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Abstract: This present work is to investigate the antibacterial activity of CeO2 nanoparticles on five foodborne 

pathogens. Low-temperature solid-state reactions were used to create co-doped CeO2 nanoparticles (Co-CeO2 NPs). 

In the current work, the impact of Co-doping on polycrystalline CeO2 samples synthesized using the co-precipitation 

method at room temperature for Co-doping concentrations of 0.5%, 1%, 3%, and 5% is discussed. Rietveld 

refinement of the X-ray diffraction patterns confirms that the Co-doped CeO2 samples have a face-centred cubic 

structure. This shows that the Co ions have been successfully integrated into the CeO2 lattice. Also, the UV-Vis-NIR 

absorption spectra confirm that redshifts do happen in the Co-doped CeO2 samples, which shows that the band gap 

energy decreases as the number of Co ions grows. In an antibacterial test against five pathogenic microbes, S. 

aureus, M. luteus, Enterobacter aerogenes, S. typhi, and Pseudomonas aeruginosa, Co-doped cerium oxide 

nanoparticles significantly slowed the growth of all five pathogens, both in liquid and solid growth conditions. These 

results show that Co-doped CeO2 nanoparticles have strong antibacterial properties against foodborne pathogens. 

This suggests that they could be used as promising bionanomaterials for in vivo therapeutic uses. 

Keywords: Foodborne pathogens, Cobalt doped cerium oxide, Antibacterial activity, Spherical Nanoparticles 

 

1. Introduction 

The potential for developing nanomaterials with 

increased reactivity and unique properties based on their 

form and size is addressed by the growing area of 

nanoscience. It is commonly acknowledged and known 

that nanotechnology has had a profound impact on 

human existence. Understanding the nanoscale 

phenomena of materials necessitates the creation of 

nanoparticles with improved control over their size and 

shape, as well as the characterization of their properties, 

data analysis, and theoretical justifications. 

Nanotechnology has the potential to revolutionize many 

industries, including electronics, material science, 

biology and medicine, the environment, and information 

technology [1, 2]. According to the European 

Commission (2011/696/EU), a material made up of 

particles that exist in an unbound state, as an 

aggregation, or as an agglomeration, with at least 50% 

of the particles having one or more exterior dimensions 

in the range of 1-100 nm, is categorized as a 

nanomaterial. Due to their small size and high surface 

area-to-volume ratio, these nanoparticles have 

distinctive surface characteristics and heightened 

reactivity [3].   

Metal oxides are crucial to several fields of 

chemistry, physics, and material science [4]. Because of 

their small size and many angle or edge surface atoms, 

oxide nanoparticles can display rare physical and 

chemical features. The numerous uses of cerium oxide 

in the fields of catalysis, electrochemistry, 

photochemistry, and material science make it a 

necessary component of this group. Since it has an 

empty 4f electronic structure, nanophase cerium oxide 

(nanoceria) is a particularly intriguing substance that can 

shield electrons from an oxidizing or reducing 

environment. Nanoceria contains a significant amount of 

oxygen vacancy defects compared to bulk cerium oxide, 
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which will enhance the material's performance. Drug-

resistant pathogenic organisms that cause infectious 

diseases are the main cause of the growing usage of 

nanomedicine, an emerging field of nanotechnology. As 

a result of their distinctive physical and chemical 

characteristics, metal nanoparticles have tired the 

interest of numerous scholars over the years for their 

potential use in a variety of biological applications [5]. 

CeO2, an extensively utilized rare earth element in 

nanoparticle applications, has demonstrated promising 

antibacterial properties and is produced through a 

variety of methods. The ability of CeO2 nanoparticles to 

scavenge reactive oxygen species (ROS) and their 

antibacterial activity against both Gram-positive and 

Gram-negative bacteria [6] have sparked a growing 

interest in their use in medicine. Its ability to transition 

between the reduced and oxidized states is one of 

CeO2's distinguishing characteristics, setting it apart 

from other nanoparticles of metal oxide. In this 

investigation, the antibacterial activity of cobalt-doped 

CeO2 nanoparticles against foodborne pathogens was 

investigated. Using the agar well diffusion method and 

minimum inhibitory concentrations (MICs), the 

antibacterial efficacy of the nanoparticles was evaluated. 

 

2. Materials and Methods 
2.1 Synthesis of Cobalt Doped Cerium Oxide 

NPs 

Co(NO3)2.6H2O (50mM) and Ce(NO3)2.6H2O 

were uniformly ground before being combined and 

dissolved in 100 ml of distilled water while being 

continuously magnetically stirred. A quantifiable amount 

of polyethene glycol (PEG) was injected, 4 ml at a 10% 

concentration, to stop the polymerization process. The 

combination was then treated with NaOH solution to 

bring the pH level up to 11. The finished product was 

dried at 100°C in a hot air oven and then calcined at 

300°C for three hours after going through many cycles 

of washing and filtering with distilled water. The formula 

Co1-xCexO was used to express the different 

compositions of the cobalt substituted samples, where x 

was one of the following values: 0, 0.5, 1, 3, or 5.0 moles 

(%). 

 

2.2. Characterization 

X-ray diffractometer (XRD, Shimadzu6000) 

analysis was used to determine the crystallinity of the 

synthesised nanoparticles. A spectrophotometer (UV-

visible, Jasco V530) was used to examine the 

nanoparticles' absorption properties. Measurements 

were made using a spectro-fluorometer (Horiba Jobin, 

Flouromax-4) to examine the emission spectra of the 

nanoparticles. The research was done using a scanning 

electron microscope (SEM, JOEL JSM-6390) to 

examine the surface morphology of the nanoparticles 

and comprehend how they grow to different sizes. 

2.3. Isolation of Foodborne pathogens 

 The foodborne pathogens were isolated from 

ruined food components. Small vegetable samples 

ranged in size from 300 to 500 g, and all samples were 

kept in storage at 4°C for microbiological assays to be 

performed within 24 hours of sample collection. 

 

2.4. Morphological Characterization 

Microscopical techniques were used to 

characterize morphological features. The organism was 

identified by comparing the observed structure to 

Bergey's Manual of Determinative Bacteriology, ninth 

edition, published in 2000. The foodborne material was 

incubated at 37°C for 24 hours after being inoculated on 

a variety of agar plates, including nutrition agar, blood 

agar, pseudomonas isolation agar, Mannitol salt agar, 

XLD agar, and EMB agar. The colonies' colony 

morphology, including colour, growth pattern, and type, 

were then documented while being scrutinized under a 

strong microscope. Standard microbiological techniques 

were used for the characterization of bacterial isolates. 

Colony morphology, motility, the catalase, oxidase, and 

coagulase tests, as well as biochemical tests like the 

Triple Sugar Iron Agar, Hydrogen Sulphide, 

Carbohydrate Fermentation, Phenylalanine Deaminase, 

Methyl Red, Nitrate Reduction, Urease, Voges 

Proskauer, Citrate Utilization, and Indole tests, were 

used to identify isolates.  

 

2.5. Antibacterial activity 

2.5.1. Disc Diffusion method 

The disc diffusion method was used to assess 

the antibacterial activity of both pure cerium oxide and 

cobalt-doped cerium oxide nanoparticles against 

foodborne pathogens. For both pure CeO2 and Co-

doped CeO2, a suitable concentration of 1 mg/ml 

dimethyl sulfoxide solution was utilized to create the 

nanoparticles for this approach. The dispersed 

nanoparticles were then injected into each sterile disc 

using a micro-pipette. The discs were then sterilized, put 

on Mueller Hinton Agar medium with a culture switch, 

and incubated for 24 hours. The typical zone of 

inhibition's diameter was expressed in millimetres (mm). 

 

2.5.2. Minimum Inhibitory Concentration (MIC): 

Co-doped CeO2 nanoparticles' MIC (Minimum 

Inhibitory Concentration) was calculated in a 96-well 

microplate using the broth microdilution technique. The 

pathogens were cultured on MHB (Mueller Hinton Broth) 

overnight at 37°C and adjusted with 0.5 McFarland 

standards to reach a final density of 1 × 108 CFU/mL. 

Co-doped CeO2 nanoparticles were dissolved in DMSO 

at a 1 mg/mL concentration, and doubling dilutions were 

made to get concentrations ranging from 7.8 to 500 

g/mL. 90 mL of MH broth, 10 mL of culture medium, and 
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10 mL of co-doped CeO2 nanoparticles at various 

concentrations were introduced to each well of the 

microtiter plate. After that, the microtiter plate was 

incubated for 18 hours at 37 degrees Celsius. Following 

incubation, turbidity was determined using a microplate 

reader (Synergy HT, BioTek, USA) operating at 550 nm. 

The lowest concentration of Co-doped CeO2 

nanoparticles that caused no turbidity in the wells was 

chosen as the MIC value. The MIC tests were carried out 

three times to ensure accuracy and to catch any 

mistakes. 

 

2.5.3. Minimum Bactericidal Concentration (MBC): 

By adding 10 l of suspension to each well of the 

microtiter plate used to compute the bacteria's MIC and 

incubating it at 37 °C for 24 hours, the minimum 

bactericidal concentration (MBC) was ascertained. The 

lack of colonies on the agar dishes served as the basis 

for choosing the NPs concentration that had a 

bactericidal effect. A negative subculture or the 

appearance of just one colony following incubation were 

examples of MBC. 

 

3. Results and Discussion 

3.1. Synthesis and Characterization of Cobalt 

doped Cerium Oxide NPs 

In this study, we have synthesized Co1-xCexO 

with x being 0, 0.5, 1.0, 3.0 and 5.0 mole (%) samples 

using the co-precipitation method at room temperature. 

A vibrating sample magnetometer (VSM), X-ray 

diffraction (XRD), UV-Vis-NIR optical absorption 

spectroscopy, and DC magnetization have all been used 

to examine the structural, optical, magnetic, and 

electronic properties in diverse investigations. 

 

3.2. XRD analysis 

The indexed powder XRD patterns of Co1-xCexO 

are shown in Figure. (1), where x is the mole fraction of 

the polycrystalline samples (0, 0.5, 1.0, 3.0, and 5.0). 

The face-centred cubic fluorite structure of CeO2 is 

consistent with the measured Miller indices (111), (200), 

(220), (311), (222), (400), and other discovered Bragg 

peaks in the XRD patterns. In the Co-doped CeO2 

samples, it is noteworthy that there are no unindexed 

peaks associated with secondary phases like CoO, 

Co2O3, or Co3O4, proving the single-phase nature of Co1-

xCexO for all x values (0, 0.5, 1.0, 3.0, and 5.0 mole%). 

It's interesting to note that co-doping has 

affected the intensity peaks of CeO2, with observable 

changes in the peak's intensity for various doping levels. 

In particular, the intensity peak for 5% Co-doped CeO2 

is greater, but the intensity peak for the 5% Co-doped 

CeO2 sample is smaller [7-9]. The peak's declining 

intensity shows that Ce ions are moving from Ce4+ sites 

to interstitial sites as a result of the sub-situation of Co2+ 

or Co3+ ions, which is also to blame for the plane's 

declining atomic concentration. We acquired a clear and 

improved viewpoint on the changing peaks by restricting 

the 2 range at the strongest Bragg reflection (111), 

displaying the diffraction pattern, and referring to Fig. 1. 

The plot shows that increasing Co-doping, from 0.5% to 

5%, causes the Bragg peaks to shift towards higher 

angles. This finding provides additional proof that the Co 

ions were successfully incorporated into the CeO2 

matrix. The difference in ionic radii between the host 

cation Co2+ (0.72 Å) and host cation Ce4+ (0.92 Å) ions, 

as well as the intensity of all diffraction peaks in the XRD 

patterns, are also responsible for this rise. With the rise 

in dopant concentration, this change in radii also affects 

the crystallization of CeO2. 

 

3.3. UV Spectra 

To examine the optical characteristics of the 

synthesized Co-doped and pure CeO2 nanoparticles, the 

UV-visible spectrophotometer was used. Figure. 2(b) 

shows the UV-visible absorption spectra of both the pure 

and Co-doped CeO2 nanoparticles, which both exhibit a 

strong absorption peak at 312 nm. Pure and Co-doped 

cerium oxide nanoparticles' positioning of the absorption 

peaks points to their fluorite cubic structure [10]. The 

Kubulka-Munk function is used to determine the 

estimated band gap of the synthesized nanoparticles, 

where Eg is the direct band gap energy [11]. Figure. 2(a) 

depicts the graph of (αhv)2 versus energy that has been 

made. The straight portion of the curve was extrapolated 

to the energy axis to produce the band gap energies. In 

Fig.2(a), the calculated energy of the direct band gaps of 

Co-doped and pure CeO2 nanoparticles are indicated 

[12]. As compared to undoped CeO2 nanoparticles (Eg = 

3.15eV), it has been found that the band gap (Eg) of Co-

doped CeO2 nanoparticles has dramatically moved (3.15 

eV, 3.104 eV and 2.964 eV for Co0.00 Ce100O2, 

Co0.3Ce99.7O2 and Co0.5Ce99.5O2, respectively). When 

compared to the values listed in published literature, the 

observed movement is noticeably less after two or three 

valence cobalt ions are substituted for cerium ions in the 

CeO2 matrix to maintain charge neutrality [13]. 

 

3.4. Magnetic behaviour 

Figure. 3 shows the hysteresis curve of cobalt-

doped and pure cerium oxide nanoparticles. 

Surprisingly, the synthesized nanoparticles exhibit room-

temperature ferromagnetism (RTFM). The exact values 

of saturation magnetization (Ms), coercive field (Hc), and 

magnetic remanence (Mr) for each sample are shown in 

Table 1. According to the M-H loop analysis, the 

presence of Co in the host matrix causes an increase in 

Ms and a decrease in the Hc and Mr values of CeO2 

nanoparticles. Unexpectedly, pure CeO2 nanoparticles 

showed RTFM, surpassing previously reported values 

for magnetization and coercivity for pure CeO2 [14] with 
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a Ms value of 0.00283 emu/g. The RTFM behaviour of 

CeO2 has also been documented by several other 

research teams [15-17]. The precise mechanism 

causing RTFM to start in rare earth metal oxides is not 

entirely understood, though. It has been proposed that 

interactions between electron spin moments caused by 

oxygen vacancies (Vo) at the particle surface may be the 

source of the ferromagnetic behaviour in CeO2 

nanostructures. Cobalt-doped CeO2 nanoparticles 

exhibit room-temperature ferromagnetism (RTFM), 

which can be explained via F-center exchange (FCE) 

coupling, as has been shown by numerous research 

teams [18]. When an electron in an oxygen vacancy (Vo) 

is trapped by the FCE procedure, an F-center is created. 

Two Co ions combine to produce Co-Vo-Co groups 

when Vo is present. The trapped electron in Vo also 

eliminates the orbital overlap with the nearby Co ions. 

The spins of the trapped electrons should align parallel 

to the spins of the two closest Co ions by Pauli's 

exclusion principle and Hund's rule, resulting in the 

establishment of ferromagnetic (FM) ordering. It is 

common knowledge that CeO2 has a propensity to 

produce oxygen vacancies at the nanoscale, making it a 

viable medium for storing oxygen. To preserve charge 

neutrality, the divalent or trivalent Co doping ions also 

enhance the amount of Vo in the doped CeO2 

nanoparticles [19].  
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Figure 1. XRD patterns of the prepared samples and & Co loading induced shift in the (111) plane 
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Figure 2(a) & 2(b) UV-visible absorption spectra of the undoped and Co-doped CeO2 nanoparticles 
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Figure 3. M-H loops of undoped and Co-doped CeO2 nanoparticles (Inset of the figure shows opened loops) 

 

Table 1. Magnetic Properties of Pure CeO2 and Doped with Co (3 % & 5 %) 

 Magnetic Properties  Pure CeO2 3% Co doped CeO2 5% Co doped CeO2 

Coercivity (Hci) 486.37 Oe 307.83 Oe 287.17 Oe 

Field Increment  500 Oe  500 Oe  500 Oe 

Magnetization (Ms) 2.8342 x 10-3 emu 1.2082 x 10-3 emu 1.8106 x 10-3 emu 

Mass 27 x 10-3 g 21 x 10-3 g 13 x 10-3 g 

Number of Points 151 151 151 

Retentivity (Mr) 1.0347 x 10-3 emu 450.02 x 10-6 emu 640.17 x 10-6 emu 

Sensitivity -6.7000 emu -6.6000 emu -6.6000 emu 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. SEM images of Co1-xCexO2 nanoparticles. (a) undoped CeO2, (b) 1% Co doped CeO2, (c) 3% Co doped 

CeO2, (d) 5% Co doped CeO2 
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Figure 5 (a,b,c) EDAX spectra of (a) pure CeO2and (b) 3% Co doped CeO2 NPs (c) 5% Co doped CeO2NPs 

 

Because it indicates a magnetic phase transition 

towards super-paramagnetic behaviour in the 

synthesised Co-doped CeO2 nanoparticles, the drop in 

coercive field (Hc) values brought on by Co doping is 

important. Super-paramagnetism can be shown in 

nanoparticles with incredibly small crystallite sizes 

thanks to structural investigations, and ZnO 

nanostructures doped with transition metals have also 

shown similar results [20]. 

 

3.5. SEM-Co-CeO2 

Both undoped and co-doped CeO2 samples' 

scanning electron microscopy (SEM) pictures are clearly 

shown in Figure 4, exhibiting their different zero-

dimensional (0-D) nanostructures. It is clear from all of 

the micrographs that the nanoparticles have a 

remarkably uniform size distribution and spherical 

shape. It has been discovered that the interaction of the 

Co and Ce cations, with their various valence states, 

ionic radii, and Pauling electronegativities, greatly 

affects the particle size of the generated nanoparticles, 

which ranges from 10 to 40 nm. 

 

3.6. EDAX-Co-CeO2 

As shown in Fig. 5 (a, b, and c), the EDAX 

spectrum gave elemental mapping of the samples, 

including both pure and Co (3% and 5%) doped CeO2 

nanoparticles. The distribution of the elements Ce, Co, 

and O throughout the sample fits the predicted 

stoichiometry, according to the inset graph in the picture. 

With oxygen (O), cerium (Ce), and cobalt (Co) showing 

the largest peaks across all samples, the constituent 

elemental quantities and ratios are consistent with the 

anticipated elemental distribution. The elemental weight 

proportion percentages are further illustrated in the 

weight and atomic percentage tables. 

It is clear from looking at the SEM cross-

sectional images of the pure and Co (0%, 3%, and 5%) 

doped CeO2 nanoparticles in Fig. 5 (a-c) that the 

aggregation of spherical-shaped nanoparticles grows as 

the cobalt concentration in cerium oxide increases while 

maintaining a narrow size distribution. 

 

3.7. Isolation and Identification 

The antibacterial effectiveness of cerium oxide 

nanoparticles, which were extracted from damaged 

foods like vegetables, is tested using different bacterial 

strains. Morphologically and biochemically, the isolated 

bacteria were recognized as S. aureus, M. luteus, 

Enterobacter aerogenes, S. typhi, and Pseudomonas 

aeruginosa. Isolates were not identified using the 

selective medium. However, isolates were streaked in 

distinct selective media (gramme negative in nutrition 

agar and Mac Conkey agar, gramme positive in Blood 

agar) for further analysis. 
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Table 2. Antibacterial activity of Co-doped CeO2 Nps at 50µg/mL and Ciprofloxacin 10µg/mL, against 

Foodborne pathogens 

S.No Bacterial Isolates 
CO-doped CeO2 NPS Zone of 

Inhibition (mm Diameter) 

Ciprofloxacin Zone of Inhibition 

(mm Diameter) 

1 
Staphylococcus 

aureus 
10± 0.05 16± 0.02 

2 Micrococcus luteus 11± 0.02 18± 0.01 

3 
Enterobacter 

aerogenes 
8± 0.02 14± 0.05 

4 Salmonella typhi 7± 0.03 17± 0.04 

5 
Pseudomonas 

aeruginosa 
9± 0.05 15± 0.01 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Disc diffusion assay of Cobalt doped Cerium oxide Nanoparticles 

 

Table 3. Minimum Inhibitory Concentration (MIC) of Co-doped CeO2 Nps & Ciprofloxacin against Foodborne 

pathogens 

S.NO Bacterial Isolates Co-doped CeO2 Nps MIC (mg/mL) Ciprofloxacin MIC (mg/mL) 

1 Staphylococcus aureus 5 0.75 

2 Micrococcus luteus 1.05 0.97 

3 Enterobacter aerogenes 3.16 3.12 

4 Salmonella typhi 2.08 0.56 

5 Pseudomonas aeruginosa 4.51 0.35 

 

 

3.8. Antibacterial Assay of Co-Doped Cerium 

Oxide Nanoparticles 

Table 2 displays the Co-doped CeO2NPs' 

antibacterial performance. The zone of inhibition (ZOI) is 

greater in the co-doped CeO2NPs. The antibacterial 

properties of the NPS produced in this investigation are 

comparable to those reported in earlier studies [21-23], 

showing the effectiveness of the particles to fight multi-

drug-resistant germs in the environment in a variety of 

applications. 

The microdilution method was used to assess 

CeO2 NP’s antibacterial properties. The cobalt-doped 

cerium oxide nanoparticles' antibacterial efficacy was 

assessed against five bacterial food pathogens. By 
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using the broth dilution method, it was discovered that all 

of the isolated strains were susceptible to the Co-doped 

CeO2 nanoparticles. 

The goal of the study was to establish CeNP's 

MIC against diverse Gram-positive and Gram-negative 

bacteria [24]. Haemophilus influenzae (Gram-negative) 

ATCC 29247 (360 ±160 g/mL and 530± 0.0 μg/mL); 

Staphylococcus epidermidis (Gram-positive) ATCC 

12228 (μg/mL and 90 ± 40 μg/mL); Enterobacter 

aerogenes (Gram-positive) ATCC 19615 (μg/mL and 

g/mL); 

The lowest concentration that precluded 

observable growth was determined to be the MIC. By 

subculturing 250 g/ml onto PCA plates from each 

negative test tube, the MBC was ascertained. MBC was 

defined as the concentration at which there was either 

no subculture or just one colony present following 

incubation. Each pathogen underwent two replication of 

the experiments. It is only partially understood how 

cerium oxide nanoparticles hinder the growth of bacteria. 

Cerium oxide nanoparticles are associated with the thiol 

groups in the cell wall, which causes reactive oxygen 

species to be produced and disrupts the cell [25-26]. 

Cerium oxide nanoparticles are intimately associated 

with the bacterial cell wall, generating "pits" that 

eventually disrupt permeability and result in cell death 

[27-30]. The size of the cerium oxide nanoparticles 

allowed them to enter the bacterial cell easily and have 

an impact on intracellular processes like DNA, RNA and 

protein synthesis. Depending on the surface area 

available for the interaction, cerium oxide nanoparticles 

were interacting with bacteria. Smaller nanoparticles 

have a greater bactericidal effect than larger ones 

because they touch the bacteria's larger surface area 

[31-33]. 

 

4. Conclusion 

Using the low-temperature solid-state reaction 

method, cobalt-doped cerium oxide nanoparticles were 

successfully synthesised. The Surface Plasmon 

Resonance (SPR) feature of the synthesised 

nanoparticles was investigated using UV-Vis 

spectroscopy, and the spectra showed a peak at 420-

440 nm. The cerium oxide nanoparticles' spherical 

shape and diameter range of 45 nm to 70 nm were 

discovered through morphological investigation utilising 

scanning electron microscopy (SEM). The 

physicochemical properties of the cerium oxide 

nanoparticles were examined using XRD, which 

supported their crystalline nature. Cerium oxide 

nanoparticles' strong efficacy against the foodborne 

pathogens P. aeruginosa and S. typhi, while showing 

reduced activity against E. aerogens, was shown in a 

study on the antibacterial activity of cerium oxide 

nanoparticles. Cerium oxide nanoparticles are attracting 

a great deal of attention as new nano products in the field 

of nanomedicine due to their distinctive properties and 

obvious therapeutic promise in treating a variety of 

illnesses. 
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