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ABSTRACT

Background: Staphylococcus aureus is an opportunistic oral pathogen that can colonize in smokers due to alterations in
the oral microbiome.

Objective: To assess and compare the antimicrobial effectiveness of herbal extracts (Azadirachta indica (neem),
Syzygium aromaticum (clove oil), Ocimum tenuiflorum (Tulsi), and Camellia sinensis (green tea)) versus chlorhexidine
against Staphylococcus aureus in smokers.

Methods: This in vitro experimental study was conducted at Azra Naheed Medical and Dental College from December
2025 to March 2026 on 100 adult smokers. Dental plaque samples were collected from 100 adult smokers, from which
Staphylococcus aureus isolates were obtained and tested. Herbal extracts of Azadirachta indica (neem), Syzygium
aromaticum (clove oil), Ocimum tenuiflorum (Tulsi), and Camellia sinensis (green tea) were prepared using ethanol
extraction and compared for antimicrobial activity using the agar well diffusion method. Chlorhexidine (0.2%) was used
as a control. Mean inhibition zones were compared with one-way-ANOVA.

Results: Chlorhexidine showed the largest inhibition zone (24.70+3.57), followed by clove oil (19.40+4.11), green tea
(14.10£3.92), Tulsi (15.30£3.25), and Neem showed the smallest zone (12.01+£2.58mm) (p<0.001). There was a
significant difference in mean inhibition zones between chlorhexidine and clove (p<0.001), whereas no significant
difference was observed between green tea and Tulsi (p=0.116). An inverse correlation was observed between the number
of cigarettes smoked per day and the zone of inhibition for green tea (r=—0.213, p=0.033), but no significant correlation
was observed with chlorhexidine (r=0.029, p=0.778).

Conclusion: Chlorhexidine demonstrated the greatest antimicrobial efficacy against oral S. aureus isolates from smokers,
followed by clove oil, green tea, Tulsi, and neem. Further optimization of herbal agent concentrations may enhance their
clinical applicability.
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Smoking is a risk factor for oral diseases, which
reportedly affect the oral microbiome, increasing S.
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aureus colonization, as tobacco smoke can create a
favorable environment for bacterial growth by
lowering oxygen levels, decreasing salivary flow, and
altering pH, thereby promoting the growth and
resistance of oral bacteria.?

Another reason for antimicrobial resistance,
especially in clinical settings, is the overuse and
misuse of antibiotics, prompting the search for
alternative medicines to combat oral pathogenic
bacteria.* Herbal products have a long history of use
in traditional medicine, offering a potential solution
to overuse and misuse of antibiotics and alternative
medicines.’ Azadirachta indica, also known as neem;
Syzygium aromaticum, also called clove oil; Ocimum
tenuiflorum, commonly called Tulsi; and Camellia
sinensis, also called green tea, have been reported to
have antibacterial activity in the literature.® These
plant-based agents are rich in bioactive compounds
such as eugenol in clove oil, polyphenols in green
tea, and nimbolide in neem and reportedly exert
antibacterial activity through membrane disruption,
inhibition of protein synthesis, and interference with
biofilm formation.” 3

In Pakistan, smoking has a high prevalence,
warranting an urgent need for effective oral hygiene
using herbal products to serve as antimicrobial agents
against pathogens like S. aureus, especially where
resources are limited.? Previous in-vitro studies and
reviews have reported antimicrobial activity of neem,
clove oil, Tulsi, and green tea against oral pathogens

and S. aureus.> %!

Previous studies have evaluated these agents
individually, against standard laboratory strains, or in
non-smoker populations. Evidence remains limited
on the comparative efficacy of these herbal extracts
against oral S. aureus isolates from smokers, despite
smoking-related alterations in the oral microbiome
that may influence bacterial colonization and
antimicrobial susceptibility.!" Therefore, the present
study provides smoker-specific comparative data by
evaluating neem, clove oil, Tulsi, and green tea
against oral S. aureus isolates, with chlorhexidine as
the control. Despite the wide use of herbal products
in traditional medicine, there is limited data regarding
their effectiveness, especially in smokers.?

The study aimed to assess and compare the
antimicrobial effectiveness of herbal extracts
(Azadirachta indica (neem), Syzygium aromaticum

(clove oil), Ocimum tenuiflorum (Tulsi), and
Camellia sinensis (green tea) versus chlorhexidine
against S. aureus in smokers.

METHODS

This in vitro experimental study was conducted from
December 2025 to March 2026, following approval
from the Institutional Ethics Board. The experimental
work was carried out in the Pathology department of
Azra Naheed Medical College, Superior University,
Lahore, Pakistan. Sample size was calculated using a
two-sided alpha level of 0.05 and 80% power; the
minimum number of isolates required to detect an
expected mean difference of 5.0 mm in the zone of
inhibition between agents (based on previously
reported agar diffusion data, with SD=6.93 mm) was
15 isolates. To improve the precision and reliability
of findings, the sample size was increased to 100
isolates, with each isolate evaluated against all
agents. A non-probability consecutive sampling
technique was used. Eligible adult smokers who
fulfilled the selection criteria and provided written
informed consent were recruited until the required
sample size of 100 participants was achieved. The
inclusion criteria were adult smokers aged 18 years
and above, with a history of cigarette smoking for at
least one year, presence of dental plaque, and
provided written informed consent. Participants were
included only if oral plaque samples yielded
confirmed S. aureus isolates. Participants who had
used systemic antibiotics, antimicrobial mouthwash,
or professional periodontal therapy within the
preceding four weeks were excluded. Individuals
with systemic conditions affecting oral immunity,
active oral infections requiring immediate treatment,
or incomplete clinical/smoking history were also
excluded.

Written informed consent, followed by a self-
administered questionnaire targeting demographics
and smoking habits, was obtained from all
participants before sample collection. The dental
plaque was collected from four teeth, i.e., the upper
right first molar, the upper left central incisor, the
lower left first molar, and the lower right central
incisor. The plaque was pooled in a single sterile tube
containing sterile saline and transported for testing
within 4 hours of collection. The samples were
vortexed for 30s, and serial dilutions were prepared
in phosphate-buffered saline (PBS). Aliquots of 100
pL from the appropriate dilutions were plated onto
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blood Agar and Mannitol Salt Agar (MSA) and
incubated at 37°C for 24 to 48 hours. The S. aureus
appeared golden yellow on Blood Agar and yellow
on MSA.

Gram staining was done, where S. aureus appeared as
Gram-positive cocci in irregular grape-like clusters.
The catalase test was done, showing bubbles when
hydrogen peroxide was added to the bacterial culture,
indicating a positive catalase reaction. The coagulase
test was done using rabbit plasma, and clot formation
indicated the presence of S. aureus.

The herbal products i.e., Neem, Clove oil, Tulsi, and
Green tea were purchased from authenticated
suppliers and the bioactive compounds were
extracted using ethanol solvent extraction where
herbal agents were dried and ground and a 1:10 (w/v)
ratio of dried powder to 70% ethanol were mixed,
and shaked at room temperature for 48 to 72 hours,
and later concentrated using a rotary evaporator
below 50°C, and dried at 40°C, to form solid extracts,
which were reconstituted in sterile distilled water to
prepare stock solutions at concentrations of 100
mg/ml.

Minimum inhibitory concentration (MIC) testing was
performed using tube dilution to guide selection of
herbal extract concentrations for agar well diffusion
testing. One confirmed oral S. aureus isolate was
selected for baseline MIC. Serial dilutions of
ethanolic extracts of neem, Tulsi, green tea, and clove
oil were prepared in Mueller-Hinton broth. A
bacterial inoculum was prepared from a fresh
overnight culture and adjusted to 0.5 McFarland
standard. The standardized inoculum was added to
each tube. The tubes were incubated at 37°C for 24
hours. MIC was defined as the lowest concentration
of the extract that showed no visible turbidity
compared with the positive control. The MIC values
were 25% for neem, 5% for Tulsi, 5% for green tea,
and 4% for clove oil; therefore, these MIC-guided
concentrations were selected for subsequent agar well
diffusion testing.

The antimicrobial activity of the herbal extracts was
assessed using the agar well diffusion method. Fresh
overnight cultures of confirmed oral S. aureus
isolates were prepared, and bacterial suspensions
were adjusted to match the 0.5 McFarland standard.
Mueller-Hinton Agar plates were inoculated evenly
using sterile cotton swabs. 6 mm-diameter wells were
punched into the inoculated agar using a sterile cork

borer, and 100 pL of each herbal extract was added to
the  corresponding  wells at  MIC-guided
concentrations: neem 25%, Tulsi 5%, green tea 5%,
and clove oil 4%. For clove oil, 1% v/v Tween-80
was added to support emulsification and diffusion in
the agar medium. Chlorhexidine 0.2% was used as
the control. The plates were incubated at 37°C for 24
hours, and zones of inhibition around each well were
measured in millimeters using a transparent ruler.

Ethical Approval

The study was approved by the Ethical Review Board
of Azra Naheed Medical College on 1% December,
2025 (Ref no: FRB/BMS/02).

Statistical Analysis

The data were analyzed using SPSS version 26, and
the descriptive statistics were calculated for each
variable. The quantitative variables were age,
smoking duration, cigarettes smoked per day, and
zone of inhibition for each agent. The normality was
assessed using the Shapiro—Wilk test; the data were
normally distributed. The differences in inhibition
zones were assessed using one-way ANOVA,
followed by Tukey's HSD post hoc test for pairwise
comparisons. Pearson correlation was applied for
smoking and zone of inhibition correlation. A p-value
of <0.05 was considered statistically significant.

RESULTS

A total of 100 smokers were included in the study,
with a mean age of 36.62+12.88 years. The average
smoking duration was 8.17+£7.63 years, and
participants smoked an average of 16.60+4.91
cigarettes per day. The antimicrobial activity of the
herbs against S. aureus was evaluated by measuring
the zones of inhibition.

Figure 1: (a) Isolated Staphylococcus aureus. (b) Zone of
inhibition for Staphylococcus aureus

Chlorhexidine showed the largest zone of inhibition,
followed by Clove oil. The inhibition zones of Green
tea and Tulsi were moderate, whereas Neem showed
the smallest (Table 1).
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The neem inhibition zones were significantly smaller
than those of all other agents (p < 0.001). There was a
significant difference in mean inhibition zones between
chlorhexidine and clove (p<0.001), whereas no
significant difference (p=0.116) was observed between
green tea and Tulsi inhibition zones (Table 2).

Table 1: Comparison of mean zones of inhibition

Agents n Mean + SD p value
Chlorhexidine 100  24.70+3.57
Clove Oil 100 19.40+4.11
Tulsi 100  15.30+3.25 <0.001*
Green Tea 100  14.104£3.92
Neem 100 12.01+2.58

One-way ANOVA test was applied. *p<0.05 was taken as
statistically significant

Table 2: Pairwise comparisons of mean inhibition zones

among tested agents

mean difference

Comparison (mm) p value
Clove Oil -Tulsi 4.10 <0.001*
Clove Oil - Green Tea -5.30 <0.001*
Clove Oil - Neem -7.38 <0.001*
Clove Oil - Chlorhexidine 5.30 <0.001*
Chlorhexidine - Green Tea  -10.60 <0.001*
Chlorhexidine - Neem 12.68 <0.001*
Chlorhexidine - Tulsi -9.40 <0.001*
Tulsi - Green Tea 1.20 0.116

Tulsi -. Neem 3.28 <0.001*
Neem - Green Tea -2.08 <0.001*

Tukey’s post hoc test applied. * p<0.05 was taken as statistically
significant.

Table 3: Correlation of smoking variables with zones
of inhibition among tested agents

Smoking

variable Agent rvalue pvalue
Chlorhexidine 0.029 0.778
Cigarettes Clove oil —0.034 0.734
smoked per Tulsi —0.052 0.608
day Green tea —-0.213 0.033*
Neem -0.072 0.478
Chlorhexidine -0.027 0.792
Smoking Clov.e oil -0.017 0.868
duration Tulsi —0.001 0.991
Green tea —0.054 0.594
Neem —-0.186 0.064

Pearson correlation test applied. *p<0.05 was considered
statistically significant.

There was a significant negative correlation between
the number of cigarettes smoked per day and the
green tea zone of inhibition (p=0.033). No significant
correlation was observed between cigarettes smoked

per day and the zones of inhibition for chlorhexidine,
clove oil, Tulsi, or neem. Smoking duration was not
significantly associated with the zones of inhibition
for any of the tested agents (Table 3).

Based on the antimicrobial testing, the inhibitory
activity was highest for chlorhexidine, followed by
clove oil, Tulsi, green tea, and neem. Clove oil was
the most effective herbal agent, while Tulsi and green
tea showed moderate antibacterial activity and were
not statistically different from each other. Neem
showed the lowest inhibitory activity among the
tested agents.

DISCUSSION

This in-vitro experimental study was conducted on adult
smokers. Dental plaque samples were collected from
smokers, from which Staphylococcus aureus isolates
were obtained and tested. Herbal extracts of Azadirachta
indica (neem), Syzygium aromaticum (clove oil),
Ocimum tenuiflorum (Tulsi), and Camellia sinensis
(green tea) were compared for antimicrobial activity
using the agar well diffusion method. Chlorhexidine
(0.2%) was used as a control.

Chlorhexidine showed the highest inhibitory activity
against oral Staphylococcus aureus isolates from
smokers, followed by clove oil. Tulsi and green tea
that showed moderate inhibitory activity and were
not statistically different from each other, while neem
showed the lowest activity among the tested agents.
A higher number of cigarettes smoked per day was
weakly associated with reduced inhibitory activity of
green tea, whereas no significant association was
observed for the other agents. These findings aligned
with prior literature due to the superior antibacterial
properties.'>!*  Chlorhexidine is a cationic
bisbiguanide that binds electrostatically to negatively
charged bacterial cell walls and oral surfaces, giving
it prolonged retention in the oral cavity.
Chlorhexidine has broad-spectrum activity due to its
ability to disrupt bacterial cell membranes and inhibit
protein synthesis.'> Prolonged use of chlorhexidine
can lead to tooth staining, altered taste, and increased
risk of antibiotic resistance, underscoring the need for
alternative natural antimicrobials with fewer side
effects and oral benefits.!> Clove oil showed a
significantly smaller inhibition zone compared to
chlorhexidine but was one of the most effective
herbs, and this finding aligns with recent studies
reporting that clove oil, due to eugenol as an active
ingredient, has strong antimicrobial activity against S.
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aureus by membrane disruption, interference with
protein synthesis in bacteria, and the inhibition of
biofilm.'*!7  Clove oil reportedly has better
antimicrobial activity than other herbs like neem or
Tulsi.!® Its slightly lower efficacy than chlorhexidine
may be attributed to the concentration and solubility
of eugenol in the oral product preparation, as well as
the slower release of active compounds in aqueous
solutions. Despite this, the relatively low risk of side
effects associated with clove oil makes it a promising
natural alternative to synthetic antimicrobial agents. "

Tulsi and green tea showed a moderate zone of
inhibition, consistent with the literature reporting the
antibacterial properties of green tea due to
polyphenolic compounds such as epigallocatechin
gallate, which can disrupt bacterial membranes,
inhibit enzymes, and hinder biofilm formation.?
Previous studies have reported green tea activity
against S. aureus in vitro, with some studies also
reporting a synergistic effect when wused in
conjunction with conventional antibiotics.?!> 22

The current study reported a negative correlation
between the number of cigarettes and the efficacy of
green tea, indicating that increased smoking may
reduce the effectiveness of green tea against S.
aureus. This could be due to the effects of smoking
on the oral microbiome, making bacteria such as S.
aureus less susceptible and more resistant.?! This
finding supports the notion that smoking creates a
more adverse environment for antimicrobial agents
and may diminish their effectiveness.”* However, this
finding should be interpreted cautiously because the
study did not include a non-smoker comparator group
and does not establish that smoking directly reduces
the antimicrobial effectiveness of green tea. Like
green tea, Tulsi contains eugenol and carvacrol,
which have antibacterial properties.?* Recent data
suggest that Tulsi extracts can inhibit bacterial
growth by damaging the cell membrane and
modulating the host immune response.”> However,
the efficacy of Tulsi and green tea was not as strong
as that of chlorhexidine or clove oil. The findings
suggest that Tulsi and green tea may be used as an
adjunct or as a combination therapy rather than as a
single agent.’

Neem (Azadirachta indica) exhibited the lowest
antimicrobial activity, consistent with previous
studies reporting variable antibacterial effects of

neem that depend on the extraction method and the
concentration of the herb used.!! Neem has been used
for its antimicrobial properties, but its efficacy is
weaker than that of other natural agents like clove oil
or chlorhexidine. The low effectiveness of neem in
this study could be due to the extraction method, the
extract concentration, and variation in bioactive
components; therefore, neem can be used as an
adjunctive for plaque control and gingivitis, though
further optimization is required to become an
effective standalone agent.® !

The study reported that the duration of smoking did
not affect the herbs' antimicrobial efficacy, which
aligns with the literature indicating that the effects of
smoking on oral bacteria depend on factors such as
smoking frequency and intensity and oral hygiene
practices.?>?* However, the number of cigarettes per
day in this study reduced the effectiveness of green
tea against S. aureus. This finding is consistent with a
previous study indicating that smoking can alter the
oral microbiome, creating conditions leading to
antibiotic resistance.?

CONCLUSION

Chlorhexidine demonstrated the greatest
antimicrobial efficacy against oral S. aureus isolates
from smokers, followed by clove oil, green tea, Tulsi,
and neem. Smoking reduced the effectiveness of
green tea, whereas no significant effect was observed
for the other agents. These findings suggest that
certain herbal products have antimicrobial potential
and may serve as adjuncts or potential alternatives to
synthetic agents; however, their effectiveness in
smokers varies. Further optimization of herbal agent
concentrations and clinical evaluation are needed to
enhance their applicability.

Limitations and future recommendations

This in vitro study used the agar well diffusion
method, which may not fully replicate oral
conditions, including saliva, pH variations, and dental
plaque biofilms. Inhibition zones may also be
influenced by the diffusion properties of the tested
agents. Only the zone of inhibition was assessed,
while minimum bactericidal concentrations (MBCs)
and biofilm activity were not evaluated, and the study
was limited to smokers. Future studies should include
in vivo and clinical investigations, assess MBCs and
biofilm activity, and evaluate different concentrations
and combinations of herbal extracts.
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