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ABSTRACT

Syzygium aromaticum (S. aromaticum) and Cinnamomum verum (C. verum) essential
oils offer great potential against the pathogens of the oral cavity. Chemical
constituents for both essential oils have been reported to have antibacterial agent.
This study investigates the interaction effect of S. aromaticum and C. verum oils
against known resistant bacteria in oral infection of Enterococcus faecalis,
Aggregatibacter actinomycetemcomitans, Streptococcus mutan and Streptococcus
salivarius. The analysis of oils was done using GC and GC-MS methods to quantify
the chemical constituents. Most of the constituents found in S. aromaticum and
C.verum oils contained terpenes and oxygenated compounds which contributed to
antibacterial activity. The combination effects of S. aromaticum and C. verum were
evaluated using checkerboard assays. Amoxicillin at concentration of 0.1mg/mL was
used as positive control while each bacteria suspension of 10° CFU/ml was used as
negative control. The minimum inhibitory concentration (MIC) and fractional
inhibitory concentration index (FIC) were calculated to characterize the interaction
between the oil combinations. Both S. aromaticum and C. verum oils possess
antimicrobial activity against the four bacteria when used on its own or in
combination. In combination, the MIC values were reduced for all bacteria compared
when in single form. Both of these essential oils have maximum antibacterial
potential at combination ratio of 1:1. At other ratio 9:1, 3:7 and 6:4 the combinations
showed poor antibacterial activity against the four seclected bacteria.  The
combinations of these essential oils within the acceptable range for synergistic of
0.02 to 0.31 mg/mL with the FIC value <0.5 have shown good antibacterial activity
and directly can substitute the common use antibiotics like Amoxicillin. This finding
suggests a potential therapeutic benefit using the combination of S. aromaticum and
C. verum oils to overcome oral infection in future.
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ABSTRAK

Minyak pati Syzygium aromaticum (S. aromaticum) dan Cinnamomum verum (C.
verum) berupaya menawarkan rawatan yang baik terhadap patogen di dalam
mulut. Kandungan kimia bagi kedua-dua minyak pati ini dilaporkan mempunyai
ejen antibakteria. Kajian ini menyiasat kesan interaksi kombinasi antara minyak pati
S. aromaticum dan C. verum terhadap bakteria berdaya tahan yang sering dijumpai di
dalam jangkitan mulut seperti Enterococcus faecalis, Actinomycetemcomitans
Aggregatibacter, Streptococcus Mutan dan Streptococcus salivarius. Analisis
terhadap minyak pati ini telah dilakukan dengan menggunakan kaedah GC dan GC-
MS untuk mengenalpasti jumlah kandungan kimia. Sebahagian besar kimia yang
dijumpai di dalam minyak pati S. aromaticum dan C. verum mengandungi kompaun
terpenes dan kompaun teroksigen yang menyumbang kepada aktiviti
antibakteria. Kesan gabungan S. aromatium dan C. verum di uji menggunakan
kaedah papan cerakin. Amoxicillin pada kepekatan 0. Img/mL telah digunakan
sebagai kawalan positif manakala bakteria dengan kepekatan 10° CFU / ml telah
digunakan sebagai kawalan negatif. Kepekatan perencatan minimum (MIC) dan
indeks  kepekatan pecahan perencatan (FIC) telah digunakan untuk
mengklasifikasikan interaksi antara kombinasi. Kedua-dua minyak pati S.
aromaticum dan C. verum mempunyai aktiviti antimikrob terhadap semua empat
bakteria apabila digunakan secara individu ataupun dalam bentuk kombinasi. Secara
kombinasi, nilai MIC untuk ke semua bakteria dapat dikurangkan apabila
dibandingkan dalam bentuk individu. Kedua-dua minyak pati ini mempunyai potensi
antibakteria apabila dalam kombinasi pada nisbah 1: 1, dengan itu objektif kajian ini
telah dicapai. Aktiviti antibakteria pada nisbah kombinasi yang lain iaitu 9:1, 3:7 dan
6:4 telah menunjukkan aktiviti yang lemah terhadap empat bakteria
tersebut. Kombinasi minyak pati dalam julat yang boleh diterima untuk sinergi iaitu
0.02-0.31 mg / mL dengan nilai FIC <0.5 telah menunjukkan aktiviti antibakteria
yang baik dan seterusnya dapat menggantikan penggunaan antibiotik biasa seperti
Amoxicillin.  Penemuan ini menunjukkan manfaat terapeutik yang berpotensi
menggunakan kombinasi minyak pati S. aromaticum dan C. verum dalam mengatasi
jangkitan mulut pada masa akan datang.
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CHAPTER 1

INTRODUCTION

1.1 Study Background

Oral health is one of the integral element of general health. Sufficient practices
and prevention are needed to be applied continuously to boost the application towards
oral health. Poor dietary habits, unhealthy life style practices (poor oral hygiene,
alcohol consumption), and lack of awareness on the importance of oral health and non-
dental attendance are some of the factors contributed to non-communicable diseases
(NCDs), including oral infection (Pau, 2012; Poul Erik Petersen, 2004). Oral diseases
including dental caries and periodontal disease are major health problem in both
developed and developing countries (Poul Erik Petersen, 2004). General health
conditions and health care system in developed and developing countries are greatly
different based on their economic development. Studies have suggested that people
living in the low income countries usually have high morbidity and mortality rates
because of their poor health care system. It is not surprising that there are about 90%

of oral diseases are still not being untreated in these countries (Corbet et al., 2002).

‘Tooth decay and, to a lesser extent periodontal infections are perhaps the most
expensive infections that most individuals have to contend with, during a lifetime’
(Walter J. Loesche, 1986). Dental caries occurs when demineralization process takes
place on tooth surface (Shay, 2002), meanwhile periodontal disease (periodontitis) is
caused by inflammatory process to the supporting tissues around the teeth as a result

of bacteria infection and eventually leading to destruction of these tissues. In addition



to this, penetration of bacteria into the tooth root canal system can also occur and
resulting in inflammation pulpal tissues in the tooth (endodontic lesion) (Scannapieco,
2013; Dahlen, 2009; Moynihan and Petersen, 2004).

Microorganisms in the oral cavity are usually found in the form of biofilm.
Facultative anaerobes bacteria such as Streptococci spp., iS an important bacteria
causing dental caries (Botha and Lall, 2013). Streptococci bacteria produces organic
acids from sugars and its growth is dependent on the presence of fermentable
monosaccharides (Moynihan and Petersen, 2004). Another facultative anaerobe
bacteria responsible for dental caries formation is enterococci and they cause
infections in the root canal (Wade, 2013b). Meanwhile, other facultative anaerobic
bacteria such as Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans
and Fusobacterium nucleatum are the prime pathogens in the development of chronic
periodontitis (Curtis et al., 2011).

Nowadays, plant-based medicines and treatments attract much attention
especially in developed countries such as Europe, United States and Japan (Pandita et
al., 2014). These medicines have been used intensively over the past decades (F. C.
Groppo et al.,, 2008). In dentistry, there are several herbal medicine such as
Azadirachta indica, aloe vera, neem, garlic, tea tree oil, meswak, clove, cinnamon
zeylanicum, turmeric and curry leaf tree, have been used for the treatment of oral
infections (Pandita et al., 2014). These herbs are being used as ingredients in tooth

pastes and mouth washes.

Essential oils is a natural product produced by plants containing complex
mixtures of volatile compounds (Bassolé & Juliani, 2012) such as terpene, terpenoids
and aromatic constituents. These volatiles compounds exhibit antimicrobial, anti-
inflammatory and analgesic effects (Francisco et al., 2008). Natural antimicrobial
agent has been used in recent years as a strategies to control the resistant food-borne
bacteria and other pathogenic microorganism (Bassolé & Juliani, 2012; Yap et al.,
2014). In addition, the interest in the use of natural antimicrobial agents in
combinations as a strategies to control food-borne bacteria and other pathogenic

microorganisms has been increased. Recent studies have shown interaction between



essential oils may lead to synergistic, additive, indifferent (non-interaction) or
antagonistic effect. Synergistic effect is observed when the effect of combined
substances is greater than the sum of the individual effects. An additive action occurs
when the combined effect of agents is equal to the sum of the effects of individual
agents, while the absence of interaction is defined as indifference. Antagonistic action
is defined when the effect of one or both agents is lesser than when they are applied

together compared to when individually applied (Bassolé and Juliani, 2012).

Syzygium aromaticum (clove) oil has a pleasant aroma and has many useful
purposes as food flavour, drugs in pharmaceutical industry and in dentistry. The clove
oil has been used for a long time by dentists because of its main active ingredients i.e.
eugenol, primarily responsible either as a bacteriocidal or bacteriostatic (Bankar,
Kumar, Puri, & Kanpur-, 2011; Nufiez & D’Aquino, 2012). It is used traditionally in
dental care for relieving toothache, sore gums and oral ulcers beside as a dressing in
dentistry for minor wounds (Aneja & Joshi, 2010).

Cinnamomum verum (cinnamon) oil has high antioxidant activity and
antimicrobial properties (Jakhetia et al., 2010; Li et al., 2013; Wang et al., 2009). It
has also been used in toothpastes, mouthwashes and chewing gums for dental caries
prevention (Pandita et al., 2014).

Some of the earlier studies demonstrated the antimicrobial effect when S.
aromaticum and C. verum oils combined with other essential oils, but not together as
combined oil include one study of antimicrobial effect the combination of S.
aromaticum with rosemary oils on food-borne bacteria and fungi. Both oils contained
components that exhibited antibacterial and antifungal activity including additive and
synergistic effects on almost all strains of microorganism tested. With this results, the
combination of S. aromaticum with rosemary oils was suggested as a useful agent in
medicine and food industry (Y. Fu et al., 2007). Another study showed the effect of
combined C. verum with Lavandula angustifolis oil as a synergistic antibacterial
agents against Staphylococcus aureus, Pseudomonas aeruginosa and Candida

albicans (Rapper et al., 2013).



The antimicrobial effect of S. aromaticum and C. verum oil has been
intensively being studied, but there are limited studies on the antimicrobial effect either
in single or combination of these oils when used against oral pathogens. Therefore, in
this study, Syzygium aromaticum and Cinnamomum verum essential oils has been

selected to explore these potential activity in managing oral infection.

1.2 Problem Statement

Malaysia is one of the developing countries that provide oral health care service
in both private and public sector. As compared to other developed and developing
countries, prevalence of periodontal diseases in Malaysia presents a serious pattern
with 20% periodontitis occurring in adults. The numbers of patients with periodontitis
has increased every ten years mainly because of the low awareness on oral healthcare
(Mohd-Dom et al., 2013).

The current treatment used by dentists to eliminate microorganisms is through
prescription of oral antibiotics (e.g penicillins and cephalosporins, erythromycin,
tetracycline and derivatives and metronidazole, cetylpyridinium chloride,
chlorhexidine, amine fluorides). Antibiotic is one of the most common therapies used
against infectious diseases and enhanced the human health (Yap et al., 2014).
Antibiotic are generally active against Gram positive and Gram negative
microorganisms. However, there have been reports that bacteria are not only resistant
to a single drug but to many drugs. This multi-drug resistant bacteria problems urges
the need to find a new therapies to replace antibiotics or enhance the effect antibiotics.
On the other hand, antibiotics are known to exhibit undesirable effects like vomiting,
diarrhoea, tooth staining and oral cancer (in case of ethanol commonly found in
mouthwash) for a long-term used (Palombo, 2011a). The use of herbal medicines in
this purpose would be beneficial as they have shown to produce similar of better
antibacterial activity than antibiotics scientifically and has been shown to be safe when

used traditionally.



With the current increasing evidences of the antibacterial properties of the S.
aromaticum and C. verum oils comparable to antibiotics activities against oral
pathogens, our hypothesis is the combination of S. aromaticum and C. verum oils
would produce favourable synergistic activity compared to individual activities of
each oils, or to antibiotics when tested against resistant facultative oral bacteria.
Therefore, the research findings for this project would answer the following questions:

i- Can both herbal oils inhibit the growth of oral bacteria effectively?

ii- Is the antibacterial is better individually or in combination?

iii-  Are the antibacterial activities of the oils better than the common

antibiotics used in clinics?

Hence, the aim of this study was to determine the antibacterial activity of S.
aromaticum and C. verum against resistant oral pathogens as individual and combined

oil.

1.3 Objectives

The objective of this study was to analyse the chemical constituents in
Syzygium aromaticum bud and Cinnamomum verum bark oils and to investigate the
interaction effect of Syzygium aromaticum bud and Cinnamomum verum bark oils
when used against Enterococcus faecalis, Aggregatibacter actinomycetemcomitans,

Streptococcus mutans, and Streptococcus salivarius.

1.4 Scope of the Study

The scope of this study was within the following areas;
1. Quantify the yield of S. aromaticum bud and C. verum bark oils using hydro-
distillation extraction method.
2. Determine the composition of the active ingredients of essential oil using gas

chromatography (GC) and gas chromatography-mass spectrometer (GC-MS).



3. Analyze antibacterial activity and combination effect of S. aromaticum bud and
C. verum bark oils using minimal inhibitory concentration (MIC) test and

fractional inhibitory concentration (FIC) index method.

1.5 Significant of the Study

Dental caries and periodontal diseases are the major oral health problems and
an important global infectious disease to be prevented. Discovery of new treatment
therapies for these oral diseases can be a beneficial approach to reduce the problem.
The use of these essential oils in clinical management can offer a better treatment than
synthetic chemicals and promising approach in the prevention for oral diseases and

improve the health of the general population.



101

REFERENCES

Adams, R. P. (2007). Identification of essential oil components by Gas
Chromatography-Mass Spectrometry. (4th ed. Ca). Allured Publishing Corp.

Ahmad, F., Moharm, B.A. & Jantan, I. (2010). A Comparative Study of the
Constituents of the essential oils of Goniothalamus tapis Mig. and G. tapisoides
Mat Salleh from Borneo. Journal of Essential Oil Research, 22(6), 499-502.

AlJehani, Y. a. (2014). Risk factors of periodontal disease: review of the literature.
International Journal of Dentistry, 2014, 182513.

Aneja, K. R., & Joshi, R. (2010). Antimicrobial Activity of Syzygium aromaticum and
Its Bud Oil Against Dental Cares Causing Microorganisms.

Anna Holmberg, M. M. and M. R. (2012). Effectiveness of ciprofloxacin or linezolid
in combination with rifampicin against Enterococcus faecalis in biofilms. Journal
of Antimicrobial Chemotherapy, 67, 433-439.

Balakrishnan, M., Simmonds, R. S., & Tagg, J. R. (2000). Dental caries is a
preventable infectious disease. Australian Dental Journal, 45(4), 235-245.
Bankar, R., Kumar, A., Puri, S., & Kanpur-, D. G. P. G. C. (2011). Research Article

Phytochemical Constituent Of Syzygium aromaticum L ., 3(7), 215-217.
Bassolé, I. H. N., & Juliani, H. R. (2012). Essential oils in combination and their
antimicrobial properties. Molecules, 17(4), 3989-4006. 9
Bouhdid, S., Abrini, J., Amensour, M., Zhiri, A., Espuny, M. J., & Manresa, A. (2010).
Functional and ultrastructural changes in Pseudomonas aeruginosa and
Staphylococcus aureus cells induced by Cinnamomum verum essential oil.
Journal of Applied Microbiology, 109(4), 1139-1149.
Botha, F. S., & Lall, N. (2013). The use of plants against oral pathogens, 1375-1384.
Burt, S. (2004). Essential oils: their antibacterial properties and potential applications

in foods. International Journal of Food Microbiology, 94, 223-253.



102

C. G. Emilson and D. Bratthall. (1976). Growth of Streptococcus mutans on Various
Selective Media = IPt. Journal of Clinical Microbiology, 4(1), 95-98.

Cai, L., & Wu, C. D. (1996). Compounds from Syzygium aromaticum possessing
growth inhibitory activity against oral pathogens. Journal of Natural Products,
59(10), 987-990.

Chaieb, K., Zmantar, T., Ksouri, R., Hajlaoui, H., Mahdouani, K., Abdelly, C., &
Bakhrouf, A. (2007). Antioxidant properties of the essential oil of Eugenia
caryophyllata and its antifungal activity against a large number of clinical
Candida species. Mycoses, 50(5), 403—406.

Charu Gupta, Archana Kumari, Amar Prakash Garg, R. Catanzaro, F. M. (2011).
Comparative study of cinnamon oil and clove oil on some oral microbiota. Acta
Biomed, 82, 197-199.

Corbet, E. F., Zee, K.-Y., & Lo, E. C. M. (2002). Periodontal diseases in Asia and
Oceania. Periodontology 2000, 29, 122-152. http://doi.org/prd290107 [pii]
Curtis, M. A., Zenobia, C., & Darveau, R. P. (2011). The Relationship of the Oral
Microbiotia to Periodontal Health and Disease. Cell Host & Microbe, 10(4), 302—

306.

Dahlen, G. (2009). Bacterial infections of the oral mucosa. Periodontology 2000,
49(1), 13-38.

Dhanya Kumar N. M. and Preena Sidhu. (2011). The antimicrobial activity of
azardirachta indica , glycyrrhiza glabra , cinnamum zeylanicum , syzygium
aromaticum , accacia nilotica on streptococcus mutans and enterococcus faecalis
- An in vitro study. Endodontology, 23(1).

Diego Francisco Cortes-Rojas, Claudia Regina Fernandes de Souza, W. P. O. (2014).
Clove ( Syzygium aromaticum ): a precious spice. Asian Pacific Journal of
Tropical Biomedicine, 4(2), 90-96.

Djilani, A., & Dicko, A. (2012). The Therapeutic Benefits of Essential Oils. Nutrition,
Well-Beig and Health, 155-78.

Erriu, M., Pili, F. M. G., Tuveri, E., Pigliacampo, D., Scano, A., Montaldo, C., ...
Orru, G. (2013). Oil Essential Mouthwashes Antibacterial Activity against
Aggregatibacter actinomycetemcomitans: A Comparison between Antibiofilm
and Antiplanktonic Effects. International Journal of Dentistry, 2013, 164267.



103

F. A. Al-Bayati. (2008). Synergistic antibacterial activity between Thymus vulgaris
and Pimpinella anisum essential oils and methanol extracts. Journal of Ethno-
Pharmacology, 116, 403-406.

Faran Ali, S. M., & Tanwir, F. (2012). Oral microbial habitat a dynamic entity. Journal
of Oral Biology and Craniofacial Research, 2(3), 181-187.

Filoche, S. K., Soma, K., & Sissons, C. H. (2005). Antimicrobial effects of essential
oils in combination with chlorhexidine digluconate. Oral Microbiology and
Immunology, 20(4), 221-225.

Francisco Carlos Groppo, Cristiane de Cassia Bergamaschi, Karina Cogo, Michelle
Franz-Montan, R. H. L. M. and E. D. de A. (2008). Use of Phytotherapy in
Dentistry. Phytotheraphy Research.

Gbémez-arambula, H., Hidalgo-hurtado, A., & Rodriguez-flores, R. (2015).
Moxifloxacin versus Clindamycin / Ceftriaxone in the management of
odontogenic maxillofacial infectious processes: A preliminary , intrahospital ,
controlled clinical trial. J Clin Exp Dent, 8-13.

Halawany, H. S. (2012). REVIEW ARTICLE A review on miswak ( Salvadora persica
) and its effect on various aspects of oral health. The Saudi Dental Journal, 24,
63-69.

Hamadat, S., & Slade, H. D. (1980). Biology , Immunology , and Cariogenicity of
Streptococcus mutans. Microbiological Reviews, 44(2), 331-384.

Hammer KA, D. L., Johnson M, Michalak EM, Carson CF, R. T. (2003). Susceptibility
of oral bacteria to Melaleuca alternifolia (tea tree) oil in vitro. Oral Microbiology
Immunology, 18, 389-392.

Han, Y. (2007). Synergic effect of grape seed extract with amphotericin B against
disseminated candidiasis due to Candida albicans. Phytomedicine, 14, 733-738.

Hargreaves, K., & Abbott, P. V. (2005). Drugs for pain management in dentistry.
Australian Dental Journal Medications Supplement, 50(4), 14-22.

Hemaiswarya, S., & Doble, M. A. (2009). Synergistic interaction of eugenol with
antibiotics against Gram negative bacteria, 16, 997-1005.

Henderson, B., Wilson, M., Sharp, L., & Ward, J. M. (2002). Actinobacillus
actinomycetemcomitans. Journal of Medical Microbiology, 51(12), 1013-1020.

Hilal Ahmad and K. Rajagopal. (2014). Salvadora persica L . ( Meswak ) in dental
hygiene. The Saudi Journal for Dental Research, 5, 130-134.



104

Hussein, H. A., Abaas, I. S., & Hussain, R. (2014). Innovare Academic Sciences
Antibacterial Activities Of Cinnamon Zelanicum Syzygium Aromaticum
Essential Qil, 6(5).

Irlan Almeida Freires , Carina Denny, Bruna Benso, S. M. de A. and P. L. R. (2015).
Antibacterial Activity of Essential Oils and Their Isolated Constituents against
Cariogenic Bacteria: A Systematic Review. Molecules, 20, 7329-7358.

Is, P.,, Jm, S., VIm, R., Aah, F., & A, F. J. (2011). Antimicrobial activity of propolis
and essential oils and synergism between these natural products. The Journal of
Venomous Animals and Toxins Including Tropical Diseases, 17(2), 159-167.

Jakhetia, V., Patel, R., Khatri, P., Pahuja, N., Garg, S., Pandey, A., & Sharma, S.
(2010). Journal of Advanced Scientific Research. Journal of Advanced Scientific
Research, 1(2), 19-23.

James W. Little, DMD, MS, Minneapolis, M. (2004). Complementary and alternative
medicine: Impact on dentistry. Oral Surgery, Oral Medicine, Oral Pathology,
Oral Radiology, and Endodontology, 98(2), 137-145.

Jelvehgaran Esfahani, Z., Kadkhoda, Z., Eshraghi, S. S., & Salehi Surmaghi, M. H.
(2014). Antibacterial effect of an herbal product persica on porphyromonas
gingivalis and aggregatibacter actinomycetemcomitans: an in-vitro study.
Journal of Dentistry (Tehran, Iran), 11(4), 464-72.

Jorger Slots & Miriam Ting. (2002). Systemic antibiotics in the treatment of
periodontal disease. Periodontology 2000, 28, 106—176.

Kidd, E. (2011). The implications of the new paradigm of dental caries. Journal of
Dentistry, 39(SUPPL. 2), S3-S8.

Kohanteb, J., & Fani, M. M. (2011). Inhibitory Activity of Cinnamon Zeylanicum and
Eucalyptus Globulus Oils on Streptococcus Mutans, Staphylococcus Aureus, and
Candida Species Isolated From Patients With Oral Infections. Shiraz University
Dental Journal, 11, 14-22.

Kovats, E. (1965). Gas chromatographic characterization of organic substances in the
Retention Index System. Advances in Chromatography, (1 FG-0), 229-247.
Lakshmi T. and Ravishankar.P. (2012). In-vitro antibacterial screening of the
phytochemical extracts agaisnt E. faecalis. International Journal of Pharmacy

and Pharmaceutical Sciences, 4(Suppl. 1), 419-421.



105

Lakshmi. T and Ravishankar. P. (2012). In-Vitro Antibacterial Screening Of The
Phytochemical Extracts Against E. Faecalis. International Journal of Pharmacy
and Pharmaceutical Sciences, 4(Suppl 1), 419-421.

Li, Y. Q., Kong, D. X., & Wu, H. (2013). Analysis and evaluation of essential oil
components of cinnamon barks using GC-MS and FTIR spectroscopy. Industrial
Crops and Products, 41(1), 269-278.

Loesche, W. J., Rowan, J., Straffon, L. H., & Loos, P. J. (1975). Association of
Streptococcus mutans with Human Dental Decay. Infection and Immunity, 11(6),
1252-1260.

McFadden, W. H. (1973). Techniques of combined Gas Chromatography/Mass
Spectrometry (Applications in organic analysis). New York: John Wiley and
Sons.

Meena Vangalapati, Sree Satya N, Surya Prakash DV, S. A. (2012). A Review on
Pharmacological Activities and Clinical effects of Cinnamon Species. Research
Journal of Pharmaceutical, Biological and Chemical Sciences, 3(1), 653-663.

Meyer, D. H., & Fives-Taylor, P. M. (1998). Oral pathogens: from dental plaque to
cardiac disease. Current Opinion in Microbiology, 1(1), 88-95.

Microbewiki, F. (n.d.). Enterococcus faecalis.

Microbewiki, F. (2015a). Streptococcus mutans - Tooth Decay Etiology / Bacteriology
Pathogenesis, 1-7.

Microbewiki, F. (2015b). Streptococcus salivarius, 6, 1-5.

Miguel, M. G. (2010). Antioxidant and Anti-Inflammatory Activities of Essential Qils:
A Short Review. Molecules, 15, 9252-9287.

Mohd-Dom, T. N., Abdul-Muttalib, K., Ayob, R., Lan, Y. S., & Mohd-Asadi, A. S.
(2013). Periodontal Status and Provision of Periodontal Services in Malaysia:
Trends and Way Forward. Malaysian Journal of Public Health Medicine, 13(2),
38-47.

Moynihan, P., & Petersen, P. E. (2004). Diet, nutrition and the prevention of dental
diseases. Public Health Nutrition, 7(1A), 201-226.

N. Rusenova & P. Parvanov. (2009). Antimicrobial Activities Of Twelve Essential
Oils Against Microorganisms Of Veterinary Importance. Trakiia Journal of
Sciences, 7(1), 37-43.



106

Nassar, M. ., Gaara, A. H., EI-Ghorab, A. H., Farrag, A.-R. H., Shen, H., Hug, E., &
Mabry, T. J. (2007). Chemical constituents of clove (Syzygium aromaticum , Fam
. Myrtaceae) and their antioxidant activity. Revista Latinoamericana de Quimica,
35(3), 47-57.

Naveed, R., Hussain, I., Tawab, A., Tariq, M., Rahman, M., & Hameed, S. (2013).
Antimicrobial activity of the bioactive components of essential oils from
Pakistani spices against Salmonella and other multi-drug resistant bacteria. BMC
Complementary and Alternative Medicine, 13(265), 1-10.

Nazzaro, F., Fratianni, F., & Martino, L. De. (2013). Effect of Essential Oils on
Pathogenic Bacteria. Pharmaceuticals, 6, 1451-1474.

Okhee Choi, Su Kyung Cho, Junheon Kim, Chung Gyoo Park, J. K. (2016). In vitro
antibacterial activity and major bioactive components of Cinnamomum verum
essential oils against cariogenic bacteria, Streptococcus mutans and
Streptococcus sobrinus. Asian Pacific Journal of Tropical Biomedicine, 6(4),
2221.

Nufez, L., & D’Aquino, M. (2012). Microbicide activity of clove essential oil
(Eugenia Caryophyllata). Brazilian Journal of Microbiology, 43(4), 1255-1260.

Osveli Rodriguez, Rosa Sanchez, Maria Verde, M. N. (2014). Obtaining the essential
oil of Syzygium aromaticum, identification of eugenol and its effect on
Streptococcus mutans . Journal of Oral Research, 3(4), 218-224.

Palombo, E. A. (2011a). Traditional Medicinal Plant Extracts and Natural Products
with Activity against Oral Bacteria : Potential Application in the Prevention and
Treatment of Oral Diseases, 2011.

Palombo, E. A. (2011b). Traditional Medicinal Plant Extracts and Natural Products
with Activity against Oral Bacteria : Potential Application in the Prevention and
Treatment of Oral Diseases. Evidence-Based Complementary and
AlternativeMedicine, 2011.

Pandita, V., Patthi, B., Singh, S., Singla, A., Vashishtha, V., & Malhi, R. (2014).
Dentistry meets nature-role of herbs in periodontal care: A systematic review.
Journal of Indian Association of Public Health Dentistry, 12(3), 148-156.

Pau, A. K.-H. (2012). Challenges in dental public health—An overview. International
E-Journal of Science, Medicine & Education, 6(126), 106-112.



107

Pavicic, M. J. a M. P., Van Winkelhoff, a. J., & De Graaff, J. (1992). In vitro
susceptibilities of Actinobacillus actinomycetemcomitans to a number of
antimicrobial combinations. Antimicrobial Agents and Chemotherapy, 36(12),
2634-2638.

Pengelly, A. (2006). The Constituents of Medicinal Plants. An introduction to the
chemistry and therapeutics of herbal medicine. (2nd Editio). Crows Nest: Allen
& Unwin.

Periasamy, S., & Kolenbrander, P. E. (2009). Aggregatibacter actinomycetemcomitans
builds mutualistic biofilm communities with Fusobacterium nucleatum and
Veillonella species in saliva. Infection and Immunity, 77(9), 3542—-3551.

Petersen, P. E. (2003). The World Oral Health Report 2003 : continuous improvement
of oral health in the 21st century -the approach of the WHO Global Oral Health
Programme. Community Dentistry and Oral Epidemiology, 31(Suppl. 1), 3-24.

Petersen, P. E. (2004). Challenges to improvement of oral health in the 21st century--
the approach of the WHO Global Oral Health Programme. International Dental
Journal, 54, 329-343.

Petersen, P. E., & Ogawa, H. (2012). The global burden of periodontal disease:
Towards integration with chronic disease prevention and control. Periodontology
2000, 60(1), 15-39.

Peterson, S. N., Meissner, T., Su, A. I, Snesrud, E., Ong, A. C., Schork, N. J., & Bretz,
W. a. (2014). Functional Expression of Dental Plaque Microbiota. Frontiers in
Cellular and Infection Microbiology, 4(August), 1-13.

Pihlstrom, B. L., Michalowicz, B. S., & Johnson, N. W. (2005). Periodontal diseases.
Lancet, 366(9499), 1809-1820.

Pradhan, D., Suri, K. A., Pradhan, D. K., & Biswasroy, P. (2013). Golden Heart of the
Nature : Piper betle L . Journal of Pharmacognosy and Phytochemistry, 1(6),
147-167.

Ranasinghe, P., Pigera, S., Premakumara, G. A. S., & Galappaththy, P. (2013).
Medicinal properties of “ true ” cinnamon ( Cinnamomum zeylanicum ): a
systematic review. BMC Complementary and Alternative Medicine, 13(1), 1.

Rapper, S. De, Kamatou, G., Viljoen, A., & Vuuren, S. Van. (2013). The In Vitro
Antimicrobial Activity of Lavandula angustifolia Essential Oil in Combination
with Other Aroma-Therapeutic Oils, 2013.



108

Reenu Yadav, D. S. K. Y. (2013). Dental Disease and Its Cure: A Review, 6(2), 16—
20.

Roda, R. P., Bagan, J. V., Maria, J., Bielsa, S., Pastor, E. C., & Roda, R. P. (2007).
Antibiotic use in dental practice . A review. Med Oral Patol Oral Cir Bucal, 12,
186-192.

Sadiki, M., Balouiri, M., Barkai, H., Maataoui, H., Koraichi, S. I., & Elabed, S. (2014).
Synergistic antibacterial effect of Myrtus communis and Thymus vulgaris
essential oils fractional inhibitory concentration index. International Journal of
Pharmacy and Pharmaceutical Sciences, 6(6), 121-124.

Scannapieco, F. a. (2013). The oral microbiome: Its role in health and in oral and
systemic infections. Clinical Microbiology Newsletter, 35(20), 163-169.

Selwitz, R. H., Ismail, A. I., & Pitts, N. B. (2007a). Dental caries. Lancet (London,
England), 369, 51-59.

Selwitz, R. H., Ismail, A. I., & Pitts, N. B. (2007b). Dental caries. Lancet (London,
England), 369(9555), 51-9.

Selwitz, R. H., Ismail, A. I., & Pitts, N. B. (2007c). Dental caries. Lancet (London,
England), 369(9555), 51-9.

Seok-Woo Lee. (2006). Microbial Etiology of Periodontal Disease. Columbia
University.

Shahida Binti Mohd Said. (2013). Effects of Selected Piperaceae Species, Eugenia
caryphyllata L. and Cinnamomum zeylanicum blume on Periodontal Pathogens,
Fibroblasts and Neutrophils. Universiti Kebangsaan Malaysia.

Shanmugam Hemaiswarya, Anil Kumar Kruthiventi, M. D. (2008). Synergism
between natural products and antibiotics against infectious diseases.
Phytomedicine, 15, 639-652.

Shay, K. (2002). Infectious complications of dental and periodontal diseases in the
elderly population. Clinical Infectious Diseases : An Official Publication of the
Infectious Diseases Society of America, 34(9), 1215-1223.

Singh, G., Maurya, S., DeLampasona, M. P., & Catalan, C. a N. (2007). A comparison
of chemical, antioxidant and antimicrobial studies of cinnamon leaf and bark
volatile oils, oleoresins and their constituents. Food and Chemical Toxicology,
45(9), 1650-1661.

Slots, J. (1982). Selective Medium for Isolation of Actinobacillus

actinomycetemcomitans. Journal of Clinical Microbiology, 15(4), 606—609.



109

Slots, J. (2013). Periodontology: Past, present, perspectives. Periodontology 2000, 62,
7-19.

Swamy, M. K., Akhtar, M. S., & Sinniah, U. R. (2016). Antimicrobial Properties of
Plant Essential Oils against Human Pathogens and Their Mode of Action: An
Updated Review. Evidence-Based Complementary and Alternative Medicine,
2016, 1-21.

Sweeney, L. C., Dave, J., Chambers, P. A., & Heritage, J. (2004). Antibiotic resistance
in general dental practice — a cause for concern? Journal of Antimicrobial
Chemotherapy, 53(4), 567-576.

Tanzer, J. M., Livingston, J., & Thompson, A. M. (2001). The microbiology of primary
dental caries in humans. Journal of Dental Education, 65(10), 1028-1037.
Teixeira, L. M., Janeiro, R. De, & Merquior, V. L. C. (2013). Molecular Typing in
Bacterial Infections, Infectious Disease (pp. 17-27). Springer Science and

Business Media New York 2013.

Teixera da Silva, J. A. (2004). Mining the essential oils of the Anthemideae. African
Journal of Biotechnology, 3, 706-720.

The Himalaya Drug Company. (n.d.). Himalaya Herbal. Retrieved from
http://www.himalayawellness.com/products/personalcare/oral-care.htm

Unlu, M., Ergene, E., Unlu, G. V., Zeytinoglu, H. S., & Vural, N. (2010). Composition,
antimicrobial activity and in vitro cytotoxicity of essential oil from Cinnamomum
zeylanicum Blume (Lauraceae). Food and Chemical Toxicology, 48(11), 3274—
3280.

Van Winkelhoff, aJ., Tijhof, C. J., & de Graaff, J. (1992). Microbiological and clinical
results of metronidazole plus amoxicillin therapy in Actinobacillus
actinomycetemcomitans-associated periodontitis. Journal of Periodontology,
63(1), 52-7.

Wade, W. G. (2013a). Characterisation of the human oral microbiome. Journal of Oral
Biosciences, 55(3), 143-148.

Wade, W. G. (2013b). The oral microbiome in health and disease. Pharmacological
Research, 69(1), 137-143.

Wagner, H., & Ulrich-merzenich, G. (2009). Synergy research : Approaching a new
generation of phytopharmaceuticals, 16, 97-110.

Walter J. Loesche. (1986). Role of Streptococcus mutans in Human Dental Decay.
Microbiological Reviews, 50(4), 353-380.



110

Wan, A. K. L., Seow, W. K., Walsh, L. J., & Bird, P. S. (2002). Comparison of five
selective media for the growth and enumeration of Streptococcus mutans.
Australian Dental Journal, 47(1), 21-26.

Wang, R., Wang, R., & Yang, B. (2009). Extraction of essential oils from five
cinnamon leaves and identification of their volatile compound compositions.
Innovative Food Science and Emerging Technologies, 10(2), 289-292.

Watt, R. G. (2005). Strategies and approaches in oral disease prevention and health
promotion. Bulletin of the World Health Organization, 83(9), 711-718.

Wikipedia. (2016a). Cinnamon, 1-9.

Wikipedia. (2016Db). Clove, 1-5.

Willmann, J. S. N.-G. D. E. (2008). Foundations of Periodontics for the Dental
Hyagienist (Third Edition). (L. W. & W. Wolters Kluwer, Ed.).

Yap, P. S. X,, Yiap, B. C,, Ping, H. C., & Lim, S. H. E. (2014). Essential oils, a new
horizon in combating bacterial antibiotic resistance. The Open Microbiology
Journal, 8, 6-14.

Yulie Fu, YuanGang Zu, LiYan Chen, XiaoGuang Shi, Zhe Wang, S. S.and T., &
Efferth. (2007). Antimicrobial Activity of Clove and Rosemary Essential Oils
Alone and in Combination. Phytotherapy Research, 21, 989-994.

Zainal-Abidin, Z., Mohd-Said, S., Abdul Majid, F. A., Wan Mustapha, W. A., &
Jantan, 1. (2013). Anti-Bacterial Activity of Cinnamon Qil on Oral Pathogens.
The Open Conference Proceedings Journal, 4(Supp-2, M4), 12-16.

Zengin, H., & Baysal, A. H. (2014). Antibacterial and Antioxidant Activity of
Essential Oil Terpenes against Pathogenic and Spoilage-Forming Bacteria and
Cell Structure-Activity Relationships Evaluated by SEM Microscopy. Molecules,
19, 17773-17798.





