum taken from a single particle.  

F.solani is taken into consideration as a non-pathogenic, useful fungus. It provides a fast capacity to reduce metal 

ions and stabilize NPs so it may offer many benefits which are likewise pondered in this study. High SPR value for 

F.solani mediated AgNPs indicates the manufacturing of an excessive amount of Ag (at 3 keV, M alpha line at 22-

24.5 keV) as evident from TEM micrographs figure 6 in agreement with [25]. Uniform distribution of two different 

shaped particles (spherical & square shaped) of about 4-12 nm in size were observed. Right side image in figure 5 

illustrate EDX spectrum taken from a single particle of probe size about 4nm, presenting Ag composition.  

 

 

 

 

 

 



 

 Figure 5      Left side image symbolize TEM micrographs for F. soloni mediated AgNPs Right side image 

stands for EDX spectrum of the same sample.  

 

STEM  images for A. Flavus made AgNPs can be seen on the left side of figure 6 showing a spectrum for a single 

particle size of almost 25 nm. Overall verious TEM micrograph megnifications resulted in predominently rounds 

shaped particles of a size range 4-35 nm with no agglomeration.  

  

 

 

 

 

 

 

Figure 6         Left side image represents STEM image lying on the carbon support film for AgNPs 

synthesized by the reaction of AgNO3 and the enzymes produced by A. flavus. Right 

side image presents EDX spectrum taken from a single particle, probe size 

approximately 25nm, showing Ag composition.  (Ag L alpha line at 2.5 keV, M 

alpha line at 22-25 keV)  Other elements in spectrum came from support film or 

specimen holder. 

AgNPs made of A. niger resulted in angular shape particles of 9-60 nm as depicted in the left side image of figure 7 

consistent with earlier report [20]. Strong silver signals were observed at 22-24.5 keV confirming its purity. The 

right side image displays SEAD spectrum confirming the presence of Scherrer ring pattern clearly speaks for 

crystalline nature for the fabricated AgNPs figure 7.                                                                                                                                                                                                                                               

 

 

 

 

 

 

 



Figure 7    Left side image represents STEM image for AgNPs synthesized by the reaction of AgNO3 and the 

enzymes produced by A. niger. Right side image presents EDX spectrum taken from a single particle of probe 

size approximately 22 nm, showing Ag composition.  (Ag L alpha line at 3 keV, M alpha line at 22-24.5 keV). 

Other elements in spectrum came from support film or specimen holder. 

 

 

XRD peak data was employed to affirm the lattice fringes and the crystallinity in HrTEM micrographs. Figure 8.A 

illustrate the diffraction pattern for AgNPs from F.oxysporum, showing face centred cubic (FCC) structure with four 

peaks at 2θ values of 38.11, 47.78, 64.44 and 77.64o corresponding to (hkl) values (1 1 1), (2 0 0) (2 2 0) and (3 1 1)  

planes of silver. The (hkl) values are marked green in (figure 8 A-D). The average crystalline size of 14 nm has 

been recorded for the synthesized AgNPs. Importantly, this pattern only shows minute differences to the one of A. 

niger, as can be seen in the overlay of both (Figure A&D). Figure 8.B specifies diffractogram for AgNPs made by 

Acromonium showing no intense peaks for AgNPs in the whole spectrum of 2θ values ranging from 30 to 80. 

However very broad peaks at 2 theta values of around 38.08°, 46.19° and 64.43° were identified, which hints at very 

small particle size or low crystallinity of the particles under study. Average particle diameter of 17.65 nm has been 

observed for this pattern of AgNPs. Few peaks of impurities were also observed for some organic rusts (not included 

in table).  

 

In case of  A. flavus mediated AgNPs, the diffracted intensities peaks at 38.12°, 48.00°, 64.46° and 77.39° 

corresponding to the crystallographic planes (1 1 1), (2 0 0) (2 2 0) and (3 1 1) of AgNPs. The identified peaks were 

quite sharp indicating highly crystalline nature of the particles under study. Herein the average crystalline size was 

16 nm, calculated according to Debye-Scherrer equation. The obtained XRD spectrum for A. niger was compared 

with the standard, confirmed the nano-crystal form of synthesised AgNPs. The average crystalline size was found to 

be 21.55 nm. The obtained diffraction peaks at 2θ values (10 to 80°) assigned to the planes of (111) (200) (220) and 

(311) showed fcc crystal structure of AgNPs.  The values agree well with those reported reported earlier for 

Aspergillus species {Verma, 2010 #141}{Noshad, 2019 #142}. The identified pattern for AgNPs agreed well with 

SAED pattern of HrTEM data speaking for crystalline nature of particles due to the intense and sharp peaks. The full 

width at half maximum values, i.e. k = 0.89 was derived from the identified diffraction peaks calculated according to 

Debye-Scherrer equation (D = kλ/β cos θ). 

 

 

 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

Figure 8: X-ray diffraction data for AgNPs fabricated from the reaction mixture of AgNO3 salt solution and 

fungal extract of A) F. oxysporum, B) F. soloni C) A. flauvs, D) A. niger, in 1:1.  

Antibacterial activity 

This article examined the possible inhibitory effect of biologically synthesized AgNPs towards a group of gram +ve 

and gram -ve bacterial strains. The numerical values for zone of inhibition around AgNPs from all fungal cultures 

were recorded in millimetre (see table 02 for detail).  There is a variation in the measured zone of inhibition against 

all tested bacteria, as a function of applying AgNPs from different fungal source. All of the biosynthesised AgNPs 

inhibited the growth of all tested bacteria but size dependent intensity of antibacterial effect was recorded 

corroborating with the previous observations of other researchers [27]. F.oxysporum (2-16 nm) F. solani (4-12 nm) 

A. flauvs () and A. niger (9-60 nm) based AgNPs possesses the smaller size particles respectively, produced the 

highest zone of inhibition.  Appreciable antibiotic activity was determined against pathogenic bacteria, listed in table 

02, suggesting its broad-spectrum nature. Importantly it was observed that AgNPs displayed better bactericidal 

potential toward Gram +ve bacteria as compared to the Gram -ve counterparts. Control and fungal extract alone, had 

not posed any inhibitory effect while streptomycin specifies positive control. These results clearly demonstrate that 

the biosynthesized AgNPs are promising antibacterial agents against the pathogenic bacteria (listed in table 02). 

Further investigation in this capacity may lead to the use of these biogenic AgNPs against bacterial pathogens which 

might be useful to control many infectious diseases of plants and human health. The results evaluated from the disc 

diffusion method are given below. 

Table 02: Antibacterial activity for the synthesized AgNPs against gram +ve and gram -ve bacteria.   

 

Parameter  

 

Cmm  

 

B.sub 

 

Ag.tf  

 

X.cmp 

 

E-Coli 

 

Stp.slv 

 

F.oxysporum 

 

 

1.30 ±0.13 

 

1.13±0.10 

 

1.14±0.10 

 

1.08±0.08 

 

1.33±0.08 

 

1.29±0.08 

F. solani 

 

1.26 ±0.13 1.06±0.08 1.12±0.05 1.10±0.05 1.23±0.11 1.26±0.08 



A. flauvs 

 

1.18±0.10 0.86±0.03 1.00±0.08 0.86±0.05 1.13±0.08 1.25±0.08 

A.niger 

 

1.16±0.10 0.96±0.13 0.98±0.10 0.92±0.08 1.18±0.10 1.20±0.08 

Positive  1.36±0.13 1.15±0,10 1.16±0.08 1.12±0.10 1.46±0.11 1.36±0.08 

 

Note: zone of inhibition was measured in mm after incubation period of 24 hours at 29oC in Agar medium and each 

value represent average of three replicates. ± Values indicates Standard Error. cmm= Clavibactor michiganensi Sub 

sp michiganensis, B.sub= bacillus subtilis sub sp subtilis, Ag.tf= Agrobacterium tumefaciens sub sp. Tumefaciens, 

X.cmp=Xanthomonas campestris sub sp campestris, E-coli= Escherichia Coli, Stp.Slv= Streptococcus 

thermophilus sub sp. Salivarius. 

 

Discussion 

Silver has long been used to fight against bacterial infections and spoilage. Though several studies showed that 

bactericidal effect of Ag+ is different from AgNPs as it strongly depends on size, shape, concentration and colloidal 

state of NPs {Durán, 2016 #135}. This article highlights the importance of microbes for extracellular synthesis of 

AgNPs effective as broad spectrum bactericide. Fungi take spotlight for biosynthesis of NPs due to their metal 

bioaccumulation ability {Zhao, 2018 #19}. For large scale production of AgNPs, chemical, physical and liquid 

solution reduction usually yields low with big particles size {El-Nour, 2010 #20}. In the bio-reduction process, 

enzymes and metabolites released by fungi reduce silver salt (AgNO3) to AgNPs by enzyme substrate effect 

{Mohanpuria, 2008 #131}. For maximum production of NPs, enzymes secretion is proportional to substrate 

availability to a certain concentration which is 1.5 mM reported by {Korbekandi, 2013 #132}.  

This study observed smaller particles for high SPR peak value, e.g for F. oxysporum the recorded SPR value was 

439 nm which produces large amount of small AgNPs with size in the range of 2-16 nm (see table 01 for detail 

comparison). An increase in intensity of SPR value as a function of time is proportional to sustained reduction of the 

Ag+ and an increase in concentration of AgNPs {Birla, 2013 #143}. So it is suggested that the absorption peak shifts 

toward higher energy with a decrease in the size of AgNPs {Amendola, 2010 #134}. Another factor affecting the 

particles size is pH, this study suggested inverse relation in particles size and pH value {Anigol, 2017 #136}. 

Smaller particles sizes were observed at alkaline pH. 

UV spectrophotometric and TEM analysis demonstrated that the size, shape, quantity and incubation time for 

AgNPs is fungi specific as listed in table 01 accordant with [29, 51, 84]{Bhainsa, 2006 #144}. This may ascribe the 

potential of fungal species to release different oxido-reductase enzymes and capping agent to stabilize AgNPs. We 

recorded biogenic AgNPs under 60 nm which is typically considered very effective bactericide due to its penetration 

ability into bacterial cell wall {Dakal, 2016 #137}. Herein, the small size biosynthesised AgNPs demonstrated 

higher antimicrobial activity than larger particles because they have large surface area to interact bacteria efficiently 

[27]. It is also suggested that AgNPs produced from different fungi under same conditions of concentration, ph and 

temperature produce different size, shape and quantity of AgNPs. It is strongly suggested to further explore fungal 

flora for large scale production of AgNPs, from the points of view of safety, economy and its applications in all 

sectors of medicine, agriculture, and technology.  

 

Conclusions 

This study concluded that the tested fungal strains could be effective alternate to physical and chemical synthesis for 

being economical both in terms of time and money, and eco-friendly.  This approach can be successfully employed 

for large scale, extracellular production of stable and mono-dispersed AgNPs. Production of very small size AgNPs 

exhibiting excellent antibacterial potential makes them potentially exciting eco-friendly bactericide to be use in 

medical, agriculture and technology. This article provides a helpful insight into the development of new antibacterial 

agents using green chemistry tools which may serve many medical applications in near future.  
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