
39Nano Biomed. Eng. 2013, 5(1),39-45

Nano Biomed Eng
ISSN 2150-5578 http://nanobe.org

OPEN ACCESS

A. Sunitha et al

Article
Evaluation of Antimicrobial Activity 
o f  B i o s y n t h e s i z e d  I ro n  a n d  S i l v e r 
Nanoparticles Using the Fungi Fusarium 
Oxysporum  and Actinomycetes sp.  on 
Human Pathogens

Abstract
A simple and reproducible biosynthetic method was employed to synthesize iron and silver nanoparticles which resulted in monodispersed 
nanoparticles of high concentration. The iron oxide nanoparticles has been widely favored because of low cytotoxicity, biodegradable and reactive 
surface that can be modified with biocompatible coatings. Silver nanoparticles have been a potent antibacterial, antifungal, anti-viral and anti-
inflammatory agent. The reaction process was simple, eco-friendly, inexpensive and easy to handle. Green and chemical methods were employed to 
synthesize iron and silver nanoparticles. A microbial route to synthesize iron and silver nanoparticles by the fungal strain Fusarium oxysporum sp. and 
Actinomycetes sp. was done simultaneously. Production of nanoparticles using fungi has some advantages over other organisms as it is easy to handle 
and require simple raw materials. The obtained iron and silver nanoparticles were characterized by UV-vis spectroscopy, Fourier transform infrared 
spectroscopy (FTIR) and the morphology of prepared nanoparticles was confirmed by Transmission electron microscopy (TEM). TEM images of Iron 
nanoparticles synthesized by Fusarium oxysporum sp. showed 20-40 nm sized particles. These particles exhibited maximum antibacterial activity 
against Bacillus, E. coli and Staphylococcus sps. TEM images of biosynthesized silver nanoparticles were of smaller size (10-20 nm). The microbially 
synthesized silver nanoparticles using Actinomycetes were found to be highly toxic against different human pathogens due to the smaller size and 
due to the presence of antibiotic components available on them. The mechanism of antimicrobial property of nanoparticle lies with the fact that the 
extremely small size means a large surface area relative to the volume, which effectively covers the microorganisms and reduce oxygen supply for 
respiration. It was found that silver nanoparticles synthesized by the microbial route have a greater antibacterial activity.
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1. Introduction
    Magnetic iron nanoparticles, a class of nanostructured 
material possess amenable properties making them 
important in view of biological applications. Since the 
changes in the electronic structure occur in the nanometer 
region, will affect the physical and chemical properties of 
the material [1]. These special phy-chemical properties of 
iron nanoparticles are not possible with traditional lipid 
or polymer-based nanoparticles. It has been demonstrated 
that a magnetic field can increase the uptake of magnetic 
iron nanoparticles with bacterial biofilms. The preparation 
method of magnetic iron oxide nanoparticles is simple.  
Iron oxide nanoparticles have been successfully prepared 
in the forms of aqueous phase or organic phase. The 
surface modification of iron nanoparticles which is 
performed by coating desirable molecular materials 

on surfaces improves stability, prevent aggregation of 
nanoparticles, ensure nontoxic status in physiological 
conditions and enhance the targeting function [2].

    The two modes through which the micro-organisms 
synthesize iron oxide nanoparticles are biologically 
induced and controlled mineralization mechanisms 
(BIM and BCM). BIM mode allows extracellular 
synthesis of the magnetite crystals in the culture solution 
as a by-product and magnetite crystals. BIM can be 
observed in the Fe(III) reducing bacterial species of 
Shewanella, Geobacter, Archaeoglobus fulgidus, Therm-
oanaerobacter, and sulphate reducing bacterial species 
of Desulfuromonas acetoxidans. In contrast, biologically 
controlled mineralization (BCM) process initiates 
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the microorganism itself to control the synthesis. The 
magnetite crystals are formed intracellularly. BCM 
mode can be observed in the magnetotactic bacteria 
(MTB) like Magnetospirillum magnetotacticum [3], M. 
gryphiswaldense [4] and sulphate-reducing magnetic 
bacteria (Desulfovibrio magneticus) [5]. The use of plant 
extracts for synthesis of nanoparticles is advantageous 
as it contains biomolecules that can function as both 
reducing and capping agents, eliminating the use and 
generation of substances hazardous to human health 
and the environment. The nontoxic, renewable raw 
materials and environmentally benign solvents are 
generally considered in a green synthetic strategy. The 
most common methods to synthesize iron nanoparticles 
chemically are as follows: co-precipitation [6], thermal 
decomposition [7], hydrothermal synthesis [8], micro-
emulsion [9], sonochemical synthesis [10]. In addition, 
these nanoparticles can also be prepared by the other 
methods such as electrochemical synthesis [11], laser 
pyrolysis techniques [12], microorganism or bacterial 
synthesis [13,14].  The unique combination of high 
magnetization and paramagnetic behavior opens these 
materials to a very wide range of applications. Greater 
availability of the surface area facilitates in biosensor 
[15], drug delivery [16] and tissue repair [17], MRI [18], 
hyperthermic effect [19], cell tagging and tracking [20],  
gene delivery [21,22], detection of probes [23,24], in 
agriculture, biosensor, rapid separation in environmental 
biology and concentration tracing of specific targets, such 
as bacteria, leukocyte and protein [25]. The metallic nano-
particles are most promising as they contain antibacterial 
properties due to their large ratio betwwen surface area 
and volume. 

    Among noble-metal nanomaterials, silver nanoparticles 
have received considerable attention due to their attrac-
tive physicochemical properties. The Surface Plasmon 
Resonance and large effective scattering cross section 
of individual silver nanoparticles make them ideal 
candidates for molecular labelling [26]. Ionic silver is 
highly toxic to most bacterial cells and has long been used 
as a potent bactericidal agent [27]. Biological synthesis of 
such nanomaterials has gained significant interest due to 
the use of mild experimental conditions of temperature, 
pH and pressure. The silver nanoparticles were first 
synthesized by the bacterium Pseudomonas stutzeri. 
Silver nanoparticles were synthesized with a size smaller 
than 200 nm. The fungi (eg., Verticillium, Aspergillus 
flavus) and actinomycetes (Thermomonospora) being 
extremely good candidates for extracellular process 
and also environmental friendly. The Actinomycetes 
Thermomonospora sp., synthesized silver nanoparticles 
extracellularly. Some marine actinomycetes strain of 
Streptomyces glaucus synthesized silver nanoparticles 
extracellularly and the particles ranging from 4 nm to 
25 nm [28-32]. Silver nanoparticles being extensively 
synthesized using various plant leaf extracts such 
hibiscus (Hibiscus rosasinensis) leaf extract [33] neem 
(Azadirachta indica) leaf broth [34] of black tea leaf 

extracts [35] Indian gooseberry (Emblica officinalis) fruit 
extract [36] sundried camphor (Cinnamomum camphora) 
[37] and Aloe vera plant extract [38]. Chemical reduc-
tion is the most frequently applied method for the pre-
paration of silver nanoparticles as stable, colloidal 
dispersions in water or organic solvents. Commonly 
used reductants are borohydride, citrate, ascorbate, and 
elemental hydrogen. The large scale synthesis of silver 
nanomaterial by chemical method suffers from issues 
such as polydispersity and stability, especially if the 
reduction is carried out in aqueous media. Therefore the 
extracellular biological synthesis of silver nanoparticles 
could be an attractive and ecologically friendly 
alternative method for the preparation of large quantities 
because it offers the advantage of easy downstream 
processing. Moreover, bacteria are easy to handle and 
can be manipulated genetically without much difficulty. 
Currently, there is a growing need to use environmentally 
friendly nanoparticles that do not produce toxic wastes in 
their synthesis protocol.

    Biological methods using plant extracts and micro-
organisms have been proposed as an alternative 
environmentally friendly method in the synthesis 
of metallic nanoparticles. Biologically synthesized 
nanoparticles have special applications in health and 
medical fields since chemical synthesis methods leads 
to the presence of some toxic chemical species adsorbed 
on the surface of nanoparticles. The present work 
involves synthesis of iron and silver nanoparticles by 
three methods and further evaluating the antimicrobial 
activity of these biologically synthesized iron and silver 
nanoparticles. 

2. Material and methods

2.1 Microbial synthesis of iron and silver nano-
particles

2.1.1 Synthesis of iron nanoparticles

    The fungal strain of Fusarium oxysporum used in 
this study was collected from the Kerala Agriculture 
University, Trivandrum. The fungal strains were 
morphologically and microscopically characterized 
and it was observed that all the strains were confirmed 
as Fusarium oxysporum. The fungal culture Fusarium 
oxysporum was collected and the mass culture of 
inoculum was produced. 20 g (wet weight) of F. 
oxysporum was then resuspended in 100 ml aqueous 
solutions of K3Fe(CN)6 and K4Fe(CN)6 (pH 3.1) ( 2:1 
molar ratio) in 500 ml Erlenmeyer flasks and kept on a 
shaker (200 rpm) at 27 ○C. The reaction was carried out 
for a period of 120 h. In a control all the experimental 
conditions were kept similar, except that 20 g of each 
fungal biomass was separately exposed to sterilized 
deionised water instead of iron complex. The bio-
transformed products were collected by separating the 
fungal mycelia from the aqueous extract by filtration 
under sterile conditions.
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2.1.2 Synthesis of silver nanoparticles

    The actinomycete strains were isolated from heavy 
metal polluted and non-polluted soil samples. The 
polluted samples were collected from Travancore 
Titanium Products Ltd, Thiruvananthapuram and non-
polluted sample was collected from Noorul Islam 
college of Arts and Science, Kumaracoil. The species 
identified in the non-polluted soil were Streptomyces sp. 
I, Streptomyces sp. II, Streptomyces sp. III, Rothia sp., 
Actinomadura sp. and Rhodococcus sp. In the heavy 
metal polluted soil sample four species were identified 
which were, Streptomyces sp. I, Streptomyces sp. II, 
Streptomyces sp. III and Rhodococcus sp. The results 
revealed that Streptomyces sp. was the predominant 
actinomycetes in both the soil samples. Screening of 
actinomycetes was performed using nitrate reduction test. 
For the production of biomass, the actinomycetes strains 
such as Streptomyces sp. I (P1), Rhodococcus sp. (P8) 
and Streptomyces sp. II (NP1) were grown aerobically 
in actinomycetes broth. 20 mg of biomass (fresh weight) 
was grind well using mortar and pestle and mixed with 
200 ml of Millipore water in a 500 ml Erlenmeyer flask 
and agitated in the same condition for 72 h at 37 oC. The 
same was repeated for the cell free filtrate (filtered water) 
along with experimental flask (20 ml filtered water in 200 
ml of Millipore water). Biomass and water samples were 
randomly named as B and W. The biomass strains were 
named as BP1, BP8 and BNP1. The filtered water samples 
were named as WP1, WP8 and WNP1. For the synthesis 
of silver nanoparticles, 50 ml of 1 mM AgNO3 was mixed 
with 50 ml of cell filtrate in a 250 ml Erlenmeyer flask 
and agitated at 37 oC in darker condition. The same was 
done for the cell free filtrate (50 ml of 1 mM AgNO3 with 
50 ml filtered water). Simultaneously, control without Ag+ 
was also run along with the experimental flasks. Color 
change was noted at specific intervals (12 h and 72 h). 

2.3 Green synthesis of iron and silver nano-
particles
2.3.1 Synthesis of iron nanoparticles using Phyllanthus 
emblica

    About 8 ml of 0.1 M FeCl3 and 2 ml of 0.2 M FeCl2 
was added in a 100 ml beaker. Subsequently, 10 ml of 
Phyllanthus emblica (Indian gooseberry) extract was 
added drop by drop. A brown precipitate was formed 
initially. The reaction continued for 20 minutes before the 
beaker was removed from the magnetic stirrer. The PH 
was adjusted to 8. After synthesis, the black precipitate 
formed was washed 3-4 times with distilled water to 
avoid errors due to high optical density of the solution. 
The nanoparticles were removed from the solution 
by magnetic separation. The experiment was done in 
duplicates to produce reproducibility. 

2.3.2 Synthesis of silver nanoparticles using Zingiber 
officinale (Ginger)

    Green synthesis of silver nanoparticles was carried 

out by using Ginger rhizome (Zingiber officinale). The 
extract was prepared by taking 10 gm, thoroughly washed  
ginger rhizome, taking upper part of the knife, chopped 
into the fine pieces and converting it into the paste using 
mortar-pestle followed by addition of 40 ml of Millipore 
water, boiling for 2 min then filtered. The filtrate was 
centrifuged at 5000 rpm for 15 min and collected the 
suspension, which was further used as ginger rhizome 
broth for the experiment. For reduction of Ag+ ions 5 ml 
of ginger rhizome broth was added to 50 ml of 1.0×10−3 
M AgNO3 separately at room temperature. The reaction 
mixture was stirred vigorously on a magnetic stirrer plate. 
The solution turned light yellow and a brighter yellow.

2.4 Chemical synthesis of iron and silver nano-
particles
2.4.1 Synthesis of iron nanoparticles

    Iron nanoparticles were chemically synthesized using 
8 ml of 0.1 M of FeCl3 and 2 ml of 0.2M FeCl2 solutions 
under ambient conditions. 50 ml NaOH was added 
drop by drop, a brown colored precipitate was formed 
initially with ferrous and ferric hydroxide dehydrates 
giving brownish precipitates. These iron nanoparticles 
showed attractive property when a strong magnet was 
moved along the test tube indicating the presence of iron 
nanoparticles.

2.4.2 Synthesis of silver nanoparticles

    A large excess of NaBH4 was needed to reduce the ionic 
silver and to stabilize the silver nanoparticles formed. 10 
ml volume of 1.0 mM AgNO3 was added drop wise (about 
one drop/sec) to 30 ml of 2.0 mM NaBH4. The reaction 
mixture was stirred vigorously on a magnetic stirrer plate. 
The solution turned light yellow after the addition of 2 
ml of AgNO3 and brighter yellow when all of the AgNO3 
had been added. After which the stirring was stopped and 
the stirrer bar was removed. The presence of silver nano-
particles can be identified by color change.

3. Characterization of iron and silver nano-
particles
3.1 UV-vis spectroscopy of iron and silver nano-
particles
    Iron and silver nanoparticles synthesized by all the 
three methods were analyzed for UV-Vis spectroscopy. 
The UV-Vis spectroscopy measurements of iron and 
silver nanoparticles were recorded on Systronic double 
beam spectrophotometer: 2202. Microbially synthesized 
iron and silver nanoparticles were measured in a 
wavelength of 200-1100 nm and 420 nm respectively. 
The progress of the reaction between metal ions and the 
gooseberry extracts were monitored by UV-Vis spectra 
of iron nanoparticles. UV-Vis spectroscopy analyses 
of chemically synthesized iron nanoparticles measured 
at 288 nm. Green and chemically synthesized silver 
nanoparticles were measured in a wavelength ranging 
from 200-1100 nm.
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3.2 Transmission Electron Microscopy (TEM) of 
iron and silver nanoparticles 
    The prepared iron and silver nanoparticles were 
analyzed using TEM. The iron and silver nanoparticles 
were taken for TEM analysis on carbon-coated copper 
TEM grids. The films on the TEM grids were allowed to 
stand for 2 min following which the extra solution was 
removed using a blotting paper and the grid was allowed 
to dry prior to measurement.

3.3 Antibacterial activity
    The antimicrobial activity of iron nanoparticle 
was determined by agar well diffusion method. The 
antimicrobial activity are carried out for chemical, green 
and microbially synthesized iron nanoparticles using 
Bacillus sps., Pseudomonas sps., Vibrio sps., Staph-
ylococcus sps., Streptococcus sps., E. coli  sps., Klebsiella 
sps. and Proteus sps. The identified actinomycetes were 
tested for their antibacterial activity by disc diffusion 
method against pathogenic organisms like Staphylococcus 
aureus, Klebsiella pneumoniae, Proteus vulgaris, 
Pseudomonas aeruginosa and Escherichia coli.

4. Results 

    The Erlenmeyer flasks with the F. oxysporum bio-
mass were a pale yellow color before the addition 
of  iron nanoparticles and this change to a brownish 
color on completion of the reaction with Fe3+ for 28 h. 

The appearance of a yellowish-brown color in solu-
tion containing the biomass was a indication of the 
formation of iron nanoparticles in the reaction mixture 
[39]. In the initial period of 24 hour of treatment; no 
visible change in the colour of the solution was visible. 
Change in absorbance value (at 265 nm wavelength) 
of the solution during this period is thought to be due 
to secretion of protein/enzymes by the fungus. UV-Vis 
spectrum of microbially synthesized iron nanoparticles 
were measured in a wavelength ranging from 200-1100 
nm. Iron nanoparticles mainly show peaks at 286 nm 
(Fig. 1). Microbially synthesized silver nanoparticles 
are found to have characteristic absorption peak at 420 
nm and emission peak at 553 nm [40]. On adding FeCl3 
solution to the Phyllanthus emblica extract, the solutions 
instantaneously turned from pale yellow to dark brownish, 
indicating the formation of iron nanoparticles. The UV-

Fig. 2 TEM of  nanoparticles at a magnification of 40,000. (a): green iron, (b): microbial iron, (c): chemical iron, (d): microbial silver 

a b

Fig. 1 UV absorption spectroscopy of microbially synthesized iron and 
silver nanoparticles.

a b

c d
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Vis spectra of green synthesized iron nanoparticles were 
observed at 300 nm. The UV-Vis spectrum of chemically 
synthesized iron and silver nanoparticles showed 
absorption peak at 286 nm and 415 nm indicating the 
formation of  iron and silver nanoparticles.

    TEM was used to determine the morphology and 
shape of nanoparticles. Low magnification TEM micro-
graphs revealed that the particles are spherical in shape 
and uniformly distributed (monodispersed) without signi-
ficant agglomeration. TEM results revealed that the 
iron nanoparticles synthesized using Indian gooseberry 
extracts were spherical with sizes ranging from 40 to 63 
nm (Fig. 2a). The average size of microbially synthesized 
iron nanoparticles particles using TEM were 5.8 nm 
(Fig. 2b). TEM image of chemically synthesized iron 
nanoparticles are shown in Fig. 2c. The spheres have 
diameters of around 23 nm. The particle size of micro-
bially synthesized silver nanoparticles shows that the 
particle size is much smaller (20 nm) in Fig. 2d. The size 
of the nanoparticles were measured with the software.

    The microbially synthesized iron nanoparticles 
prepared by the fungal strain showed antimicrobial 
activity against only Bacillus, E. coli, Staphylococcus 
sps. The antimicrobial activity can be identified by zone 
formation. The green synthesized iron nano particles 
prepared by Phyllanthus emblica showed activity 
against Klebsiella sps. The chemically synthesized 
iron nanoparticles prepared by co-precipitation method 
showed antimicrobial activity against only Streptococcus 
sps. The antibacterial activity of silver nanoparticles 
was investigated against various pathogenic bacteria 
of Gram-positive (Staphylococcus aureus) and Gram-
negative (Escherichia coli, Pseudomonas aeruginosa, 
Klebsiella pneumoniae and Proteus vulgaris) strains 
using disc diffusion method. Control was also maintained 

Fig. 3 Antibacterial activity of iron and silver nanoparticles against 
human pathogens with the largest zones. (a) Pseudomonas, (b)
Staphylococcus, (c) E. coli.

in which no zone of inhibition was observed. The highest 
antimicrobial activity was observed against Pseudomonas 
aeruginosa followed by Staphylococcus aureus and 
Klebsiella pneumoniae and the least was noticed against 
Proteus vulgaris and Escherichia coli. Some of the 
experimental samples with greater inhibition zones are 
represented in Fig. 3.  

5. Discussion
    The present research work has emphasized on biogenic 
synthesis of iron and silver nanoparticles using Fusarium 
oxysporum and actinomycetes sp. and antibacterial 
activity of synthesized nanoparticles with various path-
ogenic bacterial strains. The mechanism involved in 
the formation of metallic nanoparticles using biological 
systems is the bioreduction of ionic strength from their 
native ionic strength. The reduction in ionic concentration 
leads to the formation of size controlled and stable nano-
particles. The primary conformity of bioreduction of 
metallic ions is indicated by the change in their native 
colour. Many microorganisms including fungi are known 
to degrade cyanide and metal cyanide complexes. Fungi 
hydrolyze metal cyanide complex by the action of 
enzymes like cyanide hydratase or nitrilase, hydrolyses 
metal cyanide bond, releasing the free metal moiety. It 
is also well known that fungi which like F. oxysporum 
synthesize low molecular weight Fe3+ chelating com-
pound called as siderophores. The transport of iron 
particles may be due to the presence of Siderophores. 
Iron transport molecules like hydroxamates are mainly 
present in fungi. They bind the complex molecules and 
transport them inside of cells. The secretion of proteins 
into the FeSO4 solution by  the test  fungus  that  brings   
about change in the oxidation-reductions potential of 
the FeSO4 solution. This finally brings about oxidations 
of FeSO4 [41]. The shifts in peaks of nanoparticles may 
be due to media compositions or size of particles. Thus, 
iron nanoparticle synthesis was an extracellular protein 
mediated process. The AgNO3 reacts with supernatant 
culture and shows the change in colour. The colour 
formation was mainly due to the surface Plasmon 
resonance of deposited silver nanoparticles and silver 
nanoparticles exhibit striking colors due to excitation 
of surface plasmon vibrations in the particles [42]. On 
adding FeCl3 to the aqueous gooseberry extract the 
solutions instantaneously turned from pale yellow to dark 
brownish, indicating the formation of iron nanoparticles. 
The formation of iron nanoparticles with polyphenols 
took by complexation with iron salts, reduction of iron 
and capping with oxidized polyphenols.  Biomolecules 
found in plants induce the reduction of Fe3+ from FeCl3 
to iron nanoparticles. The process of reduction is extra 
cellular and fast leading to the development of easy 
biosynthesis of iron nanoparticles. The polyol components 
and the water-soluble heterocyclic components are largely 
accountable for the reduction of Fe3+ and the stabilization 
of the nanoparticles. Similar studies were reported on the 
green synthesis of iron nanoparticles by using green tea 

a b

c
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