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Abstract: 
Nanoparticle metal oxides represent new classes of important materials that are increasingly being developed for use in 
research and health-related applications. Highly ionic metal oxides are interesting not only for their wide variety of 
physical and chemical properties but also for their antibacterial activity. Although the in vitro antibacterial activity and 
efficacy of regular zinc oxides have been investigated, little is known about the antibacterial activity of nanoparticles of 
ZnO. In this work, the antibacterial activity of ZnO nanofluids was tested against Staphylococcus aureus (ATCC:25923) at 
different concentration and broad range of pH. Antibacterial tests were performed by measuring the growth curve of 
S.aureus in the TSB broth medium in the presence of nanofluids containing 1.5, 0.75, 0.375, 0.187,and 0.09 2g/ml of ZnO 
nanoparticles (ZnO NP) and pH range of 7-10. Antibacterial activity increased with increasing nanoparticle concentration . 
Also, it seems that basic pH improves antibacterial activity of ZnO NP. 
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Introduction: 
 
The re-emergence of infectious diseases and the continuous development of antibiotic resistance 
among a variety of disease-causing bacteria pose a serious threat to public health worldwide . Despite 
antimicrobial therapy, morbidity and mortality associated with bacterial infections remain high, 
partially as a result of the ability of these organisms to develop resistance to virtually all antibiotics. 
New strategies are therefore needed to identify and develop the next generation of drugs or agents to 
control bacterial infections.  
Recent advances in the field of nanotechnology, particularly the ability to prepare highly ordered 
nanoparticulates of any size and shape, have led to the development of new biocidal agents. Several 
studies have indicated that nanoparticulate formulations can be used as effective bactericidal 
materials[1].  
Nanoparticles can be naturally occurring or they can be manufactured, the latter can be classed into 
several categories including the following: 
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1. Metal nanomaterials, such as gold and silver nanoparticles 
2. Metal oxide nanomaterials, such as titanium dioxide and zinc oxide 
3. Carbon nanomaterials such as fullerenes and nanotubes 
4. Quantum dots such as cadmium telluride and cadmium selenide[2]. 
Amoung manufactured nanoparticles, nanoparticle metal oxides represent new classes of important 
materials. Sawai and others[3,4,5] have evaluated the antibacterial activity of 26 ceramic powders, 
and 10 of them were found to inhibit bacterial growth. Among these active powders, MgO, CaO, and 
ZnO exhibited strong antibacterial activity. It was found that the treatment with ZnO formulation 
caused a net reduction in bacterial cells of 78% and 62% in the case of treated cotton and 
cotton/polyester fabrics respecectively. Our previous report also showed the antibacterial properties 
of ZnO nanofluids against E.coli DH5?[6]. ZnO is one of the five zinc compounds that are currently 
listed as generally recognized as safe (GRAS) by the U.S. Food and Drug Administration 
(21CFR182.8991). However, there are few data that demonstrate antimicrobial efficacy of ZnO in 
foods[7]. 
In this study, combined effect of pH and concentration of ZnO NP is investigated on Staphylococcus 
aureus (ATCC:25923) as gram positive bacteria. Our results showed the antimicrobial efficacy of 
ZnO NP against S.aureus. Antibacterial activity increased with increasing nanoparticle concentration. 
Also it seems that basic pH improves antibacterial activity of ZnO NP. So optimization of 
inviromental factors in order to achieve maximum activity of ZnO NP is very important. 
 
Experimental: 
ZnO NP used for antibacterial assay were prepared by thermal decomposition method[6]. 
 
Bacterial strain and culture medium: 
To investigate the effect of pH on antibacterial activity of ZnO nanoparticles, we used 
Staphylococcus aureus (ATCC:25923) as gram positive bacteria.The bacteria is taken from Dr. 
Mohsenzadeh (Veterinary faculty, Ferdowsi University of Mashhad).TSB(triptic soy broth) is used as 
culture media. 
 
Effect of pH and Zno concentration: 
Concentration of 105 CFU/ml of bacterial suspension from logarithmic phase was added to different 
broth medium with concentrations of 1.5, 0.75, 0.375, 0.187,and 0.092g/ml of ZnO NP. After 24 
hours the visible turbidity of different cultures were compared with positive control (culture without 
ZnO NP). Since, no visible growth of bacterial cells was observed at concentrations of 1.5, 0.75, and 
0.375 2g/ml, MIC (minimum inhibitory concentration) of ZnO NP against S. aureus is 0.375 2g/ml. 
Hence concentrations of 0.375, 0.187, and 0.09 2g/ml of ZnO NP were choosed to investigate the 
combined effect of pH and concentration on the antibacterial activity. The concentration of 105 

CFU/ml from logarithmic phase bacterial cells were added to different broth medium with 
concentrations of 0.375, 0.187, and 0.09 2g/ml of ZnO NP and pH range from 7-10. Two negative 
controls were used:i)-Broth medium with pH range of 7-10 and concentrations of 1.5, 0.75, 0.375, 
0.187, and 0.09 2g/ml of ZnO NP.ii)-Broth medium with pH conditions from 7-10. 
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Different cultures with pH range of 7-10 were used as positive controls. Finally, after preparation all 
of the samples, 1502l of each one was transferred to every well of 96-well microplate. Then the 
microplate was located in shaker incubator and OD600 was readen by Elizareader in exact times and 
growth curve of each sample was drawn. Decreased growth of bacterial cells in the presence of ZnO 
NP was compared with the normal growth of bacterial cells in absence of ZnO NP. 
 
Results: 
Bacterial growth was inhibited in the presence of ZnO NP at concentrations of 0.375 and 0.0187 
2g/ml (as compared with positive control) with the lowest growth in 0.375 2g/ml. But there was no 
significant difference at bacterial growth between concentration of 0.09 2g/ml and positive control 
(Fig. 1). 

 
 
Fig. 1: Effect of ZnO NP concentration on the growth curve of S.aureus at pH:7. D) 0.3752g/ml, E) 0.1872g/ml, F) 
0.092g/ml and G) positive control 
 
Bacterial growth was completely inhibited in concentration of 0.375 2g/ml of ZnO NP in pH 8. Also 
bacterial growth is reduced in concentration of 0.187 2g/ml in comparison with positive control. 
There was a delay time about 8 hours in growth curve of bacteria in concentration of 0.187 2g/ml. 
When the concentration of ZnO NP eas 0.09 2g/ml, bacterial growth reduced in 8 and 10 hours after 
cultivation in comparison with positive control (Fig.2). 
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Fig. 2: Effect of ZnO NP concentration on the growth curve of S.aureus at pH:8. D) 0.3752g/ml, E) 0.1872g/ml, F) 
0.092g/ml and G) positive control 
 
ZnO NP inhibited the bacterial growth completely at concentration of 0.375 and at pH 9. Also, 
bacterial growth reduced in concentration of 0.187 2g/ml in comparison with positive control. The 
delay time of the growth curve of bacteria in pH 9 was about 10 hours, which was more than the 
amount at pH 8. There was no significant difference for bacterial growth between concentration of 
0.09 2g/ml and positive control (Fig. 3). 
 

 
Fig. 3 : Effect of ZnO NP concentration on the growth curve of S.aureus at pH:9. D) 0.3752g/ml, E) 0.1872g/ml, F) 
0.092g/ml and G) positive control 
 
At pH 10 and the 0.375 2g/ml of ZnO NPs, 100% inhibition of bacterial growth was observed. At 
concentration of 0.187 2g/ml, reduction of bacterial growth and a delay time of about 10 hours was  
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elicited.At 0.09 2g/ml, bacterial growth reduced in pH:10 in comparison with positive control after 6 
hours of cultivation. Also, the delay time of about 10 hours was observed at concentration of 0.09 
2g/ml and at pH:10 (Fig. 4). 

 
Fig. 4: Effect of ZnO NP concentration on the growth curve of S.aureus at pH:10. D) 0.3752g/ml, E) 0.1872g/ml, F) 
0.092g/ml and G) positive control 
 
Discussion: 
Our results showed as the concentration of ZnO NPs increased, the antibacterial activity improved 
(Fig. 1-4). According to the growth curves of S.aureus at 0.3752g/ml of ZnO NPs, no bacterial 
growth was observed at pH range of 8-10, however bacterial cells grew at pH:7. At the concentration 
of 0.187 2g/ml of ZnO NP, the delay time increased as the pH enhanced. Also, at 0.09 2g/ml, more 
reduction of bacterial growth was observed as the pH increased, so as at pH 10 after 6 hours, 
significant difference of bacterial growth between positive control and growth curve of bacteria was 
observed. 
So, it seems that in basic pH, the antibacterial activity of ZnO NP increases. Zinc oxide is a 
photocatalyst; once it is illuminated by light with energy higher than its band gaps, the electrons in 
ZnO will jump from the valence band to the conduction band, and the electron (e-) and electric hole 
(h+) pairs will form on the surface of the photocatalyst. The negative electrons and oxygen will 
combine into O2-; the positive electric holes and water will generate hydroxyl radicals. Since both are 
unstable chemical substances, when the organic compound falls on the surface of the photocatalyst it 
will combine with O2- and OH· respectively, and turn into carbon dioxide (CO2) and water (H2O)[7]. 
As the pH increases, the concentration of hydroxyl anione increased too. So these anions and positive 
electric holes combine into hydroxyl radicals, so the antibacterial activity of ZnO NPs enhances at 
basic pH. 
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Coclusions: 
Overall, the findings suggest that ZnO nanoparticles can be used externally to control the spreading 
of bacterial infections. It seems that optimization of environmental factors, could change the biocidal 
properties of ZnO NP against S.aureus. Therefore, in the future, ZnO nanoparticles containing 
formulations may be utilized for external uses as antibacterial agents in ointments, lotions, 
mouthwashes, and surface coatings on various substrates to prevent microorganisms from attaching, 
colonizing, spreading, and forming biofilms in indwelling medical devices. 
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