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1. Introduction
Dental illness, especially dental caries, a biofilm-
associated disease, is unquestionably a public health 
issue and one of the most common diseases in the 

world1. According to the World Health Organisation, 
cavities affect 60 to 90 percent of school children and 
nearly all adults worldwide. One of the most significant 
risk factors for dental illnesses is the colonization of 
teeth by cariogenic bacteria, with S. mutans being the 
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Abstract 
Dental caries is a biofilm-dependent disease, and Streptococcus mutans is the primary etiological agent involved in the 
initiation of the disease. The extensive use of a limited range of antimicrobial drugs in dentistry has led to the development 
of drug-resistant bacteria. There is an increasing need to find new alternatives against drug-resistant bacteria. Globally, 
there is a continuous effort towards identifying natural anti-caries agents for the prevention and better management of 
caries. The objective of the present study was to evaluate the antibiofilm potential of Azadirachta indica leaf methanolic 
(ALM) extract against S. mutans biofilm. The study employed a standard reference strain of S. mutans MTCC 497, for in 
vitro standardisation of biofilm by microtiter plate assay. The antibiofilm activity of the ALM extract was evaluated against 
the S. mutans strain, and the same was confirmed by light and scanning electron microscopy (SEM). The in vitro biofilm 
standardisation results demonstrated that 50 µl/ml of S. mutans inoculum concentration exhibited a much superior biofilm 
formation than the other concentrations employed. Light microscopy and SEM images revealed that ALM extract at 100 
mg/ml concentration significantly inhibited the S. mutans biofilm. To conclude, the study reports that the A. indica leaf 
extract is a potential source to inhibit the S. mutans biofilm. Further studies are warranted to identify the phytochemicals 
responsible for the antibiofilm activity of ALM extract against S. mutans biofilm that aid in the design of natural anti-caries 
products.
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leaves, stems, roots, gum, bark, and nearly all other parts 
of A. indica have been utilised as common household 
treatments for human ailments. Additionally, neem twigs 
are used by millions of people worldwide as chewing 
sticks for oral hygiene14, 15. The potency of plant-derived 
chemicals against pathogens that cause common and/
or fatal illnesses, like Escherichia coli16, Pseudomonas 
aeruginosa16, Staphylococcus aureus17, and cariogenic 
bacteria18, has been thoroughly investigated. 

The significant biofilm-forming bacteria, namely 
S. aureus, Enterococcus faecalis and P. aeruginosa, are 
commonly associated with human infections, and it is 
well evidenced that A. indica possesses antibiofilm activity 
against these organisms19. Additionally, it is also reported 
that A. indica also possesses antibiofilm properties against 
methicillin-resistant S. aureus, Helicobacter pylori, and 
Vibrio cholera organisms20, 21. Based on the extensive 
research on various biofilm-forming organisms, A. indica 
may be a potential candidate to combat caries. To the 
best of our knowledge, there is a lack of studies primarily 
designed to determine the antibiofilm property of A. 
indica against S. mutans. In this context, the present study 
aimed to evaluate the antibiofilm potential of A. indica 
methanolic leaf extract against S. mutans biofilm. 

2. Materials and Methods
2.1 Procurement and Revival of Culture
S. mutans freeze-dried culture (MTCC 497) was 
obtained from the Microbial Type Culture Collection 
and Gene Bank (MTCC), Chandigarh, India. The 
freeze-dried culture was revived in Brain Heart 
Infusion (BHI) broth and later streaked on BHI agar 
to obtain single isolated colonies. The pure culture of S. 
mutans was maintained in 80% glycerol stock at –20°C. 

2.2 Screening Test for Biofilm
The screening test for biofilm production was performed 
by tube adherence assay22. Briefly, 2 ml of BHI broth 
with sucrose (5%) was inoculated with an overnight 
culture of S. mutans. A tube with media alone was 
considered a control. The tubes were incubated at 37°C 
for 24 hours; after the incubation period, the broth was 
discarded, washed with phosphate buffer saline, and 
air-dried. The tubes were stained with crystal violet 
(0.1%). The excess stain was removed by rinsing it 

main species associated with the early dental caries 
process3. Strong biofilms produced by S. mutans on a 
tooth’s surface are essential for developing dental plaque 
and cavities4. Although there are many acidogenic 
and aciduric species in dental plaque linked to the 
development of dental caries, S. mutans is the primary 
producer of extracellular polysaccharides, making these 
biofilms challenging to manage5. S. mutans exploits 
com-dependent quorum sensing systems to regulate 
various biological functions, such as niche adaptability 
during host colonization, natural competence, 
controlling genetic transformation, pathogenicity, and 
biofilm formation. The S. mutans biofilm’s structure is a 
barrier to the chemical anti-biofilm agents, increasing 
resistance to various antimicrobial elements6. 

Antibiotics are frequently used for therapeutic and 
preventive purposes to treat dental caries and other 
dental-related problems. Antimicrobial resistance has 
unfortunately emerged rapidly in recent years, along 
with the usage of antibiotics7. Alternative preventative 
measures and therapeutic approaches that are affordable 
and safe are greatly needed. According to the World 
Health Organization, 80% of people in underdeveloped 
nations rely on ethnomedicine for their primary medical 
care. Contrarily, 50% of the world’s population still uses 
ethnomedicines derived from plant active components8. 
A. indica has been used extensively from prehistoric times 
to the present9. A. indica L. is one of many medicinal 
trees in the Meliaceae family that are commonly found 
in tropical and semi-tropical areas around the world10. 
Research in food safety, dentistry, virology, bacteriology, 
parasitology, and mycology is currently being conducted 
to better understand the wide antibacterial properties 
of A. indica11. The tree is well-known for its medicinal 
properties, which include antifertility, hypolipidemia, 
antidiabetic, nematicidal, insecticidal, microbicity, 
antiulcer, anti-inflammatory, antioxidant, antipyretic, 
hypoglycemic, hepatoprotective, cardioprotective, 
neuroprotective, and anti leishmaniasis effects10. There 
are hundreds of phytochemicals in the neem tree, and 
many of them have been proven to be bioactive and have 
a variety of uses on their own. More than 300 distinct 
compounds have been found in the neem tree. Some of 
the more prevalent phytochemicals found in the neem 
tree, such as azadirachtin, gedunin, and nimbolide, have 
previously been identified as potential medications with 
various biological functions10, 12, 13. Flowers, fruits, seeds, 
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with deionized water, and the tubes were air-dried by 
placing them upside down. 

2.3  Standardisation of Biofilm Assay in a 
24-Well Microtiter Plate

The biofilm standardisation assay was carried out in a 
flat-bottom 24-well polystyrene microtiter plate with 
modifications23, 24. Briefly, S. mutans was inoculated in 
a test tube containing sterile BHI broth supplemented 
with sucrose (5%) and incubated at 37°C for 24 hrs. 
To achieve a 0.5 McFarland standard, the turbidity 
of the S. mutans bacterial suspension was modified. 
The bacterial inoculum, ranging from 10 to 50 µl/ml 
(with an interval of 10 µl/ml) was prepared in BHI 
broth containing 5% sucrose. 1 ml of each bacterial 
concentration was aseptically added to the individual 
wells of the microtiter plate, after placing a sterile glass 
piece (1 X 1 mm) in each of the wells. Inoculated media 
treated with sterile distilled water was employed as a 
negative control, while media alone was considered 
a blank control. The experiment was performed in 
triplicates. The anaerobic incubation of the microtiter 
plate was at 37°C for 24hrs. Following the incubation 
period, the broth was aseptically discarded, and glass 
pieces were carefully removed with sterile forceps. The 
glass pieces were rinsed with sterile phosphate-buffered 
saline and further air-dried. The glass pieces were 
stained with crystal violet (0.4%) for 5 minutes and 
were later observed under the microscope to determine 
the biofilm formation. 

2.4 Plant Materials Collection 
The leaves of Azadirachta indica A. Juss. were collected 
from the medicinal garden of the University of 
Agricultural Sciences, GKVK Campus, Bengaluru. The 
plant materials collected were free from infection. The 
identification and authentication of the plant material 
were made by the Head, Centre for Herbal Gardens, 
The University of Trans-Disciplinary Health Sciences 
and Technology, Bengaluru.

2.5 Preparation of Powder Extract 
The leaves of A. indica were washed with sterile distilled 
water and shade-dried. The leaves were coarsely 
powdered using a mechanical grinder. 

2.6 Reflux Condensation Extraction 
50 g of plant material was added to a round-
bottom flask containing 300 ml of methanol. Reflux 
condensation was carried out for two and a half hours. 
The ALM extract was filtered and dried through rotary 
evaporation. 

2.7 The Antibiofilm Activity of ALM Extract
The antibiofilm property of ALM extract was 
evaluated in a 24-well polystyrene microtiter plate 
with modifications23, 24. The inoculation of the S. 
mutans strain was prepared as described in section 
2.3. Briefly, 50 µl /ml bacterial inoculum prepared in 
BHI broth (5% sucrose) was aseptically added to the 
microtiter plate after placing a sterile glass piece (1 
X 1 mm) in each of the wells of the microtiter plates. 
The varying concentrations of plant extract with an 
interval of 20 mg/ml, ranging from 20 to 100 mg/ml, 
were employed in the study. The experiments were 
performed in triplicates. Inoculated media treated 
with chlorohexidine was considered a positive control, 
the media treated with methanol was a negative 
control, and the media alone was a blank control. The 
microtiter plate was anaerobically incubated at 37°C 
for 24hrs. After the incubation period, the broth was 
aseptically discarded and glass pieces were carefully 
removed with forceps. The glass pieces were rinsed 
with sterile phosphate-buffered saline and air-dried. 
The glass pieces were stained with 0.4% crystal violet 
for 5 minutes. 

2.8 In situ Visualization of S. mutans
2.8.1 Light Microscopic Analysis

After staining, the glass pieces were observed under 
a microscope to determine the biofilm formation. A 
glass slide was used to mount the glass pieces with the 
biofilm directed upwards, and they were observed with 
a light microscope (100 X magnification). The visuals 
of microscopic images were captured by a digital 
camera24.

2.8.2 Scanning Electron Microscope Analysis

Using sterile distilled water, the biofilms on 1×1 mm 
glass pieces were rinsed, fixed using formaldehyde, 
and overnight incubated at 20°C. The biofilms on the 
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The reference strain of S. mutans demonstrated a 
positive test for the primary screening test for biofilm 
formation. Figure 2 represents stained S. mutans cells 
adhered to the bottom of tubes, demonstrating a positive 
test for biofilm formation.

The results of the standardisation of the biofilm 
assay displayed that as the concentration of the bacterial 
inoculum increased, better biofilm formation was 
observed. Among the five inoculum concentrations, 50 
µl/ml of the bacterial inoculum formed a superior biofilm 
when compared to 10 to 40 µl/ml concentrations. Figure 
3 represents the light microscopic images of the S. mutans 
reference strain with respect to biofilm formation at 
different bacterial inoculum concentrations.

The ALM extract displayed antibiofilm properties 
against the S. mutans reference strain. From the light 
microscopy images, it is observed that as the concentration 
of ALM extract increased, the antibiofilm activity also 
increased, and at 100 µg/ml concentration, a superior 
antibiofilm activity against S. mutans was observed. 
Figure 4 shows the representative light microscopy images 
revealing the antibiofilm activity of ALM extract against 
S. mutans. 

SEM analysis was employed to elucidate the antibiofilm 
activity of the ALM extract against S. mutans biofilms 
grown in vitro on glass pieces for 24 hrs at 37°C. From 
the SEM images, it is visualised that the ALM extract 
possesses a strong antibiofilm activity against S. mutans 
biofilm. ALM extract at a 100 mg/ml concentration 
significantly disrupted the S. mutans biofilm. Figures 5 (a) 
and (b) represent the SEM images of S. mutans biofilms 
with respect to the control and treated (100 µg/ml ALM 
extract) samples.

glass pieces were dehydrated through graded ethanol 
treatment, followed by air drying and sputter coated 
with gold. The biofilms were examined at X-5000 
magnification using SEM25. 

3. Results
The freeze-dried culture revived on BHI agar displayed 
small, pinpoint colonies. The representative image of 
the pure culture of S. mutans is presented in Figure 1. 

                                   
a 

Figure 1. Pure Culture of S. mutans MTCC 497 on Brain 
Heart Infusion Agar.

Figure 2. Biofilm screening test of S. mutans (MTCC 497).
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Figure 3. Light microscopy images of in vitro biofilm formation of S. mutans at different bacterial inoculum concentrations.
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4. Discussion and Conclusion
In the last two decades, several natural products have 
been identified that possess inhibition properties 
against S. mutans to name a few: cranberry, curcumin, 
green tea extracts, propolis, and many others4, 27-29. 
Despite these extensive investigations, it is still elusive 
to identify a potential candidate for the prevention and 
management of caries. 

A. indica is an omnipotent plant possessing a wide 
range of antimicrobial activity. Investigators have 
recommended to include more standardized research 
methodologies to test the potential of neem derived 
products and its individual compounds against untested 
organisms that include both in vitro and in vivo studies11. 
To the best of our knowledge, there is a lack of studies 
designed for in vitro evaluation of A. indica antibiofilm 
activity against S. mutans.

In the present study, in vitro standardisation of S. 
mutans biofilm formation was demonstrated at 50 µl/ml 
of the bacterial inoculum in a microtiter plate assay. From 
the results, it is observed that among the concentrations of 
ALM extract employed for antibiofilm activity, 100 mg/ml 
demonstrated the highest antibiofilm activity against S. 
mutans. SEM images confirmed the antibiofilm activity of 
the ALM extract. From the SEM images, it is interpreted 
that the ALM extract (100 mg/ml) possesses strong 
antibiofilm activity against S. mutans. By comparing the 
images of treated and control samples, it can be stated that 
the S. mutans biofilm is suppressed and deformed in the 
former, while the control sample showed a dense, complex 
structure with substantial matrix formation. In one of the 
earlier clinical studies, a dental gel incorporated with A. 
indica leaf extract (25mg/g) demonstrated a significant 
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Figure 5. Scanning electron microscopy images of S. mutans biofilms (a) Control and (b) Treated sample (ALM extract at 
100 µg/ml concentration).
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Figure 4. Representative images of light microscopy 
displaying antibiofilm activity of ALM extract at different 
concentrations.
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reduction in plaque index and bacterial count compared 
with the control group. The study proposes the use of A. 
indica leaves for plaque growth inhibition30. Based on our 
findings and previous research, we can conclude that A. 
indica leaf extract is a promising agent for the development 
of novel anti-caries products. 

The quorum sensing (QS) signalling system in 
S. mutans controls the development of biofilms by 
moderating the expression of virulence proteins in a way 
that depends on cell density. Therefore, by inhibiting this 
system, S. mutans biofilm formation is inhibited, which 
in turn can limit the cariogenic process. Destabilizing S. 
mutans QS system has thus been suggested as a modern 
approach for antibiofilm activity06. In this background, 
the study concludes by stating that further investigations 
are warranted to identify the bioactive compounds in 
A. indica leaf extract that can be employed as quorum-
quenching agents involved in antibiofilm activity, thus 
preventing caries. 
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