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Abstract.  

Oral hygiene is essential to prevent the development of periodontal disease. In this contemporary period, 

there are concerns evolving regarding the use of antibacterial agents due to increasing resistance. The 

current study aimed to determine the antimicrobial efficacy of the essential oils - Manuka oil and Tea tree 

oil and Listerine against the periopathogen :P.gingivalis .  

MATERIALS AND METHODS:Serial dilution method was carried out to analyze the MIC of the 

essential oils of Manuka and Tea tree oil at 10 different concentrations (100μg/ml, 50 μg/ml, 25 μg/ml, 12.5 

μg/ml, 6.25 μg/ml, 3.12 μg/ml, 1.6 μg/ml, 0.8μg/ml, 0.4μg/ml, 0.2μg/ml) for P.gingivalis (ATCC 33277). 

The agar disk diffusion test for the same pathogen was carried out at various concentrations (100μg, 50μg, 

25μg, 12.5 μg, 6.25 μg) of the above mentioned agents and the measurement of zone of inhibition was 

carried out in millimeters. The same procedure was repeated for the essential oil based mouthwash listerine.  

RESULTS:The minimum inhibitory concentration values of Tea tree oil and Manuka oil against 

P.gingivalis was 0.8μg/ml and Listerine mouthwash was 1.6 μg/ml.Tea tree oil showed the strongest 

inhibitory activity producing inhibition zones of 42mm, 28mm, 21mm, 13mm, 5mm at the concentration of 

100μg, 50μg, 25μg, 12.5 μg, 6.25 μg respectively. On the other hand, Manuka oil produced inhibition zones 

of 37mm, 25mm, 18mm, 10mm at the concentration of 100μg, 50μg, 25μg, 12.5 μg respectively and 

showed. The Listerine mouthwash, used as a control showed inhibition zones of 22mm, 13mm, 6mm at the 

concentration of 100μg, 50μg, 25μg respectively , no inhibitory effect was observed at the concentrations 

lower than the above mentioned, and the MIC value was 1.6μg/ml.  

CONCLUSION:Both essential oils tested were effective against P.gingivalis. Following additional 

research on their clinical safety, they hold promising results in the future as topical agents to prevent and 

treat periodontal disease.  

KEYWORDS: Antimicrobial activity, Manuka oil, Minimum inhibitory concentration, P.gingivalis, Tea 

tree oil. 

    Introduction 

A group of pathologies that involve the tissues that sustain teeth are designated as periodontal diseases. 

Typical symptoms of periodontal diseases are clinical attachment loss, pathologic pockets, and bone 
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resorption. The etiology, natural history and tissue reaction to therapy of these diseases vary, but their 

pathogenesis indicates common occurrences that can be modified by genetic factors and/or risk factors.
1
 

The precipitating agents of periodontal disease are very well known to be dental biofilm and its 

byproducts. The correlation between dental biofilm and occurrence as well as severity of periodontal 

diseases are well established.
2
 

Longitudinal reports have indicated that the elimination of bacterial deposits, tartar and proper instruction 

of oral hygiene techniques will effectively treat these conditions.
3 
 

The aim of periodontal therapy is to treat inflamed supporting tissues, decrease the number of pathogenic 

bacteria and remove diseased pockets. Conventional treatment requires complete removal of calculus and 

plaque, curetting the inflamed soft tissue, and removing the diseased cementum surface.  

Periodontal diseases are associated with bacterial infections, therefore, antibacterial therapy appears to be 

an appropriate way of improving inflammatory tissue conditions. Previously, repeated use of multiple 

antimicrobials has led to the formation of multidrug resistant bacteria. The natural ingredients, thus, are 

coming to light. The use of a local drug delivery system has emerged successfully in reducing the 

distribution of therapeutic agents in the body. Mouth rinses, irrigating solutions and sustained release 

devices are some of the local delivery systems currently in use.
4
 

Natural ingredients that have been used in folk medicine for thousands of years are claimed to be the latest 

source of antimicrobial agents and are thus finding growing utility in dentistry and medical arena. These 

drugs extracted from natural herbs seem to have less side effects relative to conventional medications, 

attributing to better application in reducing the microbial load.
5
 

Plant extracts and essential oils have evoked curiosity not only as antimicrobial agents, but as anti-

inflammatory and antipyretic as well. The versatility of these agents has paved way for their application in 

cosmetic sectors too. Therefore, their potential use as natural treatment sources are constantly a topic of 

research. Concentrated aromatic liquids derived from various parts of a plant like woods, spices, twigs, 

stems, bark, leaves, flowers, seeds, and buds produce these invaluable gifts from nature - known as 

essential oils.  

Melaleuca alternifolia (Myrtaceae) essential oil originally found in Australia, known as Tea Tree Oil 

(TTO), has been used medicinally as an antimicrobial agent for many years, particularly in superficial skin 

conditions. On the other hand, Manuka oil, which is derived from the Leptospermum scoparium plant, has 

recently gained popularity because of its striking antibacterial properties.  

Listerine is a commercially available mouth rinse - containing a mixture of essential oils that has anti - 

plaque properties and does not seem to induce tooth discoloration and alter taste sensation unlike 

chlorhexidine.
6
 

This research was undertaken to determine and compare the anti- bacterial effectiveness of Manuka oil, 

Tea Tree oil and Listerine in different concentrations, on the periodontal pathogenic organism 

Porphyromonas gingivalis, in view of the increasing popularity of different herbs and their extracts.  

 

MATERIALS AND METHODS  
This in-vitro microbiological study was carried out in Department of Microbiology, SRM Institute of 

Science and Technology, SRM University, Potheri. The study protocol was discussed and accepted by the 

Institutional Ethical Committee and Review Board (1481 /IEC / 2018).  

The Porphyromanas.gingivalis strain ATCC 33277 colonies used in this study that were cultivated in 

planktonic form were procured from Department of Microbiology, Maratha Mandal’s Research 

Laboratory, Belgaum.  

The bacterial strains were maintained anaerobically in BHI media supplemented with 10% defibrinated 

horse blood, hemin and menadione.  

 

Essential oils:  
In this in-vitro study, antibacterial activities of phytochemical essential oils extracted from the plants, 

Leptospermum scoparium and Me- laleuca alternifolia (Manuka oil and Tea tree oil respectively), were 

evaluated against the periodontal pathogen Porphyromanas.gingivalis strain ATCC 33277.  

Leptospermum scoparium (manuka) oil, Melaleuca alternifolia (tea tree) oil, were obtained from Great 
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Earth, Southern Cross station (Melbourne, Australia), and used in this study .  

The agent used as control for this study was Listerine Regular mouthwash manufactured by Pfizer Ltd., 

Kohalpur, India.  

Two strategies were used to test the antimicrobial effectiveness of these essential oils, namely: Serial 

dilution and Agar Diffusion.  

 

Procedure: 

Serial dilution method (Anaerobes):  
9 dilutions of each essential oil (control) were carried out with Thioglycollate broth for MIC. In the initial 

tube 20 microliter of essential oil was added into the 380 microliters of Thioglycollate broth. For dilutions 

200 microliter of Thioglycollate broth was added into the next 9 tubes separately. Then from the initial 

tube 200 microliter was trans- ferred to the first tube containing 200 microliters of Thioglycollate broth. 

This was considered as 10-1 dilution. From 10-1 diluted tube 200  

microliter was transferred to second tube to make 10-2 dilution. The se- rial dilution was repeated up to 

10-9dilution for each drug (100μg/ml, 50 μg/ml, 25 μg/ml, 12.5 μg/ml, 6.25 μg/ml, 3.12 μg/ml, 1.6 μg/ml, 

0.8μg/ml, 0.4μg/ml, 0.2μg/ml). From the maintained stock culture of the organism P.gingivalis, 

5microliter was taken and added into 2ml of Thi- oglycollate broth. In each serially diluted tube 200 

microliter of above culture suspension was added. The tubes were incubated for 48-72 hours in anaerobic 

jar at 37°C and observed for turbidity.  

 

Agar diffusion method:  
As a medium, modified nutrient agar was used. For the test cells, the plates were inoculated. The holes in 

the plates were drilled out. Using pipettes, three drops of varying essential oil concentrations (100μg/ml, 

50μg/ml, 25μg/ml, 12.5 μg/ml, 6.25 μg/ml) were lowered into the punched holes. The plates were 

incubated in an anaerobic atmosphere for 18-26 hours. The efficacy of essential oil is seen by the size of 

the growth inhibition of microorganism region around the well, which was measured with the help of dial 

vernier caliper, and expressed as the diameter of this field.  

 

RESULTS  
In the present study the MIC and zone of inhibition of three different agents namely, Manuka oil, Tea tree 

oil and Listerine were tested at various concentrations for their antibacterial activity on gram-negative 

black pigmented P.gingivalis isolates.  

Bacterial inhibition displayed by the plant extracts through utilization of serial dilution method is depicted 

in table 1. Both Manuka oil and Tea tree oil at the concentration of 0.8μg/ml showed antimicrobial effect 

on the bacterial cells of P.gingivalis. On the other hand, P.gingivalis displayed susceptibility to the 

mouthwash Listerine at the concentration of 1.6 μg/ml.  

The zones of inhibition representing the antimicrobial activity of essential oils of Manuka oil, Tea Tree oil 

and the essential oil containing mouthwash are presented in table 2, 3 and 4 respectively. The zones of 

inhibition were measured in millimeters with the help of vernier caliper.  

The zone of inhibitions of Manuka oil against P.gingivalis were found to be 37mm, 25mm, 18mm, 10 mm 

at the respective concentrations of 100 μg/ml ( neat), 50 μg/ml, 25μg/ml , 12.5 μg/ml. No bacterial 

inhibition was observed in the concentration of 6.25 μg/ml (Table 2).  

The zone of inhibition of Tea Tree oil against P.gingivalis were 42mm, 28mm, 21mm, 13mm, 5mm at the 

respective concentrations of 100 μg/ml ( neat), 50 μg/ml, 25μg/ml , 12.5 μg/ml, 6.25 μg/ml (Table 3).  

Lastly, the zone of inhibition of the control agent i.e Listerine mouthwash against the bacteria were 22mm, 

13mm and 6 mm at the respective concentrations of 100 μg/ml (neat), 50 μg/ml, 25μg/ml. No bacterial 

inhibition was observed in the concentrations of 12.5 μg/ml, 6.25 μg/ml (Table 4).  

The comparison between the zone of inhibition produced by Manuka oil and Listerine mouth wash at 

different concentrations has been illustrated in Graph 1. The various concentrations of the respective 

agents vary from 100 μg/ml to 6.25 μg/ml. The zones of inhibition are expressed in millimeters.  

The comparison between the zone of inhibition produced by Tea Tree oil and Listerine mouth wash at 

different concentrations has been illustrated in Graph 2. The various concentrations of the respective 
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agents vary from 100 μg/ml to 6.25 μg/ml. The zones of inhibition are expressed in millimeters.  

The comparison between the zone of inhibition produced by Tea Tree oil and Listerine mouth wash at 

different concentrations has been illustrated in Graph 3. The various concentrations of the respective 

agents vary from 100 μg/ml to 6.25 μg/ml. The zones of inhibition are expressed in millimeters.  

 

DISCUSSION:  
In dentistry, both naturally and synthetically derived compounds are being used to prevent plaque biofilm-

induced diseases. 

The dental fraternity as a whole is in constant search of therapeutic materials that not only have  a positive 

impact on periodontal health, but will also lack the usual adverse effects of antimicrobials currently in use. 

The phytochemical compounds derived from plants such as essential oils provide such an alternative.  

In this study, two essential oils and an essential oil based mouth-wash which is commercially available 

were tested in varying concentrations against the periopathogen P.gingivalis.  

In the initiation and progression of multiple periodontal disorders, in particular aggressive periodontitis, 

this microorganism was found to be typically involved.
7
 

Our data revealed that both the essential oils, that is Manuka oil and Tea tree oil and the mouthwash 

Listerine had antimicrobial activity against P.gingivalis where Tea tree oil had maximum efficacy and 

Listerine the least.  

P.gingivalis displayed sensitivity to Manuka oil and Tree tea oil at the concentration as low as 0.8 μg/ml as 

compared to Listerine which was 1.6 μg/ml.  

Tea tree oil also exhibited the highest zone of inhibition at the concentration as low as 6.25 μg/ml against 

the periopathogen P.gingivalis followed by Manuka oil which showed its antibacterial activity upto the 

concentration of 12.5 μg/ml. As the concentration of each oil increased, the antibacterial efficacy also 

improved.  

Listerine mouthwash lacked any antibacterial activity against P.gingivalis at 12.5 μg/ml concentration and 

lower.  

Tea tree oil is harvested from the leaves and twigs of the Melaleuca alternifolia tree using steam 

distillation. Studies have demonstrated that it is able to prevent cellular respiration in  micro-organism like 

Eschercia coli by altering the permeability barrier of it’s cell membrane.
8
Similar to our analysis, it has 

been shown to provide a substantial permeability barrier of the bacterial cell membrane in various 

pathogens found in rootcanal environment.
9
Tea tree oil has also displayed significant adhesion inhibiting 

activity against P. gingivalis.
10

 

There is a significant proportion of monoterpenes in Melaleuca oils, which attributes to its antibacterial 

action, while Manuka contained mostly sesquiterpenes.  

Manuka (Leptospermum scoparium) tea trees are smaller vegetation plants scattered across New Zealand 

in greatly differing habitats, atmospheric conditions and population densities. Classic medical uses of 

manuka white leaf gums include active or passive sedatives, antipyretic and cough suppressants. A seed 

capsule decoction could also be used to cure inflammatory diseases. This agent could be used to relieve 

oral and throat sores by using it as a mouth- wash or gargle.  

In a report by Shapiro et al,
11

investigating the antimicrobial effects of certain potent essential oils, Tea 

tree oil demonstrated MIC of 0.11 μg/ml towards P.gingivalis, this value in our report is analogous to the 

MIC value (0.8 μg/ml) of Tea tree oil against the same microorganism.  

The antimicrobial activity of essential oils on cariogenic and periodontopathic bacteria, including 

P.gingivalis 
12

, was evaluated by Takarada et al 
10

. They reported that periodontopathic bacteria had been 

completely destroyed by exposure to 0.2 percent manuka oil and tea tree oil for 30 seconds. These 

observations are in accordance with our research.  

Nilima Thosar et al
13

in their research, measured the minimum inhibitory concentration (MIC) of five 

essential oils against oral pathogens, one of which was Tea Tree oil. Staphylococcus aureus, Enterococcus 

fecalis, Escherichia coli and Candida albicans were the pathogens used for the analysis. With a mean MIC 

of 17.12 ± 31.25, tea tree oil had quite a strong inhibitory effect. While our study focuses on the 

periopathogen P.gingivalis, this particular study indicates that the antibacterial efficacy of tea tree oil 

against other essential oral pathogens is significant.  
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The antibacterial effects of Manuka essential oils have been illustrated by Chien-Chia Chen et al.
14

The 

oil was highly efficient at low concentrations (10 percent) to inhibit growth of the pathogens S. aureus, S. 

sobrinus, S. Mutans and E. coli.  

In an in- vitro analysis by Veenu Madaan Hans et al
15

, that tested the inhibition zone of different 

essential oils including Tea tree oil against P.gingivalis that was collected from plaque samples of chronic 

periodontitis patients, they observed that the TTO inhibition zone was 2.9 ± 0.356 mm in undiluted form 

while there was no inhibitory effect on the bacteria at 25 percent concentration. This particular finding was 

contradictory to our study, as TTO displayed inhibitory action against the bacteria at a concentration as 

low as 6.25 μg/ml with a zone of inhibition of 5mm. The difference in source of P.gingivalis might have 

contributed to the discrepancy in the result of our study.  

Since periodontitis is a fairly widespread disease, there are questions about the adverse effects of many 

commonly used antimicrobial agents in the treatment of oral disease and the increased resistance of oral 

bacteria to antibiotics. For treatment purpose as well as disease prevention, alternative products that are 

safe but equally effective are essential. A strong substitute to regular commercial mouthwashes and 

antibacterial agents may indeed be essential oils, such as those investigated in this report.  

 

LIMITATIONS:  
Only one periopathogen P.gingivalis was tested for the antibacterial potency of these essential oils. The 

justification for it is the fastidious state of growth needed for these anaerobic periopathogens to grow.  

The minimum bactericidal concentrations have not been evaluated for these essential oils.  

 

CONCLUSION:  
The antibacterial efficacy of essential oils holds promising results for its use in future in clinical settings as 

well as by patients for oral hygiene practices. Both Manuka and Tea tree oils exhibited significant 

antibacterial activity against P.gingivalis. Also, a proportional increase in its antibacterial efficacy was 

observed as the concentration was increased.Furthermore, additional in-vivo studies and clinical trials are 

vital to throw more light on their pharmacodynamics and pharmacokinetics and exclude any probable side 

effects, allergy, and adverse reactions with the tissues, to find potential use of them in oral products. 
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