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ABSTRACT

The synthesis of metallic nanocatalysts has been a new technological alternative found by researchers to 
corroborate in the Treatment of Water and Sewer because they have physical and chemical properties for the 
disinfection of water, analyzed through antimicrobial activity. Thus, this study aims to evaluate the antimicro-
bial activity of iron oxide nanocatalysts (undoped and doped with metallic nanoparticles). The synthesis of the 
iron oxide nanocatalysts was by the sodium borohydride oxy-reduction method and doping by impregnation 
method. Two methodologies were used to assess antimicrobial activity, the method by Disc-diffusion and 
Minimum Inhibitory Concentration (MIC) using the strains of Staphylococcus aureus (ATCC 25923) and 
Escherichia coli (ATCC 25922). The results showed that the majority of the nanocatalysts did not show anti-
microbial activity, whereas the pure nanocatalyst in the proportion of 2:1 (w/w) showed biological activity up 
to the concentration of 1.25 mg.L-1. 
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RESUMO 

A síntese de nanocatalisadores metálicos vem sendo uma nova alternativa tecnológica encontrada pelos 
pesquisadores para corroborar no Tratamento de Água e Esgoto, pois os mesmos apresentam propriedades 
físico-químicas para a desinfecção da água, analisados por meio de ensaios de atividade antimicrobiana. Com 
isso, esse estudo tem como objetivo a avaliação da atividade antimicrobiana de nanocatalisadores de óxido 
de ferro (não dopados e dopados com nanopartículas metálicas). A síntese dos nanocatalisadores de óxido 
de ferro foi pelo método de oxirredução por borohidreto de sódio e a dopagem pelo método de impregnação. 
Foram utilizadas duas metodologias para avaliação da atividade antimicrobiana, sendo o método por Disco-
difusão e Concentração Inibitória Mínima (CIM) usando as cepas da Staphylococcus aureus (ATCC 25923) e 
Escherichia coli (ATCC 25922). Os resultados mostram que a maioria dos nanocatalisadores não apresentaram 
atividade antimicrobiana, enquanto o nanocatalisador puro na proporção de 2:1 (m/m) apresentou atividade 
biológica até a concentração de 1,25 mg.L-1. 
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INTRODUCTION

The growing trend of microbial infections, the rapid spread of the resistance of microorganisms 

to antimicrobials and the development of multidrug-resistant strains through mutations represent a major 

risk to public health on a global scale; will be used in biomedicine and health (AKBAR et al., 2020).

Nanocatalysts (NCs) have become a relevant topic for research in recent years due to their 

extensive applications in various fields, such as diagnosis, biomarkers, cell labeling, antimicrobial 

agents, drug delivery and cancer therapy (MOUSAVI et al., 2018). In addition, NCs are catalysts 

with a band size of about 10-1000 nm that can be synthesized by physical and / or chemical methods 

(MELO; PIMENTA, 2010). Various chemical and physical routes can be used for the synthesis of NCs, 

for example by sol-gel method (DOS SANTOS et al., 2014), oxy-reduction by chemical route (SUN et al., 

2006) or green synthesis (CHANDRAN et al, 2006).

NCs with metallic oxide have been explored due to their antimicrobial activity against a variety 

of microorganisms that are known to cause common hospital-acquired infections (ABO-ZEID; 

WILLIAMS, 2019). In addition, they can be a very promising path for the development of new anti-

microbial therapeutic alternatives, such as topical use for bacterial infections (RIOS et al., 2016). The 

antibacterial effects of metallic NCs are due to damage to cell membranes, production of reactive 

oxygen species (ROS), disturbances in homeostasis, genotoxicity and damage to proteins or enzymes 

(NISAR et al., 2019). In addition, microorganisms are not able to develop resistance to the production 

of ROS, since they attack the different sites and different biomolecules of the organism, resulting in 

their oxidation and cell death T (ABO-ZEID; WILLIAMS, 2019).

In this context, the present work aims to evaluate the antimicrobial activity to verify a pos-

sible biological applicability of metallic nanocatalysts, where the analysis was performed against the 

strains of Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922 and Pseudomonas 

aeruginosa ATCC 27853 using the Disc-diffusion and Minimum Inhibitory Concentration (MIC), 

according to CLSI recommendations (2018).

MATERIALS AND METHODS

SYNTHESIS OF IRON NANOPARTICLES 

For the synthesis of the iron oxide nanocatalyst (FeNPs), chemical precipitation methodology 

was used with sodium borohydride like reducing agent, according to the literature (SUN et al., 2006). 

Thus, NaBH4 (0.2 mol.L-1, Neon, 99.9%) and FeCl3 .6H2 O (0.05 mol.L-1, Synth, 99.9%) were mixed in 

a reactor with three mouths of the flask for 30 minutes with magnetic stirring (250 rpm). After, iron 
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nanoparticles generated were vacuum filtered and washed with deionized water and diluted ethanol 

(about 5% v/v). Moreover, pH (± 7), concentrations reagents, stirring speed, reaction time and external 

temperature (23 ± 0.5 °C) were kept constant, to avoid any influence of these on the composition and 

properties surface of the synthesized iron nanoparticles.

SYNTHESIS OF SILVER NANOPARTICLES

For the silver nanoparticles (AgNPs), the redox method was used, according to the literature 

(MELO Jr et al., 2012). Thus, 75 mL of a sodium borohydride solution (2.0 x 10-3 mol.L-1, Neon, 

99.9%) were added under an ice bath for 10 to 15 min. Then, under magnetic stirring, 25 mL of a 

silver nitrate solution (1.0 x 10-3 mol.L-1, Sigma, 99.9 %) were added, with an addition rate of 1 drop s-1, 

forming the silver nanoparticles.

DOPED NANOCATALYST 

For the doping of the iron oxide nanocatalyst, impregnation methodology (DA SILVA et al., 

2016) was used with AgNPs and commercial titanium nanoparticles (TiNPs) using a concentration 

of 25% w/w of nanoparticles on the surface nanocatalyst. Thus, after magnetic stirring at room 

temperature for 90 min, the sample was calcined under 450 °C (heating rate 10 ºC min-1) for 4 h. 

Then, granulometry was uniform with grinding and sieving (#12), and the samples were labeled as 

AgNPs-Fe2O3 and TiNPs-Fe2O3, respectively.

BACTERIAL STRAINS

In order, to verify a possible biological activity of nanocatalysts, antimicrobial analysis was 

performed with the strains of Staphylococcus aureus ATCC 25923 and Escherichia coli ATCC 25922 

provided by Molecular Biology Laboratory at Franciscan University (UFN).

Firstly, microorganisms were reactivated on Luria-Bertani broth (Merck®) for 18-24h at 37 ± 

2 °C. Then, the bacterial growth was sown on MacConkey agar (Merck®) and Nutrient agar (Sigma-

Aldrich®) and incubated at the same incubation conditions. For the preparation of bacterial inoculums, 

3-4 colonies of each microorganism were transferred to microtubes containing 1 mL of sterile dis-

tilled water, cell density being adjusted to 0.1 OD at 625 nm, equivalent to the 0.5 McFarland scale 

(1x108 CFU.mL-1), under UV spectrophotometer (Winex, UV 1100, USA).
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ANTIMICROBIAL ACTIVITY 

Disk-diffusion method was carried out to evaluate the antimicrobial activity of the nanocata-

lysts, according to CLSI recommendations (2018). The assay was executed in triplicate, where with 

the aid of a bacteriological loop, 2-3 bacterial colonies of the same morphology were collected, from 

the overnight culture, the same being resuspended in 5 mL of Mueller-Hinton broth (Sigma), in or-

der to obtain a turbidity corresponding to 0.5 McFarland scale. After homogenizing the inoculum 

in vortex, a sterile swab was inserted into the tube, which was compressed against the tube wall to 

remove excess liquid. The inoculation was carried out on the surface of Mueller-Hinton agar plates 

(Sigma-Aldrich), pressing the swab against the medium and dispensing the inoculum in the form of 

striations in three directions along the entire length of the culture plate, then left dry for 15 minutes. 

Sterile filter paper discs were placed in a sterile petri dish, where they received 20 µL of nanocatalysts 

(5 mg.mL-1) diluted in water, being subjected to 30 minutes of drying. These were then applied to the 

surface of the inoculated Mueller-Hinton agar, with the aid of sterile forceps to avoid contamination. 

All discs were gently pressed to ensure full contact with the agar surface. The plates were incubated for 

18-24h at 37 ± 2 °C for subsequent measurement of the inhibition zones (in millimeters) and analysis 

of bacterial susceptibility. 

MINIMUM INHIBITORY CONCENTRATION (MIC) 

MIC determination of nanocatalysts was carried out by microdilution method in triplicate, ac-

cording to CLSI recommendations (2018). Thus, were used 96-well polystyrene microplates (Figure 

1) with nanocatalysts (undoped and doped) diluted in sterile distilled water at a concentration of 5 

mg.mL-1. After, 100 µL of Mueller Hinton broth (MH) were added to each of the 96-well plate and 

homogenized. Then, 100 μL aliquot of the contents were transferred to adjacent columns, and suc-

cessively until the end of the plate, performing a serial dilution of the nanocatalysts in the proportion 

1:2 v/v (5 mg.mL-1 to 0.009 mg.mL-1). After, 10 µL of the bacterial inoculums (1x104 CFU.mL-1) were 

added to all wells. For the positive control, only MH broth and the bacterial inoculum were used (vi-

ability control), and only MH broth as a negative control (contamination control). Thus, microplates 

were incubated for 18-24 hours at 37 ± 2 °C. After this incubation, 20 μL of 5% (v/v) triphenyltet-

razolium chloride (CTT) were added to each well, and the plates were reincubated for an additional 

2 hours. MIC reading was done visually, where the color changed from colorless to red indicated 

bacterial growth, with the MIC defined as the lowest concentration (in mg.L-1) of the nanocatalysts 

responsible for preventing bacterial growth.
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Figure 1 - Representation nanocatalysts distribution in the 96-well plate for MIC tests.

NC: Negative control. PC: Positive control. 3-12: Nanocatalysts concentrations ranging from 5mg.mL-1 to 0.009mg.mL-1.
Source: Author.

PHOTOBACTERICIDAL ACTIVITY

To determine the photobactericidal activity, two MIC microplates (Figure 3) were exposed 

for each microorganism in the presence of the doped nanocatalyst, where one plate was subjected to 

incubation in the absence of light, and another plate remained exposed for 2 hours under visible light, 

according the literature (HWANG et al, 2020). Bacteria were put in contact with each compound for 4 

hours at 37 °C in the dark, and then the plates were irradiated with visible light for 60min. After irra-

diation, the plates were incubated overnight 37 °C under aerobic conditions. The lowest concentration 

of each nanocatalysts that prevented bacterial growth was considered as the MIC of that compound. 

Three independent experiments were performed with each strain (SOLIMAN et.al., 2020).

RESULTS AND DISCUSSION

Antimicrobial activity results by disc-diffusion with nanocatalysts (undoped and doped with 

nanoparticles) are showed at Figure 2. It was observed that there was no inhibition of the growth of 

microorganisms in the plates, also there was no homogeneous distribution of the compounds on the 

disk, probably not allowing sufficient contact of these with the seeded plate, which prevented the use 

of the disc-diffusion assay in a satisfactory way to determine the antimicrobial activity.
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Figure 2 - Disc-diff usion results of the nanocatalysts with E. coli ATCC 25922.

1 . Iron oxide undoped with AgNPs 2. Iron oxide doped with AgNPs 
3. Iron oxide undoped with TiNPs 4. Iron oxide doped with TiNPs

Source: Author.

MIC results by microdilution method for the strains tested are showed at Figure 3, where 

doped and undoped nanocatalysts were not effi  cient for two of the three microorganisms tested. 

However, by the observation of inhibition zones made by the diff usion disk and MIC, it can be noted 

that the E. coli bacteria showed greater sensitivity than the other microorganisms tested.

Figure 3 - MIC results of the nanocatalysts.

A: S. aureus ATCC 25923. B: E. coli ATCC 25922. NC: negative control. 
PC: positive control. 1-10: Nanocatalysts concentrations ranging from 5 mg.mL-1 to 0.009 mg.mL-1.

Source: Author.

Oliveira (2017) evaluated the biological activity of the metallic nanoparticles, using disk dif-

fusion method, and observed that the nanoparticles did not have an inhibitory eff ect against E. coli. 

Figure 4 shows the MIC results of the photobactericidal activity using visible irradiation. 
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Figure 4 - MIC results with nanocatalysts under visible irradiation and 
(A) S. aureus ATCC 25923. (B): E. coli ATCC 25922.

NC: negative control. PC: positive control. 1-10: Nanocatalysts concentrations ranging 5 mg.mL-1 to 0.009 mg.mL-1.
Source: Author.

According to Figure 4, there was no antimicrobial activity of the nanocatalysts for S. aureus, 

both in the light and in the dark. Souza (2014) evaluated the antimicrobial activity of silver (AgNPs) and 

titanium (TiNPs) nanoparticles against the same bacteria, where NPs did not inactivate the growth of 

the isolate, which may be due to their low concentration, however, by increasing the concentration of 

NPs it is necessary to conduct a study on the toxicity of nanoparticles.

E. coli was more sensitive than the other microorganisms, since the MIC of the nanocatalysts 

for this microorganism was 2.5 mg.L-1 in the Fe2O3 sample (2:1 w/w), indicating that the compound 

has a small activity against this microorganism. Shahverdi and collaborators (2007) compared antimi-

crobial activity of nanoparticles doped with polymethylmethacrylate (PMMA) with AgNPs against 

E. coli, where they found that nanofibers provided a higher rate of inhibition, since the bactericidal 

effect was influenced by the particle sizes, with the smaller particles the better effects. 

Table 1 shows more visually the results obtained in the disk-diffusion, MIC and photobacte-

ricidal activity. Analyzing that Fe2O3 showed photobactericidal activity and the inhibition of E. coli 

bacteria to a concentration of 2.5 mg.L-1.

Table 1 - Disc-diffusion, MIC values (mg.mL-1) and photobactericidal activity (mg.mL-1) of 
the compounds against microorganisms tested.

E. coli ATCC 25922 S. aureus ATCC 25923
Compounds DD MIC PA DD MIC PA

Fe2O3 - >5 >5 - >5 -
AgNPs-Fe2O3 - >5 >5 - >5 -
TiNPs-Fe2O3 - >5 >5 - >5 -

Fe2O3 (2:1 w/w) - 2,5 1,25 - >5 -
 DD: Disc-diffusion assay. MIC: Minimum Inhibitory Concentration. 

PA: Photobactericidal Activity. The “-“signals indicate no inhibition zone observed.
Source: Author.
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CONCLUSION

The antimicrobial activity of the Disc-diffusion assay showed that the compounds did not show 

inhibitory effects with the tested bacteria, which may be due to the fact that the nanocatalyst was un-

able to spread on the plates and thus, therefore not coming into contact with the bacteria. For the MIC 

test, the compounds Fe2O3, TiNPs-Fe2O3 and AgNPS-Fe2O3 did not show inhibitory effects for the 

evaluated bacteria, in all tested concentrations (0.009 mg.L-1 to 5 mg.L-1). With the Fe2O3 nanoparticle 

(2:1 w/w) there was a small inhibitory effect of 2.5 mg.L-1 and on the photobactericidal activity of 

1.25 mg.L-1. The low concentration of nanoparticles (AgNPs and TiNPs) may explain the lack of 

inhibition of the bacteria used. The comparison with other studies cannot be performed because there 

are no studies related to the Fe2O3 nanocatalyst. It is worth mentioning that more studies are needed to 

detect the best concentration of the dopant in the nanoparticle to have antimicrobial activity
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