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ABSTRACT 

There are many types of oral care products in the market that can be used to 

solve oral diseases. However, several oral care products could contain chemicals such 

as chlorhexidine or sodium lauryl sulphate (SLS) that might contribute to side effects 

in the form of mucosal desquamation, xerostomia (dry mouth) or burning sensation in 

oral cavity. In order to overcome the issues related to oral disease, a substitute of 

antibacterial agent that is more natural is required to reduce the risk of side effects 

caused by the use of chemicals from common oral care products. Lavandula 

angustifolia is known for its antibacterial properties and its use as an essential oil. Due 

to its medicinal properties, current research is aimed at evaluating the antibacterial 

activity of essential oil from Lavandula angustifolia on the growth of Escherichia coli, 

Pseudomonas aeruginosa, Staphylococcus aureus and Streptococcus mutans. The 

antibacterial activity was determined based on colour changes of minimum inhibitory 

concentration (MIC) reagent (3-(4, 5-dimethythiazol-2-yl)-2, 5-diphenyltetrazolium 

bromide) during the initiation of MIC experiment using microbroth dilution method. 

About 0.1% chlorhexidine (w/v) solution was used as a positive control while 10% of 

dimethyl sulfoxide (DMSO) (v/v) was used as a negative control. The MIC value of 

essential oil was determined at 0.78% for both E. coli and S. aureus, whereas the MIC 

values of the same were at 1.56% and 6.25% for S. mutans and P. aeruginosa, 

respectively. In regard to the value of MIC, each bacteria were subjected to further test 

on the antiadherence and antibiofilm activity. Accordingly, the anti-adherence activity 

for E. coli and P. aeruginosa were of 65.95 ± 6.83% and 74.07 ± 1.85%, which was 

slightly high compared to S. aureus and S. mutans that produced anti-adherence 

activities at 61.78 ± 1.27% and 48.52 ± 13.17%, respectively. E. coli and P. aeruginosa 

also exhibited a slight high in antibiofilm activity in a range of 85% to 90% after using 

essential oil from lavender as compared to 77% to 79% of anti-biofilm activity in S. 

aureus and S. mutans. The morphological analysis by FESEM showed that S. mutans 

encountered modifications to its cellular membrane. A much severe defect also had 

been observed on the coccus-shaped bacteria whenever S. mutans were exposed to 

essential oil from lavender at MIC and half the MIC values. As a conclusion, the 

essential oil from Lavandula angustifolia is capable to reduce the growth of oral 

bacteria which can be implemented as a potential substitute ingredient to common 

chemicals from oral care products.  

 

Keywords: antiadherence, antibiofilm, essential oil, oral bacteria  
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ABSTRAK 

Pelbagai jenis produk pembersih mulut di pasaran yang boleh digunakan untuk 

menyelesaikan masalah berkaitan penyakit oral. Namun, beberapa produk penjagaan 

mulut yang mengandungi bahan-bahan kimia seperti klorheksidin dan natrium lauret 

sulfat mungkin boleh menyebabkan kesan-kesan sampingan dalam bentuk 

pengelupasan lapisan mukosa, mulut kering atau kesakitan yang dirasakan dalam 

rongga mulut. Bagi menangani isu-isu berkaitan penyakit oral, gantian ke atas agen 

antibakteria yang lebih bersifat semula jadi diperlukan untuk mengurangi risiko kesan-

kesan sampingan disebabkan penggunaan bahan-bahan kimia yang biasa didapati dari 

produk-produk penjagaan mulut. Lavandula angustifolia dikenali dengan sifat-sifat 

antibakteria dan penggunaannya sebagai minyak pati. Disebabkan sifat-sifat perubatan 

yang dimiliki, penyelidikan terkini tertumpu pada penilaian aktiviti antibakteria dari 

minyak pati Lavandula angustifolia ke atas pertumbuhan Escherichia coli, 

Pseudomonas aeruginosa, Staphylococcus aureus dan Streptococcus mutans. Aktiviti 

antibakteria dinilai melalui perubahan warna reagen kepekatan rencatan minima 3-(4, 

5-dimetilthiazol-2- yl)-2, 5-difeniltetrazolium bromida semasa melakukan eksperimen 

ke atas kepekatan rencatan minima dengan menggunakan kaedah mikropencairan. 

Sebanyak 0.1% sebatian klorheksidin digunakan sebagai kawalan positif sementara 

10% dimetil sulfoksida (DMSO) digunakan sebagai kawalan negatif. Nilai kepekatan 

rencatan minima bagi minyak pati ditentukan pada 0.78% untuk kedua-dua E. coli dan 

S. aureus, manakala nilai kepekatan rencatan minima untuk S. mutans dan P. 

aeruginosa adalah 1.56% dan 6.25%. Berikutan dengan nilai kepekatan rencatan 

minima, setiap bakteria dijalankan ujian lanjutan ke atas aktiviti anti-pelekatan dan 

anti-biofilem. Selanjutnya, aktiviti anti-pelekatan bagi E. coli dan P. aeruginosa 

adalah 65.95 ± 6.83% and 74.07 ± 1.85% di mana ianya sedikit tinggi berbanding 

dengan S. aureus dan S. mutans yang menghasilkan aktiviti-aktiviti anti-pelekatan 

pada 61.78 ± 1.27% and 48.52 ± 13.17%. E. coli dan P. aeruginosa juga 

mempamerkan sedikit peningkatan dalam aktiviti anti-biofilem dalam julat dari 85% 

ke 90% selepas menggunakan minyak pati dari lavender berbanding dengan 77% ke 

79% aktiviti anti-biofilem pada S. aureus and S. mutans. Analisa morfologi menerusi 

FESEM menunjukkan bahawa S. mutans mengalami perubahan ke atas sel 

membrannya. Kerosakan yang lebih teruk diperhatikan ke atas bakteria berbentuk 

kokus bilamana S. mutans didedahkan kepada minyak pati dari lavender pada nilai 

kepekatan rencatan minima dan separuh dari nilai kepekatan rencatan minima. Sebagai 

penutup, minyak pati dari Lavandula angustifolia berupaya untuk mengurangkan 

pertumbuhan bakteria oral di mana ianya berpotensi untuk digunapakai sebagai bahan 

pengganti ke atas bahan-bahan kimia yang biasa didapati dari produk penjagaan mulut.  

Kata kunci: antipelekatan, antibiofilem, minyak pati, bakteria oral  
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Background of Study 

Dental caries, plaques or cavities are example of oral diseases associated with 

pathogenic oral bacteria. Due to high prevalence of occurrence, oral disease is 

considered a global health problem once the condition became severe, difficult to 

manage and is not cost-effective (Freires et al., 2015). Oral pathogenic bacteria can 

lead to several severe dental problems such as pericoronitis, gingivitis, endodontitis 

and perimplantitis (Al-Terehi et al., 2018). In a process to encounter infection and to 

balance-out the load of oral bacteria, most people relied on the use of antiseptic mouth 

rinse that contained fluoride, povidoneiodine, chlorhexidine, and alcohol (Karbach et 

al., 2015). However, the use of antiseptic mouth rinse leads to health problem that 

includes tooth staining, alteration to taste, mucosal desquamation, xerostomia (dry 

mouth) or burning sensation (Freires et al., 2015; Karbach et al., 2015). Following the 

issues of side effect, it is imperative to have the antiseptic mouth rinse improved and 

developed to include natural active ingredients that can overcome the effects of harsh 

chemicals in dental products.  

Essential oils are mainly used as an oil for therapeutic, aromatherapy, 

cosmetics, and other purposes (Djilani and Dicko, 2012). The aromatic properties of 

the essential oils are characterized based on their chemical constituents and functional 

groups which are relatively complex (Swamy et al., 2016). Accordingly, the 

bioactivity of essential oils is determined based on the types of chemical constituents 

comprising 20 – 60 bioactive compounds that are highly distinctive (Swamy et al., 

2016).  The chemical constituents and stereochemical properties of essential oils differ 

following the variation of geographical location, environment, and method of 

extraction.  Essential oils can be extracted from different parts of plants’ organ which 

includes stem, leaves, or flowers using various extraction techniques such as 
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hydrodistillation, hydrodiffusion, effleurage, steam distillation, cold pressing, solvent 

extraction, microwave-assisted process and carbon dioxide extraction (Faleiro, 2011 ; 

Hamid et al., 2011). Subsequently after extraction, the essential oils would have to go 

through chemical characterization to measure its bioactivity efficiency.   

Essential oils exhibit several mechanisms in inhibiting bacterial growth 

(Wijesundara and Rupasinghe, 2018). Among the reported mechanisms include 

destabilization of bacterial membranes, destruction of protein membrane, force 

depletion on proton motive, and release of cell contents  (Nazzaro et al., 2013 ; Lopez-

Romero et al., 2015). In some cases, the use of  essential oils might have lead to cell 

wall disturbance, cell permeability, protein synthesis and also changes to the pH 

(Faleiro, 2011). Other essential constituents were found to disrupt the bacterial motility 

or inhibit the toxin secretion to the outer environment (Swamy et al., 2016). According 

to Chouhan et al. (2017), nanoparticles (NPs) functionalized with essential oils have a 

significant antimicrobial properties against the proliferation of multidrug- resistant 

pathogens due to the increase of chemical stability and solubility, rapid decline of 

evaporation and minimal degradation of active essential oil components. 

There is a growing trend in the number of research related to the bioactivity of 

the essential oils against various pathogenic microorganisms. Lavender essential oil, 

which was derived from Lavandula spp. had been used as a therapeutic agent and as a 

complementary medicine since long time ago. Despite of regular use of essential oil in 

daily life, the knowledge behind the bioactivity of essential oil is still preliminary and 

has not been extensively researched. Therefore, it is an objective of this study to 

evaluate the anti-adherence and anti-biofilm activity of essential oil from Lavandula 

angustifolia on selected oral pathogenic bacteria. This study also includes observation 

on bacteria that is structurally affected after being exposed to essential oil.  
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1.2 Problem Statement 

In 2016, the Global Burden of Disease Study estimated 3.58 billion people 

equated to half of the world’s population to be affected by oral diseases. Dental plaques 

and dental caries are examples of oral disease that happened due to high number of 

harmful microorganisms and low number of beneficial microbiota inside the mouth 

cavity. Therefore, toothpaste and oral rinses are used as a mean to reduce oral 

infections. However, dental products that contained synthetic chemicals such as 

sodium lauryl sulphate (SLS) or sodium lauryl sarcoside had reportedly causing oral 

desquamation in patient suffering from oral infection. Such isolated case of 

incompatible oral products was solved by advising the patient to switch conventional 

toothpaste to non-SLS toothpaste. Essential oils used in therapeutic and aromatherapy 

were known to exert bioactivity by acting as an antibacterial agent. Such potential use 

of essential oil has paved ways for discovery on substitutes of common antibacterial 

agent used in the production of healthcare products. Despite of the awareness, the 

mechanistic action of essential oils against bacteria remains debatable and the role of 

antibacterial was not clear to be use in overcoming side effects which warrant more 

investigation. Thus, the highlight of this research is to investigate the antibacterial 

properties of essential oil against the proliferations of pathogenic oral bacteria which 

could bring down the frequency of side effects. 

1.3 Research Objectives 

The objectives of this research were aimed to solve the above problem 

statements, in which the objectives include: 

a) To evaluate antibacterial activity of essential oil from lavender on selected 

Gram-positive and Gram-negative oral bacteria. 

 

b) To identify anti-adherence and anti-biofilm activities of essential oil from 

lavender on selected pathogenic oral bacteria. 
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c) To determine effects of essential oil from lavender on the structure of microbial 

cell membrane using field emission scan electron microscope (FESEM) 

analysis.  

1.4 Significant of Study 

Dental care products containing synthetic chemical have unknowingly 

introduced side effects to its’ user which could be detected through but not limited to 

tooth staining, alteration to taste, mucosal desquamation and xerostomia (Freires et al., 

2015; Karbach et al., 2015). Due to the occurrence of side effects, there is a need to 

replace such chemical that is known to cause side effects during and after use of 

conventional dental products. One of the approach was by adding plant-based 

compound such as essential oils to replace synthetic chemicals used in conventional 

dental products. Essential oils are eco-friendly, biodegradable, natural and renewable 

(Pandey et al., 2017). Compared to synthetic chemical in oral products, natural 

products are considered to be more stable due to the specific interactions of active 

compounds to the host cells, reducing side effects. Essential oils also contained various 

secondary metabolites that can be used to fight oral bacteria. Based on previous study, 

essential oil from lavender has high chemical composition of linalool and linalyl 

acetate (Anastasiou and Buchbauer, 2017) which contributed to antibacterial 

characteristics of essential oil (Sokovicx́ et al., 2010). Blažeković et al. (2018) 

indicated that the antimicrobial property of essential oils from Lavandula displayed on 

a number of food-related pathogenic bacteria was due to the effect  of linalool. Hence, 

essential oils of lavender could be used as alternative to antibiotics or antibacterial 

agents in conventional dental products. Thus, the significant of this study is to evaluate 

the biological properties of essential oil from lavender against the growth of known 

pathogenic bacteria that resides in oral cavity. In addition, this study aims to 

understand the protective mechanism exerted by essential oil and its’ influence to 

bacterial growth which could determine the level of destruction introduced to the 

bacteria when the essential oils were applied. Such studies could be of useful for future 

references in view of using essential oil as derivatives for dental care product without 

affecting the colonization of good bacteria within mouth. Further identification on cell 
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recognition was vital in order to prevent recurrence of side effects caused by specific 

pathogen which leads to better implementation of essential oil in dental care 

application system. 

1.5 Scope of Study 

Essential oil from lavender originated from doTERRA brand was used and 

tested for antibacterial activity against four types of cariogenic oral bacteria. The 

minimum inhibitory concentration (MIC) of essential oil against Gram positive 

bacteria (S. aureus and S. mutans) and Gram-negative bacteria (E. coli and P. 

aeruginosa) were determined through colour changes of MTT assay. The potential of 

anti-adherence and anti-biofilm activity of lavender essential oil on selected bacteria 

were evaluated based on the measurement of bacterial absorbance that adhered to the 

surface of universal bottle and capturing the absorbance of biofilm formation inside 

96-well plates, respectively. Next, the structural alteration on microbial cell 

membranes of S. mutans was investigated by Field Emission Scanning Electron 

Microscopy (FESEM) in order to justify the antibacterial properties of essential oil 

from lavender. 
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