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Abstract 
      Children with Autism Spectrum Disorder (ASD) was found to have poorer oral health and 
hygiene compared to normal children due to insufficient motor skill. One of the prophylaxis efforts is 
using toothpaste with antibacterial effects such as natural Essential Oil that can help prevent biofilm 
regrowth. This study aimed to find out the effectiveness of Clove (Eugenia caryophyllata), 
Spearmint (Mentha spicata L.), lemon grass (Cymbopogon citrates), and cinnamon (Cinnamomum 
burmanii) against bacteria from dental plaque of children with ASD 
      Dental plaque is collected and incubated using Brain-heart Infusion Broth overnight. Toothpaste 
was is formulated using Clove EO, Lemongrass EO, Spearmint , EO and Cinnamon leaves EO. 
The bacteria then moved to Mueller Hinton Agar to examine the inhibition zone of EO toothpaste. 
Followed statistical analysis of the inhibition zone measurement using Kruskal Wallis and Mann 
Whitney post hoc  
      All EO toothpaste has formed an inhibition zone (p<005) with the highest zone formed by 
Cinnamon leaves EO toothpaste, followed by Clove EO toothpaste, Lemon Grass toothpaste, and 
Spearmint toothpaste. no significant difference in the inhibition size of cinnamon leaves EO and 
positive control-chlorhexidine (p=0,82) 
      Cinnamon leaves EO toothpaste has the highest inhibition zone compared to Clove, 
Lemongrass, and Spearmint EO toothpaste. 
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 Introduction 
 

 The number of children with Autism 
Spectrum Disorder (ASD) has increased recently 
worldwide.1 Autism Spectrum Disorder is a 
complex neurodevelopmental disorder that has 
continued to be studied in recent decades. This 
disorder affects language skills, social interaction, 
and lack of attention and is also characterized by 
repetitive behavior.2 Because of this disorder, 
children with ASD have difficulty performing daily 
activities such as eating, drinking, dressing, and 
bathing, including the ability to brushing teeth.3  

This is due to behavioral disorders, 
communication, lack of understanding of social 
cues, sensory problems to poor oral muscle 
tone.4  

Several studies have shown that children 
with ASD have a higher risk of developing oral 
diseases such as caries and periodontal disease 
than other children.5 Caries and periodontal 
disease are diseases with a high prevalence in 
the world with a dental plaque as the main 
etiology.6 Plaque is a thin and sticky layer on the 
surface of the teeth or oral cavity that is 
overgrown with various types of bacterial 
colonies.7 The condition of the microbiota in 
dental plaque and saliva of children with ASD 
was found to be different from other children 
without ASD.8,9  Several indicators of dental 
caries such as DMFT, Plaque Index, and 
Gingival Index were also found to be higher in 
children with ASD.5 In addition, insufficient motor 
skills related to sensory sensitivity when brushing 
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teeth also affect their daily oral hygiene.10 
Therefore, it is also necessary to use materials 
that can protect and prevent the occurrence of 
oral dental disease besides assisting and training 
their independence in maintaining oral health. 

Prophylactic efforts to remove plaque 
mechanically by brushing teeth using toothpaste 
or chemically using mouthwash are preventive 
measures that can be done in the pathogenesis 
of these two diseases.11 Plaque can be removed 
by brushing teeth, however, brushing itself can't 
guarantee that all plaque that has been removed 
will not be built again immediately after 
brushing.12 Various antibacterial ingredients are 
added to toothpaste and mouthwash to prevent 
or inhibit plaque regrowth.13  

One of the ingredients that are believed to 
prevent plaque formation or called an anti-plaque 
agent is an essential oil that is widely used in 
mouthwash and toothpaste.14 essential oil are a 
group of various natural chemicals that are 
volatile and oily with a pungent aroma and 
consist of several chemical compounds obtained 
from various herbal sources through several 
processes such as distillation.15,16  

The chemical composition that can be 
found in EOs usually is sesqui-terpenes (β-
caryophyllene), terpenes-monoterpenes (linalool, 
ocimene, limonene, α-pinene), ketones (carvone), 
alcohols (geraniol, menthol), aldehydes 
(cinnamaldehyde, vanillin), and phenols (eugenol, 
thymol, carvacrol). But some complex terpenes 
with higher molecular weights cannot be 
extracted by destilation.16 

Clove (Eugenia caryophyllata), Spearmint 
(Mentha spicata L.), lemon grass (Cymbopogon 
citrates), and cinnamon (Cinnamomum sp) are 
herbs there at commonly used in the kitchen, and 
interestingly also have an antimicrobial effects.16–

19 
Spearmint has been widely used as a food 

garnish, beverage, and even for therapeutic and 
health purposes. Besides being recognized for 
the management of colds, flu, respiratory tract 
problems, and stomach ache, it also has 
antifungal properties, diuretic, carminative, and 
antioxidant agent, and is known to treat 
hemorrhoids. Spearmint essential oils (SEOs) 
have been known to have anti-microbial activity 
and are also rich in oxygenated monoterpenes. 
SEO has been proven its promising anti-
inflammatory and analgesic activities when 
tested in vivo in experimental animal models. 

This activity could be related to the interactions of 
its chemical substances such as carvone, 
limonene, and eucalyptol. Spearmint EO proved 
to be effective against Staphylococcus aureus.20 

A native Indonesian spice, Clove bud 
grows from an aromatic tree. From ancient times 
clove has been used to treat roundworms and 
tapeworms, asthma, toothache, sore throat, 
carminative, appetizer, respiratory disorders, 
digestive system ailments, dyspepsia, gastritis, 
diarrhea, antipyretic, aphrodisiac, expectorant, 
antiemetic, anxiolytic, myorelaxant, analgesic, 
decongestant, anti-inflammatory, hypnotic, 
vermifuge, antibacterial agent, etc. Clovis e also 
used in Indian Ayurvedic medicines, Chinese 
medicines, Unani medicines of Asian countries, 
and Western herbal medicines. Even in dentistry, 
eugenol has long been used to relieve pain and 
antimicrobial.21 

Potent antifungal (Candida albicans, 
Aspergillus niger, Penicillium glabrum 
Penicilliumum italicum, Fusaria oxysporum, 
Saccharomyces cerevisiae, Trichophyton menta- 
grophytes, Lenzites betulina, Laetiporus 
sulfurous, and Trichophyton rubrum), anti-viral 
(such as Herpes simplex, Hepatitis C virus) and 
antibacterial effect (against several bacteria 
including Escherichia coli, Helicobacter pylori, 
Staphylococcus aureus Enterococcus fecalis) 
has been reported from several studies.21–23 

Lemon grass is commonly used for cooking 
in South East Asia dishes. The citrus-like aromas 
and also widely used as a herbal cocktail that 
believes to have the ability to relieve anxiety and 
diuretic effect against bloating. The essential oil 
of this plant is mainly composed of citral, a 
natural geranial and neral, and some myrcene, 
geraniol, and geranyl acetate, which is a potential 
natural biocide for use as a disinfectant and 
mosquito repellent.24 Lemon grass EO  has anti-
bacterial, anti-fungal, anti-protozoan, and other 
medical benefits such as being anti-inflammatory, 
anti-cancer, anti-oxidant, etc24.  

Cinnamon has been used as a spice for 
thousands of years in many countries and in 
Ayuverdic medicine, the bark has the benefit of 
antiemetic, antidiarrhea, anti-flatulent, etc. The 
genus Cinnamomum consists of 250 species, but 
the volatile oil is mostly produced from the C. 
zeylanicum bark and leaf oils, C. cassia (Chinese 
cinnamon), and C. camphor. Indonesia has 
another species (Cinnamomum burmannii) that 
grows wildly on the Island Sumatera and Java. 
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One of the central production came from Kerinci, 
Sumatera which has unique thick bark and is one 
of the export commodities in Kerinci-Jambi. 25,26  

Commonly, when people harvest the 
cinnamon bark, they will cut out and dispose of 
the leaves. Many studies prove that many 
beneficial compositions can be utilized such as 
essential oil. The antibacterial effect of 
Cinnamomum zeylanicum and Indonesian 
Cinnamomum burmanii bulme leaf has been 
proven in previous study.27–30  

Currently, there are quite a few commercial 
kinds of toothpaste that use essential oil as an 
anti-plaque agent. However, no one has 
compared the effectiveness of the essential oil 
content in toothpaste in inhibiting bacterial growth. 
No scientific evidence compares the 
effectiveness of the antibacterial power of various 
toothpaste that contains these essential oils. 

This study aimed to compare the 
effectiveness of the inhibition of bacterial growth 
from toothpaste with various essential oil 
contents in dental plaque samples of children 
with Autism Spectrum Disorder. 
   

Materials and methods 
 

The design of this study is a quasi-
experimental study comparing the effectiveness 
of the antibacterial power of toothpaste with 
essential oil in inhibiting bacterial growth from 
plaque samples of children with ASD. 
Participants were recruited from Kiddy Autism 
Centre in Jambi, Indonesia after obtaining 
informed consent from their parents. 

Toothpaste was formulated using 4 
different essential oils referring to the previous 
study with some modifications. The formula 
comprises 3 ml of essential oil (clover, lemon 
grass, spearmint, or Kerinci’s cinnamon leaves), 
0,5 gr of Karboppol 934, 0,25 ml of Tween 80, 
0,25gr of Gliserin, 0,25 gr of Sodium Benzoate, 
0,31 gr of Trietanolamin, and 20,4 ml. of 
Aquadest.  

Streptococcus mutants were isolated from 
the dental plaque of 4 children with Autism 
Syndrom Disorder and cultured using Brain-heart 
Infusion Broth (BHIB) overnight. 6 wells were 
created on agar plates using a sterile 6 mm 
punch. Each well was filled with Positive control 
(Chlorhexidine), pure essential oil, 100% 
essential oil toothpaste, 75% diluted essential oil 
toothpaste, 50% diluted essential oil toothpaste, 

and negative control using aquadest. The 
inhibition zone diameter was measured after all 
plates were incubated at 36ºC for 24 hours.  

The diameter of inhibition was measured to 
evaluate the effectiveness of essential oil paste 
on dental plaque bacteria. Data collected was 
then analyzed using the Kruskal Wallis test, 
followed by the post hoc Mann Whitney U test to 
evaluate which of the group has the best 
effectivity on bacterial inhibition. 

 
Results 
 
The Growth inhibition zone of pure EO 

and toothpaste containing Clove EO, Lemon 
Grass EO, Spearmint EO, and Cinnamon Leaves 
EO were showed in table 1. 

 
Table 1. Growth Inhibition Zone of pure EO and 
toothpaste containing Clove EO, Lemon Grass 
EO, Spearmint EO and Cinnamon Leaves EO. 

 
Results showed that all the toothpaste 

containing EO showed a growth inhibition zone, 
although has a different wide zone. Formulation 
of the toothpaste or dilution of the toothpaste has 
no significant effect on the inhibition zone except 
for the clove EO. In clove EO paste, the lower 
concentration has decreased the inhibition zone. 
For other EO, although the inhibition zone 
narrowed with the dilution of the toothpaste, no 
significant effect was found.The highest inhibition 
zone was shown in cinnamon leaves EO. 
Followed by Clove EO, Lemon Grass EO and the 
lowest inhibition Zone was Spearmint EO. Pure 
Cinnamon EO has no significant difference in 
inhibition zone wide with control (p value=0,82).  



 
Journal of International Dental and Medical Research ISSN 1309-100X                  Essential Oil Toothpaste against Dental Plaque     
http://www.jidmr.com                                                                                                                                          Karin Tika Fitria and et al 

 

  Volume ∙ 16 ∙ Number ∙ 2 ∙ 2023 
                            

Page 474 

 Discussion 
 

Children with special needs have a higher 
risk of dental caries due to their limitation in 
performing oral hygiene, and sensory and 
intellectual disabilities resulting in higher anxiety, 
leading to undesirable oral health maintenance 
and the lack of seeking dental treatment.31–33  

We analyzed the bacterial inhibition 
potential of essential oil when incorporated into a 
toothpaste formula. The essential oil was 
naturally produced by the plants to protect 
against herbivores. The oil produced is originally 
colorless and the majority occurs in liquid form at 
room temperature, but some are solids 
(camphor) and dissolve in alcohol and fats. 
Except for cinnamon and clove oils, the density 
of the essential oil was mostly lower than water.  

The antibacterial effect is one of the 
benefits of the EO through various mechanisms 
on a variety of bacterial structures. Since gram-
positive bacteria structures were able to facilitate 
the penetration of hydrophobic molecules such 
as EO’s molecules into the cell, act on the 
bacterial wall, cytoplasmic membrane, or 
cytoplasm. Even at low concentrations, EO can 
react with enzymes responsible for producing 
energy by influencing the transfer of H+ to 
reduce the synthesis of adenosine triphosphate 
(ATP), and thus the intracellular store of ATP 
was decreased. At higher concentration, they can 
denature proteins, causes degradation of 
bacterial cell walls, damage cytoplasmic 
membranes, and coagulation of the cytoplasm.16  

Permeability of the membrane will damage 
after protein denaturation and will lead to leakage 
of the cell contents. Thus, gram-negative (G– ) 
bacteria are mostly more resistant against EOs in 
comparison to gram-positive (G+) due to the thin 
layer of peptidoglycan and lipopolysaccharide 
layer (LPS) on their outer membrane composition 
of the G- bacterial cell walls. Although small 
hydrophilic molecules can penetrate through the 
porin proteins of G– bacteria.16  

Our finding showed that all essential oil has 
growth inhibition effect with different wide zone. 
In clove EO, the growth inhibition zone is 
decreased significantly as the concentration of 
the EO is lower. Clove Eugenia caryophyllata 
contains 15-20% essential oil, 13% tannins, 10% 
fixed oil, and 6-12% non-essential ether extract. 
Essential oil of clove is a colorless or light 
yellowish fluid, a distillate of dried flowers, stalks, 

and leaves. Eugenol (C10H12O2), eugenyl 
acetate and β-caryophyllene were the major 
components of the oil extracted from clove which 
makes up 70 to 90% of the oil composition. Clove 
also consists of tannins (gallotannic acid), 
flavonoids (eugenin, rhamnetin, and eugenitin), 
and triterpenoids (oleanolic acid, stigmasterol, 
and campesterol) which made the strong 
aromatic properties.21  

Other studies showed that E.caryophyllata 
oils has significant in vitro anti-biofilm properties 
against P.gingivalis and F.nucleatum biofilm and 
prominently altered the bacterial                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
wall morphology.34 

Eugenol act by damaging the cytoplasmic 
membrane against Gram-negative bacteria, it 
can easily penetrate the lipopolysaccharide cell 
membrane and enter the cytoplasm since the 
molecule is hydrophobic resulting in the leakage 
of intracellular components.23 Eugenol from clove 
EO is also capable to inhibit some bacterial 
enzymes such as ATPase, and protease, 
decrease the metabolic activity of bacterial cells 
to form biofilm also inhibit bacterial virulence 
factors production, such as violacein, elastase, 
and pyocyanin, and.23 

Lemon grass EO toothpaste in our study 
has a moderate inhibition effect on oral bacteria. 
A study by Mitrakul et.al also showed that 
lemongrass EO has the potential of biofilm 
growth and formation inhibitory effect on 
Streptococcus mutans strain. The main 
antimicrobial responsible in this EO are α-citral 
(geranial), β-citral (neral), linalool, myrcene, 
Passenger α-citral (geranial), β-citral (neral), and 
linalool. The lipophilic property of Myrcene can 
helps penetrate the cell via the lipid-bilayer and 
thus can damage the cell membrane. 
Furthermore, the geranial have been shown to 
reduce ATP within the bacterial cell, resulting in 
pH changes in cells and hyperpolarization.24  

In the present study, Cinnamon has the 
higher inhibition area compared to Clove EO, 
Lemongrass EO and Spearmint EO. This finding 
has similar results to the previous study in 
Thailand. Cinnamon bark has the most 
outstanding bacterial inhibition effect compared 
to Sweet Basil leaf, Peppermint leaf, Spearmint 
leaf, Black pepper Seed, Sweet Fennel Seed, 
Keffir lime peel, and Keffir lime leaf against 
Streptococcus mutans, and Lactobacillus casei 
which are some of the bacteria responsible in the 
pathogenesis of dental caries. Furthermore, 
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cinnamon essential oil also effective in inhibiting 
the biofilm formation of streptococcus mutans in 
vitro.27Another study using Cinnamomum 
burmanii leaves EO also verify the antibacterial 
effect against Staphylococcus aureus and 
Escherichia coli.29 The main constituent of 
cinnamon leaves oil was eugenol, α-ylangene, 
methyl, and ethyl cinnamate.26  Combination of 
cinnamon bark and leaves oil is also effective 
against E coli and L monocytogenes.35 The 
antibacterial activity of the EO is mostly caused 
by formaldehyde and eugenol contents.26 

Another study by Lapinska et al also 
confirmed our finding that showed the eminence 
antibacterial effect of cinnamon EO compared to 
anise, citronella, clove, geranium, lavender, 
Linette, mint, and rosemary thyme against S. 
mutans, L. acidophilus and C. albicans (bacterial 
predominant in caries and periodontal disease 
pathogenesis).36 
 
 Conclusions 
 

Essential Oil toothpaste of Clove EO, 
Lemon grass EO, Spearmint EO, and Cinnamon 
leaves EO affects inhibition of bacterial growth in 
dental plaque samples of children with Autism 
Spectrum Disorder. Toothpaste containing 
Cinnamon EO toothpaste has the highest effect 
followed by Clove EO toothpaste, Lemon Grass 
EO toothpaste, and Spearmint EO Toothpaste. 
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