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Abstract

One of the most important factors in food industry is the formation of microbial biofilm which can be the potential source 
of food products contamination with food spoilage and foodborne pathogenic bacteria. Nanotechnology is considered as 
a promising solution to produce and develop such novel antimicrobial substances. The potential effects of nanostructured 
metal oxides on the reduction of such contaminants are well established. The goal of this study was to see how well 
magnesium oxide (MgO) and copper oxide (CuO) nanoparticles (NPs) inhibited growth and biofilm formation of four 
common foodborne bacterial pathogens. Copper oxide (CuO) nanoparticles with a Purity of: 99% (metal base) and Average 
size of copper nanoparticles: 10-30 nm, Specific surface area of copper nanoparticles: 35 square meters/gram, Color of copper 
nanoparticles: black brown, The apparent density of copper nanoparticles: 0.35-0.15 grams per cubic centimeter, Actual 
density of copper nanoparticles: 8.94 grams per cubic centimeter and Manufacturing method of copper nanoparticles: It 
is made by electrochemical method. Magnesium oxide (MgO) NPs with a Purity of: 99.9%, Size of magnesium nano oxide 
particles: 10-30 nm, Specific surface area of nanoparticles: 85-120 square meters per gram, Color of magnesium oxide nano 
powder: white, Morphology of magnesium oxide nanoparticles: multifaceted, Bulk density of nano powder: 0.68 grams per 
cubic centimeter and the real (particle) density of nanoparticles: 3.58 grams per cubic meter.

This study was completed in the year 2020. Resazurin reduction and micro-dilution procedures were used to assess the minimum 
inhibitory concentration (MIC) of magnesium oxide and copper oxide nanoparticles for Escherichia coli O157: H7 (ATCC 35218), 
Listeria monocytogenes (ATCC 19118), Staphylococcus aureus (ATCC 6538) and Pseudomonas aeruginosa (ATCC 14028).

Magnesium oxide nanoparticles had MICs of 2, 2, 2 and 4 mg/ml, while copper oxide nanoparticles had MICs of 1, 0.16, 0.5 and 
0.25 mg/ml against E. coli, L. monocytogenes, Staph. aureus and P.aeruginosa respectively. At the MIC, the magnesium oxide 
nanoparticles inhibited biofilm formation of E. coli, L. monocytogenes, Staph. aureus and P.aeruginosa by 89.9, 96.6, 98.3 and 
98.3 percent and the copper oxide nanoparticles inhibited biofilm formation 88, 97.7, 93.6 and 98.7 percent, respectively.  Both 
compounds had inhibitory effects on E. coli, L. monocytogenes, Staph. aureus and P.aeruginosa according to our findings. Even 
at sub-MICs, NPs were found to be able to prevent biofilm development. MgO and CuO nanoparticles can be utilized as a clean-
ing agent for surfaces to avoid the formation of foodborne bacterial biofilms, which is important for public health.
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Introduction

Safety in food production and storage is an important public health concern all over the world. Despite the increasing growth of 
the food industry and the observance of health principles in the production and processing of food, microbial contamination is 
known as the main source of frequent outbreaks of food-borne diseases. Therefore, finding new antimicrobial compounds to 
ensure the health of food and increase their shelf life seems absolutely necessary [15]. Biofilm is a wide-range life form of bacteria 
that consists of the association of microorganism’s cultures and extracellular polymer matrix (EPM), a complex biochemical 
mixture of polysaccharides, proteins, glycopeptides, nucleic acids, and lipids. In biofilm formation, there are three main stages: 
adhesion, colonization, and maturation. From the mature biofilm, the plankton microorganisms are isolated or dispersed into the 
environment. Thus, biofilm is a complex three-dimensional biological structure with a higher microbial life organization, in many 
respects, similar to a multicellular organism [11]. The production of biofilms in bacteria is a technique for germs to preserve and 
thrive in harsh environments. Bacteria can be protected from host attack and defense by utilizing this crucial process. Antibiotics, 
chemical poisons, environmental challenges, particularly drought stress, and abrupt changes in acidity and ambient temperature 
are all very resistant to bacteria based on biofilm [21]. Biofilm can grow on a variety of surfaces, including natural water systems, 
body tissues, medical and industrial devices, drinking water systems, and nearly any other surface. Within the matrix, biofilms can 
be benign, pathogenic, or toxin-producing [11]. The major purpose of biofilm is to shield bacteria within it from harmful physical, 
chemical, and biological elements in the environment, such as temperature, dryness, UV radiation, biocides, humoral, and cellular 
immune factors [34]. Biofilms play an important role in the environment, industry, and medicine. [32]. Maintaining food safety 
and quality has long been a concern for food industry specialists and health regulators, and ignoring or undervaluing it can result 
in irreparable harm to society. Diseases caused by ingesting tainted food are a serious problem today all over the world. One of the 
key goals of food producers is to create healthy, safe, and high-quality food in order to ensure food safety in society. In addition to 
endangering the consumer's health, rotting food costs the manufacturer money [7]. Because the creation of microbial biofilm on 
surfaces has such a substantial impact on food quality and safety in contact with food, the production of microbial biofilm on 
surfaces might be considered the most serious problem in the food industry [4]. Biofilm formation is one of the primary and most 
serious challenges in the food industry, notably in the beer, dairy, red meat, poultry, and fish industries, as there have been several 
cases of food contamination as a result of contact with biofilm contaminated surfaces [2]. Bacterial pathogens, which are particularly 
important in food safety, are among the microorganisms that create biofilms in food manufacturing environments. These bacteria 
can form biofilms on a variety of artificial substrates used in the food business, including stainless steel, polyethylene, wood, glass, 
polypropylene, rubber, and others [10]. Food-borne pathogens found in biofilms on food matrixes or industrial equipment can 
cause intoxications or infections. Biofilm present in food processing plants, for example, can secrete toxins. They can then 
contaminate a food matrix, causing individual or many intoxications (in the case of an outbreak) [8]. Microorganisms can easily be 
spread when people come into contact with contaminated surfaces. Because the surfaces of food-contact machinery in the food 
industries are often composed of stainless steel, frequent use causes scratches and roughness, and some food remains on these 
surfaces, increasing bacteria's potential. It develops and produces a biofilm at the junction that is resistant to cleaning and 
disinfecting treatments. Microbial contamination in the product is caused by the growth of these microorganisms on equipment 
and food, which diminishes the shelf life of the product and raises the occurrence of foodborne disorders. Another issue with 
biofilms is that they can build in locations like heat exchangers in food processing equipment, reducing heat transfer efficiency. 
Furthermore, some of the microorganisms in the biofilm cause metal surfaces to corrode. Biofilm cells are more resistant to 
bactericidal and disinfection treatments than free cells, making it more difficult for bacteria to form biofilms on surfaces, which 
makes washing and killing them more difficult [12]. It's critical for the food business to figure out how to prevent biofilms from 
forming on surfaces that come into touch with food, as well as how to get rid of them, and it's also vital for society's overall health. 
In the food business, effective cleaning and disinfection of equipment and production lines are two critical challenges in biofilm 
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control. Antimicrobial substances that prevent the formation of biofilms of foodborne pathogenic bacteria are critical in this regard. 
As bacteria become increasingly resistant to antibiotics, a new strategy for managing biofilms is clearly required. As a result, 
identifying new antibacterial chemicals is critical for ensuring food safety and extending shelf life [20]. Recent advances in 
nanotechnology, particularly the ability to create nanoparticles in a variety of shapes and sizes, have led to the development of 
antimicrobial treatments. A higher surface-to-volume ratio makes nanomaterials more physiologically active when compared to 
larger particles of the same chemical components [7]. The surface activity of the material increases dramatically when particle size is 
reduced to the nanoscale level, and the ratio of the material's reaction with the environment increases as a result of the increase in 
surface active sites [13]. For the treatment of bacterial biofilms, nanoparticles (NPs) are thought to be a viable approach. It's because 
antibiotic resistance mechanisms don't work against NPs [44]. The interaction between NPs and biofilms can be broken down into 
three stages: (1) NPs transfer near the biofilm, (2) NPs attachment to the biofilm surface, and (3) biofilm movement. Many elements 
influence the implementation of each stage, including NPs physicochemical properties, extracellular polymeric matrix (EPM) and 
the environment (Tong et al. 2010). The nanoparticle has emerged as a novel drug molecule in last decade and has been used in 
various industrial fields like cosmetics, healthcare, agricultural, pharmaceuticals due to their high optical, electronic, medicinal 
properties. Use of nanoparticles as an antibacterial agent remain in current studies with metal nanoparticles like silver, gold, copper, 
iron and metal oxide nanoparticles like zinc oxide, copper oxide, titanium oxide and iron oxide nanoparticles. The high anti-bacterial 
activity of nanoparticles is due to their large surface area to volume ratio which allows binding of a large number of ligands on 
nanoparticle surface and hence, its complexation with receptors present on the bacterial surface. Of all-metal oxide nanoparticles, 
magnesium oxide (MgO) nanoparticles have good activity for use as an antibacterial. Leung et al. [6] explained that the antibacterial 
activity of MgO nanoparticles can be observed based on the absence of reactive oxygen species (ROS). The mechanism of antibacterial 
activity that occurs is possible by destruction of cell membranes.The activitities of MgO against bacteria have been studied by several 
researchers previously.Mirhosseini and Afzali [14] studied the antibacterial activity of MgO suspension against Escherichia coli (E. 
coli) in milk. Scanning using an electron microscope was performed to characterize the morphological changes of the E. coli after 
antibacterial treatment. The results obtained indicate that the presence of MgO combined with pressure can damage cell membranes, 
resulting in a leakage of the cell contents, and eventually, the bacterial cell sdie. Copper/cupric oxide has excellent physiochemical 
features, such as antibacterial, antioxidant, low-cost and is non-toxic, which make it an affordable and valuable material with 
enormous utility and it is also a very effective semiconductor material Copper and copper oxide nanoparticles have promising usages 
as water remediation agents, sensors, photocatalysts, etc. Many biological synthesis approaches have been used to produce copper 
oxide nanoparticles, but green approaches are considered to exhibit better antibacterial and electrochemical properties. It has been 
observed that green synthesized copper oxide nanoparticles exhibit potential antibacterial properties when observed against various 
bacterial strains. Similarly, they have also shown good antioxidant, electrochemical, optical and catalytic properties. These properties 
have led to copper oxide nanoparticles attracting interest for many potential applications, like antimicrobial activity, electrochemical 
sensing, etc. The US Food and Drug Administration (FDA) considers magnesium oxide nanoparticles (MgO NPs) to be a safe drug 
for human health [43]. Gram-positive and Gram-negative bacteria, spores, and viruses are all susceptible to MgO NPs [31]. The 
generation of alkalinity species such as superoxide and electrostatic adsorption of nanoparticles onto the bacterial cell wall could be 
the sources of its antibacterial activity [25]. Copper oxide nanoparticles (CuO NPs) is the most basic of the Cu compounds, revealing 
a wide range of potential physical features while being significantly less expensive than silver oxide. It's simple to combine with 
polymers to provide composites specific physic-chemical properties. CuO NPs have a dose-dependent antibacterial effect due to their 
high surface areas and distinctive crystalline morphologies (Huang et al. 2005). CuO NPs prevent the formation of biofilms and aid 
in the elimination of those that have already formed. Copper ions are poisonous to plankton and biofilm cells; hence this is the 
fundamental reason (Agarwal et al. 2014). 

Materials and Methods

MgO NPs and CuO NPs (US Research Nanomaterials, Inc.) with a purity of 99 percent and a particle size of 10-30 nm were obtained 
from the Iranian Nanomaterials Pioneers Company (Mashhad, Iran) for this investigation, which was conducted in the year 2020. 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/nanoparticle
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/metal-nanoparticle
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/copper-oxide
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/iron-oxides
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/nanoparticle
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Preparation of magnesium oxide and copper oxide nanoparticles suspension

Magnesium oxide and copper oxide nanoparticles with 99% purity and particle size of 10-30 nm were purchased. The shape and size 
of nanoparticles were determined by using a scanning electron microscope (SEM) and Transmission electron microscope (TEM) 
(Figure1 and 2) and X-ray Diffraction Analysis (XRD) checked and determined. To prepare the stock solution, the nanoparticles 
powder was first suspended in Tryptic Soy Broth, Merck. Then the suspension was autoclaved at 121 degrees Celsius for 15 minutes 
and homogenized in an ultrasonic bath (Gran XB6, UK) for 30 minutes.

The Department of Food Hygiene, Faculty of Veterinary Medicine, Shahrekord University, provided E. coli (ATCC 35218), Listeria 
monocytogenes (ATCC 19118), Staphylococcus aureus (ATCC 6538) and Pseudomonas aeruginosa (ATCC 14028) standard strains 
for this study. Bacterial strains were maintained in Trypticase soy broth (TSB) with 30% glycerol as a growth medium and kept at 
-80°C. The strains were defrosted at room temperature before being cultivated in TSB and incubated at 37°C for 24 h, followed by 
another 24 h at 37°C on specific culture media such as McConkiey agar and Palkam agar. A pure colony was taken from each bacte-
rium the day before the experiment and put to the TSB medium. The appropriate dilution of the bacterial suspension was generated 
using sterile physiological serum on the day of the experiment.

Nanoparticles Minimum Inhibitory Concentration Assay Using Resazurin Color Detection method

A sterile 96-well microplate was utilized according to Sarker’s approach [37]. Initially, 300 mg of the fully uniformed resazurin color 
reagent was dissolved in 40 ml of distilled water. It was then transferred to a sterile tube after being sterilized using a syringe filter.

80 mg of magnesium oxide nanoparticle powder was combined with TSB medium to form a 10 ml solution to make a stock of 
magnesium nanoparticles with an 8 mg/ml concentration. The suspension was sonicated for 30 minutes before being autoclaved at 
121°C for 15 minutes to homogenies it. To prepare a 10 ml suspension, 40 mg of copper oxide nanoparticle powder was combined 
with TSB medium. To homogenies the suspension, it was sonicated for 30 minutes before being autoclaved at 121°C for 15 minutes.

Figure 1: Scanning Electron Microscope (SEM) Magnesium Nan oxide (Right) Copper Nano Oxide (Left)

Figure 2: Transmission Electron Microscope (TEM) Magnesium Nan oxide (Right) Copper Nano Oxide (Left)
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One milliliter of bacteria was cultured for 24 h at 37°C in 9 ml of normal sterile saline, which was then diluted repeatedly to reach 
a concentration of 107 CFU/ml. To determine the MIC against two bacteria species, a twofold dilution with a volume of 100 µl was 
made in a 96-well microplate with a concentration of 8 and 4 mg/ml magnesium oxide and copper oxide nanoparticles, respectively, 
in TSB culture media. A well was filled with 100 nanoparticles. Then, in each well, 10 µl of 107 CFU/ml bacterial suspension, 30 µl 
of resazurin solution, and 60 µl of TSB medium were added. Finally, the magnesium nanoparticle concentrations in each well were 
4, 2, 1, and 0.5 mg/ml, while the copper nanoparticle concentrations in each well were 2, 1, 0.5, and 0.25 mg/ml, and the bacterial 
concentration was 105 CFU. Culture medium control (170 µl of TSB and 30 µl of resazurin solution, and 10 µl of bacterial suspen-
sion), positive control (160 µl of TSB and 30 µl of resazurin solution, and 10 µl of bacterial suspension), and negative control (100 µl 
of stock nanoparticles, 70 µl of culture medium, and 30 µl of resazurin solution, and 10 µl of bacterial suspension) were considered. 
Three replications were performed for each bacterium and control.

The results were checked after the microplates had been incubated in the incubator for 24 h at 37°C. The color of resazurin changed 
from purple to colorless, which was seen and compared to the control color of nanoparticles and each bacterium’s control. Finally, the 
MIC was established for each bacterium as the lowest concentration of nanoparticles that inhibited the bacterium’s growth.

Biofilm test

The potential of the examined microorganisms to build biofilm was tested using 96-well microplates with a flat bottom, as described 
by Tendolkar et al [42]. The bacteria in the TSB medium were cultured for 24 h at 37°C for this purpose. A total of 8 wells were des-
ignated to each bacterium in each row of microplates with 12 wells, with the remaining four wells being utilized as negative controls 
(200 µl of TSB). Each well received 100 µl of diluted suspension of each bacterium at a concentration of 106 CFU/ml, along with 100 
µl of TSB medium, and the microplates were placed at 37°C for 24 h.

After this time, the microplates were returned to empty the culture media in each well, then washed three times with sterile phos-
phate buffer to eliminate bacteria that had not formed biofilms. The microplates were then dried for one-hour upside down at room 
temperature. Each well was filled with 200 µl of 0.2 percent violet crystal solution, and the microplate was immobilized at 37°C for 
15 minutes without any movement. The dye then poured out into the wells, and the microplates dried at room temperature after 
being washed with sterile phosphate buffer. To remove the dye bonded with the biofilm-forming bacteria, 200 µl of a 30% acetic acid 
solution was put into each well.

With a microplate reader, the optical absorbance of this solution was measured at 595 nm, and the ability to form a biofilm was 
assessed using the method described by Stefanovic et al [40]. The mean light absorption of negative controls was summed by three 
times the deviation from the criterion of light absorption of negative controls. The resulting number was called the Optical Density 
cut-off value (ODC). Based on that, bacteria were divided into four categories in terms of biofilm formation:

A: Bacteria without biofilm; optical absorption is less and equivalent to ODC in this category. 

B: bacteria that produce weak biofilm; optical absorption was higher than ODC but less than or equal to twice that of ODC in this 
class.

C: bacteria that formed a moderate amount of biofilm and had an optical absorption greater than twice that of ODC but less than or 
equal to four times that of ODC. 

D: bacteria with a strong biofilm; the optical absorption of this class was more than four times that of ODC.
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( )Absorbance of sample without bacteria - Absorbance of sample containing bacteria  - 
Absorbance of growth control of each bacterium

Percentage of biofilmformation inhibition = 
Absorbance of growth control of each bacterium

Nanoparticles’ ability to prevent biofilm development

Bacteria in TSB medium were cultured for 24 h at 37°C, after that, serial dilution was used to create stock bacteria at a concentration 
of 106 CFU/ml. Each microplate contained two bacteria, and for each stock bacterium, nanoparticles with a 4-fold concentration 
(4MIC) were made. In each row, 100 µl of TSB medium was poured into the wells, followed by 100 µl of 4MIC nanoparticle stock 
in the first well, and dilution was done in a double series. Finally, the nanoparticle concentrations in the wells were 2 MIC, MIC, 
1/2MIC, 1/4MIC, and 1/8 MIC.

100 µl of stock bacteria were put into each well at a concentration of 106 CFU/ml. These processes were repeated three times for 
each bacterium (3 replications). The nanoparticle control consisted of a row of microplates. In the wells, only the culture media and 
various quantities of nanoparticles were put. The first and second four wells in a row, each containing 100 µl of bacteria with a con-
centration of 106 CFU/ml plus 100 µl of culture media, were used to control the growth of the first and second bacteria, respectively. 
Only 200 microliters of culture medium were placed into the last four wells of this row, which were also used as control for the culture 
medium. The microplate was kept at 37°C for 24 h. The culture media in each well was drained after this time, and the wells were 
washed three times with sterile phosphate buffer. The microplates were then inverted for 1 hour at room temperature to dry. Each 
well was filled with 200 µl of 0.2 percent crystal violet solution, and the microplate was immobilized at 37°C for 15 minutes without 
moving.The dye was then removed from the wells and the microplates were washed with sterile phosphate buffer before being dried 
at room temperature. To remove the dye bonded with the biofilm-forming bacteria, 200 µl of a 30% acetic acid solution was applied 
to each well. A microplate reader was used to measure the light absorption of this solution at 595 nm wavelengths. Finally, in the 
presence of varied doses of nanoparticles, the percentage of inhibition of biofilm formation of each bacterium was calculated using 
the formula [30]:

Statistical analysis 

The tests were performed three times in this study, and the data was analyzed using the analysis of variance (ANOVA) method in the 
SPSS programmed. Duncan’s multiple range test was used to compare means at the probability level (P < 0.05). The effect of nanopar-
ticles on the suppression of biofilm development by gram-positive and gram-negative bacteria was compared using the student’s t test.

Result

Determination of the MIC of nanoparticles using the resazurin color reagent

The MIC (mg/ml) of magnesium oxide and copper oxide nanoparticles for the examined microorganisms are shown in Table 1. 
Magnesium oxide nanoparticles had MICs of 2, 2, 2 and 4 mg/ml, while copper oxide nanoparticles had MICs of 1, 0.16, 0.5 and 0.25 
mg/ml against E. coli, L. monocytogenes, Staph. aureus and P.aeruginosa respectively.

The name of the bacteria MIC of magnesium oxide NPs MIC of copper oxide NPs

Listeria monocytogenes 2 1

Escherichia coli O157:H7 2 0.16

Staphylococcus aureus 2 0.5

Pseudomonas aeruginosa 4 0.25

Table 1: The minimum inhibitory concentration (MIC) (mg/ml) of magnesium oxide and copper oxide nanoparticles (NPs) in the tested bacteria
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The name of the bacteria The power of biofilm formation

Listeria monocytogenes Weak

Escherichia coli O157:H7 Weak

Staphylococcus aureus Weak

Pseudomonas aeruginosa Medium

Table 2: Biofilm formation ability of bacteria based on ODc classification (Optical Density cut-off value)

Evaluating the biofilm formation ability of the studied microorganisms 

The biofilm formation ability of the studied microorganisms is shown in Table 2. The ability to form biofilm in the three bacteria 
Listeria monocytogenes, Escherichia coli and Staphylococcus aureus was statistically the same, and no significant difference (P<0.05) 
was observed between these three groups. The ability to form biofilm in Pseudomonas aeruginosa bacterium was higher than all 
groups, so it has a significant difference (P<0.05) with the previous three groups.

Determination of the percentage of biofilm formation 

Tables 3 and 4 show the percentage of bacterial biofilm formation that is suppressed in the presence of different concentrations of 
magnesium oxide and copper oxide nanoparticles. As seen in the tables, nanoparticles at sub-MIC concentrations were also able to 
prevent biofilm formation. When compared to the concentrations of MIC and 2MIC, the capacity to suppress biofilm formation of 
1/2MIC nanoparticles did not show any statistically significant difference (P > 0.05).

In the presence of different concentrations of magnesium oxide and copper oxide nanoparticles, Figure 3 compares the mean per-
centage of inhibition of Escherichia coli biofilm formation. Magnesium oxide nanoparticles have a higher inhibitory effect on Esch-
erichia coli biofilm development. Therefore, the inhibitory effect of the two nanoparticles differs significantly (P < 0.05) in 1/2 and 
1/4 MIC and the difference in 1/4 MIC reached 10%. Following the decrease in nanoparticle concentration, the difference between 
the inhibition percentages of the two nanoparticles in 1/8 and 1/16 MIC decreased until there was no significant difference (P > 0.05) 
between them.

Bacteria 4MIC 2MIC MIC 1/2 MIC 1/4 MIC 1/8 MIC 1/16 MIC

Listeria monocytogenes 99.7 99.3 96.6 94.6 87.7 74.8 71.5

E. coli O157:H7 99.3 99 89.9 86.1 80.3 74.9 67.5

Staphylococcus aureus 99 98.7 98.3 88.7 81 63.6 51.4

P. aeruginosa 99.6 99 98.3 75.7 53 47.1 37.9
Table 3: Mean percentage inhibition of biofilm formation of each bacterium 

in the presence of different concentrations of magnesium oxide nanoparticles

Bacteria 4MIC 2MIC MIC 1/2 MIC 1/4 MIC 1/8 MIC 1/16 MIC

Listeria monocytogenes 98.7 98.5 98 97.8 97 86 85.2
Escherichia coli O157:H7 99.3 99.0 93.6 78 70.5 70 67
Staphylococcus aureus 99.7 99.3 88 69.7 66.8 61.7 61.7

P. aeruginosa 99.3 98.7 97.7 96.6 76.1 59.1 28.5
Table 4: Mean percentage inhibition of biofilm formation of each bacterium 

in the presence of different concentrations of copper oxide nanoparticles.
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As shown in Figure 4, the average percentage of Listeria monocytogenes biofilm formation is suppressed when magnesium and cop-
per oxide nanoparticles are present in different amounts. 

Copper oxide nanoparticles were shown to be more effective at inhibiting Listeria monocytogenes biofilm formation. At the 1/4, 1/8, 
and 1/16 MICs, the inhibitory effects of the two nanoparticles differed significantly (P 0.05), with the difference reaching approxi-
mately 23% at the 1/8 MIC.

As shown in Figure 5, the average percentage of Staphylococcus aureus biofilm formation is suppressed when magnesium and 
copper oxide nanoparticles are present in different amounts. By reducing the concentration of copper oxide, its ability to inhibit 
the formation of biofilm has decreased, so that in dilutions of 1.16, 1.8, and 1.4, the lowest inhibitory concentration was significant 
compared to dilutions of 4, 2, and 1 (P<0.05). . A similar trend has been observed in the case of magnesium oxide nanoparticle, so 
that the inhibition ability of this nanoparticle has decreased significantly (P<0.05) in dilutions of 1.16 and 1.8, the lowest inhibitory 
concentration compared to other dilutions. 

Figure 3: Percentage inhibition of Escherichia coli biofilm formation in the presence of different concentrations of nanoparticles

Figure 4: Percentage inhibition of Listeria monocytogenes biofilm formation in the presence of different concentrations of nanoparticles
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As shown in Figure 5, the average percentage of Pseudomonas aeruginosa biofilm formation is suppressed when magnesium and 
copper oxide nanoparticles are present in different amounts. Following the decrease in the concentration of nanoparticles, their 
ability to inhibit biofilm formation has decreased, so that the inhibitory ability of magnesium oxide nanoparticles in dilutions of 1.16 
and 1.8, the lowest inhibitory concentration, compared to dilutions of 4, 2, 1 and 1.2, has a significant decrease (P<0.05) has found. 
Copper oxide also had the lowest inhibitory concentration and the least ability to inhibit biofilm formation in 1.16 dilution, which 
difference was significant compared to other dilutions (P<0.05).

Figure 5: Percentage inhibition of Staphylococcus aureus biofilm formation in the presence of different concentrations of nanoparticles

Figure 6: Percentage inhibition of Pseudomonas aeruginosa biofilm formation in the presence of different concentrations of nanoparticle
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Discussion

This study demonstrated the antibacterial effects of magnesium oxide and copper oxide nanoparticles against L. monocytogenes, 
E. coli O157: H7, Staphylococcus aureus and Pseudomonas aeruginos.). Magnesium oxide nanoparticles had MICs of 2, 2, 2 and 4 
mg/ml, while copper oxide nanoparticles had MICs of 1, 0.16, 0.5 and 0.25 mg/ml against E. coli, L. monocytogenes, Staph. aureus 
and P.aeruginosa respectively. 

The exact antibacterial mechanism of MgO nanoparticles is still unknown. A number of mechanisms, such as the formation of reac-
tive oxygen species (ROS), the interaction of nanoparticles with bacteria, subsequently damaging the bacterial cell, and an alkaline 
effect have been proposed to explain the antibacterial mechanism of MgO nanoparticles[23]. Many studies have indicated that the 
antibacterial mechanism of MgO nanoparticles is due to the formation of ROS such as superoxide anion (O2

-). It has been reported 
that the increase of the surface area of MgO particles leads to an increase of the O2

- concentration in solution and thus results in a 
more effective destruction of the cell wall of the bacteria. However, when the particle size of MgO is below 15 nm, the aggregation 
effect becomes very significant due to the very high surface energy of the particles. The large size of aggregated MgO inhibits the 
interaction with bacteria and particles so that the bactericidal efficiency becomes lower [18]. Further, copper oxide nanoparticles 
have also been utilized to detect various chemicals, like hydrogen peroxide (H2O2), ammonia, glucose and lactic acid, etc. Due to 
its wide qualities, magnesium oxide has been investigated from a nutritional and health standpoint. Magnesium is an important 
mineral for human health [39].

Gokulakrishna et al. studied the antibacterial effect of five different metal nanoparticles, including magnesium nanoparticles, on 
pathogenic bacteria and discovered that Streptococcus pneumoniae was the most susceptible to magnesium oxide nanoparticles and 
Klebsiella was the least susceptible [16]. Numerous studies have shown that the antibacterial activity of magnesium oxide nanopar-
ticles is linked to the production of reactive oxygen species such as superoxide anion. As the number of nanoparticles increases, the 
concentration of superoxide anion in the solution rises, causing more damage to the bacterial cell wall [41].

In a scientific study, Krishnamoorthy et al. discovered the mechanism of magnesium oxide nanoparticles’ antibacterial action against 
the gram-negative bacteria E. coli and Pseudomonas aeruginosa, as well as the gram-positive bacterium Staphylococcus aureus. For 
E. coli, the MIC was 0.5 mg/ml, and for S. aureus and P. aeruginosa, it was 1.0 mg/ml. They discovered that the susceptibility of bac-
teria to nanoparticles was linked not only to cell wall structure, but also to lipid peroxidation and the formation of reactive oxygen 
species [23].

Ingudam et al. investigated the antibacterial activity of magnesium oxide nanoparticles with an average size of 20 nm on a variety of 
foodborne pathogens such as E. coli, Salmonella, and Campylobacter. The microplate dilution method and resazurin reagent were 
used to determine MIC values in various nanoparticle concentrations with a bacterial inoculation level of 104 CFU/ml. The MICs for 
E. coli, Salmonella, and Campylobacter were 1, 2, and 0.5 mg/ml, respectively. Further research revealed that the difference between 
the negative charge of the bacterial cell and the positive charge of the nanoparticle acts as an electrostatic adsorbent, binding the 
nanoparticle to the cell surface [19]. In a study by Shekarforoush et al., they found that magnesium oxide nanoparticles and poly-
lysine peptide had a good antimicrobial effect on E. coli O157: H7 and L. monocytogenes, inhibiting their growth at a concentration 
of 4.1 mg/ml. Using magnesium oxide nanoparticles as a potential antibacterial agent, either alone or in combination with other 
antimicrobial groups, could improve food safety, according to research findings [38].

Copper nanoparticles, both spherical and crystalline in shape, are used in a wide range of industries. The shape and size of nanopar-
ticles influence their antimicrobial activity, with smaller particles having stronger and more antimicrobial activity than larger parti-
cles [35]. Yoon et al. investigated the antibacterial effects of copper oxide nanoparticles and silver oxide nanoparticles on E. coli and 
Bacillus subtilis in 2007, finding that copper oxide nanoparticles were more effective than silver nanoparticles.Copper and silver 
oxide nanoparticles can be coated on a variety of surfaces, including carbon or polyurethane foam, to combat germs [35].
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Copper oxide nanoparticles have significant antibacterial activity against both gram-positive and gram-negative bacteria, according 
to Azam et al. They discovered that the size of these nanoparticles had an impact on their antibacterial properties [5]. Raffi et al. in-
vestigated the antibacterial efficacy of copper oxide nanoparticles against gram-negative E. coli in liquid and solid growth conditions. 
They believe that the antibacterial activities of copper oxide nanoparticles are primarily due to bacteria’s surface tension (adhesion) 
[35]. If the MIC varies between studies, it could be due to changes in nanoparticle synthesis methods, nanoparticle size, and exam-
ined bacterial strains. Lipid peroxidation and the production of reactive oxygen species (ROS) may also influence the susceptibility 
of bacteria to nanoparticles [46]. According to a study by Abbasvali et al. on the inhibitory effect of zinc oxide nanoparticles on the 
biofilm formation of various foodborne pathogenic bacteria, zinc oxide nanoparticles have an antibacterial effect on gram-positive 
and gram-negative foodborne pathogenic bacteria. The minimum nanoparticle concentrations that could inhibit the growth of each 
bacterium were found to be 1, 0.5, 1 and 2 mg/ml for E. coli, S. aureus, Salmonella typhimurium, and Bacillus cereus, respectively [1].

Malakoutian et al. discovered that gram-positive S. aureus was more susceptible to three nanoparticles than gram-negative bacteria 
such as E. coli and P. aeruginosa, and could be killed at lower nanoparticle concentrations [27]. Because the outer membrane of 
gram-negative bacteria is mostly made of lipopolysaccharide (LPS), a nanoparticle resistant barrier, E. coli may be less sensitive to 
nanoparticles than other bacteria. 

Petrus et al. concluded in their study that the presence of salts in the nutritional medium could enhance the effect of nanoparticle 
aggregation in suspension. Because nanoparticle size influences antimicrobial properties, nanoparticle aggregation properties may 
alter bactericidal efficacy and, as a result, MIC/MBC values [33].

According to the findings, coating key surfaces with CuO NPs and MgO NPs reduced bacteria population and biofilm formation. 
Biofilm formation has long been thought to be a critical mechanism that is clearly detrimental to the hygiene industry (Marques et al. 
2007). A number of factors influence bacterial adhesion to different surfaces, including hydrophobicity, cell-surface charge, electron 
acceptor and donor characteristics [6].

According to Cerca et al., a high degree of hydrophobicity is required for biofilm formation [9]. Lee and Yii discovered that P. aerugi-
nosa and L. monocytogenes have high levels of hydrophobicity, which could explain their tendency to stick to surfaces [24].

Furthermore, the results of this research show that CuO NPs and MgO NPs have inhibitory effects on a wide range of bacterial 
species. There were differences in sensitivity to NPs between the two bacterial species. This confirms previous findings that the 
antibacterial action of NP is influenced by microbial species. For example, according to Kim et al., different microbes have varying 
antimicrobial susceptibilities to nanoparticle [22].

After studying the antibacterial activities of silver nanoparticles and copper nanoparticles, researchers found that the sensitivity of 
microbes to nanoparticles depends on the species of microbe [36]. The findings of this study are in line with those of previous studies.

The surface area available to interact with nanoparticles determines their antibacterial activity on bacteria. When the accessible 
surface area for interactions of nanoparticles (NPs) is increased, their antibacterial efficacy and cytotoxicity are increased [35]. Fur-
thermore, because smaller nanoparticles have a larger contact area, they can be more active than larger particles [29].

Because CuO NPs and MgO NPs inhibit bacterial adhesion, the significant reduction in biofilm formation on surfaces coated with 
NPs could be attributed to their inhibitory effect. Our findings confirm the antibiofilm behavior of CuNP-coated surfaces and, as 
such, are consistent with the findings of an earlier study by Eshed et al [14]. When considering the rise in industrial contamination, 
particularly in the food industry, the importance of eliminating microbial contamination on surfaces becomes clear.
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Conclusion

Magnesium oxide nanoparticles had MICs of 2, 2, 2 and 4 mg/ml, while copper oxide nanoparticles had MICs of 1, 0.16, 0.5 and 0.25 
mg/ml against E. coli, L. monocytogenes, Staph. aureus and P.aeruginosa respectively. An increasing number of bacteria are resistant 
to antimicrobial treatments, making this task even more important. In this study, CuO NPs and MgO NPs were tested for antibac-
terial activity against L. monocytogenes, E. coli, Staphylococcus aureus and Pseudomonas aeruginosa. CuO nanoparticles and MgO 
nanoparticles have the potential to reduce the negative effects of microorganisms. 
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