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ABSTRACT
Purpose: Denture stomatitis due to Candida infection is very common among type 2 diabetic subjects. This can
affect 10 to 75% of denture wearers. The present study was opted to assess the anticandidal effect ofnatural
oilsthat can be used as a treatment modality to prevent denture stomatitis. Aim: The aim of this study was to
evaluate the in vitro anticandidal effect of three natural essential oils- coconut oil,sesame oil and clove oil against
Candida albicans biofilm formed on acrylic resin blocks. Materials and method: C. albicans isolated from type 2
diabetes mellitus patient with denture stomatitis was used for the present study.Initially the anticandidal efficacy
of the natural essential oils was assessed by agar diffusion assay and broth micro dilution assay. The anticandidal
effect of the three natural essential oils was further assayed on the C.albicans biofilm formed in vitro on acrylic
resin blocks. Results: Clove oil exhibited significant anticandidal activity against C.albicans biofilm on acrylic resin
blocks. While, Coconutoil and sesame oil did not show anticandidal effect. Conclusion: Clove oil can be used as a
herbal alternative to prevent the C.albicans biofilm formation on acrylic resin dentures.
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Introduction:
Edentulism is a debilitating and irreversible condition
which is described as the “final marker of disease
burden for oral health” [1] The prevalence of edentulism
in India varies from 60% to 69% among age group 25
years and above [2]. By 2025, India may have highest
elderlypopulation, resulting in edentulism beinga
rampant problem [3].Dentures arethe Prosthetic devices
made of acrylic, used to replace missing teeth. The
dentures are either partial or full dentures which are
supported by the surrounding soft and hard tissues of
the oral cavity.
Denture stomatitis is the inflammatory process of the
oral palatal mucosa that bears a complete or partial
removable denture [4,5]. It is characterized by chronic
pain, inflammation of mucosal area covered by dentures
and halitosis. The most common etiology of denture
stomatitis is infection by Candida albicans [6]. Several
studies suggest that denture stomatitis can affect as
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many as 10-75% of individuals who wear dentures [7, 8, 9,
10, 11]

Many species of Candida are endosymbionts in animal
hosts including human [12]. Although varied Candida
species colonize the oral cavity, C. albicans is the
principle pathogenic contributor to denture stomatitis
due to its capability to produce enzymes that enables
adherence of the organism to the host or the prosthesis
forming a biofilm [13].C.albicansis an innocuous, normal
commensal in the oral cavity which transforms into
opportunistic pathogenwhen the host immunity is
reduced. Other than the ill-fitting denture, numerous
systemic factors play an important role in denture
stomatitis such as type 2 diabetes mellitus, , Human
Immunodeficiency Virus (HIV),nutritional factors
likeanemia, vitamin deficiency, reduced pH and reduced
flow of saliva.
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Candidal infection is more common in patients with type
2 diabetes mellitus due to decreased neutrophil action
resulting
in
the
reduced
immunity.
This
microenvironment favors adhesion, colonization
andinvasion of the Candida into the host cells. Candidal
adherence to the Palatal Epithelial Cells is more in
patients with NIDDM[14,15], due to the accumulation of
Advanced Glycation end products (AGEs)[16], which
increases the receptors for C. albicans binding .The
conversion of candida from commensal to pathogen
involves cascade of events and secretion of enzymes.
Following invasion, candida secretes extracellular
enzymes such as Aspartyl proteases [17] that cause the
release of pro inflammatory mediators such as IL-β
which triggers the inflammation.
The pain and discomfort associated with denture
stomatitis encourages the patients to discontinue the
use of dentures and this in turn causes residual ridge
resorption and alveolar bone loss.General preventive
measuresadvised
to
denture
wearers
includemaintenance of
good oral hygiene, regular
cleansingof dentures to prevent the accumulation of
plaque, overnight removal and soaking of dentures in
denture
cleansers
preferably
0.2%
chlorhexidinesolution.Traditional treatment modality is
the topical application of antifungal agents such as
nystatin or fluconazole, which arenonpalatable for most
of the patients. In severe recurrent cases and in
immuncompromised individuals oral antifungal drugs
are prescribed. Antifungal treatment may pose danger
of recurrent fungal infections with resistant strains.
Hence this study was aimed toevaluate the antifungal
effect of natural essential oils on C. albicans biofilm.
Materials and Methods
This invitro study was conducted at Sree Balaji dental
college and hospital, Pallikaranai, Chennai -100.
C.albicanswere isolated from patients with type 2
diabetes mellitus and denture stomatitis from the
department of prosthodontics after getting informed
consent. This study was approved by institutional
ethical committee.
Invitro biofilm formation of C.albicans on acrylic resin
block:
C. albicans isolated from type 2 diabetes patient with
denture stomatitis was used for the present study.
Overnight broth culture of C. albicans was prepared in
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RPMI 1640 medium. The turbidity was adjusted to
McFarland standard 0.5 as to obtain a cell density of 1×
108cfu/ml. [18] Heat cured acrylic denture resin used to
make dentures were prepared and were cut into blocks
of size, 1cm×1cm×2mm. The acrylic blocks were
immersed in sterile distilled water in bijou bottles and
sterilized by autoclaving at 121oC for 15 mins. The
sterilized acrylic blocks (1 block/well) were placed in the
wells of the 24 well sterile tissue culture plate (Zellkulter
plate, Germany). Two ml of C.Albicans broth culture was
added to each well and the plates were incubated
aerobically at 35oC for 48 hours for biofilm formation on
the acrylic surface. After incubation, the acrylic blocks
were washed thrice with sterile distilled water to
remove the planktonic cells.
Minimum InhibitoryConcentration (MIC):
Three natural essential oils - coconut oil, sesame oil and
clove oil were used for the study. Sterile saline was used
as the control. Minimum Inhibitory Concentration
(MIC)of the three essential oils was assessed by Broth
micro dilution method. Briefly, the biofilm on acrylic
dentures were immersed in wells containing varying
concentrations (50%, 37.5%, 25% and 12.5% v/v) of the
essential oils and incubated at 35oC for 18 hours.
Following incubation, the acrylic blocks were washed
thrice with sterile distilled water to remove the
planktonic cells. The treated acrylic blocks were
vortexed to mechanically dislodge the candidal biofilm
in 1 ml of sterile RPMI 1640 medium. Ten microliters of
this suspension was inoculated onto SDA plates and
were incubated at 35oC for 18 hours. After overnight
incubation, the plates were examined for the viability of
C. albicans and the number of cfu/ml was calculated.
The assay was performed in triplicate. MIC was
calculated as the lowest concentration of the essential
oil that resulted in 99% growth reduction compared to
the control.
Result:
Among the three natural essential oils tested for the
antifungal activity only clove oil showed complete
inhibition of fungal growth at a concentration of 12.5 %
(Table 1). Sesame oil and coconut oil did not exhibit
anticandidal activity. The colony count was >1,00,000
CFU/mL irrespective of the concentration of the
essential oil used.
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Table 1: CANDIDAL GROWTH FOLLOWING OVERNIGHT IMMERSION IN NATURAL OILS.
Particulars

50%dilution (CFU/mL)

Control
Clove oil
Sesame oil
Coconut oil

+++
--+++
+++

37.5% dilution
(CFU/mL)
+++
---+++
+++

25% dilution
(CFU/mL)
+++
--+++
+++

12.5% dilution
(CFU/mL)
+++
--+++
+++

NOTE: +++ - COLONY COUNT MORE THAN 1,00,000/mL; ---- - NO COLONY GROWTH.

Discussion:
Patients with type 2 diabetes mellitusare highly
susceptible to oral candidiasis and denture stomatitis
compared to those without diabetes [19,20,21]. Among
varied herbal products, natural oils are promising
therapeutic agents for oral fungal infections. Natural
oils are complex mixtures of volatile compounds
obtained from plants. The primary compounds include
terpenes and terpenoids. Secondary compounds are the
aromatic compounds like eugenol, tyrosol etc. Sesame
oil contains non-glyceride components such as sesamin,
sesamonal. These compounds possess antioxidant and
antifungal properties against a wide range of pathogens,
including C. Albicans and dermatophytes[22,23,24,25].
Earlier studies have demonstrated the antimicrobial
effect of sesame oil, supporting the habit of ‘oil pulling’
in traditional Indian system of alternative medicine
[26,27]
, however the mechanism by which oil
pullingeduces oral microbial flora is not clearly
understood. It is believed that the emulsification effect
due to salivary bicarbonates [28] and viscosity of the oil
decreases the adhesion of microorganisms to the oral
cavity. The results of the present study with regard to
sesame oil is not in agreement with the previous reports
[29,30]

Hierholzer and Kabara[31]in 1982, first reported the
antimicrobial activity of coconut oil. The antifungal and
anticandidal activity of coconut oil has been studied by
many researchers [32,33]. The fatty acids in the coconut oil
-caprylicacid, capricacid, lauric Acid are found to be
effective against the Candida, andcapric acid was found
to have effective antifungal action in shortest time [34].
However, in our study coconut oil did not reveal
anticandidal activity which was well in concurrence with
Agarwalet al., 2010[35]
In the present study, clove oil is found to possess
excellent anticandidal effect compared to the other two
oils. The antifungal effect of clove oil may be due to the
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active compound eugenol. Eugenol is a phenyl
propanoid[36] and it has anti-inflammatory property.
The phenyl propanoid eugenol is found to have greater
antifungal especially anticandidal activity as it inhibits
the ergosterol synthesis needed for the synthesis of
fungal cell membrane [37]. It also contains variety of
flavonoids, including kaempferol and rhamnetin, which
has anti-inflammatory and antioxidant properties. The
anticandidal effect of clove oil is proven in earlier
studies also [39, 34].
Different treatment modalities have been proposed for
Candida-associated denture stomatitis. However,
optimal or suboptimal levels of topical antifungal agents
and systemic therapy can induce side effects, resistance
and recurrence. Thus, new therapeutic strategies are
necessary and the natural products with the promising
results can play an important role in the prevention and
treatment of Candida associated denture stomatitis.
The advantage of using natural products as denture
cleansers include- safety and biocompatibility, have
minimum chance to develop antimicrobial resistance,
effective as fungicidal and bactericidal agents, and has
antitumor, anti-oxidant, anti-inflammatory effect and
also stimulate the immune system in addition to its low
cost and easy availability.
Conclusion:
Within the limitations of this study, it could be
concluded that clove oil can be an alternative denture
cleanser to prevent C.albicans bio film formation.
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