
REDVET - Revista electrónica de Veterinaria - ISSN 1695-7504 

Vol 25, No. 1 (2024) 

http://www.veterinaria.org  

Received:       Revised:     Accepted: 

 

4498 

Evaluation of the Antimicrobial activity of Naringenin based Zinc Oxide 

Nanoparticles against Dental Pathogens 
 

Dev Arora1, Sarita Bhandari*2 
 

1Saveetha Dental College and Hospitals,Saveetha Institute of Medical and Technical Sciences (SIMATS), 

Saveetha University, Chennai - 600077, India 

Email ID: 152001004.sdc@saveetha.com 
*2Assistant Professor,Department of Conservative Dentistry and Endodontics,Saveetha 

 Dental College and Hospitals,Saveetha Institute of Medical and Technical sciences 

 (SIMATS),Saveetha University, Chennai - 600077, India 

Email ID: saritabhandari.sdc@saveetha.com 

 

*Corresponding author:Sarita Bhandari 

Assistant Professor,Department of Conservative Dentistry and Endodontics,Saveetha Dental College and 

Hospitals,Saveetha Institute of Medical and Technical sciences (SIMATS), 

Saveetha University, Chennai - 600077, India 

*Email ID: saritabhandari.sdc@saveetha.com 

ABSTRACT 

OBJECTIVE: To evaluate the antimicrobial activity of Naringenin based zinc oxide nanoparticles particles against dental 

pathogens Candida albicans, Streptococcus mutans and Enterococcus faecalis.  

BACKGROUND: The invention of new medications has also introduced new emerging multi drug resistant 

microorganisms. The Nanoparticles have demonstrated a promising antibacterial activity against a variety of multi-drug 

resistant bacteria. It has reduced the dose requirement of the drug but also improved the bioavailability. Naringenin is a 

flavonoid found in citrus fruits, tomatoes and figs. It has proven potential as anti-cancer, antiviral, antibacterial, and cardio 

protective effects. Therefore the antimicrobial activity of combination of the Naringenin with zinc oxide based 

nanoparticles was thus evaluated against oral microbes. 

MATERIALS AND METHODS: Zinc oxide nanoparticles were synthesised by utilising zinc acetate dihydrate and 

NaOH as precursors using direct precipitation method followed by SEM. DPPH assay to evaluate radical scavenging 

activity of antioxidants. ABTS assay was performed to measure the interaction between an antioxidant and the pre-

generated ABTS•+ radical cation. Zone of Inhibition test used to determine the susceptibility or resistance of pathogenic 

bacteria to antibacterial agents. Results were evaluated. 

RESULTS:  The increase in the antioxidant activity was observed by DPPH assay and ABTS inhibition when Naringenin 

with zinc oxide nanoparticles together were conjugated than Naringenin and Ascorbic acid alone.  

CONCLUSION: When Nirangenin was conjugated with Zinc oxide particles, it showed better antioxidant properties and 

there was a high zone of inhibition when compared to amoxicillin and Naringenin separately.  Thus we can conclude that 

Naringenin conjugated with Zinc oxide nanoparticles showed better antimicrobial activity against dental pathogens like 

Candida albicans, Streptococcus mutans and Enterococcus faecalis. 

 

INTRODUCTION 

One of the main causes of mortality and persistent diseases is bacterial infection. Because they are effective and affordable, 

antibiotics have long been the treatment of choice for bacterial illnesses. Over the years, the use of antibiotics has changed 

contemporary medicine and saved countless lives. The development of antibiotics marked a sea change in medical research 

and the standard of patient care. Antibiotics are frequently utilised for both therapeutic and preventive purposes in the 

treatment of dental caries and other dental-related conditions. Unfortunately, the fast growth of antimicrobial resistance 

has coincided with the usage of antibiotics in recent years (1). The two most commonly reported chronic infectious dental 

disorders are periodontal disease and dental caries (2), both of which are brought on by bacteria that reside in the oral 

cavity. Numerous local and systemic illnesses are frequently brought on by biofilm (3). Materials classified as 

nanomaterials have at least one dimension (1–100 nm) in the range of the nanometer scale, or their fundamental unit in 

three dimensions falls within this range (4). Three models are commonly used to characterise the antimicrobial mechanism 

of action of nanoparticles (NPs): oxidative stress induction, metal ion release, or non-oxidative mechanisms (5). The main 

justification for nanoparticles' consideration as an antibiotic substitute is their potential to successfully stop microbial drug 

resistance in specific circumstances (6). Antibiotic overuse has given rise to a number of health risks for the general public, 

including bacteria resistant to all current medications and drug-resistant epidemics (7). In order to combat drug resistance, 

it is important to find new, effective bactericidal materials. NPs have been identified as a promising solution to this 

problem. The key mechanisms underlie nanoparticle antibacterial effects are the bacterial cell membrane disruption, 

reactive oxygen species (ROS) production, the bacterial cell membrane penetration and intracellular antibacterial effects, 

including interactions with DNA and proteins (8,9). The flavonoid naringenin is a member of the flavanones subclass. It 

is extensively present in bergamot, tomatoes, citrus fruits, and other fruits. It can also be found in fruits in the glycoside 
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form, primarily naringin. This phytochemical has been linked to a number of biological activities, including anti-

inflammatory, anti-tumor, antiviral, antibacterial, antioxidant, and cardioprotective properties (10). This ubiquitous 

molecule dissolves in organic solvents such as alcohol but is insoluble in water. Naringenin has a wide range of biological 

effects on human health, including lowering protein carbonylation and lipid peroxidation biomarkers, boosting antioxidant 

defences, promoting carbohydrate metabolism, scavenging reactive oxygen species, regulating immune system activity, 

and having anti-inflammatory and anti-atherogenic properties (11). Additionally, it has been shown to be highly effective 

in modifying signalling pathways associated with the metabolism of fatty acids, which promotes the oxidation of fatty 

acids, reduces lipid accumulation in the liver, and thereby prevents fatty liver (12).  

The most common residing microbes in the oral cavity are Streptococcus mutans, Enterococcus faecalis, and Candida 

albicans. Because Streptococcus mutans can stick to other plaque bacteria as well as the enamel salivary pellicle, they 

play a major part in the aetiology of dental caries. Due to their potent acid-producing abilities, lactobacilli and mutans 

streptococci create an acidic environment that increases the risk of cavities (13). The common human enterococcus (14). 

Enterococcus faecalis has also been linked to periodontitis, peri-implantitis, endodontic infections, and dental caries. Due 

to its high level of resistance to endodontic medications and its propensity to form resistant biofilms in both treated and 

untreated root canals, it has been widely linked to the failure of endodontic treatment (15) (16) (17). Overgrowth of 

Candida albicans in the oral cavity can lead to pain and discomfort, changed taste perception, dysphagia if it spreads to 

the oesophagus, trouble swallowing and eating, and ultimately poor nutrition. Infections can spread through the upper 

gastrointestinal tract or bloodstream in immunocompromised patients, increasing the risk of severe infections and their 

associated morbidity and mortality (18) (19). 

To aim of this study is to evaluate the antimicrobial activity of Naringenin based zinc oxide particles against dental 

pathogens like Candida albicans, Streptococcus mutans and Enterococcus faecalis, to determine whether ZnO-NPs 

exhibit antibacterial effects against multi drug resistant bacteria and whether conjugation of ZnO-NPs can enhance 

efficacy of drugs, several drugs were used when combined with Naringenin.  

 

MATERIALS AND METHODS 

Characterization of Nanoparticle 

Analysing nanoparticles using a scanning electron microscope (SEM) involves specific sample preparation methods to 

ensure proper imaging and accurate characterization. If the nanoparticles are part of a larger structure or matrix, consider 

using fixation methods to preserve the overall structure. If nanoparticles tend to agglomerate, employ methods to 

deagglomerate them. This may involve sonication or other dispersion techniques. Attach the nanoparticles onto a clean 

SEM stub using a conductive adhesive, double-sided carbon tape, or another suitable mounting method. Ensure good 

electrical contact. If the nanoparticles are non-conductive, consider coating them with a thin layer of conductive material 

to enhance conductivity and reduce charging effects during imaging. Carefully load the sample stub into the SEM chamber 

using the designated sample holder. Ensure the sample is securely mounted. Calibrate the SEM instrument, including 

adjusting the electron beam energy, focus, and stigmation. Use calibration standards to ensure accurate imaging and 

measurement. Choose SE imaging mode for surface characterization of the nanoparticles. This mode provides detailed 

surface information. Set the working distance and magnification based on the size and features of the nanoparticles. Start 

with lower magnifications for an overview before moving to higher magnifications. Use image analysis software to 

measure particle size, shape, and distribution. 

 

DPPH free radical scavenging assay 

In the DPPH free radical scavenging assay, test samples are prepared at various concentrations, and equal volumes are 

mixed with a freshly prepared DPPH solution in ethanol. The reaction mixture is incubated in the dark at room 

temperature, allowing for the scavenging of DPPH radicals by antioxidants present in the test samples. After the incubation 

period, the absorbance of the reaction mixture is measured at around 517 nm using a spectrophotometer. The decrease in 

absorbance indicates the free radical scavenging activity of the test samples. A blank control without the test sample is 

included for background correction. The percentage of DPPH radical scavenging activity is calculated using the formula, 

and a dose-response curve is plotted to visualise the scavenging activity at different concentrations. The IC50, representing 

the concentration required to scavenge 50% of the DPPH radicals, can be determined, providing a quantitative measure 

of antioxidant efficacy. The assay is performed in triplicate or more, with appropriate controls and standards, to ensure 

accuracy and reliability of the results. 

 

ABTS free radical scavenging assay 

In the ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) free radical scavenging assay, a stock solution of 

ABTS is reacted with potassium persulfate to generate the ABTS radical cation (ABTS•+). The ABTS•+ solution is then 

diluted to an absorbance of around 0.70 at a specific wavelength (usually 734 nm). Test samples, such as antioxidants or 

plant extracts, are prepared at various concentrations and mixed with the diluted ABTS•+ solution. The reduction of the 

ABTS•+ radical by antioxidants leads to a decrease in absorbance, which is measured after a suitable incubation period 

using a spectrophotometer. The scavenging activity is calculated as the percentage inhibition of the ABTS•+ radical 

compared to a control without the test sample. A dose-response curve is generated, and the IC50, representing the 
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concentration at which 50% of the ABTS•+ radicals are scavenged, can be determined. The assay is performed in triplicate 

or more, with appropriate controls, to ensure the accuracy and reliability of the results. 

 

Antibacterial activity 

The Zone of Inhibition assay is employed to evaluate the antimicrobial activity of substances. Initially, a microbial culture 

is evenly spread on a solid agar medium. Sterile paper discs or wells are then impregnated with the test substance, such as 

antibiotics or plant extracts, and placed onto the inoculated agar surface. Following an appropriate incubation period at 

the microorganism's optimal growth temperature, the plates are examined for the presence of clear zones surrounding the 

discs or wells, indicating inhibition of microbial growth. The diameter of these zones is measured as the Zone of Inhibition, 

providing a quantitative measure of the antimicrobial efficacy of the test substance. The assay is performed in triplicate 

or more for statistical reliability, and appropriate controls, including a blank disc or well, are included to account for any 

non-specific effects. The Zone of Inhibition assay serves as a valuable tool for screening and comparing the antimicrobial 

potential of different agents. 

 

Statistics 

The data presented in this study are the mean of three replicates and their respective standard deviation (SD). Also, the 

data were subjected to one-way ANOVA and post-ANOVA using GraphPad Prism (version 5.0). Results were evaluated. 

 

RESULTS 

Zinc Oxide nanoparticles were synthesised, conjugated with naringenin and SEM was conducted (Image-1). There was 

an increase in the antioxidant activity as per DPPH assay and ABTS inhibition when Naringenin with zinc oxide 

nanoparticles together were conjugated than Naringenin and Ascorbic acid alone (Image 2 and 3). There was also an 

increase in the diameter of the zone of inhibition for all the three bacterial species calculated when Naringenin and Zinc 

oxide nanoparticles were conjugated than Naringenin and amoxicillin alone (Table 1).  

 

 
Image 1- Zinc oxide naringenin SEM image 
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Image 2- DPPH assay 

 

 
Image 3- ABTS assay 
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Table 1- Zone of Inhibition 

 

DISCUSSION 

Antibiotics are frequently used for both therapeutic and preventive purposes in the treatment of dental caries and other 

dental-related conditions. Antimicrobial resistance is facilitated by improper use, which also raises the risk of antibiotic-

associated side effects and represents a financial waste in the healthcare system (20). According to a number of studies, 

dentists routinely prescribe the wrong antibiotics, which eventually leads to the development of antimicrobial resistance 

(21). After examining microbial specimens, 68 patients (18–58 years old) participated in an Indian study that found that a 

total of 64 aerobic and 87 anaerobic strains were isolated (22). Streptococci viridans (64%), Prevotella (43%), 

Peptostreptococcus (26%), Porphyromonas (7%), and Fusobacterium (14%), were the most common bacteria. The most 

common organisms were anaerobic Gram-negative bacilli (40%) and aerobic Gram-positive cocci (34%). Afterwards, 

Candida albicans was also discovered. A high sensitivity of 95% to amoxicillin-clavulanate and 90% to amoxicillin was 

observed in Streptococci viridans. Likewise, Prevotella exhibited a high susceptibility rate of 97% to amoxicillin-

clavulanate. Once more, 100% susceptibility to clindamycin and 100% susceptibility to amoxicillin-clavulanate is 

observed in Peptostreptococcus and Porphyromonas. The identified microorganisms were more resistant to erythromycin 

than to the commonly prescribed antibiotics, such as clindamycin, levofloxacin, and amoxicillin + clavulanate 

combination and amoxicillin alone. Thus there is a need for some modifications in the generally prescribed antibiotics so 

that we can combat these multi drug resistant organisms. Nanoparticles can be approached for such as they have shown 

such great properties.  

Since the mode of action of nanoparticles (NPs) is direct contact with the bacterial cell wall, without the need to penetrate 

the cell, most antibiotic resistance mechanisms are irrelevant for NPs. This raises the hope that NPs would be less likely 

than antibiotics to promote resistance in bacteria. As a result, intriguing new NP-based materials with antibacterial activity 

have received a lot of attention (23). Studies have demonstrated that a variety of NPs, such as those based on Au, Ag, Mg, 

NO, ZnO, CuO, Fe3O4, and YF can inhibit or overcome the formation of biofilms. Smaller size and a higher surface area-

to-mass ratio prevent biofilms more effectively, and the shape of the NPs has a significant impact on biofilm destruction 

(7). As previously mentioned, NPs can function as a "medium and carrier" of antibiotics in addition to fighting bacterial 

and microbial resistance. NPs' ultra-small and controllable size makes them ideal for fighting intracellular bacteria and 

carrying out antimicrobial operations (24). Antibiotic serum levels can be raised with the aid of NP carriers, which can 

also shield the medications from target bacterial resistance (25). Antibiotics can be targeted to an infection site with the 

aid of NP carriers, reducing systemic side effects. Antibiotics can be released in a flexible manner that is both controlled 

and sustained. The antibacterial properties of agents can be enhanced by combining NPs with other constructs, or by 

packaging multiple drugs or antimicrobials within a single NP (26,27).  

According to one study, aluminium NPs may encourage the conjugative transfer of plasmids (like RP4, PK2, and pCF10), 

which in turn led to the spread of MDR among bacteria within and between genera (28).  

An increasing body of research from in vitro and in vivo animal studies has substantiated the pharmacological effects of 

naringenin, such as its hepatoprotective, anti-atherogenic, anti-inflammatory, anti-mutagenic, anticancer, and 

antimicrobial properties. It has even been suggested that naringenin may have applications in the control and management 

of neurological, metabolic, rheumatological, infectious, and malignant diseases (29–31). Based on the previous studies 

and results, Zinc oxide nanoparticles fused with naringenin can be a positive aspect and can be conducted for further 

clinical trials against organisms present in the oral cavity such as Candida albicans, Streptococcus mutans and 

Enterococcus faecalis. 

 

CONCLUSION 

As per DPPH and ABTS assay, when Nirangenin was conjugated with Zinc oxide particles, it showed better antioxidant 

properties and there was high zone of inhibition when compared to amoxicillin and Naringenin separately by which we 

can conclude that Naringenin conjugated with Zinc oxide nanoparticles show better antimicrobial activity against dental 
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pathogens like Candida albicans, Streptococcus mutans and Enterococcus faecalis. Nanoparticles have shown excellent 

results in anti-inflammatory, anti-bacterial properties and various other glycosides and flavonoids can be conjugated and 

tested among various other species.  
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