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Silver nanoparticles have been widely reported in literature due to their vast industrial application in 
different areas. In this work, we explored a simple procedure for the biosynthesis of silver nanoparticles 
at room temperature from the action of Curvularia inaequalis as reduction agent. The degree of 
aggregation and size of biosynthesized particles were optimized from a factorial design involving 
combined variation of three different parameters of preparation. The resulting colloidal dispersion of 
silver nanoparticles presented strong antimicrobial activity against Escherichia coli and Klebsiella 
pneumoniae in an indication that C. inaequalis represents a new potential candidate for alternative 
biosynthesis of silver nanoparticles with antimicrobial activity.  
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INTRODUCTION 
 
Silver nanoparticles represent a class of materials with 
potential application involving catalysis, drug delivery and 
antibacterial activity (Homola et al., 1999; Yee et al., 
1999; Ghosh et al., 2012; Birla et al., 2009; Kim et al., 
2007; Mandal et al., 2012; Castro-Longoria et al., 2011; 
Antony et al., 2011). These structures are typically 
synthesized by electrochemical, chemical and biological 
methods (Bhaduri et al., 2013) with reduction of silver 
nitrate from the action of citrate, ammonia and sodium 
borohydrate (Bhaduri et al., 2013). Bio-inspired synthesis 
of metal nanoparticles (Cheng et al., 2011; Ahmad et al., 
2012) can be considered as an emerging branch of green 
chemistry in which plant extracts, bacteria, fungi and 
algae have been applied in substitution of conventional 

chemistry reagents in order to promote the reduction of 
Ag

+ 
to Ag

0
 (Birla et al., 2009; Chen et al., 2003; Joerger et 

al., 2000).    
An additional advantage associated with the use of 

eco-friendly methods applied in the production of Ag NPs 
is related with typical pressure and temperature required 
during the synthesis, characterizing important advance 
for production of Ag NPs in large scale (Chen et al., 
2003; Joerger et al., 2000; Basavaraja et al., 2008). 

In the case of extracellular synthesis of metallic 
nanoparticles, it has been reported that filamentous fungi 
introduces important advantages over bacteria, if 
considering their large biomass (Kirthi et al., 2012), well-
binding capacity (Mussrat et al., 2010) and superior 
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Table 1. Combination of parameters applied in the chemometric study. 
 

Sample 
Parameter a 

(Reductase production) 

Parameter b 

(Reaction time) 

Parameter c 

(Silver nitrate) 

I 24 h (-) 24 h (-) 5 mM (-) 

C 24 h (-) 24 h (-) 100 mM (+) 

B 24 h(-) 72 h (+) 5 mM (-) 

A 72 h (+) 24 h (-) 5 mM (-) 

BC 24 h (-) 72 h (+) 100 mM (+) 

AC 72 h (+) 24 h (-) 100 mM (+) 

AB 72 h (+) 72 h (+) 5 mM (-) 

ABC 72 h (+) 72 h (+) 100 mM (+) 
 
 
 

quality of resulting nanoparticles such as high stability 
(Castro-Longoria et al., 2011) and high-crystalline degree 
(Basavaraja et al., 2008). With this aim, different filtrate of 
fungi such as Fusarium semitectum (Basavaraja et al., 
2008), Neurospara crassa (Castro-Longoriaet al., 2011), 
Amylomyces rouxii (Mussrat et al., 2010) and Puccinia 
graminis (Kirthi et al., 2012) have been applied in the 
nanoparticles production.    

In this work, we developed a 3-factorial planning 
associated with the synthesis of Ag NPs induced by fungi 
Curvularia inaequalis. The optimal conditions for nano-
particles synthesis were explored in terms of reductase 
and silver nitrate concentration and reaction time.  
 
  

MATERIALS AND METHODS 
 

Preparation of reductase 
 

Fungi C. inaequalis was obtained from PPBIO project/UEFS (Feira 
de Santana – Brazil). The growth of C. inaequalis fungus was 

established in potato dextrose agar (PDA) slants at 25°C during 48 
h in a 250 mL Erlenmeyer flask containing 100 mL potato dextrose 
broth under constant agitation (120 rpm). The resulting incubated 
mycelial biomass (10 g) was filtered and washed with sterile 
distilled water in abundance. The resulting filtrate was dispersed in 
100 mL of distilled water, with posterior incubation on orbital shaker 
at 25°C and agitation at 120 rpm. The suspension was filtered 
through a Whatman filter paper number 42.  

We choose two different incubation times (24 and 72 h) in order 

to explore the influence of reductase on the size of silver 
nanoparticles which will be described as low and high concentration 
of reductase, respectively. 
 
 

Synthesis of silver nanoparticles 

 
The preparation of silver nanoparticles was established with the 
dispersion of silver nitrate (Aldrich, USA) at predefined concen-

tration of reductase in aqueous solution. The reaction cell was 
maintained at room temperature and constant stirring (90 rpm) at 
fixed interval of time in a corresponding procedure established for 
different fungi (Gajbhiye et al., 2009). We explored two different 
concentrations of silver nanoparticles (5 and 100 mM) while the 
reaction time was established at two different levels (24 and 72 h).  
 
 

Factorial planning applied to silver nanoparticles preparation  
 

Factorial design (or factorial planning) is a powerful tool applied in 
the study of systems with multiple variables. The minimization in the 

number of experiments in comparison of one-factor-at-a-time 
systems is obtained with definition of two different levels (maximum 
and minimum) and the calculus of relative importance (obtained 
from contrasts of averages) (Olivier et al., 2007; Carvalho et al., 
2010; de Oliveira et al., 2005).  

Using this concept, the use of two different levels applied to three 
different preparation parameters viz. (reductase concentration – 
defined as parameter a, reaction time – parameter b and silver 
nitrate concentration – parameter c) can be explored in order to 
optimize the synthesis of AgNPs. Considering different possibilities 
of combination between different parameters (combined variation of 
minimum and maximum of each parameter), eight different samples 
can be obtained, as shown in the Table 1. To better understand 
how the preparation procedure affects the size and relative 
concentration of synthesized particles, we implemented a factorial 
design in which the response (absorbance in the UV-Vis and zeta-
potential) is analyzed in terms of these three different parameters 
and their variation. 

The absorbance in the UV-vis region represents an important 
parameter in the measurement of efficiency of synthesis since silver 
nanoparticles exhibit strong absorption of light due to the surface  
plasmon resonance (SPR peak) (Basavaraja et al., 2008). On the 
other side, the magnitude of zeta potential act as an indication of 
potential stability of colloidal dispersion. Large negative or positive 
values of zeta potential indicate elevated level of stability with no 
tendency of flocculation. By the use of both measurement 
techniques, the relative importance of main effects (a, b, c) or 
interaction effects (ab, ac and bc) can be calculated. As an 
example, the relative importance of parameter A measured from 
absorbance assumes a positive value if maximum in the specific 
parameter and contributes with elevation in the absorbance of 

resulting samples, as shown in the Equation 1. 

 
Importance of factor A =[ ¼(fa+ fab+ fac+ fabc)- ¼(fi+ fb+ fc+ fbc)] (1) 
 
Where, fab represents the response (absorbance or zeta potential) 
of sample ab, as previously defined in the Table 1.  

 
 
Experimental setup 

 
The absorbance of samples was measured using a 
spectrophotometer Hach DR5000, while size of particles and zeta-
potential were measured using a Zeta Sizer Malvern (Nano ZS90). 
The SEM images were obtained using a Scanning Electron 
Microscope Hitachi TM1000. The action of synthesized silver 
nanoparticles against microogranisms was evaluated using the 

following procedure: the microdilution of nanoparticles in broth 
method was established according to CLSI (2006) with inoculation 
of 1 X 10

4 
CFU ml

-1 
(cell formation unity), using concentrations of ½  
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Figure 1. UV-vis spectrum of Ag NPS colloidal dispersion in aqueous solution. 

 
 
 

 
 

 
 

 
 
Figure 2. Photograph of reductase before (left) and 

after (right) complete reaction with silver nitrate. 
 

 
 

to 1/512 of resulting silver nanoparticles (measured in relation to 5 / 
100 mM of silver nitrate) and incubated at 37°C for 24 h. Minimum 
inhibitory concentration (MIC) was determined using 2, 3, 5 
triphenyltetrazole (TTC). Minimum bactericide concentration (MBC) 
measurements were performed with successive inoculation 

dilutions. As a result, negligible broth turbidity was observed. Then, 
samples were Mueller-Hinton Agar inoculated and incubated at 
37°C for 24 h. The standard reference strains included in this study 

were: Escherichia coli ATCC 25922, E. coli ATCC 35218, Klebsiella 

pneumoniae ATCC 1388, Bacillus cereus 11778, Staphylococcus 
aureus ATCC 6538, Staphylococcus epidermidis ATCC 12228, 
besides clinical samples of Staphylococcus spp. with methicilin 
resistance (n=1) and no biofilm producer Staphylococcus spp., 
verified by biochemical and genotypic tests (n=2).  
 
 
RESULTS AND DISCUSSION 
 

The spectrum of absorbance in the UV-vis region of silver 
nanoparticles (Wu et al., 2000), as shown in Figure 1, 
indicates that SPR peak is maximum to the sample ab 
(maximal reductase concentration, minimal concentration 
of silver nitrate and maximal reaction time) (Table 1) 
while the weaker peak was obtained in the sample ac 
(maximal reductase and silver nitrate concentration) 
since in this case, the coagulation of large aggregates of 
silver microparticles is verified at solution; a strong impe-
diment for synthesis of colloidal systems with reasonable 
stability (Wu et al., 2000). The process of nanoparticles 
formation can be visually identified, as shown in Figure 2; 
a  photograph of two flasks containing solution before 
and after the synthesis of silver nanoparticles, since this 
process is accomplished by change in colour of solution 
from transparent to yellowish (Yahyaei et al., 2013; Alani 
et al., 2012). Based on the value obtained for SPR peak 
of each sample (Figure 1), we can analyze the relative 
importance of isolated and combined parameters on the 
absorbance of colloidal solution and consequently on the 
efficiency of synthesis. It is important to report that to our
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Figure 3. Relative importance of preparation parameters on the SPR absorbance peak 

 
 
 
knowledge, it is the first time in which a factorial planning 
is applied in the study of bio-inspired synthesis of silver 
nanoparticles.  

The results of relative importance of SPR peak, as 
shown in the Figure 3, indicate that parameter B (reaction 
time- relative to the interaction of silver nitrate with 
filtrate) represents the most important parameter in the 
optimization of SPR peak, followed by interaction of para-
meter AB and parameter A, respectively. On the other 
side, the parameter C (concentration of silver nitrate) 
introduces negative influence on SPR peak. Negative 
contribution for SPR peak is verified for parameters C, 
AC, ABC and BC, in a strong indication that elevation in 
the silver nitrate concentration induces a disordered 
growth of giant aggregates, as visually detected with pre-
cipitation of particles. Based on this information, it is pos-
sible to verify that minimal concentration of silver nitrate 
(5 mM) represents the adequate condition for regular 
growth of silver nanoparticles at increasing time. The re-
lative importance of parameters measured from zeta-
potential (Figure 4) indicates that if isolated, parameters 
B and C tend to reduce the zeta-potential and conse-
quently the stability of colloidal dispersion. In spite of this 
result, the interaction of parameters A and C tends to 
increase the zeta-potential value, providing stability for 
colloidal dispersion during few days. It is an indication 
that high concentration of silver nitrate is compensated by 
high concentration of reductase, providing stable disper-
sion of nanoparticles in solution. The most negative rela-
tive importance parameter is the concentration of silver 
nitrate (variable C), in agreement with previous result of 
absorbance, in an indication that disordered growth of 
particles with  low zeta potential  is accomplished by  pro- 

gressive formation of precipitates. 
Based on previous results, we explored the kinetics of 

silver growth using the most promising system from 
which is possible to define the most adequate condition 
for biosynthesis of silver nanoparticles. As an alternative 
for standard procedure of measurement of kinetics based 
on absorbance of light  (Yahayaei et al., 2013; Alani et 
al., 2012), we explored the kinetics in terms of size of 
synthesized particles in order to correlate the 
antimicrobial activity with dimension of synthesized 
particles.  

The kinetics of nanoparticles formation was analyzed 
from measurement of size of particles dispersed in water 
as a function of reaction time. The results in the Figure 5 
indicate that at low concentration of reductase, the forma-
tion of nanoparticles is established after few hours and 
saturation in the size of particles is verified. If high 
concentration of reductase (as established in the Table 1) 
is considered after 100 h of reaction, the sample was 
composed by a distribution of large aggregates and parti-
cles with diameter in order of hundreds of nanometers, as 
shown in the Figure 6. The EDX of the sample indicates 
that silver represents 100% of synthesized particles, as 
expected.  

The result indicates that low concentration of reductase 
(24 h of incubation) in a reaction with 5 mM of silver 
nitrate during 60 h is the most adequate condition for pro-
duction of silver nanoparticles. Using these optimized pa-
rameters, we analyzed the antimicrobial activity of silver 
nanoparticles. Although the antimicrobial sensitivity of 
micro-organisms has been reported in a dose- dependent 
manner (Ghosh et al., 2012; Homola et al., 1999), our 
results prove that silver nanoparticles were effective until  
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Figure 4. Relative importance of preparation parameters on zeta-potential of 

particles. 

 
 
 

 

 
 

 
 
Figure 5. Kinetics of particles growth as a function of concentration of reductase.  

 
 
 
1/256 dillution in E. coli and K. pneumoniae. Exception 
was verified in E. coli ATCC 25922; in Gram negative 
bacteria, the resistance to silver by efflux mechanisms 
coded by sil gene are reported in Enterobacteriaceae 
family and Pseudomonas aeruginosa (Sutterllin et al., 

2012). The sensitivity of Gram negative bacteria was 
higher than for the tested Gram positive micro-organisms. 
The higher sensitivity of Gram negative bacteria is 
associated to the cell wall structure that permits a greater 
interaction with silver compounds (Antony et al., 2011;
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Figure 6. SEM of silver particles after 100 h of synthesis (high concentration of reductase-left side and low concentration of reductase –

right side). 

 
 
 

Table 2. Antimicrobial activity of silver nanoparticles against Gram negative and Gram 
positive bacteria.  
 

Isolated microorganism 

Reductase (-) Reductase (+) 

MIC MBC MIC MBC 

Serial dilutions relative to 5 mM of AgNO3 

Escherichia coli ATCC 25922 1/16 1/8 1/16 1/8 

E.coli ATCC 35218 1/256 1/256 1/256 1/256 

Klebsiella pneumoniae ATCC 1388 1/128 1/64 1/256 1/128 

Bacillus cereus 11778 1/16 1/16 1/16 1/16 

Staphylococcus aureus ATCC 6538 1/16 1/8 1/16 1/16 

S.epidermidis ATCC 12228 1/32 1/16 1/16 1/16 

S. aureus MRSA 1/64 1/64 1/64 1/16 

Staphylococcus spp. 118 1/16 1/16 1/16 1/16 

Staphylococcus spp. 131 1/16 1/16 1/32 1/16 

 
 
 
Mohanty et al., 2011; Sutterlin et al., 2013). According to 
Ghosh et al. (2012), the silver nanoparticles produced by 
Discocera bulbifera were more effective against E. coli 
and P. aeruginosa if compared with Salmonella typhi 
Bacillus subtilis and S. aureus.  

According to Mohanty et al. (2011), silver nanoparticles 
were more effective than AgNO3 against medical interest 
pathogen such as S. aureus. Negligible difference was 
observed when biofilm producer and not producer 
Staphylococcus spp. isolates were compared. However, 
silver nanoparticles are associated to negative regulation 
of biofilm formation (Mohanty et al., 2011). Silver 
nanoparticles have shown antimicrobial activity against 
MRSA (Brandt et al., 2011; Ricco et al., 2012) as 
described in the present study. In Gram positive bacteria, 
the effect of silver nanoparticles may be associated to 

peptidoglycan fragmentation (Mirzajani et al., 2011). The 
antimicrobial activity of silver nanoparticles is summa-
rized in Table 2.  
 
 
Conclusion 
 
The result of 3-factorial planning indicates that elevation 
in the silver nitrate concentration minimizes the stability of 
colloidal  dispersion  and  provokes  the  aggregation and  
subsequent formation of giant precipitates. On the other 
side, increase in the reductase concentration contributes 
with reduction in the kinetics of silver nanoparticles 
formation. This information were fundamental for the 
optimization of parameters applied in the synthesis of 
silver nanoparticles. The silver nanoparticles produced by  



 
 
 
 
C. inaequalis presented higher antimicrobial activity 
against E. coli and K. pneumoniae strains.  
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