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ABSTRACT 
Introduction 
The most familiar pathogen of the oral cavity is Streptococcus mutans which causes dental caries, the most common noncommunicable 
disease worldwide, which leads to secondary infections. In order to treat this condition, we need new formulations that are both effective 
and do not cause toxicity. Thus, the aim of this study is to check for the antimicrobial activity of cajeput, an essential oil against 
Streptococcus mutans. 
Materials and methods 
Cajeput was obtained from an industry in New Delhi. Streptococcus mutans was inoculated at 37°C and seeded on MHA medium. Agar 
well diffusion assay was used to measure antibacterial activity. Zone of inhibition was measured using a vernier caliper. Minimum 
Inhibitory Concentration (MIC) was determined by microbroth dilution method. 
Results 
The well with the concentration of 40μl showed a maximum zone of inhibition of 5mm and the MIC value was 2.5mg/mL. 
Conclusion 
From this study, it is observed that cajeput has antimicrobial activity against Streptococcus mutans and more studies should be conducted 
in order to learn its other properties such as antioxidant and anti inflammatory activity. 
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Introduction  
 
Essential oils are volatile secondary metabolites of plants which 
give the plant a distinctive smell, taste, or both. Around 17,500 
species of plants from many angiosperm families produce 
essential oils. However, only around 300 of them are 
commercially available and in use [1]. Over the years, they have 
become an important part of everyday life and are used as food 
flavorings, food additives, flavoring agents and as components 
of cosmetics and perfumes [2]. They are produced and stored in 
secretory structures such as glands, secretory cavities, and resin 
conduits. They are present in the leaves, stems, flowers and 
fruits, bark, and roots of plants as liquid drops. With respect to 
the chemical composition, they are complex mixtures of 
terpenes, terpenoids, and phenylpropanoids. Other additional 

compounds include fatty acids, oxides, and sulfur derivatives 
[3]. 
 
Essential oils are usually obtained as a product of 
hydrodistillation, steam distillation, dry distillation, or the 
mechanical cold pressing of plants [4]. Other ways of isolation 
include fermentation, crushing, extraction, or hydrolysis. Based 
on the method of isolation, the chemical composition of the oil 
can be different [5]. The oils have been used by us for thousands 
of years in folk medicine, because of their many different 
biological properties, including antimicrobial properties apart 
from ingredients of perfumes, seasoning etc [6].  
 
Cajeput oil is obtained from leaves and small branches of the 
cajeput tree, belonging to the Myrtaceae family and is native to 
Southeast Asia and North East 

Australia [7]. It is obtained both from wild plants and those 
cultivated on plantations. It is obtained as a result of distillation 
with steam from fresh twigs. The content of cajuput oil after 
distillation ranges from 1.5–3.0% [8]. Cajuput oil has been used 
in medicine as an antiseptic agent since the eighteenth century. 
The most active ingredients are 1,8-cineole, linalool, and 

terpinen-4-ol [9]. Cajeput oil inhibits the growth of Gram-
positive bacteria: Bacillus cereus, Bacillus subtilis, 
Corynebacterium diphtheriae, Corynebacterium minutissimus, 
Enterococcus faecium, Listeria monocytogenes at a 
concentration of 0.2–0.4%, [10] and at higher concentrations it 
is be effective against Streptococcus mutans. 
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Streptococcus mutans is considered the most cariogenic of all 
oral streptococci [11]. This cariogenic bacteria colonizes the 
tooth surface and produces large amounts of excess intracellular 
polysaccharides. S.mutans is also highly acidogenic and 
aciduric, and it metabolizes several salivary glycoproteins, 
leading to contribution of the initial stage of oral biofilm 
formation and caries lesions [12]. There is increasing attention 
to the screening of antimicrobial activity as there is more 
research being carried out to develop new antimicrobial agents 
against antimicrobial resistance. Several bioassays such as well 
diffusion, disk-diffusion, and broth or agar dilution are well 
known and commonly used methods for antimicrobial 
screening [13]. Minimum inhibitory concentration is a method 
by which the lowest concentration of antimicrobial agent 
completely inhibits growth of the organism in micro-dilution 
wells or tubes as detected by the unaided eye is calculated [14]. 

Thus the aim of the study is to check for antimicrobial 
resistance of cajeput essential oil against S. mutans using MIC. 
 
 
Materials and method  
  
1. Collection of materials 
 
The essential oil, cajeput, was obtained from an industry in New 
Delhi. The oil was checked for authenticity and was not diluted 
or altered chemically by any solvent or processing. The 
bacterial specimen was obtained from Saveetha Dental College 
and Hospitals, Chennai. 
 
2. Agar Diffusion Method 
 
MHA agar was the culture medium used. The obtained 
specimen was inoculated using an 

inoculating loop. The mother inoculum was prepared first 
followed by primary and secondary inoculum . Three wells 
were made with a sterilized cork borer and the essential oil was 
added to each of these wells in concentrations of 20μl, 30μl and 
40μl. The agar medium was incubated at 37°C for 24 hours. The 
zone of inhibition that developed around the wells in all the 
plates was examined the next day.  
 
3. Minimum Inhibitory Concentration (MIC) 
 
A tube dilution method was adopted to understand the MIC of  
Streptococcus mutans . Cajeput was diluted in 10% DMSO to 
obtain various concentrations ranging from 5 to 100 μL of test 
solutions. Inoculation of 0.05 mL of bacterial culture was done 
by the addition of 5 mL of sterile Mueller−Hinton broth. To all 
the test tubes 1 mL of cajeput was added and incubated for 24 
hours in order to observe any development of turbidity. The 
minimal concentration that could inhibit complete growth was 
considered to be the MIC. 
 
Results  
 
It was noted that in the MHA, the essential oil cajeput, shows 
antimicrobial activity against Streptococcus mutans and the 
zone of inhibition increases with increase in concentration of 
the essential oil. The diameter of the zones of inhibition are 
3mm, 4mm and 5mm, in the wells having concentrations of 
20μl, 30μl and 40μl respectively as shown in Figure 1.  This 
proves that higher the concentration of the essential oil, greater 
is the antimicrobial activity. As for the minimum inhibitory 
concentration (MIC), growth was seen from the 4th tube, 
showing that the MIC of cajeput against Streptococcus mutans 
is 2.5mg. This can be observed by noticing the color change 
from transparent to pale pink as shown in Figure 2.  
 

 
Figure 1 - The above figure shows the zone of inhibition of 
cajeput against S. mutans in wells with different concentrations.  
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Figure 2 - The above figure shows the MIC of Streptococcus 
mutans. Growth is seen only from the 4th tube which is noticed 
by the change in color. 
 
 
Discussion  
 
Currently, there is an increasing amount of bacterial resistance 
shown by various microorganisms, leading us to find alternative 
methods such as new formulations and antibiotics which can 
counteract the resistance. However, these novel methods seem 
to contribute to more side effects and toxicity, causing 
researchers and scientists to produce drugs from natural plant 
sources such as essential oils. In this study, we have used one 
such essential oil named cajeput and checked for its 
antimicrobial resistance against Streptococcus mutans, one of 
the most common pathogens in the oral cavity, causing dental 
caries.  
 
Our results show that increasing concentration of cajeput shows 
a higher antimicrobial activity against the bacteria. Similarly, as 
reported by Carson et al, cajeput, along with jamrosa oils 
showed medium to strong antimicrobial activity against 
Staphylococcus aureus, Aspergillus niger etc. Apart from the 
antimicrobial activity, he also reported on the antifungal activity 
of cajeput against Candida albicans [15].  
 
A study conducted in 2015 observed the antibacterial and 
antioxidant properties of the flower and leaf extract of 
Melaleuca cajuputi. It was found that both the leaf and flower 
extract possessed antibacterial activity against S. aureus, S. 
epidermidis, and B. cereus and had significant and free radical 
scavenging activity. The most susceptible bacteria was 
Staphylococcus aureus, with MIC value of 12.5 g/mL and the 
leaf extract was generally more efficient than the flower extract 
[16]. However, other extracts such as hexane, dichloromethane 
and acetone extracts did not show antibacterial activity against 
S. aureus, methicillin-resistant S. aureus, E. coli, and P. 
aeruginosa [17].  
 

Cajeput has been tested against 23 strains of S. aureus, out of 
which (-)-linalool was found to be the most potent and the other 
compounds like (1,8-cineole, (-)-terpinen- 4-ol and (±)-a-
terpineol) were equally potent but less effective. Out of the 11 
strains of Escherichia coli tested, all substances showed 
maximal effectiveness, whereas the 17 strains of Pseudomonas 
aeruginosa showed variable zones of inhibition [18]. 
 
In a study where cajeput oil and marine derived chitosan were 
infused together, it was noted that cajeput showed improved 
mechanical properties than chitosan alone [19 - 29]. Thus, from 
the above mentioned articles, it is confirmed that cajeput has 
antimicrobial activity against S. mutans. Apart from this, it 
shows activities against various other microorganisms such as 
Staphylococcus aureus, Aspergillus niger, Escherichia coli and 
Pseudomonas aeruginosa. It also shows antioxidant activity and 
free radical scavenging. 
 
The limitation of this study is that we have used only one 
essential oil and checked its antimicrobial efficacy against the 
most common oral pathogen. For further studies, we can check 
for antioxidant and anti-inflammatory properties of this 
essential oil against more oral pathogens. Moreover, we can 
check for the antimicrobial activity of various other oils which 
can be more potent and effective when compared to cajeput. In 
addition to this, further in vivo studies can be carried out.  
 
 
Conclusion  
The present study successfully demonstrates that cajeput 
essential oil possesses significant antimicrobial activity against 
Streptococcus mutans, the primary pathogen responsible for 
dental caries. Results from the agar well diffusion assay indicate 
a dose-dependent relationship, where increasing the 
concentration of the oil led to a larger zone of inhibition, 
peaking at 5mm for a 40μl concentration. Furthermore, the 
Minimum Inhibitory Concentration (MIC) was determined to 
be 2.5mg/mL, confirming its efficacy at relatively low doses. 
While these findings are encouraging, further research is 
necessary to explore the oil’s antioxidant and anti-inflammatory 
properties, as well as its effectiveness against a broader range of 
oral pathogens through in vivo clinical trials.  
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