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ABSTRACT 
 

Periodontal disease, a serious gum infection, is reported to be widespread in the Indian population. A 

heterogeneous microbial population, predominantly consisting of gram-negative anaerobes such as 

Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, and Porphyromonas intermedia, is 

associated with periodontal plaque formation. This condition may be worsened by the invasion of soft 

tissues by different species of Candida. Natural products like clove (Syzygium aromaticum) and Neem 

(Azadirachta indica) are very popular and easily available in the Indian climate and have great potential 

in preventing periodontitis. Azadirachta indica (Neem) exhibits versatile modes of action, including 

reported antimicrobial effects against several species associated with periodontal disease. Therefore, 

this study aims to detect the antimicrobial and antifungal effects of Neem and clove on oral biofilm both 

before and after biofilm formation. Results of the study revealed that both neem and clove crude extracts 

and their different dilution showed a significant reduction in the growth of fungal strains (Candida sp.) 

isolated from oral samples from people with poor hygiene and the biofilm produced by them. 
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1 Introduction  

The oral microbiota, consisting of hundreds to thousands of unique 

species of bacteria, viruses, and fungi, plays a significant role in 

the human microbiome (Arweiler and Netuschil 2016; D'Ambrosio 

et al. 2023). The various habitats in the oral cavity provide a 

complex environment for microorganisms on the teeth' hard 

surfaces and the oral mucosa's soft tissues. It is the second most 

extensive and diverse microbiota after the gastrointestinal tract 

(Arweiler and Netuschil 2016; Deo and Deshmukh 2019; Kitamoto 

et al. 2020). The oral microbiome is crucial in preventing the 

colonization of harmful bacteria, which could lead to oral disorders 

such as periodontitis, gingivitis, and caries (John et al. 2017). 

Additionally, many microorganisms can form biofilms resilient to 

mechanical stress or antibiotic treatment. Some commensal species 

may exhibit virulence in response to changes in the oral cavity's 

environment, behavioral aspects, or an individual's hygiene 

(Rajhans et al. 2011). There is a growing interest in understanding 

the role of the oral microbiome in health and disease, and recent 

advances in metagenomic technologies are being employed to 

characterize its diversity (Rajhans et al., 2011). 

Periodontitis is a complex disease caused by an infection that 

affects the tissues supporting the teeth, known as the periodontium 

(Gasner and Schure 2024). It is not a single disease but rather a 

combination of diseases characterized by the loss and destruction 

of alveolar bone, deterioration of gums, periodontal ligament, 

jawbone, and the surfaces of the teeth covered by the gums 

(Könönen et al. 2019; Van Dyke et al. 2020). Periodontal disease is 

widespread in the Indian population, affecting over 1 billion 

people. It is more prevalent in urban areas (22.7%) than in rural 

areas, and it is also more common in males (42.2%) than in 

females (34.4%) (Janakiram et al. 2020; Antimicrobial Resistance 

Collaborators 2024). 

The clinical diagnosis of the disease and its categorization involves 

identifying signs and symptoms in periodontal tissues that help 

medical professionals identify illnesses based on their origin, 

pathophysiology, and therapy. In addition to causing tooth loss, 

this disease also leads to systemic inflammation (Van Dyke et al. 

2020). Severe periodontitis is rare in young individuals, while 

chronic periodontitis primarily affects adults (Zhu et al. 2023). 

Bacteria are commonly found in saliva and gingival plaque in the 

oral cavity, while they are present in fewer numbers in keratinized 

gingiva (Aas et al. 2005). Saliva affects the distribution of 

microorganisms in different parts of the oral cavity and lacks a 

stable indigenous biota due to its quick turnover and low amounts 

of nutrients. Bacteria shed from other oral tissues contribute to the 

high alpha diversity of salivary microbiota (Janakiram et al. 2020). 

The initiation and progression of periodontal disease are attributed 

to a polymicrobial synergy and dysbiosis in the microbial 

community, leading to the formation of a dysbiotic biofilm, plaque, 

and overgrowth of key pathological entities in the microbiome 

(Wilson et al. 2017; Lamont et al. 2018; Cugini et al. 2021). This 

triggers a destructive and dysregulated host immune response, 

leading to inflammation, destruction of host tissue, and eventually, 

the formation of periodontal pockets and bone loss (Hajishengallis 

and Chavakis 2021, Lamont et al. 2018; Caselli et al. 2020). 

The pathologic condition persists in active or dormant phases until 

the affected tooth is extracted or the microbial biofilm is surgically 

removed. Environmental and host risk factors, including 

modifiable (e.g., quitting smoking) and non-modifiable factors 

(e.g., genetics) which, may determine the severity of periodontal 

diseases (Van Dyke and Sheilesh 2005). 

Dental caries and periodontal disease are two major oral illnesses. 

Periodontal disease can appear in various forms, with gingivitis 

and periodontitis being prominent ones. Gingivitis is a common 

inflammatory disorder of the gingiva, the soft tissue surrounding 

the teeth, caused by oral microbial plaque (Rathee and Jain 2023). 

Periodontitis follows severe gingivitis in a smaller number of 

people, based on an individual's immune response, and is 

characterized by the destruction of the tooth's skeletal, periodontal, 

and connective tissue supports (Janakiram et al. 2020; Aas et al. 

2005). 

A diverse microbial population, predominantly of gram-negative 

anaerobes like A. actinomycetemcomitans, P. gingivalis, and P. 

intermedia, is associated with periodontal plaque formation. This 

may be exacerbated by the deeper invasion of soft tissues by 

different species of Candida. At a subject-specific and tissue-

specific level, a microbiome comprising members like Neisseria 

spp., C. albicans, P. aeruginosa, Hafnia alvei, Serratia 

marcescens, Filifactor alocis, and Enterobacteria is related to 

periodontal inflammation and tissue destruction (Paul et al. 2021; 

Li et al. 2022). Conversely, healthy periodontal tissues are 

associated with Lactobacillus acidophilus, Fusobacterium 

necrophorum, Staphylococcus aureus, and Streptococcus 

pneumoniae. 

Ghannoum et al. (2010) state that a healthy oral mycobiota 

comprises 74 culturable species and 11 genera of non-culturable 

fungi. These researchers have reported the presence of specific 

fungal isolates such as Candida, Aspergillus, and Cryptococcus, 

which may predispose the host to opportunistic infections and have 

shown significant inter-individual variance (Ghannoum et al. 2010; 

Saigal et al. 2011; Padminee et al. 2020). Recent research has 

revealed that most commensals in saliva are Malassezia species, 

previously characterized as pathogens of the skin and lungs (Aas et 

al. 2005; Ghannoum et al. 2010; Nagakubo and Kaibori 2023). 

Herbal medicine is an alternative and effective therapy that can be 

used in conjunction with or instead of conventional chemical drugs 
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to treat various diseases. Many plant products have antimicrobial, 

antioxidant, antiviral, antiseptic, and analgesic properties, which 

greatly interest dentistry. Herbal properties are widely used to 

alleviate toothaches, gum inflammation, and canker sores 

(Amanpour et al. 2023). It's important to understand how these 

phytochemicals work and how they interact with the human body 

and other medications, as many of these extracts have anti-

inflammatory effects and can prevent bleeding, which is vital in 

dental treatment (Taheri et al. 2011). Herbal products are preferred 

over-prescribed medicines for treating ailments due to their lower 

cost and reduced toxicity or side effects (Cruz Martínez et al. 2017; 

Mosaddad et al. 2023). Recent studies have shown the potential of 

herbal agents in global dental therapy, especially in the fields of 

periodontics and endodontics, with plant extracts such as propolis, 

noni fruit, burdock root, clove, neem leaf, and others (Cruz 

Martínez et al. 2017; Padminee et al. 2020; Milutinovici et al. 

2021; Pasupuleti et al. 2023). 

Neem (A. indica) from the Meliaceae family is significant in 

promoting health and is of medicinal importance due to its 

antibacterial, antihelminthic, anticariogenic, antioxidant, 

astringent, cytotoxic, and anti-inflammatory properties. Active 

compounds like Nimbidin, Azadirachtin, Nimbinin, Nimbin, 

Nimbolide, and Limonoids contribute to these versatile actions 

(Almas 1999; Subramaniam et al. 2005). The first polyphenolic 

flavonoids identified in fresh neem leaves were quercetin and ß-

sitosterol, known for their antifungal and antibacterial properties 

(Mathur et al. 2010; Shamsudin et al. 2022). Polyphenols from 

neem leaf extract adhere to oral surfaces, providing long-lasting 

antibacterial, anti-inflammatory, and synergistic antioxidant 

actions, which help combat periodontal disorders (Subramaniam et 

al. 2005; Buakaew et al. 2021; Wylie et al. 2022). Neem has been 

demonstrated to have antibacterial properties against various types 

of Streptococcus sp and C. albicans (Wolinsky et al. 1996). 

Furthermore, Clove (S. aromaticum or Eugenia caryophyllata) is 

an aromatic flower bud commonly used as a spice, flavoring, or 

scent in consumer goods (Afolabi et al. 2008; Danthu et al. 2020; 

Maggini et al. 2024). Significant constituents of clove oil such as 

eugenol, β-caryophyllene, caracole, thymol, eugenol, and 

cinnamaldehyde exhibit antimicrobial activity against Gram-

negative (E. coli, Pseudomonas aeruginosa) and Gram-positive 

(Staphylococcus sp, Streptococcus sp, Listeria monocytogenes) 

bacteria as well as fungal strains like Aspergillus sp. (Afolabi et al. 

2008; Al-Ahmad et al. 2014; Marchese et al. 2017; Ben Hassine et 

al. 2021). Clove essential oil also possesses antibacterial, 

antioxidant, antifungal, and antiviral properties, along with anti-

inflammatory, cytotoxic, insect repellent, and anesthetic properties 

(Dorman and Deans 2000). The phenolic nature of eugenol makes 

it highly effective against various bacteria. It can easily penetrate 

the cell walls of gram-positive bacteria, causing the cell wall to 

degrade (Al-Ahmad et al. 2014), followed by damage to the 

cytoplasmic membrane, impairment of the bacterial enzyme 

system, increased permeability, leakage of the cell's contents, and 

ultimately cell lysis (Prabuseenivasan et al. 2006). 

Both neem and clove extracts have been reported to demonstrate 

antimicrobial activity against common microbes like C. albicans 

and S. mutans present in the oral cavity (Barua et al. 2017; Bansal 

et al. 2019). In countries like India, where there is a rich resource 

of indigenous flora with medicinal significance, and a significant 

proportion of the population is affected by periodontal diseases, it 

is important to investigate the effects of natural, easily available 

medicinal plants like Neem and clove on the oral biofilm of 

pathogenic microflora (Zhang et al. 2017). This study aims to 

explore the impact of plant derivatives on microbes associated with 

the pathogenicity of periodontitis, with the potential for use as an 

alternative treatment or in conjunction with existing conventional 

drugs. 

2 Materials and Methods 

2.1 Sample collection 

We collected oral swab samples from five individuals with poor 

oral hygiene. We used a sterile swab stick to collect samples by 

rotating the tip on their teeth and gums before they rinsed their 

mouths in the morning. The swab sticks were placed in labeled test 

tubes (OS1-OS5) and transported to the laboratory. We recorded 

demographic data for each patient. We collected samples from 

each person thrice and then isolated microorganisms for further 

analysis (Table 1). 

2.2 Revival of samples and culture of microorganisms 

The swab samples (OS1-OS5) were placed in 5ml of sterile 

nutrient broth and left overnight at 37°C to allow any 

microorganisms in the sample to revive. The next day, 200µl of 

liquid culture from each sample was spread onto sterile nutrient 

agar plates and mannitol salt agar plates, and each plate was 

labeled accordingly. Gram staining was performed on the colonies 

obtained from OS2-OS4 to establish pure cultures and identify the 

bacterial morphology and gram characteristics under a light 

microscope at 40X magnification. To isolate fungi from the oral 

swab, collected oral samples were plated on potato dextrose agar 

Table 1 Details of the sampling Patient's 

No. of individuals Age range (in years) Sex Habit 

5 11-60 Male-3     Female- 2 
Tobacco- 2 (males); Without 

tobacco- 3;  (1 male, 2 females) 
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(PDA) media and incubated at 30°C overnight. Fungal growth on 

PDA media was confirmed by staining with lactophenol cotton 

blue and observing under a light microscope (40X). Pure cultures 

of colonies obtained from the five samples were prepared and 

maintained in PDA media and labeled as OS2, OS4A, and OS4B 

(two types of colonies identified from sample 4). The isolated 

fungal species from sample 4 were identified as Candida species, 

which were then cultured on selective Corn meal agar media 

formulated using 0.2 gm of corn infusion, 0.7ml Tween 80, 1.5 gm 

agar, and 100 ml distilled water, and autoclaved. 

2.3 Preparation of clove and neem extract in the organic 

solvent 

To prepare the extracts, 10 grams of clove were collected and 

crushed using a pre-sterilized mortar and pestle. Absolute alcohol 

(99.9%) was added intermittently until the volume reached 20 ml. 

The sample was soaked for 24 hours, stirred, and left for 24 hours. 

The upper layer was then separated using a pipette and placed into a 

sterile falcon tube for further use. Similarly, a 20ml extract of fresh 

neem leaves was prepared sterilely using absolute alcohol (99.9%), 

and the upper layer of the supernatant was separated into a sterile 

falcon tube for future use. The prepared culture stocks were stored at 

4°C. For the working solution, 1/2, 1/4, and 1/6 dilutions of each 

sample were prepared using absolute alcohol as the solvent. 

2.4 Paper disc preparation 

Paper discs were prepared and sterilized by autoclaving. The sterile 

paper discs were soaked in the dilutions and crude solutions for 15 

minutes, followed by aseptic air drying. 

2.5 Antimicrobial activity of neem and clove extract 

We used the paper disc method to evaluate the antimicrobial 

activity of Neem and clove extract. To summarize, we spread 300 

µl of an overnight culture of pure culture from OS2, OS4A, and 

OS4B on a nutrient agar medium and let it absorb on the surface 

for 30 minutes. We then placed paper discs for the crude extract, 

respective dilutions (1/2, 1/4, 1/6), and a negative control on each 

plate. The plates were incubated overnight at 37°C, and 

observations were made the following day. 

2.6 Effect of Neem and clove on preformed biofilm 

The study examined the impact of herbal extracts on pre-existing 

biofilms. Notably, the most significant inhibition zone was 

observed for OS4B. Consequently, further experiments were 

conducted exclusively with the pure culture of this sample. To 

induce biofilm formation, OS4B was inoculated in freshly 

prepared nutrient broth with 1% glucose and incubated overnight 

at 37°C. Next, five autoclaved Eppendorf tubes were utilized, with 

four containing 500 µl of OS4B's overnight culture mixed with 500 

µl of nutrient broth, while the fifth served as a negative control 

with only nutrient broth. The tubes were then placed in an 

incubator for 24 hours.  

The following day, the four Eppendorf tubes containing the culture 

received 500µl of crude, 1/4, and 1/6 dilutions of clove extraction, 

respectively, while the fifth tube was left untreated and incubated 

for an additional 24 hours. The biofilm was subsequently separated 

from the spent media, washed with 1X PBS, stained with 1% 

crystal violet solution, and extracted with 33% glacial acetic acid. 

The absorbance was measured at 600nm using a 

spectrophotometer. In addition, the effect of clove extract and its 

dilutions on a 48-hour-old culture of OS4B was assessed through 

spectrophotometric analysis at 600nm. Similarly, the impact of 

neem extract on 24 and 48-hour-old biofilms of OS4B was also 

investigated using the same protocol. 

2.7 Effect of neem and clove extract on biofilm formation 

Five small sterile Petri plates were taken, and sterile coverslips 

were placed in each plate aseptically. In plate 1, 2 ml of sterile 

nutrient broth with 1% glucose was poured, while in the remaining 

four plates, 1 ml of the same media was added after adding 1 ml of 

24-hour-old OS4B liquid culture on the cover slip. This was 

followed by adding 500 µl of 1/2, 1/4, and 1/6 dilutions of clove 

extraction in individual plates. The plate with only liquid culture 

was not treated with any extract. All the plates were then incubated 

at 37°C overnight. The following day, without disturbing the 

biofilm, the supernatant was discarded. This was followed by a 

PBS wash and staining with 1% crystal violet for 15 minutes. After 

a second PBS wash, the plates were observed under a phase 

contrast microscope to check for inhibition of biofilm formation. 

The crystal violet attached to the biofilm was extracted with 33% 

glacial acetic acid (1 ml) from each plate and transferred to 

separate Eppendorf tubes. Subsequently, absorbance was measured 

at 600 nm using a spectrophotometer to estimate the extent of 

biofilm formation in terms of binding crystal violet. Using the 

same procedure, the effect of crude neem extract and its dilutions 

was checked for their impact on the biofilm formation of OS4B. 

2.8 Statistical analysis  

Experimental data were presented as the mean ± standard error of 

triplicate measurements and were analyzed using IBM SPSS 

Statistics version 16. Statistical significance was determined using 

Student's t-test and one-way ANOVA. 

3 Results 

3.1 Isolation of microorganisms from oral swab sample 

Oral swabs were collected aseptically from five individuals and labeled 

as OS1-OS4. The swabs were used to streak on sterile nutrient agar  
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plates and mannitol salt agar plates. The plates were then incubated for 

24 hours at 37°C. After incubation, samples OS1 and OS5 showed no 

growth on the nutrient agar plates and were not included in further 

study. However, samples OS2, OS3, and OS4 showed growth 

(Figure 1A). None of the samples showed growth on mannitol salt 

agar plates (Figure 1B). Gram staining of microbial growth did not 

provide information regarding gram character and morphology 

(Figure 1C). Fungal staining with lactophenol cotton blue indicated 

the presence of fungal culture (Figure 1D). Therefore, samples 

OS2-OS4 were then plated on potato dextrose agar (PDA) media. 

After 24 hours of incubation, visible growth was observed for OS2 

and OS4 on their respective PDA plates. The fungal samples 

presence in each was further confirmed by staining with 

lactophenol cotton blue and observing under a light microscope at 

40X magnification (Figure 1E). Pure cultures of OS2 and two 

colonies found from sample OS4 (OS4A and OS4B) were prepared 

using PDA media (Figure 1F). Further experiments were continued 

with these three fungal samples only, i.e., OS2, OS4A, and OS4B. 

To confirm the identity of the fungal strains, they were plated on 

corn meal agar media, which is used as a selective media for 

Candida sp. The growth of OS4B in this media confirmed the 

presence of Candida sp., which was further validated by staining 

with lactophenol cotton blue (Figure 1G and 1H). 

3.2 Examination of antimicrobial activity of Neem and clove 

To test the antimicrobial effect of Neem on isolated fungal strains, 

we selected pure cultures of samples OS2, OS4A, and OS4B. We 

prepared neem crude extract at 1/4, 1/2, and 1/6 dilutions using 

absolute alcohol as the solvent. We then dipped sterile paper discs 

in the respective plant extracts to create antimicrobial discs. Each 

fungal sample was plated on individual plates, and the 

antimicrobial discs were placed to assess their antifungal activity. 

For sample OS2, there was no zone of inhibition for the crude 

extract or any of the dilutions of Neem. However, for sample 

OS4A, zones of inhibition were observed 0.833±0.115 cm (1/2 

dilution), 1.3±0.1 cm (1/4 dilution), and 1.36±0.058 cm (1/6 

dilution), with no reported zone for the crude extract or control. As 

for sample OS4B, the obtained zones of inhibition were 0.9±0.1 

cm (1/4 dilution) and 1.1±0.17 cm (1/6 dilution), but no zone of 

inhibition was reported for the crude extract or the half dilution 

(Figure 2A and 2B). 

A similar experiment was conducted with different clove extracts, 

and no zone of inhibition for sample OS2 was observed again. 

However, for the other two samples, OS4A and OS4B, zones of 

inhibition for the 1/2 dilution (OS4A: 1.3±0.1 cm, OS4B: 1.1±0.1  

 
Figure 1 Pictorial representation of: 1A) The growth of samples OS1-OS5 on nutrient agar plates. After 24 hours, samples OS1 and OS5 

showed no growth on nutrient agar plates, while samples OS2, OS3, and OS4 exhibited growth; 1B) None of the samples from OS1-OS5 

showed growth on MSA plates; 1C) Gram staining of microbial growth from samples OS1-OS5; 1D) Fungal staining with lactophenol cotton 

blue indicated the presence of fungal culture in OS2 and OS4; 1E) The growth of samples OS2 and OS4 on potato dextrose agar media after 

24 hours of incubation; 1F) Pure culture of OS2 and two types of colonies found from sample OS4 (OS4A and OS4B) were grown using 

PDA media; 1G and 1H) Growth of OS4B samples in corn meal agar media followed by staining with lactophenol cotton blue confirmed the  

                                                                              presence of Candida sp. in OS4B sample. 
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cm), 1/4 dilution (OS4A: 1.567±0.15 cm, OS4B: 1.4±0.1 cm), and 

1/6 dilution (OS4A: 1.766±0.15 cm, OS4B: 1.4667±0.058 cm) 

were observed (Figure 2C and 2D).  

3.3 Effect of neem and clove extract on preformed biofilm 

In this experiment, biofilm formation was induced by adding 1% 

glucose to freshly prepared nutrient broth in five Eppendorf tubes, 

which were then kept at 37°C for 48 hours (Figure 3A – E). The 

effects of both clove and neem extracts and various dilutions of 

these extracts were observed on 24-hour and 48-hour-old biofilms 

using spectrophotometric analysis at 600nm. The study results 

indicated that the crude extract of clove didn't cause any change in 

the biofilm after 24 hours, but after 48 hours, there was a reported 

19% reduction in the biofilm (P<0.001). Significant reduction in 

the formed biofilm was observed for different dilutions of clove 

extract, with a 20% reduction reported after 24 hours and a 41% 

reduction reported after 48 hours for the 1/4th dilution (P<0.001). 

In addition, the 1/6th dilution resulted in a 50% reduction after 

both 24 and 48 hours of exposure (P<0.001). 

 
Figure 3A) Biofilm formation in Eppendorf for sample OS4B; 3B) color variation obtained after extraction of crystal violet stain from 

preformed biofilms of OS4B after treatment with crude extract and increasing dilutions of clove in a series of Eppendorfs; 3C) reduction in 

OD reading at 600nm with increasing dilution of clove for OS4B; 3D) color variation obtained after extraction of crystal violet stain from 

preformed biofilms of OS4B after treatment with crude neem extract and dilutions; 3E) reduction in OD reading at 600nm with increasing  

                                                                 dilution of Neem for OS4B; ** indicates P value < 0.001 

 
Figure 2 illustrates the zone of growth inhibition of samples OS2, OS4A, and OS4B: 1A) in the presence of neem extract and its dilutions; 

1C) in the presence of clove extract and its dilutions; 1B) displaying the zone of inhibition for samples OS4A and OS4B in crude neem 

extract and its various dilutions (1/4, 1/2, and 1/6 dilutions); 1D) showing the zone of inhibition for samples OS4A and OS4B in crude clove  

                                                              extract and its various dilutions (1/4, 1/2, and 1/6 dilutions). 
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As for the effect of neem extract on the biofilm, the crude extract 

showed a 15% reduction after 24 and 48 hours of exposure 

(P<0.01). Different dilutions of neem extract also demonstrated a 

significant reduction in the formed biofilm, with a reported 23% 

and 20% reduction after 24 and 48 hours, respectively, for the 

1/2th dilution (P<0.001) and a 49% and 47% reduction after 24 

and 48 hours, respectively for the 1/4th dilution (P<0.001). The 

1/6th dilution of neem extract showed a 54% and 56% reduction 

after 24 and 48 hours of exposure (P<0.001). In conclusion, both 

clove and neem extract at 1/6th dilutions showed the greatest 

capacity to disrupt biofilm formation compared to the crude 

extracts or the 1/2th and 1/4th dilutions of the extracts. 

3.4 Effect of neem and clove extraction on the formation of 

biofilm  

A fresh culture of OS4B was inoculated in sterile petri plates 

containing freshly prepared nutrient broth with 1% glucose. The 

growth was allowed to spread on sterile coverslips. After 48 hours, 

the impact of natural extracts on biofilm production was evaluated. 

This was done by crystal violet staining followed by observation 

under a phase-contrast microscope and measurement of absorbance 

using a spectrophotometer (Figure 4 A-E). Compared to the 

positive control plates with no extracts (Figure 4D, E), a significant 

reduction in biofilm formation was noticed in plates with 1/6 

dilutions of clove and neem extracts, respectively (Figure 4D, E). 

Analyzing the effect of clove extract on biofilm formation, the 

crude extract showed no effect, while only an 11% reduction was 

noted for the 1/2 dilution. However, a significant reduction in 

biofilm formation was observed with 1/4 (37%) and 1/6 dilution 

(36%) (Figure 4F). Similarly, with neem extract, there was a 12% 

reduction with the crude extract, whereas a more significant 

reduction was noted with 1/2 dilution (31.5%), 1/4 dilution 

(41.6%), and 1/6 dilution (46.7%) (Figure 4G). 

4 Discussion 

Herbal remedies have been widely used in dentistry to treat tooth 

pain, periodontal inflammation, and oral mucosal diseases caused 

by sores and microbial infections. Medications of herbal origin, 

made up of natural ingredients, are considered safe with minimal 

toxicity and side effects on humans and the environment. 

Additionally, being indigenous, they are readily available and 

inexpensive, making them a useful resource for medicinal 

purposes. In this study, the effectiveness of two popular herbal 

products, neem, and clove, was evaluated against biofilm-

producing pathogens isolated from the oral cavity of people with 

dental problems and an unhygienic lifestyle. Natural ingredients 

extracted from these herbal products in organic solvents were 

found to have antimicrobial activity against fungal strains isolated 

from oral swabs collected. The fungal strain identified as a species 

of Candida showed rapid biofilm production, which is 

characteristic of symptoms for different periodontal diseases. Both 

neem and clove extracts effectively disrupted preformed biofilms 

of Candida sp. and prevented biofilm formation. The efficiency 

was higher with more prolonged incubation for 48 hours than 24 

hours. It is also worth mentioning that the effectiveness of anti-

biofilm activity was enhanced significantly with higher dilutions 

(1/4, 1/6 dilution) compared to crude extract or 1/2 dilution. This 

finding is consistent with reports stating that within heterogeneous 

mixtures of bioactive compounds derived from plants, 

antimicrobial combination effects may include synergy and 

antagonism (Vaou et al. 2022). Similar observations were reported 

against both bacterial and fungal strains isolated from the oral 

 
Figure 4A: Biofilm formation in a petri plate for sample OS4B; 4B & C: Variation in color obtained after extracting crystal violet stain from 

preformed biofilms of OS4B after treatment with crude extract and various dilutions of clove and Neem, respectively; 4D: Microscopic view 

of biofilm without (left panel) and with a 1/6 dilution of clove and Neem (right panel); 4E & F: A significant reduction in OD reading at 600  

                               nm with increasing dilution of clove and neem extracts respectively; ** indicates P value<0.001 
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cavity and other sources using extracts of both neem and clove 

(Agarwal et al. 2010; Harjai et al. 2013; Nagarajappa et al. 2018; 

Barua et al. 2017; Bansal et al. 2019; Batiha et al. 2020). The 

antagonism between bioactive compounds in essential oils can 

occur during antimicrobial interactions in herbal extracts when (i) 

a combination of bacteriostatic and bactericidal antimicrobials 

exists, (ii) antimicrobials target the same site, or (iii) antimicrobial 

natural components interact with each other (Roller, 2003). The 

results of this study indicated that the antagonistic effect that 

masks the activity of the prime antimicrobial component may be 

relieved with higher dilutions. An example of such alteration of 

antagonism has also been reported for the antimalarial agent 

artemisinin. In this case, the flavone casticin exhibited antagonistic 

activity at a 1:3 ratio. However, the in-vitro activity of artemisinin 

significantly increased with higher dilutions (Liu et al. 1992; Vaou 

et al. 2022). However, further validation at a larger scale of 

experiments is needed for confirmation. 

Conclusion 

The use of herbal medication in dentistry has proven to be 

effective. Studies have shown that neem and clove extracts exhibit 

antifungal properties against Candida sp., commonly found in 

individuals with dental diseases. These extracts can reduce 

preformed biofilms and prevent biofilm formation, making them 

promising candidates for treating oral Candida infections. Neem 

and clove extracts are non-toxic and have significant antifungal 

activities, which could complement existing commercial 

medications for treating periodontitis and other biofilm-related oral 

disorders. However, further research with larger sample sizes and 

detailed investigation of the mode of action of these herbal extracts 

is needed before their actual application as prescribed medication. 
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