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                                                            ABSTRACT 

In this work we investigated the antimicrobial activity of metal oxide nanoparticles, Titanium 

dioxide (TiO2), zinc oxide (ZnO), and copper oxide (CuO). Nanoparticles are known to exhibit 

unique physical and chemical properties that can enhance their antimicrobial properties, 

making them promising candidates for applications in various fields, including medicine, 

agriculture, and food industry. The antimicrobial activity of the nanoparticles was evaluated 

against pathogenic gram-positive and gram-negative bacteria using standard microbiological 

assays. 

We investigated antimicrobial effect against E. coli (gram positive) and Bacillus (gram 

negative). TiO2, ZnO and CuO nanoparticles showed greater antimicrobial effect at 400 µg/ml 

concentration against both E. coli and Bacillus. MIC results showed that TiO2 and CuO NPs 

showed 45% decrease in the growth of Bacillus when compared to untreated sample, whereas 

ZnO NP showed only 25% decrease at 400µg/ml concentration. and against E. coli all three 

nanoparticles showed similar kind of effect. CFU/ml results showed that, at 200 µg/ml 

concentration TiO2 NP showed 60% decrease in the growth of E. coli when compared to 

untreated sample where as ZnO and CuO NPs showed 30% and 50 % decline. At 400µg/ml 

concentration, ZnO showed 97% decline in the growth of Bacillus when compared to untreated 

sample, followed by CuO which showed 95% decline in the growth of E. coli. Least effect was 

shown by TiO2 NPs where only 45% decline was seen. Growth curve characteristic gave the 

results, at 200 µg/ml concentration TiO2 and CuO NPs showed 15% and 13% decline in the 

growth of E. coli. The study also investigated the mechanism of action of the nanoparticles by 

examining their effects on the cell membranes and intracellular components of the 

microorganisms. MTT and TBARS assay was performed. MTT results showed that at 400 

µg/ml concentration, the number of viable cells present in the sample was low. TBARS assay 

showed that, with the increase in the concentration of NPs the lipid peroxidation activity also 

increased. CuO and ZnO NPs showed greater lipid peroxidation activity against both the 

bacterial strains E. coli and Bacillus at higher concentration(400µg/ml) of nanoparticles. 

Overall, the findings of this study suggest that TiO2, ZnO, and CuO nanoparticles have 

promising antimicrobial properties that can be exploited for various applications. 

Keywords:  Nanoparticles, Titanium dioxide nanoparticles, zinc oxide nanoparticles, Copper 

oxide nanoparticles, Antibacterial Nanoparticles MIC, MTT assay, TBARS assay 
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                                                        INTRODUCTION 

Antimicrobial resistance has become a major global health problem, and infections caused by 

multidrug-resistant microorganisms are increasing. In recent years, nanotechnology has 

become a promising tool in the fight against microbial infections. Bacterial resistance to 

antibiotics and especially the spread of ESCAPE pathogens is a concern. The abbreviation 

ESCAPE stands for Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, 

Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter spp. These ESCAPE 

pathogens can easily acquire antibiotic resistance through horizontal gene transfer. 

(Vaishampayan & Grohmann, 2021) 

Nanoparticles are very small materials with unique physical and chemical properties 

that allow them to interact with microorganisms in new ways. One of the most promising 

applications of nanoparticles is their antimicrobial activity, which has been demonstrated 

against a wide range of microorganisms, including bacteria, viruses, and fungi. The use of 

nanoparticles as antimicrobial agents could revolutionize the field of treatment and prevention 

of infectious diseases. One such possibility is the use of nanotechnology to develop 

antimicrobial agents. These properties make nanoparticles potential candidates for the 

development of new antimicrobial agents. The application of nanotechnology in medicine has 

opened up a new field of research, and the antimicrobial effect of nanoparticles is one of the 

most promising fields of research. The use of nanoparticles as antimicrobial agents has several 

advantages over traditional antibiotics. For example, nanoparticles have a broad spectrum of 

action against various microorganisms and can also penetrate biofilms that are resistant to 

conventional antibiotics. 

In particular, NPs have shown broad-spectrum antibacterial properties against both 

Gram-positive and Gram-negative bacteria. (Wang et al., 2017). Despite the potential benefits 

of using nanoparticles as antimicrobial agents, several challenges remain to be addressed. For 

example, the synthesis of nanoparticles requires specialized equipment and expertise, and the 

toxicity of nanoparticles is not known. Therefore, further research is needed to fully understand 

the antimicrobial activity of nanoparticles and to develop safe and effective nanoparticles for 

clinical use. 
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NANOPARTICLES AND THEIR SYNTHESIS: 

Nanoparticles can be synthesized by 2 different methods. One is the bottom-up 

approach and the other is the top-down method. The bottom-up method has many subdivisions 

like green synthesis, spinning, sol-process & sol-gel process, laser pyrolysis, aerosol-based 

process, chemical vapor deposition (CVD), and atomic or molecular condensation. The top-

down approach also has subdivisions like mechanical milling, etching(chemical), electro-

explosion (thermal or chemical), sputtering (kinetic), and laser ablation (thermal). The green 

synthesis method of nanoparticles is also referred to as a biological method in which organisms 

like Bacteria, Actinomycetes, Yeast, Fungi, Algae, and Plants are used to synthesize different 

nanoparticles. Some important methods for the synthesis of Gold, silver, copper, and zinc 

nanoparticles are mentioned in the table below. 

  

 

 

 

 

 

NANOPARTICLE 

TYPE 

                                

                                SYNTHESIS 

 

         GOLD 

 

Chemical reduction of salts; Ultraviolet irradiation; 

Photochemical reduction of Au; Aerosol technology 

Biological synthesis. 

 

        SILVER 

Electrochemical techniques; gamma irradiation; Photochemical 

reduction; Laser ablation; Electron irradiation; Biological 

synthesis. 

   

    ZINC OXIDE 

Sol-gel process; Vapour phase oxidation; Sono-chemical 

reduction; Microemulsion; Thermal vapor transport and 

condensation; Biological synthesis. 

   

       COPPER 

Thermal reduction; Metal vapour synthesis; Radiation methods; 

Microemulsion techniques; Laser ablation; Chemical reduction; 

Biological synthesis. 
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Various chemical, physical and biological synthesis methods have been used to prepare 

metal nanoparticles. Most of these methods are still under development, and issues include 

nanoparticle stability and aggregation, control of crystal growth, morphology, size, and size 

distribution. In addition, the isolation of the produced nanoparticles for further use is still an 

important issue. Metal nanoparticles produced by plants have been shown to be more stable 

than nanoparticles produced by other organisms. Plants (especially plant extracts) can reduce 

metal ions faster than fungi or bacteria. In addition, plant extracts are definitely better than 

plant biomass or living plants to use a simple and safe green method for large-scale and 

industrial production of well-dispersed metal nanoparticles (Iravani, “Green Synthesis of Metal 

Nanoparticles Using Plants.”) 

OXIDATIVE STRESS IN BACTERIA: 

Oxidative stress occurs when prooxidants outnumber antioxidants, i.e., ROS 

accumulate in the bacterial cell and exceed the cell's ability to readily scavenge ROS.  This can 

occur during the host's immune response or due to antimicrobial therapy. Oxidative stress can 

be endogenous or exogenous. Host-pathogen interaction causes exogenous oxidative stress in 

bacteria, while intracellular redox reactions, antibiotics, and aerobic respiration promote 

endogenous oxidative stress. Oxygen is the final electron acceptor of aerobic respiration and 

leads to the formation of water after complete reduction. However, when oxygen comes into 

contact with flavoproteins such as oxidases and monooxygenases and becomes incompletely 

reduced, it causes the generation of ROS instead of water. Endogenous ROS such as superoxide 

anion (O2−) and hydrogen peroxide (H2O2) are produced as by-products of aerobic respiration 

when oxygen interacts with the reduced FAD cofactor of flavoenzymes. ROS cause a number 

of damages to bacterial cells. They cause double-strand breaks in DNA oxidizing pools of 

dCTP and dGTP, which causes misfolding of DNA bases. In addition, ROS peroxidise lipids 

and carbonyl proteins (Vaishampayan & Grohmann, 2022) 

Different types of NPs produce different ROS compounds by reducing oxygen 

molecules. The four types of ROS are superoxide radical (O-2), hydroxyl radical (·OH), 

hydrogen peroxide (H2O2) and singlet oxygen (O2), which have different dynamics and 

activities (Wang et al., 2017). 
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DISSOLVED METAL IONS: 

Metal ions are slowly released from the metal oxide and absorbed through the cell 

membrane, followed by direct interaction with functional groups of proteins and nucleic acids 

such as mercaptone (-SH), amine (-NH) and carboxyl (-COOH). However, the effect of metal 

ions on the pH value of lipid vesicles during the antibacterial process of the metal oxide 

suspension is small and has a weak antimicrobial effect (Wang et al., 2017). 

MECHANISM OF ACTION: 

The mechanism of antimicrobial activity of NPs is generally described as one of three 

models: induction of oxidative stress, release of metal ions or non-oxidative mechanisms. 

These three types of mechanisms can occur simultaneously. According to existing studies, the 

main processes underlying the antibacterial activity of NPs are: 1) disruption of the bacterial 

cell membrane 2) ROS generation 3) penetration of the bacterial cell membrane (Wang et al., 

2017). 

TIO2 NPs: The mechanism of TiO2 NP toxicity to organisms can be described by three aspects:  

1. ROS produced by TiO2 NPs as a result of induction of electron-hole pairs in light.  

2. Cell wall damage and cell wall lipid peroxidation due to NP-cell attachment by 

electrostatic force due to the large surface area of TiO2 NPs.  

3. Cytoplasm leaks out and TiO2 NP adheres to intracellular organelles and biological 

macromolecules after damaging cell membranes. (Hou et al., 2019)  

CUO NPs: 

The toxic mechanisms of CuO NPs are mainly in two aspects:  

1. Oxidative stress induced by intracellular CuO NPs and dissolution of CuO NPs.  

2. Extracellular Cu2+ cross the cell membrane and enter the cytoplasm via endocytosis and 

copper transport proteins. (Hou et al., 2017)  

ZNO NPs: 

Direct contact of ZnO-NPs with cell walls resulting in destruction of bacterial cell 

integrity, release of antimicrobial ions, mainly Zn2+ ions, and generation of ROS. However, the 

mechanism of toxicity is different in different environments because the dissolved Zn species 

can change depending on the components of the environment in addition to the 

physicochemical properties of ZnO-NP. 
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UV Illumination Effect of ZNO NPs: 

ZnO can absorb UV light very well and is more responsive to UV light, so its conductivity 

is dramatically improved, and this property greatly activates the interaction of ZnO with bacteria. 

Its photoconductivity persists long after the UV light is turned off and is attributed to the surface 

electron depletion region associated with strongly adsorbed negative oxygen species (O-2, O2-2) 

on the surface. UV light causes that loosely bound oxygen to rapidly desorb from the surface. 

This reduces the surface electron depletion region and improves photoconductivity. 

Photocatalysis is described as a light-induced oxidation process that can damage and inactivate 

organisms. Under UV irradiation, ZnO-NPs in aqueous solution exhibit phototoxicity, which can 

generate ROS compounds such as hydrogen peroxide (H2O2) and superoxide ions (O2−). Such 

species are very important in bio applications. The active species created are able to penetrate 

cells and thus prevent or kill microorganisms. This process inspired the use of the photocatalytic 

activity of ZnO-NPs in bio nanotechnology and bio nanomedicine for many antibacterial 

applications. Therefore, the increase in the bioactivity of ZnO was considered to be the result of 

free radicals generated because ZnO absorbs UV light (Sirelkhatim et al., 2015). 

The aim of this thesis is to investigate the current knowledge about the antimicrobial 

effect of nanoparticles, their mechanism of action, and their possible applications in medicine 

and industry. 

 

 

 

 

 

 

 

 

 

 

 



17 
 

 

 

                                                    

 

 

 

 

 

 

 

 

CHAPTER 2 

REVIEW OF LITERATURE 

 

 

 

 

 

 

 

 

  



18 
 

                                             REVIEW OF LITERATURE 

In recent years, the emergence of multidrug-resistant bacteria has become a serious concern for 

public health. This has led to a renewed interest in alternative approaches to combat microbial 

infections. One such approach is the use of nanoparticles (NPs) as antimicrobial agents. 

Nanoparticles have shown promising results in inhibiting the growth of various 

microorganisms, including bacteria, fungi, and viruses. They have the potential to overcome 

the limitations of traditional antimicrobial agents, such as toxicity and drug resistance. 

In this review, we will explore the current state of research on the antimicrobial activity 

of nanoparticles. We will begin by discussing the properties of nanoparticles that make them 

effective antimicrobial agents, including their size, shape, and surface chemistry. We will then 

review the different types of nanoparticles that have been studied for their antimicrobial 

activity, such as metal and metal oxide nanoparticles. 

Additionally, we will examine the mechanisms of action of nanoparticles against 

microorganisms, including oxidative stress, membrane damage, and interference with cellular 

processes. We will also explore the potential applications of nanoparticle-based antimicrobial 

agents in various fields, such as medicine, food production, and water treatment. 

Overall, this review aims to provide an overview of the current understanding of the 

antimicrobial activity of nanoparticles and their potential as a new class of antimicrobial agents. 

(S. Roy et al., 2010) evaluated the activity of TiO2 nanoparticles with different 

antibiotics against methicillin-resistant S. aureus (MRSA). They found that TiO2 nanoparticles 

enhanced the antimicrobial activity of beta-lactams, cephalosporins, aminoglycosides, 

glycopeptides, macrolides, glycosamides, and tetracycline against MRSA. In another 

experiment, their results showed that the antimicrobial resistance of MRSA to various 

antibiotics was reduced in the presence of TiO2 nanoparticles. 

According to Haghigh et al. investigated the antifungal effect of TiO2 nanoparticles on 

fungal biofilms (fluconazole-resistant standard strains of Candida albicans (C. albicans). 

According to these results, the synthesized TiO2 nanoparticles improved antifungal activity 

against the fluconazole-resistant strain of C. albicans biofilms. The authors suggested that TiO2 

nanoparticles can effectively inhibit fungal biofilms, especially those formed on the surface of 

medical devices (Antifungal20191204-3616-Jvjrqn-Libre.Pdf, n.d.) 
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Silver nanoparticles affect bacterial cells by catalytic generation of ROS and by direct 

damage on cell membrane. Beside silver nanoparticles, silver ions can also generate ROS. The 

biocidal mechanism of silver nanoparticles was explored against 4 types of bacteria: Vibrio 

cholera, Pseudomonas aeruginosa, Scrub typhus and Escherichia coli. High Angle Annular 

Dark Field microscopy technique is used to observe the accumulation of silver nanoparticles 

on bacterial membrane (Cioffi & Rai, 2012). 

Scientists reported the size-dependent antibacterial activity of CuO nanoparticles. They 

investigated the antibacterial activity of CuO nanoparticles against two Gram-positive bacteria 

(S. aureus and B. subtilis) and two Gram-negative bacteria (Pseudomonas aeruginosa and E. 

coli). According to these results, CuO nanoparticles showed inhibitory activity against both 

groups of mentioned bacteria. The authors concluded that the bactericidal activity of these 

nanoparticles depended on their size, stability and concentration added to the growth medium. 

The authors concluded that metal nanoparticles limit bacterial growth by passing through 

nanometre-sized pores in the cell membranes of most bacteria (Azam, 2012). 

Experiment was carried out using 3 different nanoparticles (ZnO, CuO and Fe2O3) 

where the nanoparticles were treated against both Gram negative (Escherichia coli) and Gram 

positive (Staphylococcus aureus) bacteria to check the antimicrobial activity. Well-diffusion 

method and Minimum bactericidal concentration experiments were carried out to check the 

antimicrobial activity. Scientists had observed that ZnO nanoparticles have great bactericidal 

potential whereas Fe2O3 exhibited the least effect. The order of antibacterial activity was 

demonstrated as ZnO > CuO > Fe2O3(Azam et al., 2012). 

ZnO reduces the viability of bacteria; however, the exact mechanism of its antibacterial 

activity is still not well understood. One proposed possibility is the formation of hydrogen 

peroxide as the main driver of antibacterial activity. It is also believed that the accumulation of 

particles on the surface of bacteria due to electrostatic forces may be another mechanism of the 

antibacterial effect of ZnO particles (Doi, n.d.). Besides, ROS generated on the surface of 

particles, release of zinc ions, membrane dysfunction and nanoparticle internalization can also 

be considered as possible causes of cell damage (Rao et al., 2013). 

Sawai and his colleagues investigated the antibacterial activity of MgO against E. coli and S. 

aureus. They suggested that the presence of active oxygen such as superoxide on the surfaces 

of MgO nanoparticles was one of the most important factors affecting their antibacterial 

activity (Sawai et al., 2000). 
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One study evaluated the microbial toxicity of metal oxide nanoparticles in laboratory 

tests against Escherichia coli, Bacillus subtilis and Streptococcus aureus. The tested 

nanoparticles were CuO, NiO, ZnO and Sb2O3. The metal oxide nanoparticles were fully 

dispersed in the culture medium and the microorganisms were grown on Luria-Bertani agar 

plates containing different concentrations of metal oxide nanoparticles. Bacteria were counted 

using colony forming units (CFU).  CFU were reduced in medium containing metal oxide NPs 

and a dose-response relationship was characterized. Among the tested nanoparticles, CuO 

nanoparticles were found to be the most toxic, followed by ZnO (except for S. aureus), NiO 

and Sb2O3 nanoparticles (Baek & An, 2011). 

One such study was conducted where, the release of metal ions from CuO, Fe2O3, ZnO, 

Co3O4, Cr2O3, and NiO NPs in aqueous media was investigated and their contribution to the 

inhibition of photobacteria phosphoric bioluminescence by metal oxide NPs was investigated. 

Ion release from metal oxide NPs in aqueous media was found to be complex, depending on 

both dissolution and adsorption processes of metal oxide NPs. The relationships between the 

antibacterial activity of metal oxide NPs and their released metal ions can be divided into three 

categories: (1) the antibacterial activity of ZnO NPs was only due to the released Zn2; (2) the 

antibacterial effect of CuO NPs resulted from both released Cu2 and CuO particles; and (3) the 

antibacterial activity of Fe2O3, Co3O4, Cr2O3, and NiO NPs was due to the NPs themselves. 

Results indicate that the release of ions and their effect on the toxicity of NPs should be 

considered when evaluating the toxicity of metal oxide NPs (Wang et al., 2016). 

In one study, researchers investigated the antimicrobial activity of TiO2 nanoparticles 

(NPs) synthesized by the sol-gel method. Upon synthesis, the TiO2 NPs were characterized by 

X-ray diffraction, scanning electron microscopy, and UV-visible absorption spectroscopy. The 

antimicrobial activity of calcined TiO2 nanoparticle samples was investigated in daylight with 

Gram-positive bacteria (Staphylococcus aureus, Streptococcus pneumonia and Bacillus 

subtilis), Gram-negative bacteria (Proteus vulgaris, Pseudomonas aeruginosa and Escherichia 

coli test pathogen of fungal test pathogen). The synthesized TiO2 NPs were found to be 

effective against Streptococcus pneumonia, Staphylococcus aureus, Proteus vulgaris, 

Pseudomonas aeruginosa and Candida albicans under visible light (Priyanka et al., 2016). 

This is a report on the antibacterial activity of ZnO and CuO nanoparticles synthesized 

by the sol-gel method. Studies were performed on Gram-positive Staphylococcus aureus and 

Gram-negative Escherichia coli and Pseudomonas aeruginosa bacteria using disk and well 
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diffusion methods, bioluminescence and optical density analysis. The results show a strong 

reduction of bacterial strains after a short exposure to the nanoparticles. Modeling made it 

possible to find out the sensitivity of bacteria to toxic substances at different stages of the 

kinetics of population evolution. It was concluded that bacterial suppression is most effective 

in the exponential growth phase, while its effectiveness is lower in the late and stationary 

phases.  CuO and ZnO nanoparticles showed comparable performance in the exponential 

growth phase. Meanwhile, ZnO was almost inactive in the lag phase and had a lower efficiency 

in the stationary phase, where CuO retained significant activity. (Dadi et al., 2019) 

Antimicrobial activity of metal oxide nanoparticles against Gram-positive and Gram-

negative bacteria was studies using ZnO, CuO and Fe2O3 NPs. Study concluded that among the 

three nanomaterials ZnO showed greater antimicrobial activity with both Gram-positive and 

Gram-negative strain. (Azam et al., 2012) 

In one study, Agar well diffusion method was used to study the antimicrobial activity 

of CuO NPs. Escherichia coli (Gram‐negative), Staphylococcus aureus (Gram‐positive) 

strains were used to determine the activity. E. coli showed greater ZOI (Zone of inhibition) 

than Staphylococcus aureus. (Rajamma et al., 2020) 

To determine the antimicrobial activity of ZnO NPs against selected aquatic pathogenic 

microbes. well diffusion and minimum inhibitory concentration (MIC) tests were performed. 

(Klink et al., 2022) 

Antimicrobial activities of nanoparticles were determined using different aquatic 

microbes following disc diffusion assay. The microbial strains used were Aeromonas 

hydrophila, Edwardsiella tarda, Pseudomonas aeruginosa. Among different nanoparticles, 

commercial nanoparticles such as ZnO and CuO were found to inhibit bacteria, but Zn, Ag, 

Fe2O3 and Al2O3 nanoparticles did not inhibit any of the tested isolates. Chemically 

synthesized ZnO and CuO nanoparticles were found to inhibit all bacterial isolates regardless 

of incubation time. (Swain et al., 2014) 

Antimicrobial activities of zinc oxide nanoparticles from leaf extract of Mentha 

pulegium was determined by performing Disc diffusion method. Experiment was performed 

on 2 bacterial strains E. coli and S.  aureus. Sterile discs were loaded with 25, 50, and 100µg/ml 

of ZnO NPs and placed equidistance from each other on the agar plates containing bacterial 

sample. Results concluded that ZOI (Zone of inhibition) was greater in the case of E. coli than 

S. aureus. (Rad et al., 2019) 
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Silver oxide nanoparticles are biosynthesised by combustion synthesis by using Lippia 

citriodora plant powder and checked for the antimicrobial activity. Well diffusion techniques 

were carried out. Antibacterial activity tests showed that S. epidermidis was more susceptible 

to tetracycline, which was used as a standard. S. aureus was more sensitive to Ag2O NPs 

synthesized with Lippia citriodora plant extract. Similarly, in the antifungal activity of A. 

aureus showed more sensitivity to Ag2O NPs. From the above data, it is evident that Ag2O NPs 

synthesized with Lippia citriodora plant extract were more effective against bacterial and 

fungal pathogens. (Li et al., 2019) 

The antibacterial activity of the ZnO nano sample was determined by the plate diffusion 

method on Muller Hinton Agar (MHA) medium. Green-synthesized ZnO nanoparticles are 

more toxic to Klebsiella pneumonia and Staphylococcus aureus bacteria. (Janaki et al., 2015) 

Mechanisms leading to ROS-mediated antibiotic killing. Different classes of antibiotics 

activate the TCA cycle. Hyperactivation of the electron transport chain leads to the formation 

of superoxide radicals, which can damage iron-sulphur clusters. Destabilized ferrous iron can 

in turn react with hydrogen peroxide in the Fenton reaction and lead to the generation of 

hydroxyl radicals that damage DNA, lipids and proteins. The metabolic changes that lead to 

increased ROS production are thought to result from the activation of a two-component system 

of redox reaction (ArcA) Via CpxA, a two-component coil voltage response sensor. (Van 

Acker & Coenye, 2017) 

ROS was measured by 2′,7′-dichloro fluorescein diacetate (H2DCF-DA). O2- 

concentrations were tested using a hydroxylamine oxidation analyser (Suzhou Kechromium 

Biotechnology Inc., Suzhou, China). (Liao et al., 2019) 

In a study, ROS-mediated membrane lipid oxidation of Escherichia coli treated with 

ZnO nanoparticles (NPs), supported by detection and spectrophotometric measurement of 

malondialdehyde (MDA) by TBARS (thiobarbituric acid-reactive species) assay. The MDA 

equivalent (ROS equivalent) was found to be higher in the batch treated with higher 

concentrations of nanoparticles, compared to the untreated samples. Based on these 

observations, it can be noted that the inhibition of the growth curve due to the increase of ZnO 

NPs was due to the generation of ROS, as evidenced by the increase of equivalent MDA in the 

medium. (Dutta et al., 2012) 

Cytotoxicity of MNP was assessed in the murine RAW 264.7 macrophage cell line 

using the MTT assay. Untreated RAW 264.7 cells (negative control) showed 100% formation 
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of formazan crystals after subsequent addition of MTT. Unlike pentamidine, GNP showed 

negligible toxicity even at 100 µM, resulting in a significant reduction in cell viability (Figure 

2). Cytotoxicity data showed that GNPs have excellent biocompatibility in macrophage cell 

lines. (Want et al., 2021) 

Lipid peroxidation was assessed by determination of thiobarbituric acid reactive species 

(TBARS). The experiment showed a 173% and 132% increase in TBARS levels in PBMC 

treated with GML at 10 and 50 µM, respectively. (Lopes et al., 2019) 

After reviewing the literature present on antimicrobial activity of nanoparticles we can 

conclude that, different nanoparticles have different mechanism of action to affect the 

microbial cells and the effect varies with the size, morphology, surface area, mechanism of 

action and concentration of NPs used. Even though there are many mechanisms by which NPs 

affect bacterial cells, there are 2 common ways by which NPs affect the cells. First, by the 

release of ROS (Reactive oxygen species). Second, by the dissolution of metal ions. Action of 

few NPs is not yet clear. sometimes the affect can be because of both dissolution of metal ions 

and by the release of ROS. 

Some common techniques researchers used to determine the antimicrobial activity of 

nanoparticles are Well-diffusion method, Disc-diffusion method, MIC (Minimum inhibitory 

concentration), By calculating CFU/ml of different concentrations of nanoparticles and by 

evaluating the growth curve kinetics. These are some of the common methods researchers used 

to determine the antimicrobial activity of NPs. 

After determining the antimicrobial activity of nanoparticles, it is needed to evaluate 

the amount of cell damage that had occurred to bacterial cells. Certain biochemical assays like 

MTT, Lipid peroxidation (TBARS), ROS assays were performed by the researchers to evaluate 

the cell damage. 

 In this thesis, we will be working with the TiO2, ZnO and CuO nanoparticles that were 

synthesized by the sol-gel method in a laboratory. We will be performing MIC (Minimum 

inhibitory concentration), growth curve, CFU/ml to determine the antimicrobial activity of 

TiO2, ZnO and CuO nanoparticles against Escherichia coli and Bacillus strains. Later, 

biochemical tests will be performed to evaluate the damage caused by these nanoparticles to 

the bacterial cell. 
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                                                 AIM AND OBJECTIVES 

 

Aim: To study the antimicrobial activity of TiO2, ZnO and CuO Nanoparticles. 

 

Objectives: 

• To understand the antimicrobial activity of different concentrations of nanoparticles  

• To study the growth kinetics with varying concentration of nanomaterial  

• To perform biochemical assay for antimicrobial study of nanoparticles 
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 MATERIAL AND INSTRUMENTATION 

4.1: Nanoparticles 

TiO2, ZnO and CuO nanoparticles were obtained from Sardar Patel university, Anand, Gujarat. 

Hard crystalline form of NPs was suspended in autoclaved milliQ water by sonication method. 

Stock solutions of all three NPs were prepared. Different concentrations of NPs were prepared 

from the stock. 

4.2: Preparation of master plate for bacterial samples 

E. coli and Bacillus master plate was prepared and revived. Both the bacterial strains were 

grown in Luria Bertani agar. 

 

 

                                                Table 1: L.B agar composition 

 

 

 

                   

                    Compound 

 

                  Quantity(g) 

 

 

                Tryptone 

 

 

                            1 

 

 

              Yeast extract 

 

 

                           0.5 

 

 

                  NaCl 

 

 

                            1 

 

 

                Bacto Agar 

 

 

                          1.5 
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After streaking the bacterial strains on the L.B plates, plates were kept in 37-degree incubator 

for 24 hrs. 

 

 For performing the experiments, L.B media(broth) was used to grow the bacterial samples. 

 

                                             Table 2: L.B media composition 

 

 

 

 

 

 

 

 

 

 

 

 

              Compound 

 

 

               Quantity(gms/litre) 

 

 

                 Tryptone 

 

 

                       10 

 

 

                 Yeast extract 

 

 

                        5 

 

 

                  NaCl 

 

 

                        10 
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4.3: Instrumentation 

1. Autoclave (Equitron Autoclave SLEFA) 

2. High precision balance (WENSAR) 

3. Probe sonicator 

4. Digital ultrasonic cleaner (Model no: LMUC-3, ULTRA SONIC POWER: 100W, 

FREQUENCY: 40KHz) 

5. Laminar air flow chamber  

6. Shaker incubator (37 degree) [Tempo Bacteriological incubator, Ti 90E INCUBATOR, 

BACT] 

7. Microcentrifuge machine (Name: Centrifuge LAB-I-FUGE C series, Power: AC 220V 

60Hzs) 

8. Roto spin (intermittent incubation) TARSONS 

9. UV Sepctrophotometer (UV -1800 SHIMADZU) 

10. ELISA plate reader (BIO-RAD, iMark Microplate reader) 
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METHODS 

5.0: To determine the antimicrobial activity of TiO2, ZnO and CuO NPs in E. coli and 

Bacillus strains. 

 

5.1: Minimum inhibitory concentration (MIC) with varying nanoparticle concentrations 

Antimicrobial activity of TiO2, ZnO and CuO NPs was studied by performing minimum 

inhibitory concentration (MIC). Before starting the experiment, different concentrations of 

different nanoparticles were prepared, those are going to interact with the bacterial cells. The 

range of nanoparticles used was between 50- 500µg/ml. The steps involved in performing 

MIC are as follows: 

• different nanoparticles concentration concentrations (50 µg/ml, 100 µg/ml, 200 

µg/ml, 400 µg/ml) of NPs were prepared. 

• E. coli and Bacillus strains were inoculated in the LB media and allowed to grow till 

they had reached the active state (E. coli – O.D: 0.5 in 6 hrs, Bacillus – O.D: 0.68 in 

16 hrs). 

• 1.5 ml of the culture was shifted to 4 sterile microcentrifuge tubes and centrifuged at 

5000 rpm for 5 minutes. Supernatant is discarded and pellet is suspended with 1.5 ml 

of sterile LB broth. 

• 250µl of this culture is added into 10 sterile microcentrifuge tubes which were 

marked as 0 µg/ml, [(50 µg/ml, 100 µg/ml, 200 µg/ml) *3 different nanoparticles 

{TiO2, ZnO and CuO}]. 

• To these tubes 250µl of different concentrations of NPs were added. 

(0 µg/ml [control]is added with milliQ water). 

• Tubes were subjected to intermittent incubation for 2-3 hrs. 

• 20 µl of treated cells were inoculated into the respective test tubes containing 3ml 

sterile LB broth. [Done in triplicates for each concentration range] 

• Test tubes were kept for 6-7hrs incubation (E. coli) and 14- 17 hrs incubation 

(Bacillus) 

• Absorbance was measured at 600nm and results were obtained. 
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5.2: CFU/ml with various concentrations of nanoparticles (TiO2, ZnO and CuO). 

 

• Luria Bertani Agar plates were prepared and kept in incubator (37degree) for 24 hrs to 

check for any contamination. The plates with no contamination were stored for future 

experiments. 

• The plates were marked as 0 µg/ml, [(50 µg/ml, 100 µg/ml, 200 µg/ml, 400 µg/ml) 

*3 different nanoparticles {TiO2, ZnO and CuO}]. 

• After intermittent incubation (in MIC) the treated bacterial cells in the 

microcentrifuge tubes were subjected to serial dilution. 

• E. coli treated cells were diluted to 10-6 dilution and Bacillus treated cells were diluted 

to 10-4 dilution. 

• 100µl of serially diluted treated cells were dispersed onto already prepared and 

marked LB plates using spread plate technique 

• The plates were kept in 37ºdegree incubator for 24 hours. 

• After 24 hours plates were counter and results are noted. 

 

5.3 : Growth curve kinetics with various concentrations of Nanoparticles and (TiO2, 

ZnO and CuO). 

 

• Bacterial cells were treated with different concentrations of different NPs and kept for 

intermittent incubation. 

• After intermittent incubation, 50µl of treated cells were inoculated into 50 ml sterile 

LB media and incubated in shaker incubator. 

• Every 1 hour, sample from all the flasks were taken out into a microcentrifuge tube 

inside LAF (to avoid contamination) 

• Microcentrifuge tubes were placed in ice box to arrest the further growth to avoid any 

errors. 

• Absorbance was measured at 600nm 

• Eight to ten readings were recorded and graph was plotted to obtain growth curve. 
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BIOCHEMICAL ASSAYS: 

5.4: MTT ASSAY (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) 

This colorimetric assay reduces a yellow tetrazolium salt (MTT) to measure cellular 

metabolic activity as a indicator for cell viability. Viable cells that are present contains 

NADPH- dependant oxidoreductase enzyme which reduces MTT reagent to formazan that 

has deep purple colour. These crystals are then solubilized by DMSO and absorbance was 

measured at 570nm 

• 1ml of overnight grown bacterial cultures were taken in individual microcentrifuge 

tubes and centrifuged at 8000 rpm for 5 minutes. 

• Supernatant was discarded and pellet was resuspended in 1xPBS and treated with 

individual concentrations of different NPs for 2 hours at room temperature with 

continuous agitation along with control. 

•  200µl of treated culture is transferred to a fresh 1.5ml microcentrifuge tubes and 

centrifuged at 8000 rpm for 5 minutes and the supernatant was discarded. 

• 200µl of MTT solution (0.5mg/ml in 1xPBS) was then added to each tube and 

incubated for 3 hours to allow the formation of formazan crystals. 

• The tubes were then centrifuged at 8000 rpm for 5 minutes, Supernatant was 

discarded. 

• 200µl of DMSO was added to each tube and incubated for 30 minutes in dark 

condition in order to dissolve formazan crystals. 

• 200µl of solution was transferred to a 96 well plate and O.D was measured at 570nm 

using microplate reader. 

 

5.5: TBARS (Thiobarbituric acid reactive substances) 

TBARS is used for the measurement of lipid peroxidation in cells which detects the level of 

MDA (malondialdehyde) the major lipid peroxidation product. 

• 1ml of overnight grown bacterial cultures were taken in individual microcentrifuge 

tubes and centrifuged at 8000 rpm for 5 minutes. 

• Supernatant was discarded and pellet was resuspended in 1xPBS and treated with 

individual concentrations of different NPs for 2 hours at room temperature with 

continuous agitation along with control. 
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• Treated cells were lysed by placing the tubes in ultrasonic water bath for 30 min and 

centrifuged at 5000 rpm for 10 min at 4 ºc. 

• 200µl of lysate /supernatant was taken into a fresh microcentrifuge tube and 400µl of 

10% ice cold Trichloroacetic acid (TCA) was added to each tube and incubated on ice 

for 15 min for protein precipitation to occur. 

• The tubes were then centrifuged at 10000 rpm for 10 minutes at 4ºc and 200 µl of 

0.67% thiobarbituric acid (TBA) was then added to each tube and allowed to boil for 

10 minutes in a boiling water bath. 

• The samples were then allowed to cool and loaded into a 96 well plate. 

O.D was measured at 532nm 
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6.1: Evaluation of Minimum inhibitory concentration 

E. coli and Bacillus cultures were treated with TiO2, ZnO and CuO NPs and the growth was 

monitored by measuring the O.D. at 600nm. The readings were plotted for TiO2, ZnO and 

CuO NPs against Bacillus (Fig.1) and E. coli (Fig.2) 

 

        

        Fig.1 Minimum inhibitory concentration (MIC) of TiO2, ZnO and CuO NPs 

        against Bacillus 

 

Various concentrations of TiO2, ZnO and CuO NPs showed various effects on Bacillus strain. 

All the nanoparticles showed notable decline in the O.D. value at 400µg/ml concentration. 

Among the 3 nanoparticles TiO2 and CuO NPs showed greater effect on Bacillus when 

compared to ZnO nanoparticles. TiO2 and CuO NPs showed 45% decrease in the growth of 

Bacillus when compared to untreated sample, whereas ZnO NP showed only 25% decrease at 

400µg/ml concentration. 
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       Fig.2 Minimum inhibitory concentration (MIC) of ZnO and CuO NPs against E. coli 

. 

        

     Fig.3 Minimum inhibitory concentration (MIC) of TiO2 NPs against E. coli 

 

TiO2, ZnO and CuO NPs showed antimicrobial effect at the concentration 200µg/ml. ZnO and 

CuO NPs showed almost same effect on E. coli (Fig.3). TiO2 showed the least effect on E. 

coli. Both ZnO and CuO NPs showed 50 % decrease in the growth of E. coli when compared 

to untreated sample. TiO2 NP showed the least effect, where it showed only 20 % decline in 

the growth of Bacillus when compared to untreated sample at 200µg/ml concentration. 
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6.2: Colony forming unit 

Bacterial cells treated higher concentrations of NPs showed a significant loss in the number 

of colonies formed for both E. coli and Bacillus in comparison with the untreated control 

plates (Fig.5, 6, 7, 8, and 9). The amount of CFU/ml decreased with the increase in 

concentration of TiO2, ZnO and CuO NPs was observed (Table3 and Table 4). The CFU/ml 

calculated was represented in the form of a bar diagram (Fig.4 and Fig.5).  

           

                         

 

 

 

 

 

 

 

 

 

 

 

                          

 

                       Table 3: Observation table of colony forming unit of E. coli      

 

 

 

 

 

Concentration of 

NPs 

 

Amount of 

culture 

plated(µl) 

Average 

number of 

colonies 

(E. coli) 

 

     

    CFU/ML 

      E. coli 

[TiO2] 0 µg/ml 100 511 51.1*108 

[TiO2] 50 µg/ml 100 384 38.4*108 

[TiO2] 100 µg/ml 100 293 29.3*108 

[TiO2] 200 µg/ml 100 196 19.6*108 

[ZnO] 0 µg/ml 100 510 51*108 

[ZnO] 50 µg/ml 100 405 40.5*108 

[ZnO] 100 µg/ml 100 393 39.3*108 

[ZnO] 200 µg/ml 100 360 36*108 

[CuO] 0 µg/ml 100 1205 120.5*108 

[CuO] 50 µg/ml 100 925 92.5*108 

[CuO] 100 µg/ml 100 790 79*108 

[CuO] 200 µg/ml 100 640 64*108 
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     Fig.4: CFU/ml of E. coli against various concentrations of TiO2, ZnO and CuO NPs  

A decline in CFU/ml was observed at 200µg/ml concentration in all the three nanoparticles. 

(Fig.4) Among the three nanoparticles TiO2 showed greater antimicrobial effect against E. 

coli followed by ZnO NPs. Least antimicrobial effect was shown by CuO NPs. At 200 µg/ml 

TiO2 NP showed 60% decrease in the growth of E. coli when compared to untreated sample 

where as ZnO and CuO NPs showed 30% and 50 % decline. 

 

                      

 

                      

 

 

 

 

 

 

0

20

40

60

80

100

120

140

0 50 100 200

C
FU

/m
l

Concentration of NPs (µg/ml)

TIO2 ZNO CUO



40 
 

 

                        

 

 

 

 

 

 

 

                              Table 4: Observation table of colony forming unit of Bacillus 

                   

 

             

   Fig.5: CFU/ml of bacillus against various concentrations of TiO2, ZnO and CuO NPs  

A drastical decrease in CFU/ml calculated was observed with increase in concentration of 

NPs. Lowest value of CFU/ml was calculated at 400µg/ml concentration, in all three 

nanoparticles(Fig.5). ZnO NPs showed greater antimicrobial activity followed by CuO NPs. 

Least effect was shown by TiO2 NPs. At 400µg/ml concentration, ZnO showed 97% decline 
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Concentration of 

NPs 

 

Amount of 

culture 

plated(µl) 

Average 

number of 

colonies 

(Bacillus) 

 

     

    CFU/ML 

     Bacillus 

[Control] 0 µg/ml 100 112 11.2*106 

[TiO2] 100 µg/ml 100 82 7.9*106 

[TiO2] 200 µg/ml 100 43 4.1*106 

[TiO2] 400 µg/ml 100 34 3*106 

[ZnO] 100 µg/ml 100 9 0.9*106 

[ZnO] 200 µg/ml 100 5 0.5*106 

[ZnO] 400 µg/ml 100 3 0.3*106 

[CuO] 100 µg/ml 100 12 1.2*106 

[CuO] 200 µg/ml 100 9 0.9*106 

[CuO] 400 µg/ml 100 4 0.4*106 
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in the growth of Bacillus when compared to untreated sample, followed by CuO which 

showed 95% decline in the growth of E. coli. Least effect was shown by TiO2 NPs where 

only 45% decline was seen. 

        

 

 

               0µg/ml                           100 µg/ml                    50µg/ml 

      

           100µg/ml                         200µg/ml                                400µg/ml 

Fig.6: Colonies of E. coli grown on LB agar plates on treatment with various concentrations 

TiO2 NPs. 
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                                         0 µg/ml                           50µg/ml 

                  

                                         100µg/ml                      200µg/ml 

Fig.7: Colonies of E. coli grown on LB agar plates on treatment with various concentrations 

ZnO NPs. 

                                      0 µg/ml                           50 µg/ml                            

 

                                     100 µg/ml                           200 µg/ml                            

Fig.8: Colonies of E. coli grown on LB agar plates on treatment with various concentrations 

CuO NPs. 
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       0 µg/ml                         100 µg/ml                 200 µg/ml                400 µg/ml 

 

Fig.9: Colonies of Bacillus grown on LB agar plates on treatment with various concentrations 

of TiO2 NPs 

 

 

 

            100 µg/ml                                          200 µg/ml                              400 µg/ml                          

 

Fig.10: Colonies of Bacillus grown on LB agar plates on treatment with various 

concentrations of ZnO NPs 
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                  0 µg/ml                      100 µg/ml                      200 µg/ml                 400 µg/ml                          

 

Fig.11: Colonies of Bacillus grown on LB agar plates on treatment with various 

concentrations of CuO NPs 

 

 

 

 

6.3: Growth curve 

 

   

 Fig.12: Growth curve characteristic of E. coli on treatment with various concentrations of 

TiO2 NPs. 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1 2 3 4 5 6 7 8 9 10 11

O
.D

. a
t 

6
0

0
n

m

Time Interval (Hours)

0 µg/ml

50 µg/ml

100 µg/ml

200 µg/ml



45 
 

Growth curve was performed by incubating E. coli treated with various concentrations of 

TiO2 (50, 100 and 200µg/ml) NPs. After 10 hours there was a decrease in the O.D recorded at 

the concentration, 200µg/ml comparatively with untreated sample(Fig.12). This confirms the 

antimicrobial activity of TiO2 NPS. At 200 µg/ml concentration 15% decline in growth was 

observed when compared to untreated sample. 

 

 

    

    Fig.13: Growth curve characteristic of E. coli on treatment with various concentrations of 

CuO NPs. 

 

Growth curve was performed by incubating E. coli treated with various concentrations of 

CuO (50, 100 and 200µg/ml) NPs. After 10 hours there was a decrease in the O.D recorded at 

the concentration, 200µg/ml comparatively with untreated sample (Fig.13). This confirms the 

antimicrobial activity of CuO NPs. At 200µg/ml 13% decline in the growth of E. coli was 

observed compared to untreated sample 
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Biochemical assays: 

6.4: MTT assay 

Spectrophotometric analysis of cellular activity of E. coli and Bacillus, measured by MTT 

revealed a decrease in microbial cell metabolism, which was observed as a decrease in 

absorbance with an increase in the concentration of TiO2, ZnO and CuO NPs in the medium. 

(Fig.14 and Fig.15) 

The negative effect on bacterial cell metabolism was greater in cells treated with higher 

concentrations of nanoparticles compared to lower concentrations and untreated samples. 

 

 

    Fig.14: MTT assay of E. coli on treatment with various concentrations of TiO2, ZnO and 

CuO NPs. 

MTT assay measures the number of viable cells. O.D is directly proportional to the number 

of viable cells. After performing the assay, the lowest value of O.D was observed at the 

concentration 400 µg/ml in all three nanoparticles (Fig.14). Decrease in viable cells is seen 

with the increase in concentration of nanoparticles. CuO showed greater antimicrobial effect 

followed by ZnO and least effect was shown by TiO2 NPs at 400 µg/ml concentration. At 

400µg/ml concentration CuO showed 49% decline in the growth of E. coli when treated with 

untreated sample. Followed by ZnO which showed 45 % decline. Least effect was shown by 

TiO2 NPs which showed only 34 % decline. 

0.55

0.65

0.75

0.85

0.95

1.05

1.15

1.25

0 100 200 400

O
.D

. (
5

4
0

 n
m

)

Concentration of NPs (µg/ml)

TIO2 ZNO CUO



47 
 

   

   Fig.15: MTT assay of Bacillus on treatment with various concentrations of TiO2, ZnO and 

CuO NPs. 

MTT was performed by the treatment of Bacillus with various concentrations of TiO2, ZnO 

and CuO NPs. At 400 µg/ml concentration, there was a decline in the O.D value recorded, 

this implies that at the higher concentrations of nanoparticles the number of viable cells 

decreased (Fig.15).  ZnO showed greater effect on Bacillus followed by TiO2. Least effect 

was shown by CuO NPs, when MTT assay was performed. At 400µg/ml concentration, ZnO 

NP showed 67% decline in growth of Bacillus when compared with untreated sample, 

followed by TiO2 and CuO which showed 45% and 40% decline. 

 

6.5: TBARAS assay 

Thiobarbituric acid reactive substances that are formed as by products were the result of lipid 

peroxidation that is carried out in cells under division, when treated with different 

concentrations of NPs. This was the indication of oxidative stress that cells faced during their 

interaction with substances (Nanoparticles) that caused cell damage. 

Upon measurement of absorbance at 540nm, the amount of TBARS produced at different 

concentration of nanoparticles (10,50,100.200,400µg\ml) used is detected and readings were 

plotted in the form of bar graph (Fig.16 and 17).                                               
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Fig.16: Extent of lipid peroxidation measured by TBARS on treatment with various 

concentrations of TiO2, ZnO and CuO NPs on Bacillus at 540nm. 

Lipid peroxidation activity was observed to be more when the Bacillus strain was treated with 

higher concentration of nanoparticles. At 400µg/ml concentration, higher value of O.D was 

observed which implies the greater lipid peroxidation activity (Fig.16). CuO showed greater 

activity against Bacillus followed by ZnO and TiO2 which showed 30% and 60% decline in 

peroxidation activity when compared to the activity of ZnO at 400µg/ml 

 

            

 Fig.17: Extent of lipid peroxidation measured by TBARS on treatment with various            

concentrations of TiO2, ZnO and CuO NPs on E. coli at 540nm. 
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Lipid peroxidation activity was observed to be more when the E. coli strain was treated with 

higher concentration of nanoparticles. At 400µg/ml concentration, higher value of O.D was 

observed which implies the greater lipid peroxidation activity (Fig.17). CuO showed greater 

activity followed by ZnO and TiO2 which showed 10% and 30% decline in peroxidation 

activity when compared to the activity of ZnO at 400µg/ml concentration. 
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                   DISCUSSION 

The results of this study suggest that TiO2, ZnO, and CuO nanoparticles have varying degrees 

of antimicrobial activity against different microorganisms. These findings are consistent with 

previous studies that have reported the antimicrobial properties of nanoparticles, particularly 

TiO2 and ZnO, which have been extensively investigated for their potential applications in 

various fields, including medicine, agriculture, and food industry. 

The antibacterial activity of TiO2, ZnO and CuO nanoparticles can be attributed to 

several mechanisms, including the production of reactive oxygen species (ROS), which can 

damage the cell membrane and intracellular components of the microorganisms, and the 

disruption of the electron transport chain, leading to a loss of energy and metabolic functions, 

Direct contact of ZnO-NPs with cell walls resulting in destruction of bacterial cell integrity, 

release of antimicrobial ions, mainly Zn2+ ions, Extracellular Cu2+ cross the cell membrane 

and enter the cytoplasm via endocytosis and copper transport proteins. The exact mechanisms 

of antimicrobial action of TiO2, ZnO and CuO nanoparticles, however, are still under debate 

and require further investigation. 

In this thesis, we have performed certain experiments to determine the antimicrobial 

activity of TiO2, ZnO and CuO. When MIC was performed with different concentrations of 

TiO2, ZnO, and CuO NPS against Bacillus, all the three nanoparticles showed notable decline 

in the O.D. value recorded, at 400µg/ml concentration. Among the three nanoparticles TiO2 

and CuO NPs showed good antimicrobial effect against bacillus. ZnO showed the least effect. 

In the same way MIC was performed against E. coli. TiO2 ZnO and CuO NPs showed similar 

kind of effect on E. coli. All the three NPs showed decline in the O.D value recorded at 

200µg/ml concentration. TiO2 and CuO NPs showed 45% decrease in the growth of Bacillus 

when compared to untreated sample, whereas ZnO NP showed only 25% decrease at 400µg/ml 

concentration. ZnO and CuO NPs showed 50 % decrease in the growth of E. coli when 

compared to untreated sample. TiO2 NP showed the least effect, where it showed only 20 % 

decline in the growth of Bacillus when compared to untreated sample at 200µg/ml 

concentration. 

Likewise, CFU/ml was calculated after growing the cells, treated with different 

concentrations of TiO2, ZnO and CuO NPs in LB agar plate against E. coli and Bacillus 

cultures. Significant decrease in the CFU/ml calculated was observed at the concentrations 

200µg/ml and 400µg/ml, when compared to the concentrations 50 and 100 µg/ml in both the 
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strains. When E. coli was treated with different concentration of NPs, TiO2 NPs showed greater 

effect compared to ZnO NPs. When CFU /ml was performed against Bacillus, ZnO showed 

greater antimicrobial effect followed by CuO. Least effect was shown by TiO2. At 200 µg/ml 

TiO2 NP showed 60% decrease in the growth of E. coli when compared to untreated sample 

where as ZnO and CuO NPs showed 30% and 50 % decline. At 400µg/ml concentration, ZnO 

showed 97% decline in the growth of Bacillus when compared to untreated sample, followed 

by CuO which showed 95% decline in the growth of E. coli. Least effect was shown by TiO2 

NPs where only 45% decline was seen. 

Growth curve of E. coli was monitored by treating the cells with different concentration 

of TiO2 and CuO nanoparticles. It is observed that there is a slight decrease in the growth curve 

at 200µg/ml concentration in both the strains but not significant. In both the strains there was 

a decrease in the O.D value obtained at 200 µg/ml concentration. At 200 µg/ml concentration 

15% decline in growth was observed when compared to untreated sample. At 200µg/ml 13% 

decline in the growth of E. coli was observed compared to untreated sample 

The cell damage and cell membrane damage were checked by performing few 

biochemical tests like MTT assay and TBARS assay. MTT assay gives us the measure of viable 

cells. Viable cells react with MTT and forms a purple-coloured formazan (equivalent to viable 

cells). As the concentration of nanoparticles increased, a decline in colour intensity was seen. 

The colour intensity was least at 400µg/ml concentration compared to untreated samples and 

lower concentrations (100, 200µg/ml). When MTT was performed against E. coli ZnO NPs 

showed good antimicrobial activity followed by CuO NPs. When MTT was performed against 

Bacillus ZnO NPs showed good antimicrobial activity followed by TiO2 NPs. At 400µg/ml 

concentration CuO showed 49% decline in the growth of E. coli when treated with untreated 

sample. Followed by ZnO which showed 45 % decline. Least effect was shown by TiO2 NPs 

which showed only 34 % decline. At 400µg/ml concentration, ZnO NP showed 67% decline 

in growth of Bacillus when compared with untreated sample, followed by TiO2 and CuO which 

showed 45% and 40% decline. 

TBARS assay measures the amount of lipid peroxidation that had occurred in the cell. 

Lipid peroxidation occurs by the action of ROS on lipid cell membrane. So, the amount of lipid 

peroxidation occurred was directly proportional to the concentration of nanoparticles. CuO NPs 

exhibited greater lipid peroxidation activity in both the bacterial samples at 400µg/ml 

concentration followed by ZnO NPs and least activity was exhibited by TiO2 NPs, when 
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compared to untreated samples and lower concentrations of NPs (100, 200µg/ml). CuO showed 

greater activity against Bacillus followed by ZnO and TiO2 which showed 30% and 60% 

decline in peroxidation activity when compared to the activity of ZnO at 400µg/ml. CuO 

showed greater activity followed by ZnO and TiO2 which showed 10% and 30% decline in 

peroxidation activity when compared to the activity of ZnO at 400µg/ml 

The results of the experiments MIC, CFU/ml, growth curve, MTT assay and TBARS 

assay concludes that ZnO and CuO NPs showed good antimicrobial activity against Bacillus, 

when compared to TiO2 NPs.  ZnO and TiO2 NPs showed good antimicrobial activity against 

E. coli when compared to CuO at higher concentrations (200 and 400µg/ml) 

Overall, the results of this study highlight the potential of nanoparticles as antimicrobial 

agents, particularly for applications where conventional antibiotics and antimicrobial agents 

have limitations, such as drug-resistant microorganisms and biofilms. However, it is important 

to note that the use of nanoparticles as antimicrobial agents also raises concerns about their 

potential toxicity and environmental impact, which require careful consideration and 

evaluation. Further research is needed to fully understand the mechanisms of antimicrobial 

action of nanoparticles and to develop safe and effective strategies for their use in various 

applications. 
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