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Original Article
Comparative Antimicrobial Effects of Lemon Verbena 
Extracts and Chlorhexidine on Cariogenic Bacteria

Background: Caries is a type of oral bacterial infectious disease. The two species responsible 
for the initiation of human dental caries include Streptococcus mutans and Streptococcus 
sobrinus. Lactobacillus species have also been observed in the secondary pathogenesis of 
caries. The antimicrobial properties of herbs, which do not affect the natural flora of the oral 
cavity, make them a suitable alternative to chemicals.

Objectives: Due to the lack of studies and evidence on the antibacterial effect of the Aloysia 
citriodora on caries-causing bacteria and the absence of a research on different types of 
extracts of this herb, further tests were conducted in the present study. 

Methods: In this comparative laboratory study, after preparing and extracting A. citriodora 
and obtaining its essential oil with a Cloninger machine, different concentrations were 
prepared. Then, zone of inhibition (ZOI) and minimum inhibitory concentration (MIC) tests 
were performed on S. mutans, S. sobrinus, and Lactobacillus casei. These tests were also 
performed on 0.12% chlorhexidine. Data were reported as Mean±SEM. The Kruskal-Wallis 
test was used to compare the ZOI diameters among different mouthwashes.

Results: The greatest antibacterial effect of A. citriodora was related to the essential oil, 
followed by the hydroalcoholic, aqueous, and hexane extracts, respectively. In general, 
based on mean concentrations, S. mutans (P<0.001) and L. casei (P<0.001) were the most 
susceptible bacteria to chlorhexidine, while S. sobrinus (P<0.001) was most susceptible to the 
essential oil. The Kruskal-Wallis test showed a significant difference between the different 
extracts, essential oils, and mouthwash groups at all concentrations.

Conclusion: If the results of the present study are confirmed by further studies, the essential oil 
as well as aqueous and hydroalcoholic extracts of A. citriodora can be used in the formulation 
of mouthwashes and toothpastes to combat caries-causing bacteria.
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Introduction

ental caries is an infectious disease caused 
by the natural microflora bacteria of the 
mouth. According to reports from the 
World Health Organization (WHO), caries 
is the third non-communicable disease after 
cancer and cardiovascular diseases [1, 2]. 

Dental caries is caused by the transformation of a healthy 
oral microbiome into an acid-producing environment, 
accompanied by a decrease in microbial diversity in re-
sponse to excessive consumption of sugar in the diet [3].

A large number of important extracellular polysac-
charides that form the three-dimensional structure of 
dental plaque are synthesized by Streptococcus mutans 
[1]. Early colonization of S. mutans on primary (milk) 
incisors causes early and extensive caries attacks in de-
ciduous teeth [4]. In a study, small plaque samples were 
collected from several white spots and pitted caries le-
sions on buccal surfaces. The proportion of S. mutans in 
samples collected from decayed areas was significantly 
higher than in healthy sites [5].

Caries incidence correlated significantly with S. mutans 
loads greater than 106 CFU/mL in saliva [6]. The relative 
contribution of S. mutans is likely to determine the car-
iogenic potential of the microbial community residing in 
pits and fissures [7]. The two species responsible for the 
initiation of human dental caries are S. mutans and Strep-
tococcus sobrinus [8]. Lactate-producing species, such 
as S. sobrinus have also been observed in dental caries, 
but its prevalence is significantly lower than that of S. 
mutans, and in rare cases, S. sobrinus has been observed 
without S. mutans. Lactobacillus species have also been 
implicated in the secondary pathogenesis of caries. 

Lactobacilli have been found in large numbers in both 
superficial and deep caries, although it is unlikely that 
they are involved in bacterial invasion of the unexposed 
dental pulp [9].

There are various methods to prevent caries, including 
mechanical removal of plaque and exposure to fluoride, 
sealants, restorations, calcium and phosphate com-
pounds, probiotics, and anti-plaque chemicals [10].

Chlorhexidine is the first and most popular mouthwash 
and is considered the gold standard of anti-plaque treat-
ments. Chlorhexidine gluconate solution (0.12%) is ef-
fective due to its cation chelation ability, which disrupts 
cell adhesion, cell membrane function, and the ability of 
S. mutans to absorb glucose, produce glucan, and carry 

out its metabolism, leading to a decrease in the number 
of S. mutans [7, 11]. However, it has side effects, such as 
altered oral taste, pain, burning sensation, tooth discolor-
ation, and dry mouth. 

Today, despite technological advances in the produc-
tion of health products, there is increasing interest in 
using natural products and compounds due to the side 
effects of synthetic products, including systemic effects. 
Recent research aims to investigate these natural materi-
als and their potential for extensive use. The antimicro-
bial properties of herbs, which do not affect the natural 
flora of the oral cavity, make them a suitable alternative 
to chemicals [8]. However, public awareness of natural 
products needs to be increased, and their use remains 
limited because research in this area has been scattered. 

Aloysia citriodora belongs to the Verbenaceae fam-
ily and has many medicinal properties. It is listed as a 
safe substance by the US Food and Drug Administra-
tion (FDA). Antimicrobial, insecticidal, neuropsycho-
logical, gastrointestinal, antioxidant, anti-inflammatory, 
metabolic, estrogenic, cardiovascular, anticancer effects 
have been attributed to this herb [12]. However, due to 
the lack of studies and evidence on the antibacterial ef-
fect of A. citriodora on caries-causing bacteria, includ-
ing Lactobacillus casei, and the absence of research on 
different types of extracts of this herb, further tests were 
conducted in the present study. 

Materials & Methods

This was a comparative-laboratory study.

Sampling process

The study population included S. mutans, S. sobrinus, 
and L. casei. The samples of each bacterium were di-
vided into 5 main groups: 3 types of extracts (aqueous, 
hydroalcoholic, and hexane), 1 type of essential oil, and 
1 type of chlorhexidine mouthwash (0.12%). In the three 
extract groups (aqueous, ethanol, and hexane), there 
were 8 different subgroups corresponding to concentra-
tions of 250, 500, 1000, 2500, 5000, 10000, 20000, and 
25000 µg/mL. The essential oil group had four concen-
trations: 5, 10, 50, and 100 μL. The chlorhexidine group 
had one concentration, namely 0.12%. This experiment 
was repeated 3 times, and the mean concentration was 
calculated. In total, the study population included 261 
agar wells. 

D
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Procedure

A. citriodora was powdered using an electric mill (At-
tar Mill, Iran). 

Scientific name: A. citriodora Palau

Family: Verbenaceae

Voucher number: PMP-2342

To prepare the aqueous extract, 1 kg of powdered herb 
was mixed with 7.5 liters of water and boiled on a gas 
stove for 3 hours. Then, this mixture was transferred to 
an Erlenmeyer flask through filter paper (Whatman No. 
1). The obtained extract was placed in a rotary device 
(JFEG) at 70 °C with a rotation speed of 32 rpm to con-
centrate the extract and separate its solvent (i.e. water). 
Afterwards, the extract was spread on a tray to dry un-
der a laboratory hood. The remaining dried extract was 
weighed and dissolved in 100 mL of sterilized distilled 
water, which was considered the aqueous extract of A. 
citriodora. 

To prepare the hydroalcoholic extract, 1 kg of the pow-
dered herb was soaked in 4 liters of 70% ethanol in a 
beaker for 10 days. Then, this mixture was transferred 
through filter paper (Whatman No. 1) to an Erlenmeyer 
flask. Again, the same process was repeated for 7 days 
and after the filtration process, it was transferred to an 
Erlenmeyer flask. The obtained extract was placed in a 
rotary machine at 70 °C with a rotation speed of 32 rpm 
to concentrate the extract and separate its solvent (i.e. 
70% ethanol) from the extract. Then, it was placed in a 
bain-marie machine at 80 °C for 60 hours. Afterwards, 
the extract was spread on a tray to dry under a labora-
tory hood at ambient temperature. The remaining dried 
extract was weighed and dissolved in 100 mL of 5% di-
methyl sulfoxide (DMSO) solution. This solution was 
considered the hydroalcoholic extract of A. citriodora. 

To produce the hexane (non-polar) extract, 1 kg of 
powdered herb was soaked in 4 liters of pure hexane 
(100%) for 3 days. Then, this mixture was transferred to 
an Erlenmeyer flask through Whatman filter paper (No. 
1). The obtained extract was placed in a rotary evapora-
tor at 70°C and a rotation speed of 40 rpm to concentrate 
the extract and separate its solvent (i.e. 100% hexane) 
from the extract. Then it was placed in a bain-marie ma-
chine at 80 °C for 3 hours [13-16].

To produce the essential oil, 100 grams of the ground 
herb was dissolved in 500 cc of water, and the essential 
oil was extracted by a Cloninger machine (Scifinetech 
- Korea). This process was repeated 10 times until the 
required essential oil concentration was obtained. The 
standard strains of S. mutans (ATCC 35668), S. sobrinus 
(ATCC 27607), and L. casei (ATCC 39392) were pre-
pared from nano rad medical laboratory [14, 17]. 

Agar well diffusion assay

The bacterial susceptibility to the solutions was mea-
sured using the agar well diffusion assay. For this pur-
pose, a 0.5 McFarland suspension (1.5×108) was pre-
pared from the studied bacteria in a tube containing 
physiological serum, and then cultured on a Mueller 
Hinton agar plate (Merck-Germany). Then, a punch was 
created on the plate surface by a sterile punch device, 
and 100 μL of the tested samples of the aforementioned 
concentrations were loaded into the wells. Each sample 
was analyzed three times in the study. Finally, the plates 
were incubated at 37 °C for 24 hours. Afterwards, the 
diameter of the zone of inhibition (ZOI) was measured 
and recorded in millimeters [18].

Minimum inhibitory concentration (MIC) test

The MIC was determined by the broth microdilu-
tion method using a 96-well microplate. First, 100 μL 
of Mueller Hinton Broth was added to all wells of the 
microplate. Then, different concentrations of the test 
materials were prepared in the wells by the serial dilu-
tion method. Finally, 100 μL of bacterial suspension (106 

CFU/mL) was added to each well. To ensure the accu-
racy of the test, positive controls (culture medium and 
solvent) and negative controls (culture medium, solvent, 
and bacteria) were also included. Then, the plates were 
incubated at 37 °C for 24 hours. Afterwards, the wells 
were examined for bacterial growth or no growth. The 
lowest concentration of the substance that inhibited the 
growth of the microorganism was reported as the MIC. 

Data analysis method

The collected data were coded and entered into SPSS 
software, version 26 (IBM Corp., USA). Data were re-
ported as Mean±SEM. To compare the ZOI diameters 
among different mouthwashes, the Kruskal-Wallis test 
was used. A P<0.05 was considered statistically signifi-
cant.
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Results

In this comparative laboratory study, the antibacterial 
effect of aqueous, hydroalcoholic, and hexane extracts 
and essential oil of A. citriodora and chlorhexidine 
mouthwash on S. mutans, S. sobrinus, and L. casei were 
investigated.

No ZOI was formed in the aqueous extract up to 2.5 
mg/mL, but a 10.67-mm ZOI was observed at a concen-
tration of 5 mg/mL, and the ZOI diameter reached 13.67 
mL at the maximum studied concentration (25 mg/mL) 
mL). No ZOI was formed at hydroalcoholic extract con-
centrations up to 0.5 mg/mL, but an 11-mm ZOI was ob-
served at 5 mg/mL, and the ZOI diameter reached 14.67 
mm at the maximum studied concentration (25 mg/mL).

An inhibition zone was also formed in the hexane ex-
tract up to a concentration of 10 mg/mL, with a 13.33-
mm ZOI observed at the last two concentrations (20 and 
25 mg/mL). Also, a 15.33-mm ZOI was formed at the 
lowest essential oil concentration (5 μL), and the ZOI 
diameter increased to 37.67 mm at the maximum con-
centration (100 μL). 

Finally, a 29.67-mm ZOI was formed when 0.12% 
chlorhexidine was applied. Therefore, according to the 
average results obtained at different concentrations, the 
strength of the antibacterial effect was as follows:

Essential oil > Chlorhexidine > Hydroalcoholic extract 
> Aqueous extract > Hexane extract

A 10.33-mm ZOI was formed with the aqueous extract 
only at the highest concentration (25 mg/mL). The ZOI 
diameter was about 11 mm only at the last two concen-
trations of the hydroalcoholic extract. No ZOI was ob-
served at any concentration of the hexane extract. The 
ZOI diameter was 25.33 mm and 69.67 mm in the es-
sential oil at the lowest (5 μL) and highest (100 μL) con-
centrations, respectively. Finally, a 33.35-mm ZOI was 
formed with 0.12% chlorhexidine.

Therefore, according to the average results obtained at 
different concentrations, the strength of the antibacterial 
effect was as follows:

Essential oil > chlorhexidine > hydroalcoholic extract 
> aqueous extract > hexane extract =0

No ZOI was formed at any concentration of the aque-
ous, hydroalcoholic, or hexane extracts. No ZOI was 
observed in the essential oil up to 10 μL concentration, 
but it reached 15.67 mm at the highest concentration. A 
22.33-mm ZOI was formed with 0.12% chlorhexidine. 
Therefore, according to the average results obtained at 
different concentrations, the strength of the antibacterial 
effect was as follows (Table 1): 

Chlorhexidine > essential oil > hydroalcoholic extract 
= aqueous extract = hexane extract

The results showed that the highest susceptibility was 
related to chlorhexidine in S. mutans and L. casei and 
essential oil in S. sobrinus.

In all groups with different concentrations, there was a 
significant difference between different extracts, essen-
tial oils, and mouthwash (P>0.05) (Table 2).

Growth inhibitory concentrations (MIC) of extracts, 
essential oils, and chlorhexidine: The highest MIC effect 
against S. mutans was as follows:

Chlorhexidine > essential oil > hydroalcoholic extract 
= hexane extract > aqueous extract

The highest MIC effect against S. sobrinus was as fol-
lows:

Chlorhexidine > hydroalcoholic extract > hexane ex-
tract > essential oil > aqueous extract

The highest MIC effect against L. casei was as follows:

Chlorhexidine > hydroalcoholic extract = hexane ex-
tract > essential oil > aqueous extract
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Table 1. Descriptive statistics of MIC test results (mg/mL)

ChlorhexidineEssential OilHexaneHydroalcoholicAqueous Bacteria

0.00076293911.251.252.5S. mutans

0.00076293920.6250.3125> 20S. sobrinus

0.0030517580.250.1560.1561.25L. casei
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Discussion

Despite the progress made in public policies so far, den-
tal caries is the most common and costly infectious oral 
disease worldwide [13], which represents a global public 
health problem that must be managed by dental profes-
sionals. Chemical plaque control is one of the methods 
used. The main chemical agents currently available are 
fluoride, chlorhexidine, triclosan, cetylpyridinium chlo-
ride, and natural products [14].

In this regard, natural products (herbal extracts, es-
sential oils, isolated compounds, and marine products) 
have been proposed as new therapeutic agents against 
dental caries in order to minimize the adverse effects of 
synthetic materials (e.g. altered taste, mucosal scaling, 
and tooth discoloration) and to provide effective and safe 
alternatives for caries control. 

Examples of these natural products include propolis, 
black and green tea, cocoa bean shells, oat shells, blue-
berries and crustacean shells, and several others [15].

The diverse chemical structures of essential oils include 
two groups with distinct biosynthetic origins: Terpenes 
(monoterpenes and sesquiterpenes), terpenoids (isopren-
oids) and another group of aliphatic and aromatic com-
pounds (such as aldehydes, phenols, etc.), all of which 
are characterized by low molecular weight [16].

Monoterpenes are the main compounds found in essen-
tial oils and have been shown to exhibit strong antibacte-
rial activity against caries-causing bacteria.

The bacteria studied in this research were among the 
oral microbial flora and play a role in the occurrence of 
oral and dental diseases. S. mutans is the most important 
caries-causing bacterium, which is associated with the 
onset of caries. Some researchers consider the presence 
of S. mutans to predict the occurrence of caries [17].

Therefore, the purpose of the present study was to in-
vestigate the antibacterial effect of aqueous, hydroalco-
holic, and hexane extracts, as well as the essential oil 
of A. citriodora on caries-causing bacteria (S. mutans, 
S. sobrinus, and L. casei), and to compare these effects 
with the standard 0.12% chlorhexidine mouthwash. 
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Table 2. Comparison of the antibacterial effects of aqueous, hydroalcoholic, and hexane extracts, essential oil, and chlorhexidine 
mouthwash

Bacteria Mouthwash Mean±SD P

S. mutans

Aqueous 6.13±6.354

<0.001

Hydro alcoholic 9.92±5.978

Hexane 3.33±5.903

Essential oil 26.92±9.829

Chlorhexidine 29.67±0.482

S. sobrinus

Aqueous 1.29±3.495

<0.001

Hydro alcoholic 2.67±4.733

Hexane 0

Essential oil 41±17.854

Chlorhexidine 35.33±1.274

L. casei

Aqueous 0

<0.001

Hydro alcoholic 0

Hexane 0

Essential oil 7±7.259

Chlorhexidine 22.33±0.482
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In this study, the agar well diffusion assay and mea-
surement of the ZOI were used to determine the suscep-
tibility to chlorhexidine mouthwash, extracts, and es-
sential oil of A. citriodora. Mueller Hinton Broth culture 
medium was used to determine the MIC of each extract, 
essential oil, and the mouthwash.

The results of the disc diffusion assay and ZOI showed 
that the most effective extracts against S. mutans were, in 
order, hydroalcoholic, aqueous, and hexane extracts. No 
antibacterial effect was observed at the lowest concentra-
tion (250 µg/mL) of the hydroalcoholic extract, but the 
antibacterial effect increased at higher concentrations. 
There was no antibacterial effect in the aqueous extract 
up to a concentration of 2500 µg/mL, but the antibacte-
rial effect increased at higher concentrations.

There was no antibacterial effect in the hexane extract 
up to a concentration of 10,000 (µg/mL), but antibac-
terial effects were observed at concentrations of 20,000 
and 25,000 µg/mL. 

A. citriodora essential oil was effective against S. mu-
tans at all tested concentrations. The highest ZOI diame-
ter was 38 mm at 100 μL of essential oil, which was even 
larger than the ZOI diameter of chlorhexidine (30 mm). 

In the case of S. sobrinus, no ZOI was formed at any 
concentration of the hexane extract.

A ZOI was also observed in the aqueous extract only at 
the highest concentration (25000 µg/mL). Antibacterial 
effects in the hydroalcoholic extract were observed only 
at concentrations of 20,000 and 25,000 µg/mL.

S. sobrinus was more resistant to A. citriodora ex-
tracts than S. mutans, but it was more susceptible to A. 
citriodora essential oil. A 70-mm ZOI was formed at 
100 μL of essential oil, which was twice as large as the 
ZOI formed in S. mutans. Also, the ZOI diameter in the 
essential oil was 100% larger than that of the positive 
control (0.12% chlorhexidine mouthwashes). In In the 
case of L. casei, none of the aqueous, hydroalcoholic, or 
hexane extracts formed a ZOI. However, A. citriodora 
essential oil (50 and 100 μL) produced a 15-mm ZOI, 
which was slightly smaller than the ZOI formed by the 
chlorhexidine mouthwash.

S. mutans had the largest ZOI, indicating the highest 
susceptibility to A. citriodora extracts, while L. casei 
showed the highest resistance to these extracts. Also, 
S. sobrinus and L. casei showed the highest and lowest 
susceptibility, respectively, to A. citriodora essential oil.

In this study, MIC results showed that chlorhexidine 
mouthwash was the most effective against all bacteria. 

The lowest MIC concentration in S. mutans, after 
chlorhexidine mouthwash, was observed in the essential 
oil, followed by hydroalcoholic, hexane, and aqueous 
extracts, respectively. 

For S. sobrinus, the lowest MIC concentration was 
obtained with the hydroalcoholic extract, followed by 
the hexane extract, essential oil, and aqueous extract, 
respectively. In the case of L. casei, the lowest MIC con-
centration was observed with the hydroalcoholic extract, 
followed by the essential oil and aqueous extract, respec-
tively. 

The effects of various herbs on caries-causing bacteria 
have been investigated. In a review article, Freires et al. 
investigated the antibacterial effects of the essential oils 
of various herbs on caries-causing bacteria [14].

A. citriodora extract and essential oil have antibacterial 
effects on various bacteria. A. citriodora extract and es-
sential oil have antibacterial effects on various bacteria.

Hosseini et al. investigated the antibacterial effect 
of A. citriodora and cloves on Bacillus cereus, Liste-
ria monocytogenes, Staphylococcus aureus, Shigella 
dysenteriae, Pseudomonas aeruginosa, Salmonella 
typhimurium, and Escherichia coli. They identified S. 
dysenteriae as the most susceptible bacteria to A. citrio-
dora essential oil [18].

In another study, Mirzaei et al. investigated the antibac-
terial effects of the A. citriodora. The results showed that 
the A. citriodora extract has significant antibacterial ef-
fects on Bacillus subtilis, P. aeruginosa, and E. coli [19].

In the study by Bahramsoltani et al. the essential oil ob-
tained from the leaves of A. citriodora showed antibacte-
rial activity against E. coli, S. aureus, and P. aeruginosa, 
with MIC values ranging from 2.84 to 8.37 mg/mL [12]. 

In a study, Jeradet et al. [20] stated that the A. citrio-
dora essential oil collected from the Umm al-Fahm and 
Bogha al-Gharbi regions has the same antibacterial ef-
fect against methicillin-resistant S. aureus (MRSA), S. 
aureus, Klebsiella pneumonia, and Proteus vulgaris, 
while these essential oils were inactive against E. coli 
and P. aeruginosa [20].
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In a study, Rojas et al. obtained A. citriodora essential 
oil by distillation and analyzed it using gas chromatogra-
phy. A total of 22 components were identified. The main 
ingredients included geranial (27.3%), neral (22.5%), 
graniol (6.2%), bicyclogermacrene (5.2%), and nerol 
(4.9%). The antibacterial activity against clinical iso-
lates of urinary tract and vaginal bacterial infections was 
evaluated by agar disk diffusion assay, and the results 
showed inhibition of the growth of all isolates of E. coli, 
Klebsiella ozane, Enterobacter, Proteus mirabilis, and S. 
aureus [21].

In a study, Tammar et al. investigated the antibacterial 
effect of A. citriodora extract on S. aureus, L. monocyto-
genes, Enterococcus faecalis, E. coli, P. aeruginosa, and 
Salmonella arizona. The ZOI diameter was strongly af-
fected in S. aureus, L. monocytogenes, P. aeruginosa, and 
S. arizonae. On the other hand, there was no significant 
difference in the antibacterial activity of methanol extracts 
of the studied herb against E. coli. The highest antibacte-
rial activity was observed against L. monocytogenes [22]. 

In the study by Kumar et al., the antibacterial activity 
of aqueous and organic A. citriodora extracts was stud-
ied against gram-positive (B. subtilis and S. aureus) and 
gram-negative (Klebsiella pneumoniae, E. coli and P. 
vulgaris) bacteria. They found that all bacterial strains 
were resistant to the aqueous extract, while the metha-
nolic and ethanolic extracts showed moderate activity. 
Partial growth inhibition was observed with chloroform, 
diethyl ether, and chloroform-methanol extracts (1:3) 
against all these studied strains [23]. 

The literature review showed that the only study in-
vestigating the effect of A. citriodora extracts on caries-
causing bacteria was conducted by Shafiei et al. where 
the effects of aqueous and hydroalcoholic extracts were 
compared to amoxicillin and chlorhexidine on caries-
causing bacteria, and the results indicated no antibacte-
rial effect [8]. 

However, in the present research, in addition to inves-
tigating aqueous and hydroalcoholic extracts, the effects 
of the hexane extract (for non-polar compounds) and es-
sential oil were also investigated. 

The lack of antibacterial effects in that study could 
be attributed to various reasons. The American bacte-
rial strains were selected in the present study, whereas 
Persian strains and clinical samples isolated from dental 
caries of children admitted to the Pediatric Ward of the 
Faculty of Dentistry, Babol University of Medical Sci-
ences (Babol, Iran) were used in Shafiei et al.’s study. 

Other reasons include possible differences in the 
chemical composition of the extracts due to quantitative 
and qualitative variations resulting from distinct chemo-
types, genetic factors, geographical origin, macro- and 
micronutrient elements in the soil, extraction location, 
extraction method, time of harvest, and so on [8].

Finally, it should be noted that controlling integrated 
biofilms is more difficult [24]. A possible explanation is 
that the resistance caused by biofilm formation is due to 
the presence of polysaccharides that cover the biofilm, 
protecting the microorganisms against external factors 
and making them more resistant [25]. 

Besides, the caries-causing biofilm consists of a mul-
tispecies microbial community, in which the predomi-
nance of different microorganisms changes as a function 
of the host factors, diet, and microbial interactions [24].

These aspects are not considered in most studies that 
evaluate only planktonic cultures or single-species bio-
film cultures [25].

Conclusion

The results of the present study showed that aqueous, 
hydroalcoholic, and hexane extracts, as well as the es-
sential oil of A. citriodora, have antibacterial effects 
against caries-causing bacteria. 

In the case of S. mutans, the order of the ZOI diameter 
at the average concentrations of extracts and essential 
oils was as follows: Chlorhexidine > essential oil > hy-
droalcoholic > aqueous > hexane. 

In the case of S. sobrinus, the order of the ZOI diameter 
at the average concentrations of extracts and essential oil 
was as follows: Essential oil > chlorhexidine > hydroal-
coholic > aqueous > hexane. 

In the case of S. mutans, the order of the ZOI diameter 
at the average concentrations of extracts and essential 
oils was as follows: Chlorhexidine > essential oil > hy-
droalcoholic = aqueous = hexane. 

Chlorhexidine mouthwash showed stronger antibacte-
rial effects than A. citriodora extracts and essential oil, 
except against S. sobrinus. If confirmed by future stud-
ies, A. citriodora extracts and essential oil could be used 
in mouthwashes or toothpastes to combat caries-causing 
bacteria. 
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The study’s strengths include testing all extract types 
and key cariogenic bacteria, while limited funding was a 
constraint that prevented the use of more precise meth-
ods, like E-test strips. Future research should examine 
the antibacterial activity of A. citriodora in biofilms, 
compare extraction methods, and clinically evaluate for-
mulated mouthwashes for caries and periodontal indica-
tors. 
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